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Practical Amateur Astronomy
Digital SLR Astrophotography

Second Edition

Digital SLR cameras have made it easier than ever before to photograph the night sky.
Whether you're a beginner, nature photographer, or serious astronomer, this is the
defnitive handbook to capturing the heavens. Starting with simple projects for
beginners such as cameras on tripods, it then moves onto more advanced projects
including telescope photography and methods of astronomical research. With 80%
revised and updated material, this new edition covers nightscapes, eclipses, using
cameras with sky trackers and telescopes, and tools for identifying celestial objects and
investigating them scientifcally. Image processing is discussed in detail, with worked
examples from three popular software packages — Nebulosity, MaxIm DL, PixInsight, and
DeepSkyStacker. Rather than taking a recipe-book approach, Covington explains how
your equipment works as well as offering advice on many practical considerations,
such as choice of set-up and the testing of lenses, making this a comprehensive guide
for anyone involved in astrophotography.

Michael A.Covington isone of America’s leading amateur astronomers and the
author of the highly acclaimed Astrophotography for the Amateur (Cambridge University
Press, second edition, 1999). He was a research scientist in computational linguistics
and artifcial intelligence at the University of Georgia. Now retired from academia, he
runs a consulting business in Athens, Georgia, from where he continues to take pictures
of the stars.
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Pr ef ace

Wien| wotethefrst editionof thisbook, | saidthat thetinewas not yet ripe
f or aconpr ehensi ve handbook of D8_Rast r ophot ogr aphy. Nowi t i s, and| have
rewittenal nost theentirebookfromscrat chbecause somuch has changed and

so nuch nor e know edge i s avai | abl e.

And the torrent of new devel opnents never stops. H ease check this
book’ s web site, wwv dsl rbook. com for updates and additional infornation
i medi at el y.

Not everyonew | | readal | the chapters of thebook strai ght t hrough. To cover
such aconpl i cat ed, techni cal subject, | have hadtospiral outwardthroughthe
subj ect matter, passi ngthrough several regi ons norethanonce. Asiddaytine
L8 _Rphot ogr apher s may go st rai ght t o Chapt er 4, and experi enced ast r opho-
tographers will fndthelater chapters nore useful . Many readers wll skim
Chapter 2onthefrst pass andthen cone backtoit as needed.

Two not es about pi ct ures:

e Throughout thi s book, i f thecapti onof apicturespecifesonlyalensandits
f-ratio, suchas “300-mmi/ 4| ens,” you can assune t he | ens was used w de
open, asisusual i nastrophotography. If it isstoppeddown, thecaptionwll
say so, suchas “300-mmf/41ens atf/5.”

e Youcanassunethat all thepicturesinChapter S5and | ater were cal i brated
inthenornal nanner wthdark franmes, fats, andfat darks or bi as f ranes,
unl ess | say ot herw se.

| want tothank ny w fe Mel ody and ny daught er Sharonfor their pati ence
andfor helpwithillustrations and UR. checki ng. | thank several peopl e who
contributed i nages and data; they are acknow edged where their naterial
appears. Al theinages not ot herw se credit ed are ny own wor k.

M chael Covi ngt on
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Chapter 1
V€| cone t o DELRAst r ophot ogr aphy

Ogital single-lensrefex (D8R caneras areanunusual |y cost-effecti vewayto
phot ogr aph t he sky. Thel ower - cost DELRs nar ket edt o anat eur phot ogr apher s
perf ormal nost i dentical |y tothe hi gh-end prof essi onal nodel s.

Lhl i ke conpact digital caneras and snart phones, the DSLRi s desi gned f or
versatility and performance. It has a larger sensor, giving higher sensitivity
tolight and | ower noi se; interchangeabl e | enses, wththeabilitytocoupleto
tel escopes and ot her optical instrunents; andful | nanual control .

Besi des ready-t o- vi ewJPEGf| es, DHL.Rs al so del i ver “raw’ i nage fl es t hat
i ndi cat e t he nunier of phot onst hat reached each pi xel . Wt hrawfl es, youcan
subt ract out the bri ght ness of t he sky background, correct for neasuredi rregu-
laritiesinthesensor, andconbi nernul ti pl e exposures of t he sane subj ect. These
capabi | i ties nmake the DALR a powerful tool for photographi ng faint cel esti al
obj ect s.

By accunul ati ngfaint |i ght, DBLRs cancapt urevi ews of t heskyt hat cannot be
seen by hunan eyes i nany t el escope. Gonsi der for exanpl e H gurel. 1. Thisisa
si x- ni nut e exposur e of t he Andr oneda Gal axy, wi t ht hecontrast andbri ght ness
adj ust ed i nPhot oshogs i f it were adayti ne phot ogr aph; no speci al processi ng
of rawf| es was done.

Nb t el escope can gi ve you that view Thereasonis that the hunan eye can-
not accumul ate light. The outer parts of the gal axy aretoo dimfor the eyeto
see, andt el escopes don’ t nake ext ended obj ect s (surfaces) brighter. (1f theydid,
sail orswoul d hurt their eyes usi ngtel escopes tovi ewdi stant shi ps on a sunny
day.) BEvenwith atel escope, the eye canseethe spiral arns of the gal axy only
faintly, under ideal conditions. By accunul atinglight and subtracting out the
backgr ound gl owof t he subur ban sky, the DELRnade the spiral arns clearly
vi si bl e under conditionsthat werefar fromideal .

As you nove past t he begi nner st age, youcandoj ust as nuch conput er con-
trol andi nage enhancenent w t halC8.Ras w t han ast rononmi cal GDcaner a.

Sone ast r ophot ogr aphers bring al apt op conputer intothefeldandruntheir
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Fgurel 1. Thegal axy M8l as t he i nage cane f romt he canera, w t h no processi ng except
adj ust nent of bright ness and contrast. Canon D gital Rebel (300D ; single6-nnute
exposur e t hrough a 300-mml ens at  f/ 5. 6, capt ured as JPEG

C8LRunder conti nuous conput er control . Q hers, includi ng ne, prefer touse
t he caneraw t hout a conputer anddo al | t he conput er work i ndoors | ater.

1.1 WatisaDaR?
1. 1. ID gital S ngle-Lens Reflex Caner as

AD8Risadigital canerathat isbuilt |ikeaflmS.R(single-lensrefex) and
has the sane abi l ity tointerchange | enses. You can attach a DELRt 0 anyt hi ng
that wll formaninage, whether it’s a nodern caneralens, anoldlens you
have adapt ed, or atel escope, nicroscope, or ot her i nstrunent.



1.1 WatisaDaLR?

Fgurel 2. ADBLRisasingl e-lensrefexcameraw thadigital i nage sensor.
Mrror and eyepi ece al | owyoutoviewtheinagethat wll fall onthe sensor
vwhenthenmrror fips upandtheshutter opens.

“Ref ex” neans that the canera has amirror that enabl es you to vi ewthe
image forned by the lens (Figures 1.2 and 1. 3). The mirror directs the i nage
to afocusi ng screen and eyepi ece. Wenyoutakethepicture, themrror fips
up, the viewinthe eyepi ece goes dark, theinmage sensor i sturnedon, andthe
shut t er opens.

Wthafl mSLRand sone ear| y CALRSs, focusi ngt hrought he eyepi ecei s your
onl y opti on. Mbst newer DELRs, however, of fer Li ve M ew(l i vefocusi ng) as an
alternative: youcanturnonacontinous di spl ay of theinage, and even vi ewi t
nmagni f ed, onthe screenont he back of t he caner a.

For ast ronony, Live M ewi s al nost i ndi spensabl e. Thereis nosubstitutefor
vi ew ngastar i nage, hi ghl ynagni fed, asact ual | y capt uredbyt hesensor, whil e
you ref net he f ocus.

1.1. 208.Rswithout Mrrors: MLGs

I f you have Li ve M ew do you need anirror and f ocusi ng screen? No, say t he
nakers of mirrorl ess i nt erchangeabl e-1 ens caneras (MLG), whi ch work |ike
DELRs but rel yonel ectroni c preview ngtofrane and f ocus t he i nage.

MLGs are gai ni ng popul arity w th seri ous phot ographers. FH gure 1. 4 shows
one, anQ ynpus QM D Another, theSony «a7S(A7S), hasi npressed ast r opho-
tographerswithitshighsensitivitytodimlight, thoughit has al soreported y
had problenswtha“star eater” (Section3.7.2).

MLG areal ess nat uret echnol ogy t han convent i onal DELRs, withnoredif -
ference i n perfornmance fromnodel to nodel. That i s partly because sone of
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Fgurel. 3. Anoreel aborate viewof what’sinsidealDSLR Noteconputer circuitry
(“DAacCll”) at right. (Gnon UsA)

Fgurel 4. Anirrorlessinterchangeabl e-1ens canera(MLQ islikeaDSLRw t hout
mrror and f ocusi ng screen. Eyepi ece, if present, shows aninternal el ectronic di spl ay.
(Gant George Buffett)



1. 2. DALRsversus G her Caner as

t hemwer e concei ved of as cut - down DELRs, and ot hers, w th snal | er sensors,
as scal ed-up conpact digital caneras. |If you are contenpl ating usi ng one for
astronony, | recommend checki ng onl i ne ast ronony foruns to fnd out how

wel | it perforns; thesituationis changingrapidly.

The shal | oner body design of an MLCallows the l ens to be cl oser tothe
sensor thanina D8R sothat the MLC s wi de-angl e | enses performbetter
than| enses of conparabl efocal | engthfor aDSLR Theshal | owbody al soal | ows
roomf or adapt ers sot hat one M LCcant ake | enses desi gnedf or several brands
of DALRs.

Adrawback of MLGs for astrononyisthat thesensor isnornal | yoperating
all thetine, toallowfor i nage previewng. Thistends to heat it up, increas-
ingnoiseintheinage. (Theorigina rational efor the DBLR infact, was that
the sensor woul d operate only for brief nonents when taki ng pi ctures, and
thiswouldkeepit cool.) The best MLGs conpensat e for t he probl emt o sone
extent by usi ng especi al | y good heat sinks on their sensors; besides, you can
always turnthe canera off and l et it rest when you are nei ther focusi ng nor
exposi hg a pi cture.

For therest of thishbook, I'Il consi der MLGs atype of C8LRevent hought hey
lacktherefexmrror. Practical | yeverythingl say about DSLRs appl i estot hem
al | theinmage processi ngtechni ques are exact |y t he sane.

1. 2 DALRsversus G her Caner as
1. 2. 1Dedi cat ed Ast r ocaner as

Shoul d you be usi ng a DELRor a caner a desi gned j ust f or ast r ophot ogr aphy, a

dedi cat ed ast r ocaner a? The quest i ont akes on newur gency nowt hat DELR | i ke,

mul ti - negapi xel sensors are avail abl e i n dedi cat ed astrocaneras (H gure 1.5)
t hat oper at e connect edt o a separ at e conput er and power suppl y. Ast r ocaner as
wthlargesensorsusedtobeal ot noreexpensi vet han CALRs, but t he pri ce gap

i snarrow ng. Adapters areavail abl et o use ast rocaner as w t h caner al enses as
wel | astel escopes.

Gonparedtoa DALR an astrocanerai s vi brationl ess (no shutter or mirror)
andbetter at keepi ngt he sensor cool toavoi dt hernal noi se; nany of t hemhave
thernoel ectric cooling, andall have | arge heat sinks. A though newer DLRs
have much | ess t her nal noi se t hanthose of tenyears ago, cool ed ast r ocaner as
still haveanadvant age, parti cul arl yi nwar mneat her andf or | onger exposur es.

Not al | astrocaneras produce col or i nages directly. Thosethat doarecal |l ed
one-shot col or (80 caneras; |ike DBLRs, they have alternating red, green,
and bl ue pi xel s on the sensor. The rest are i nherent|y nonochrone but can
still produce hi gh-qual ity col or pi ctures by taki ng separ at e exposur es t hrough
red, green, and blue flters (R G and B), often acconpani ed by an unfltered
| umi nance (L) exposuretopi ck upnorefaint detail.



V| cone t o DELRAst r ophot ogr aphy

Fgurel. 5. Adedicated astrocaneraw ththernoel ectric cool i ng (2/DAS 1600M4 ool ,
16 negapi xel s, nonochrone) . (2/Dnpany phot o. )

The di sadvant age of theastrocanerai sthat it hastobetet heredtoaconput er;
youcan't useit byitself. If youal ready use a conput er with your t el escope f or
t el escope control or autogui di ng, that i s not aserious drawback. It does nean
t hat t he ast rocaner a cannot be used f or dayt i ne snapshot s.

Thereisal soasnaller kindof astrocaneraused nai nl'y for vi deo and short -
exposure i magi ng (FH gure 1.6). These origi nated as cheap webcans with an
eyepi ecetube substitutedfor thel ens; i ndeed, | i naged t he 2003 appari ti on of
Mars wi t h a nodi f ed webcam Asnal | vi deo ast rocaner a can conpl enent a
DELRby ser vi ng as an aut ogui der ( Chapt er 9) and by enabl i ngyout o do pl ane-
tarywork beyondt he DELR s capabi l i ties (Chapter 14). M deo astrocaneras are
i nexpensi ve, andyouw | | probabl y end upw th one.

Ther e ar e even ast r ocaner as nade out of DBLRs and M LGs by addi ng cool -

i ng and ot her nodi fcati ons. These are offered by Gent ral DS (wwv central ds
.net) and other frns. | classify themas dedi cat ed ast rocaner as because t hey
requi re a conputer connecti on and cannot be used handhel d for daytine

phot ogr aphy.

1. 2. 2Fi xed- Lens D gi tal Caneras?

Dgital caneras other than D8LRs and MLGs are usual | y not very sui tabl e for
ast r ophot ogr aphy because t he | enses ar e not renovabl e, the sensor i ssnal | and
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F gurel. 6. Avideo astrocanera (| nagi ngSource D\MKseri es).

hence | ess sensitive, thelensis small (adisadvantage where starlight is con-
cerned, regard ess df-rati o), andt he caneradoes not del i ver rawfl es suitabl e
for calibrationand stacki ng.

Therearetwoexceptionstowhat | just sai d. Qnei sthat soneof t hebest fxed-
lensdigital canerasareal nost | i ke DSLRs whose | enses cannot berenoved, and
they canbeusedas such, withinthelinitsof thel ens. Evenso, DBLRs of f er nore
for t he noney.

The ot her exceptionis that any digital canera, even a snartphone, can be
ai nedintothe eyepi ece of atel escope. Thi s techni que, cal | ed af ocal phot ogr a-
phy (F gure 6.6), issuitabl eonlyfor singleexposures of thenoonand possi bly
bri ght pl anets. Becauseitslensisthesanesi zeasthehunaneyeor evensnal | er,
aconpact di gital caneraworks well w th an eyepi ece and can even be hand-
hel d; the noon seen through a tel escope is like a daytine terrestrial scene.
Surpri singly good resul ts have been obt ai ned t hi s way, and pushingalimted
canerapast itslimtscanbeasatisfyingchall enge, but it isbeyondthe scope of
t hi s book.

1. 2. 3wat about F | n?

A though fl mphot ography | i ves onas anart form(and | practiceit as such),
there is, as far as | can deternmine, no |onger any situation in which flm
outperforns digital i nagi ngfor astrophot ogr aphy.

Flmisnonlinear; that is, its responseis not proportional tothe nunber of
phot ons, socal i brati onandsubtracti onof skyfogarenot practical . (H | m nages
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canstill bedigitizedandstacked.) Wat’ sworse, fl msuffersreciprocityfailure,
so that nost of the photons inalong exposure are forgotten; that’s why the
typi cal deep-sky exposure takes 30 ninutes or nore, rather than one or two
mnutesasw thaDSLR Further, ny experi nent s have shownt hat t he snal | est

poi nts of |ight that regi ster onfne-grai nedfl mareabout fvetinesas|argeas
the pi xel s of anodernD8LR That i s, the D8LRisfvetimes assharpasflm

1.3 Choosi ngalaLR
1. 3. 1Ganonvs. N konvs. G hers

Newnodel s of DALRs are i ntroduced every fewnont hs, and t he naj or nan-

uf act urer s conpet e w t heach ot her socl osel y that thei r product s performvery
much al i ke. See Chapter 16 for the details of how DELR i nage sensors are
evaluated. Here | will not recommend speci fc nodel s but only gi ve general
gui del i nes.

Mbst DELR ast rophot ogr apher s use Ganon or N kon caneras, not because
ot her brands don’t work, but because there's safety in nunbers. Canon and
N kon are t he two manuf act urer s t hat have nade caner as specifcal |y for the
ast ronony nar ket (t he Canon 200a and 60Da and N kon DB10A) . That doesn’ t
nean you have t o buy one of those nodel s, but it does showt hat t he nakers
care about astronony, aswel | as ot her ki nds of sci enti f c phot ogr aphy.

Further, Ganon and N kon bot h have | arge astrophot ogr aphi ¢ user com
nmunities, and the caneras and their fl e fornats are supported by nunerous
ast ronom cal sof t war e packages and speci al accessori es.

Canonand N kondi ff er i ndesi gn phi | osophy. The Canon EC5syst emi s very
consistent. Ganons all work alike, except for docunented differences in fea-
tures, andal | takethe sanel enses (except t hat sonel ensesonlyft canerasw th
APS- Csensor s, and of coursethe MLGs haveadifferent |ineof | enses). N kon,
onthe ot her hand, pursues sonewhat di f f erent desi gn phi | osophi esindifferent
caner as, and eventhe set of N konl ensesthat youcanusediffersslightlyfrom
one DALRt o anot her. The | ens nount dat es back to t he 1959 N kon F but has
under gone nany vari ati ons (see Section 7. 3).

You can use N kon | enses on Canon bodi es, w th an adapt er, but not vice
versa, because the Canon DBLRbody i s shal | ower, sothelens canstill bethe
right di stance fromthe sensor even t hough space i s taken up by t he adapt er.
M LCbodi es ar e even shal | oner and cant ake aw de range of DBLRI enses. For
nor e about | ens adapt ers, see Section?7. 3. 3.

Qe fnal differenceis that wth Canon DELRs, you can use t he exposure
net er andaperture-priorityautoexposurew thanyl ensor tel escope. Thi s capa-
bilityishandyfor dayti nephot ography andfor takingfat feldsfor calibration.
N kon DELRs can onl y net er and aut o- expose w t h newer N kon | enses t hat
containelectronics; if youattach other optics, even ol d N kon | enses, you can
expose nanual | y but cannot usethe neter.
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Canon’ s nonencl at ur e canconf useyou. The EC50 gital Rebel , ECSKi ss, and
EC5300Dar et he sane caner a (one of thefrst good, af f ordabl e DELRs), but the
BEG5300 and EGSRebel arefl mcaneras fromanear!ier era. The EO5200D0 on
the ot her hand, is one of the newest DELRs, nuch newer t han the 300D The
EC530Di s a good DALRf romabout a decade ago, but the ECB80isanearly
CELRf r ombef or e Canon devel oped sensor s sui t abl e f or ast ronony. And soon.
| f youwant tobuy asecondhand canera, pay attentiontothe nanes.

Pent ax, Sony, Qynpus, and other DELR nakers are hi ghly respect ed but
have not achi eved as | arge a f ol | ow ng anong ast r ophot ogr aphers, and | have
not testedtheir products. Sony nakes t he sensors for N kon and several ot her
brands (not Ganon), al t hough of course the frrmare and i nternal i nage pro-
cessingare different. Pentax K-seri es DALRs reported y have better deep-red
(hydrogen- al pha) sensi tivitythanot her non-astronom cal DELRs, t hough| have
not testedthis; al so, Pentaxhasaninterestingfeaturecal | edthe Astrotracer (see
bel ow) for fxed-tripodstar-fel di nages. Bef ore buyi ngany canera, you shoul d
sear cht he Vb and get ast rophot ogr aphers’ opi nionsof it; al somakesureitsfle
fornat s and caner ai nt erf ace ar e suppor t ed by ast r ophot ogr aphy sof t war e.

1. 3. 2Caner a Feat ur es

LiveM ewPractical | yEssenti al
The nost i nportant featuretol ook for i na D8RI sLive Mew (live focusing),
theabilitytovi ewt hei nageonthescreenwhil eyoufocusthecanera. Nornal |y
the live viewinage can be nagnifed 5and 10, soyou canjudgeit very
careful ly.

Li ve M ewwas i nt roduced experi nental |y on the Ganon 20Da (not 20D in
2005 and soon becane st andardonal nost al | DELRs. |t nadeal ot of ot her f ocus-
i ngtechni ques obsol et e. Bef orethen, we di dour best tofocusinthevi ewf nder,
usual |y with a nagni fer such as the Ganon Angl e H nder. Then, to confrm
focus, we took 5-secondtest exposures and vi ened t hemnagni f ed or down-
| oaded themto a conputer. W put various kinds of nasks in front of the
tel escope to exaggerat e the effect of focusing error sowe couldjudgeit nore
easily. Nonmore! M ew nganactual star i nageat pi xel resolutionisall we need.

Hip-out (Vari-angl e) Scradsef ul

Al t hough pr of essi onal DELRs don’ t haveit becauseit’ snot consi deredrugged, a
fi p-out screenisveryhandytohave. It enabl esyoutofocus and adj ust aDELR
that i sai nedupat theskyw thout havingtocrouchunder it. Thealternativeis
toviewthescreenwithasnal | hand-heldmrror (K gure 3.5).

H ectroni c H rst-curtai n Shutlsaf:ul for Lunar and P anet ar y Vér k
Gonsi derabl y | ess essential, but useful if youhaveiélacsronicfrst-curtain
shutter(B-CS), avibration-savingfeaturethat i sveryhel pful withstill pictures
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of t henoon, sun, andecl i pses (seeH gure 3. 10) but | argel yirrel evant t odeep- sky
wor k or anyt hi ngw t h an exposure | onger than hal f a second or so.

Thenanereferstothetwocurtai ns of theshutter. Nornal Iy, thefrst curtain
uncover s t he sensor, and t hen t he second curtai n, approachi ng fromt he sane
side, coversit againat theendof anexposure. Fnallythetwocurtains retract
totheir original position; astheydothis, theyareincontact wtheachother so
that nolight getsthrough.

B-CSneansthat thefrst curtai ni ssimul atedel ectroni cal |y. That i s, whenyou
start anexposure, thereal frst curtainisalready open (for LiveMew andthe
sensor i sclearedandturnedonel ectroni cal | ytobegi nt he exposure. The second
curtai nends the exposure i nthe nornal way (andthen, if LiveM ewis active,
the shutter opens agai n). M brati onfromthe secondcurtainisnot obj ecti onabl e
because nearly al | of it occurs after t he exposure has ended.

The way BFCSworks on parti cul ar caneras can be tricky. h nost Canon
8 Rs, BCSi s used when you t ake a pi ct ure whi |l e Li ve M ewi s active. Aut-
of ocus and fash nust be off, andif the canera offers afeature called S| ent
Shoot i ng (on proand seni - pronodel s), that feat urenust bet ur nedont N kons
general |y don't offer BFCS evenwhentaking apictureinLive\Mew but the
(810 of fers BFCSand the B850 of fers el ectroni ¢ frst and second curtai ns for
total Iy vibration-free phot ography. “Qui et shutter rel ease” onlow end N kons
isnot BFCS it nerel y suppressest he aut of ocus beep and sl ows downt henirror
alittle.

To det er nmi ne whet her a caner a has BFCS and howi t wor ks, you nay have
toobserveit inaction. Wth the |l ens renoved, nake a manual exposure of
2 seconds whi | e Li ve M ewi s acti ve (2 seconds sot hat you can di stingui shthe
exposure ti ne fromot her novenents). Vet ch whet her the shutter and mirror
nove bef ore and af t er t he exposure.

Pent ax Ast r ot r acertsef ul i nSone S tuati ons

The Pent ax Astrot racer, built i nt o sone DELRnodel s and avai | abl e as an acces-
sory for others, enabl es Pentax D8LRs to track the stars froma fxed tri pod
by novi ng the sensor. It takes advant age of novenent capability that was
already built infor the purpose of counteracting vibrationindaytine action
phot ogr aphy.

O course, the total anount of trackingthat is possibleis|inited, but the
Astrotracer has beenused successful | yw thl enses as | ong as 300 mmand expo-
sures as | ong as 20 seconds (whi ch can of cour se be st acked). Wat i si npressi ve
isthat it “fiesblind,” usi ng@Sand ot her sensorstodeterninetheposition of
t he canera, wi thout requi ri ngany al i gnnent onthestars. It i sthenost portabl e
possi bl e set up f or doi ng deep- sky phot ogr aphy.

1| thank Charl es Krebs, phot omi crographer, for detai | edinfornation here.
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Bearingthat inmnd, of coursethe Astrotracer isnosubstitutefor therest of
ast r ophot ogr aphi ¢ gui di ng t echnol ogy. \ery si npl e caneratrackersw !l track
the stars, wth any canera, at | east as well as the Astrotracer does, because
youcanalignthemonthestars. Sill, theAstrotracer i s aninpressivetechni cal
achi evenent .

Maxi numl SORati ng:  Less | npor t ant

Nowfor featuresthat don't natter sonuch. Thehi ghest | Orati ngof aDELR
mght seeminportant, but it is not afeature we astrophotographers | ook at
directly. Ingeneral, acanerawth ahi gher naxi numl SOw || i ndeed have a
better sensor, but that i snot adirect waytoneasureit, andregardl ess of what
the canerai s capabl e of, we al nost al ways use | SOr at i ngs no hi gher t han 1600
for greater dynan c range.

Megapi xel s:Less | npor t ant
The nunber of negapi xel s i sal sonot adi rect neasureof caneraqual i ty. Newer
sensor s do have nor e negapi xel s and are general |y better i nother ways, but
gi ven two sensors of the sane sizeandintrinsic quality, the one wth | arger
pi xel s —f ewer negapi xel s—w Il pickupnorelight withlessnoi se. That i s how
t he 12- negapi xel Sony a7S achi eved out st andi ng | ow | i ght per f or nance com
paredt o 32- and 48- negapi xel caneras i nthe sane product |ine.

Not e, however, that a fnished, full-page picture, even a very crisp, sharp
8 10-inch print, contains only no nore than about 4 negapi xel s of visible
detai | . The hi gher pi xel count of thecaneraistogiveyoufexibilityfor cropping
or reduci ngthe i nage.

Ful | -f rane SensorLess | npor t ant

H nal 'y, therei s not hi ng sacrosanct aboutual - f rane sensor, whi chi s sinplya
sensor thesanesi zeasafraneof 35-mmflm 24 36 nm The conmon APS- C

sensor (about 25 17 mm) isactually abetter ft totel escope eyepi ece t ubes,
and whenusedwithalens designedfor afull frane, it usesonlythecentral,
shar pest part of thefel d, whi chcanbe advant ageous. It coul dbearguedthat i f
wewant bi gger sensors, t hey shoul dbesquare(nmaybe30 30nmm), si nceround
lensesfll aroundfeld, but indaytine photography, square pictureswent out
of fashionw ththe Kodak I nstanati c.

1. 3. 3Shoppi ng S rat egy

Because of rapi d t echnol ogi cal progress, you general | y want t hewestDELR
that wor ks wel | for astrophot ography, not the nost rugged y built one. It’s bet-
ter tobuy al owend DELRt oday and anot her one i nthree years w th a new

i nproved sensor, rather than sink all your noney into a prof essi onal - grade
canerathat will conmit youtousi ngtoday’ stechnol ogy for adecade. Anot her

13
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di sadvant age of pro-grade DELRs i st hat t hey can be heavy enought o unbal ance
a nedi um si zed anat eur t el escope.

Buyi ng t he ver ynewest canera has sone dr awbacks. This week’ s hot new
C8L.Rnay not yet be supported by your software, al t hough updat es usual | y
cone quickly. Its frnmare (the software inside the canera) nay al so have
undi scover ed bugs; wat chthe nanuf act urer’ sweb sitefor frnware upgrades.

You can buy DELRs fromthe sane stores as personal conputers and
ot her consuner el ectronics. The snal | -town camera stores of the twentieth
century have | argel y di sappeared, but sone naj or phot ogr aphi ¢ deal ers con-
tinuetostand out for their full range of products and reliabl e servi ce. These
i ncl ude B&H in New York (wwv bhphot ovi deo. conm), their nei ghbor Ado-
rama (wWaw ador ana. conm), Sany’ s i nLos Angel es (waw sanys. com), KEHi n
Atlant a (ww keh. con), and Jessops i nt he LK (waw j essops. con).

(hoosi ng Sof t war e

A cture-editing software such addobe Phot oshas not suffcient for serious
ast rophot ogr aphy. S acki ng, dar k- f rane subt racti on, and ot her ki nds of cal i bra-
tionaredoneonraw(linear) i nagesthat have not beenconvertedi ntovi enabl e

pi ctures, and pi ct ure-edi ti ng sof t war e cannot per f or mt hese oper at i ons.

Learni ng t o process i nages can be daunting. My own approach i s to keep
t hi ngs si npl e and strai ght f orward. The gui di ng pri nci pl e cencept frst, proce-
dur e seconthat i s, frst understandwhat t he softwarei s supposedt o be doi ng,
then howtonake it doit. Sippingthefrst stepwll | eave you bew | dered.
Gettingtoowapped upinprocessesthat youdon't understandw || | ead you
toinvent slow conpl ex ways to do things that coul d have been done nuch
nor e si npl .

Table 1.1 |ists sone naj or i mage processi hg packages. They have di ff erent
desi gn phi | osophi es.

Pi xI nsi ghts a kit of athousand tools; it offers you every possibl e i nage
processi ng al gorithm incl udi ng new experinental ones, and | eaves all the
deci sionsuptoyou. It isonthecuttingedgeof scientifc astrophot ography, and
newf eat ures areregul arl y contri but ed by users.

DeepSky St ackgdrr eewar e) andAst r o Pi xel Procearsgrust for t heearl y st ages
of processing(calibrationandstacking); theyareespecial | y easytouse, but you
have to take their output fles into other software (either another astrononi-
cal package or Phot osh9pt o produce t he f ni shed i mage. | process nost of ny
pi ctures w t lDeepSky St ackeol | oned by Pi xI nsi ght

The ot her t hree packages areful | -featured and rel ati vel y easy t o use because
of their nenus that enphasize the operations you actual | y needNebul osity
is pitched at begi nners, but you nay never outgrowit; it does the process-
ingquicklyandeffcientlyandis easy tousébxl mDL conbi nes power and
versatility with ease of use; it is available in several editions wth nore or
fewer features, one of themtargeted to D8R users.| mages Pl uss anot her
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Tabl e 1. 1 Sorre maj or i mage pr ocessi ng sof t war e packages.

Ease of Power and

Nane \éndor (03] use versatility
Pi xI nsi ght WA pi Xi nsi ght . com Wndows, +++
Li nux,
nacCs
DeepSky St ackerdeepskyst acker. free. fr Wndows +++ Seetext
Astro Pi xel v ast ropi xel processor. com Wndows, ++ Seetext
Processor Li nux,
nacCs
Nebul osi ty wany st ar k-1 abs. com Wndows, ++ +
nacCs
Max| mDL wawv di ffractionlimted.com  Wndows + ++
| magesPl us v mh unsol d. com Wndows + ++

w del y-used, wel | -respect ed gener al - pur pose i nage processi ng package. Free
trial versionsof all of thesecan be downl oaded.

Inabookof thislength, | can’t giveyoufull “pressthisbutton, clickthat box”
instructions for every software package. 1f | did, not only woul dt he book be
very thick, it woul dbe obsol et e as soon as soneone rel eased a ninor sof t ware
updat e. But | cangi ve you pl enty of wor ked exanpl es sot hat you can see what
thenost i nportant operations|ooklike, indetail. Chapter 12t akes yout hrough
the basi ¢ process w t lDeepSky St ackéas far as it goesiNebul osity, Maxl mDL,
and Pi x| nsi ghi.her chapters use the latter three software packages intheir
wor ked exanpl es.

You nay still need picture-editing software such aBhot oshop, Lightroom
Phot oshop LEer G MP todothe fnal adjustnent of pictures to be di spl ayed
or printed.

Sof tware for ot her speci fc purposes, such as canera control and pl anetary
videoinaging, wll benentionedasit cones up.

(hoosi ng t he Gonput er

You can process i nrages W th any conputer suitabl e for general of fce work.
Adual -corelntel or AMD64-bit processor w t h8 negabyt es of RAMisfne. In
particul ar, youdo not need aspeci al di spl ay or graphi cs card. Havi ngsai dt hat,
| shoul daddt hat afaster GPU nore cores, and nor e RAMdo speed t hi ngs up.

I f youprocess al ot of i nages, you nay want t he f ast est PCyou can af f ord.
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Youw | | certainlyneedplenty of storage. Gonsi der naki ngaregul ar practi ce
of archivi ng your i nages to DVD, and be sureto keepthe rawfl es that cane
out of the canera, not just the processed result; better processing techni ques
nay becone avai | abl einthe future.

Qne last thought. If you plan to use a conputer by renote access, con-
sider howyouw |l get the flestoit. Aninagi ng session consisting of 100
24- megapi xel rawi nage fl es can easi | y conpri se 3 gi gabyt es of dat a.

1.6 hoosi ngt he Tel escope or Lens
1. 6. 1The Apert ure Gount er revol uti on

LA Rsworkwel | withsmal | tel escopes andtel ephotol enses. The snal | si ze of

t he t el escope you need may cone as a surpri se. Back i nthe 1980s, we spoke of
an“aperturerevol uti on” when, for thefrst tinge, tel escopes! arger than8i nches
(20 cm) becane w del y avai | abl et o anat eurs. Today we areinthe mddl e of a
count errevol uti on. DELRs are so nuch nore sensitivetolight thanfl mor the
hunan eye t hat nowadays, seriousworkisoftendonew thaperturesnorelike
3inches (7.5cm or evenl ess. Many of t he best deep-sky i nages aretakenw th
tel ephot o | enses.

1. 6. 2The 500- nmQpt i nuM

Alarge factor inthis counterrevol utionis what | call the 500-mmopti num
Several factors —the pixel sizeof digital sensors, theturbul enceof theair, and
t he accuracy w t hwhi ch the nount cantrack —al | converge, sothat we get the

best resultswithafocal | engthontheorder of 500 mm whi chinplies asnall

t el escope.

Theturbul ence of theair nornmal Iy linitsthesharpness of theinaget o about
1or 2 arc-seconds in along exposure. That i s al so the accuracy w th which
a good mount can rel i ably aut ogui de. Wth typi cal DE.Rsensors, a 500- nm
focal | engthgivesaninmage scal eof about 1.5 arc-seconds per pi xel , about equal
totheresolutionlinitedby other factors. The focal | ength need not be exactly
500 mrm of course; the point i sthat 1000 mmor nore i s probabl y | onger t han
i deal , whil e 150 mmi s defnitel y not pushingthelimts.

Duringtheflmera, thesituati onwas different. Thel ower resol uti onof flm
necessitated |l onger focal |engthstopick updetail. Reciprocity failure nadeit
i mpossi bl et ophot ographfai nt obj ectsw thsnal | tel escopes. Munt s and gui d-

i ng were not as good either, but the unsharp nature of fl mconceal ed t heir
limtations. Those were the days of twel ve-inch (30-cn) tel escopes i n obser-
vat ory dones and | abori ous hand- gui ded 1- hour exposures. Nowadays, nuch

snal | er i nstrunent s gi vet hemseri ous conpetition. O course, | arger tel escopes
arestill useful, but gettingthenost out of them—gettingresults substantially
better thanasnal | er t el escope coul d gi ve —i s an exact i ng process.
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1. 6. 3Easeof Wse

1.7

Anot her argunent for snall, sinple, portable telescopes is that nore com
pl ex equi pnent i s al ways harder touse, regardl ess of your | evel of experience.
Onners of | argetel escopes oft en fnd t hensel ves buyi ng snal | er ones for con-
veni ence. 0 course, your equi pnent nust not | ack anyt hi ng necessary, but an
undul y el abor at e set up can hi nder rat her t han hel p. Bewar e of buyi ngt oo nuch
just toi npress yoursel f!

(hoosi ngt he Mbunt

Theonl y way t o phot ographfai nt obj ect si stonakel ongexposures whi | et rack-

ingthestars, or rather trackingtheearth’srotation, withanequatorial nount.

The nost rapi d t echnol ogi cal progressinall of astrophotographyiscurrently
happeni ng wi t h mount s, drives, and gui ders, not with caneras or tel escopes,
vhi chare, by conpari son, rel ativel y nat uret echnol ogy.

Mbunt s and tracki ng are covered indetail in Chapters 8and 9, but | et ne
begi nw thanexhortation:Don’t ski np.

By “don’t skinp” | nean two things. FHrst, acknow edge that the nount is
likely to be the nost expensive part of your setup. It is not unconmon or
i nproper for the mount to cost norethanthe caneraandtel escopethat it car-
ries. There are | owcost sol utions of course, and nost of the picturesinthis
book wer e t aken wi t h budget - pri ced nount s (CGel estron A/XXand G&V), but
w thtoday' s technol ogy, thereis alarge gai nfromnovi ng upthe price scal e,
and even the best is not so good that you cannot w sh for nore. The chal -

[ enge, for amateur astrononers, istodofor $1000 what can certai nl y be done
for $10000.

Second, don't skinp on capacity. Ahandy rul e for astrophot ographers is
touse anount rated for atel escope tw ce as heavy as you actual |y plan to
use. That gives you alot of extra steadiness. It al so acknow edges that tel e-
scopes tend to gai n wei ght as gui descopes, focusers, and ot her accessories
ar e added.

Thereisal ower-cost alternative. |f youtakew de-fel dpi cturesat | oner nag-
ni fcati on, you can dowel I w th aninexpensive “sky tracker” that only carries
acaneraandtel ephotolens (K gure8.5). The beauty of theskyisstill yoursto
capt ure, but t he choi ce of obj ectstophotographisdifferent.

Qe word of caution: Be hesitant to buy a newnodel of nount that has
j ust beenintroduced. Lhlike caneras andtel escopes, nounts of ten needto be
“debugged” for acoupl e of years as nanuf acturingranps up. Reliabilityissues
are corrected, mnor engi neeri ngi nprovenent s are nade, and n cr opr ocessor
fromareisrevised. Lhit-to-unit variationis theweak spot of | ow and nid-
priced nounts, and by wai ting for the nanuf acturing process to nature, you
can avoi d nuch of therisk. If you get a nount and becone convi nced it has
probl ens, sendit for repair beforethewarranty expires.
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1.8 TheQaft of Astrophot ography
1. 8. 1Bui | di ngyour i | | and Judgi ngyour Achi evenent s

Ast rophot ography i sacraft requi ri ng devel opnent of skill, not j ust good equi p-
nent. Tine spent buil ding your skill pays off, including“lowquality tine,”
ti neunder | essthanideal conditions, suchasintownor under noonl i ght. You
cannot becone an expert ast rophot ogr apher j ust by spendi ng a f eweveni ngs a
year at adarkdesert site. Backhone, at anedi ocresite, youcanbuil dfamliarity
w th your equi pnent, becone adept at settingit upinthe dark, test andcali -
br at e aut ogui der s, gi ve nechani sns enough exerci sethat the | ubricants don’t
stiffenup, and, often, take surprisingly good pi ct ures.

Wen j udgi ng your f ni shed i nages and t hose of your col | eagues, renenber
that every good pictureis just bel owthe threshol d of show rig ivesef aul t s.
nagni fed | arger, or if the contrast were boosted alittle nore, defects woul d
be vi si bl e —i nper f ect gui di ng, uneven sensor response, ninor opti cal faws, or
sonething. (Thisis particularly the case nowthat pixel s are smaller thanthe
resol vi ng pover of thelens.) The art of i nage processingislargelytheart of
bri ngi ng out t he best wi t hout bringi ngout t he worst.

1. 8. 2Pushi ngLi mitsor Sayi ngw t hi n Them

Any equi prent confguration, at anysite, i sgoodfor sonet hi ngs, nargi nal for
ot hers, andi ncapabl e of yet ot hers. Youcansuffer endl essfrustrati onbytrying
todothingsthat are conpl etely out of reach, or enj oy constant sati sfaction by

doi ngwhat your equi pnent andsiteenabl eyoutodowel | . | nbetween, youcan
enj oy t he chal | enge of ext endi ng your reach.
Accordingly, ani nportant part of buil di ngyour skill isdetern ni ngwhat can

be donerel i abl y and reproduci bl y w t hyour equi pnent andsite. Ani nport ant
threshol di s crossed when t he questi oni s nolonger “WI I | get anyt hi ng?” but
rat her you have conf dence that youw Il get the pi cture you have pl anned. It
can take you two or three years of regul ar observingwth a particul ar set of
equi prent toreachthi s stage.

Bear i nnmindthat t he anard-w nni ng pi ct ures t hat you see i n nagazi nes and
onthe Vb areoftentheresul t of dozens or even hundreds of tries, conbi ned
w th good | uck. By contrast, the pictures inthis book are not prize-w nners.
They ar e exanpl es of what can be done rel i abl y by a noder at el y experi enced
ast r ophot ogr apher wi t h af f or dabl e equi prent .

1. 8. 3Testi ngas a Means or an End

Ast r ophot ogr aphi ¢ equi pnent i s very goodat neasuringitsowni nperfections,
andnany tests aredescribedinthel ater chapters of thisbook. A ways renem

ber that thereal goal istoget goodpi ctures, not goodtest results. It canbeall
t oo easy t oconvi nceyoursel f that any | ens or nount i sintol erabl yfawed—and
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neanvhi | e, ot hers usi ngt he sane or wor se equi pnent are getti ng out st andi ng
pi ctures. V¥ want t o see your i nage of M3, not your aut ogui der graph.

1. 8. 4 Phi | osophi cal and & hi cal |ssues

There have been squabbl es between ast rophot ographers wth two different

goal s. Sone ast rophot ographers’ nissionis to express their creative artistic
vi sion of the beauty of the cosnos. For them apicturestartswth (or at | east
qui ckl y becones gui ded by) anartist’s concept andi s nodi fed and r et ouched

as necessarytoexpressit.

Q her ast rophot ographers, probabl ythenajority, takeastheir startingpoi nt
the historic rol e of astrophotography as a scientifc record of the universe. To
them every astrononical inage is not just athing of beauty; it is al so an
observational record. They bal k at nmani pul ati ng i nages ot her than t hrough
strai ght forward conput ati onal processes. They are so accustoned to t he sci -
entifctraditionof realismthat they have ahardti ne seei ng ast r ophot ogr aphy
any ot her way.

| belongtothe latter canp, but to both sides | urge tol erance and open-

m ndedness. | al sourge honesty: if aninage has beenalteredsothat it isnot a
scientifcrecord, sayso, sothat noonew Il trytouseit assuch. (Fftyyearsfrom
now your pi cture nay be soneone’ s sour ce for t he predi scovery bri ght ness of
anova.) And| cautionthecreativeartiststhat sone peopl e arelikelytobe put
of f by api ctureof anything, nonatter howbeautiful, ifitisastronomcallyfal se
or i npossi bl e, such as aconbi nedi nage of two separ at e nebul ae or anecl i psed
suninfront of cl ouds.

1. 8. 5Anat eur or Prof essi onal ?

(e | ast thought. Mbst DSLR ast rophot ogr apher s are i ndi vi dual ent husi ast s,
but a si gni fcant nunber are educators or researchers. Mreinportantly, the
nmet hod®f amat eur and prof essi onal astronony are pul | i ngt oget her.

¥ are energi ng froma peri od (about 1970-2000) when anat eur and pro-
f essi onal ast rophot ogr aphy were unusual | y far apart because of technol ogi cal
advances t hat onl y prof essi onal s coul d afford. Prof essi onal s had aut ogui der s,
speci al phot ogr aphi c pl at es, and GDs, whi | e amat eur s used 35- mmf | MSLRs,
hand- gui di ng, and consuner-grade fl m Prof essi onal s got excel | ent, scientif-
cal | y val uabl e i nages of the uni verse; amat eurs were pl eased t o get anyt hi ng
recogni zabl e.

The gap has nar rowed or evencl osed. Thanks| argel ytodi gital i nage sensors,
but al soi nprovenent si nt el escopes, nount s, conput ers, sof tware, and| nt er net
i nf ormati on sources, anat eur s are nuch cl oser t o prof essi onal capabilitiesthan
they usedtobe. It’s al nost |ike the days of |saac Roberts and Percival Lowel |
al | over agai n—anat eur s agai n have access to cel estial obj ects not wel | known
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toscience, together wththetool stoinvestigatethem andthere’ slittletopre-
vent anat eur s fromdoi ng sone ki nds of work that professional s do. (Seefor

exanpl e the research ideas in Chapter 18.) NASAactual |y consul ts anat eur s

about the processi ng of planetary i nages, and prof essi onal s are i ncreasi ngly

usi ng hi gh-end amat eur equi pnent when they need portability. | think ana-

teur and prof essional astronony wll continue to converge for many years

t o cone.



Chapt er 2
D gi tal | nage Technol ogy

[C8_Rast rophot ogr aphy ti est oget her sonany di ff erent concept s and pri nci pl es
that you may feel you can’t do anyt hi ngntil you know ever yt hi n@p wor k
around t hi s probl em thi s chapter surveys digital i nagi ng as awhol e, defni ng
terns andint roduci ng conceptsthat fgurepronmnentlyinlater chapters.

Thi s chapt er focuses on concepts that are not speci f ¢ t o astronony, though
t he exanpl es have an astrononical slant; we' |l get to specifcally astronon cal
techni quesi nChapt er s 11-14. Exper i enced dayt i ne phot ogr apher s nay want t o
ski mt hi s chapt er and cone backtoit as needed. For nuch nore det ai | ed cov-
erage, wthalgorithns, seeR BerryandJ. Burnellhe Handbook of Astronom cal
| mage Processi(isgcond edi tion, WI I nann-Bel I, 2011), and R C (onzal ez and
R E Wods, Digital | mage Procegqgiongt hedition, Pearson, 2017).

2.1 WatisaDgital | nage?
2.1. 18t Depth

Adigital inageis fundamental |y an array of nunbers that represent | evel s of
brightness (F gure 2.1). Depending ontheit deptdh the inage, the nunbers
nay rangefromOto 255 (8bits), 0to65535(16 bits), or sone ot her range. Each
positioninthearrayiscal |l egiaxe{pi ctureel enent). Amllionpixel sarecal | ed
amegapi xel

The eye cannot di stingui sheven 2561 evel s, so8-bit graphi csaresuffcient for
fni shed pi ctures. The reason for wanting nore | evel s during nani pul ationis
that we may not beusi ngtheful | rangeat al | stages of processi ng. For i nstance, a
badl y under exposed 16- bi t i mage might useonl y| evel s0t 01000, whicharestill
enough di stinct | evel sto provide snoot htones. An8-bit i nage under exposed
tot he sane degree woul d onl y go fromO t 0 4 and woul d be usel ess.

For greatest versatility, sone software supports foating-point data, sothat
| evel s can be scal ed with no | oss of precision; inafoating-point system you
candi vi de 65535 by 100 and get 655. 35. You canal so use | ar ge nunber s w t hout
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Figure2 1. Adigital inageisanarrayof nunibersthat represent | evel s of
bri ght ness. (Fromst rophot ogr aphy f or t he Anjat eur.

goi ng out of range; if you do sonet hing that produces a val ue greater than
65535, it wll not beclippedtonaxi numwhite.

Not e t hat Phot oshogl ways reports bri ght ness | evel s on a scal e of 0to 255,
regardl essof theactual bit depthof thei nage. Thisistohel partistsmtchcol ors.

2. 1. 2Li near or Ganma- cor r ect ed?

The nunbers i naninage fl e nay nean ei t her of twothings. Inrawflesthey
represent t he nunber of phot ons that reached each pi xel onthe sensor. Infles
desi gned f or vi ewi ng, they represent bri ght ness | evel s ont he conput er screen,
whi ch are not proportional tothe nunber of photons; insteadthey mnicthe

| ogari t hm c way t he hunan eye percei ves | i ght.

The conver si onfromonetotheother i scal | eganma cor rect iami s covered
innoredetail inSection2.5.4. If youdisplay aflewthout ganma correction,
its mdtones will | ook very dark even t hough naxi numwhi tes nay be cor -
rect. Wat this neansisthat the essence of gamma correctionistolightenthe
m dt ones consi der abl y.

Li ght eni ng t he nidtones i s a nonl i near operation. Wiat this neans i s t hat
t he nunier s t hat cone out are not proportional tothe nunbers that went in.

M dt ones get | i ght ened nor e t han hi ghl i ght s.

Bef ore gammacorrection, theinageis described a$i nearAfter gamma cor -
rection, it isnonlinear, andinage arithnetic (such as dark-frane subtracti on)
cannot beperfornedonit; thecal cul ati onswoul dnot coneout right. Mbst ot her
ki nds of i nage edi ti ng can be perf or ned bef ore or aft er gammacorrecti on, wth
slightlydifferent results.

The canera perforns i ts own gamrma cor recti on t o produce vi enabl e JPEG
fl es. However, astrophot os are sel dom“correctly exposed” by t he st andards
of dayti ne phot ogr aphy, and aut onat i ¢ ganma correcti on does not suit them
| nst ead, we per f or mganma correcti onnanual | ytosuit eachpi cture. Thisoften
i nvol vesst r et chi(aypl i fyi ng) an underexposedimage sothat it usesthefull



2.1. Wat isabDgital | nage?

brightness range, aswell aslighteningits mdtonestothe desiredextent. The
conbi nationof thetwoiscalledonlinear stretching

Inpractice, JPEGf| es are al ways ganma- cor rect ed, and rawf | es al ways are
not, but TTHE PNG FI TS, and Xl S-fl es nay be ei t her ki nd. You can openaraw
flefromyour DBLRandstoreit as TIFF PNG H TS or X S-whet her or not you
have ganma- corrected it. Those are the fornats we use t o st ore ast rononical
i nages duri ng processi ng.

2. 1. 3l or Encodi ng

Acol or i mage nor nal | y has t hree nuniber s (cal | edchannel) § or each pi xel , gi v-
ingthebrightnessinred, green, and bl uBEB col of. Themainalternativeis
CMYK col or whi chdescri bes col or i nterns of cyan, nagent a, yel | ow and bl ack
printinginks; thetwoareinterconvertible.

Further alternatives arethaband L*a*bsystens, whi ch use t hree coordi -
nat es based on the two-di nensi onal A Echronaticity chart plus | uminosity.
Roughl y, the di nensions are brightness, cyan versus nagenta, and cyan—
nmagent a ver sus yel | ow Laband L*a*btanrepresent col orsthat fall outsidethe
gamut (Section 2. 3.5) of the conputer screen.

Ast ronomi cal i mages are songt i nes const r uct ed by conbi ni ng t he | um nos-
ity(L) fromonei magew t ht hecol or (R®) fromanot her; thi st echni queiscal | ed
LRGB. It isnot nornal | ydonew thDSRs, whoseoutput i sal readyinfull col or.

2. 1. 4The Al pha Channel

InTI FFand sone ot her flefornats, the al phachannel isafourthchannel that
isnot acolor but rather a neasure of opacity; it allows parts of i nages to be
partly or conpl etely transparent. Thus, for exanpl e, a Wndows i con can be
round eventhoughstoredi nasquaredigital i mage; thepartsoutsideitsround
shape are transparent, and for greater snoot hness, pixel s onthe edge of the
transparent regi oncanbe partlytransparent.

Ast ronomi cal i nages, i nfni shedform areal ways conpl et el y opaque, but fle
format s al | owfor anal phachannel . 1f included, it takes upextraspacew t hout
addi ng anyt hi ngtothei nage.

2. 1. 5Fanes

I ndi vi dual exposurestakenwthadigital caneraare cal | edamesater mbor -
rowed fromthe novi e i ndustry. A notion picture consists of thousands of
franes t o be shown one after another. An astrononical picture often consists
of nany franes al i gned and conbi ned. Besi des i nage franes, there are dark
franmes and ot her ki nds of calibrationfranestorecordand correct defciencies
inthe sensor and opti cal system
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2.2 FleFornats
2.2.1FleS ze

Gonpar ed t o word processi ng or spreadsheets, the fles produced by DELR

i nagi ng are enor nous. Wt hout conpression, afle needs one byte for every

8 bits of data. For a 16-bit, 3-col or, 24-negapi xel inmage, that works out to
2 3 24 negabytes = 144 negabyt es. Lossl ess conpressi on can easi | y get
thisdowntoaquarter of that, but eachinageisstill big.

Notethat youcanshrinkaDSLRimagetoanei ghthof itslinear size (1/ 64 of
itsarea, 1/640of theflesize) andstill put adecent-sized pi ct ureonaweb page.
That’ s aneasy way t o hi de hot pi xel s and ot her def ect sw t hout doi ng any ot her
pr ocessi ng.

2. 2. 2Conpr essi on

Aconpressedfl edoes not storeal | thebytesof thei mageoneafter anot her, but
i nst ead encodes t hemi nanor e conci seway. For exanpl e, nany i nages cont ai n
repeat ed pi xel s; that i s, adj acent pixel sarealike. It isobviously noreconci seto
store sone code that neans “the fol | ow ng pi xel repeats 100tines,” fol | oned
by t he pi xel val ue, thantostore100pi xel sthat arejust al i ke. Thereareel aborat e
schenes for fndi ngrepetitions (across areas, not just al onglines) and encodi ng
t hemconci sel y.

Wiat |’ vej ust describedikossl esspressi on; after decodi ng, it gi ves back
t he pi xel val ues exactlyastheywereput i n. Afamliar exanpl e of | ossl ess com
pressi on(of al | kinds of fles, not just i nages) i stheZ Pfornat commonl y used
w t h PCsof t ware.

Sonet i nes nor e conpr essi oni s needed, evenat t he expenseof i nagequal i ty.
That’ s where | ossgonpr essi on cones i n. By di scardi ng sone | ow | evel fuct u-
ationsandfnedetail, al ossy conpressi onal gorithmcan nake t he pi xel s nore
repetitioussothey canbe conpressedfurther; it may evennakethei nagel ook
lessgrainy. But it al sonakestheinagel esssuitabl efor further processing, since
the l owcontrast details youwant to bring out may have been di scarded and
repl aced by errors of approxi mation (“artifacts,” oftenlooki nglike hal oes and
sSwWrls).

2. 2. 3RawFi | es

As al ready not ed, arawfl erepresent s the nunier of photonsthat struck each
pi xel onthesensor duri ngtheexposure. It gi ves youwhat t he caner a capt ur ed,
wthnoinfornation|ost. Sone i n-canera corrections may, however, be per-
forned. Many rawfl es al socontai nasnal | JPEGversi onof theinagefor rapi d
previ ew ng.

Caner as usual |y add a constant bi as to the rawpi xel val ues so that nnor
electrical fuctuations will not produce negative nunbers, which cannot be
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represented. Al standard i nage processi ng al gorithns al | owfor t he presence
of thishias.

Thetermrawi s not anabbrevi ati onandneed not bewitteninall capital |et-
ters; it sinply neans “uncooked” (unprocessed). H | enang ext ensions for raw
i nrages i ncl ude . (RNand . GR2 (Ganon Raw) and . N&- (N kon H ect roni ¢ For -
nat). Theformat depends ont he ki nd of canera, evendownt ot he exact nodel ;
for exanpl e, sone software can read N kon D810 . NE-fl es and can’t read
N kon (850 . N&Ffl es, whi chprovidefor | arger i nages.

Rawi nages are conpressed —their size varies with the conpl exity of the
i mage — but the conpressionis | ossl ess or nearly so; the exact val ue of every
pixel intheoriginal inageis recoveredwhenthe fleis decodedinthe com
puter. Ganon and N kon raw i mages occupy between 1 and 2 negabyt es
per negapi xel , varying with the conpl exity of the inage. Uhconpressed, a
14-bi t-deep col or di gital i mage woul d occupy 5. 25 negabyt es per negapi xel .

2. 2. 4 dcr awand Adobe DNG

Wiat do you do i f your sof tware doesn’t support therawfornat of your new
canera? There aretwo i nport ant wor kar ounds.

Frst, thereis the conputer progradcraw di stributed free by Dave Gffn
(https://cybercomnet/ dcoffn/dcraw), and frequently updated. It converts
rawfl esto Tl FFand ot her f or nat swhi | e preservi ngt he pi xel val uesandopti on-
al |y decodi ng t he Bayer natrix inany of several ways. Wittenin ANS C it
i s rel eased as sour ce code and can be conpi | ed for many di fferent operating
syst ens.

Infact dcraw s built into anunber of astronom cal inage processi ng pro-
grans, incl udi ngPi xI nsi ghty rei nvent or rever se-engi neer rawf| e decod-
ing, and keep updatingit for newcaneras, when dcr awhas doneit for you?

The ot her approacht o st andardi zi ngrawfl esi s Adobe’ s DNG(“di gital neg-
ative’) fleformat. Thisissinplyastandardfornat i ntowhichall rawfl es can
be convert ed by Adobe’ s f ree DNGConvert er(got o ww adobe. comand sear ch
for it by nane).

The nai n purpose of DNGConvert eri s t o keep Adobe users fromhavi ng to
get a newversi on of Phot oshogvery tine a newcaneraisintroducedwtha
newrawfl efornat; i nstead, they can updatethe converter, whichisfree, and
process t he DNGf | es.

But you canal so use DNGf | es wi t hast ronomi cal i nage processi ng sof t war e.
Arong ot hers, Pi xI nsi gitax] mDL , Nebul osi t ynddcr aval | accept t hem

2. 2. 5IPEG

JPEGisasfar asyoucanget fromraw It istheusual fleformat for di spl ayi ng
pi ctures onthe Vigr | d Wde Vigb, and nany dayt i ne phot ogr apher s work wi t h
nothing el se. It is agood fornmat for displaying correctly exposed pi ct ures of
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ordinary daytine subjects, but itislimtedto8-bit depth andinvol ves | ossy
conpr essi on. The anount of conpr essi on can be chosen when savi ng the fl e,
and t 0o nuch conpr essi on can produce ri ppl es around sharp features i nthe
i nage.

JPEGIi snot agoodfornat for i nagesthat wil | undergofurther processing, for
several reasons. JPEGi nages ar e al ready ganma- cor r ect ed, so oper ati ons such
as dar k- f rane subt ract i on cannot be per f or ned ont hem Thel owbi t dept hand
thel ossy conpressi onneant hat thefai nt detai |l syouwoul dliketobringout by
pr ocessi ng have probabl y al ready been di scarded. Andeveryti neyousavethe
fle, it suffersfurther | oss, sorepeatedediting of the sane JPEGf| e gradual |y
degradesit.

| convert astronomcal i nagesto JPEGat thel ast step, todispl aythemonthe
Vb and possi bl y to nake prints (though | prefer to nake prints froml16-bit
TI FFs).

2.2.6TMF

TIFF(Tagged I mage Fi | e Format) i s of tent he nost convenient flefornat. You
canstoreinagesthat areraw partly processed, or conpl et el y processed. Com
pressionisoptional and, if used, is conpl etelylossless; youal ways get exactly
t he pi xel s t hat you saved.

Thereare several varietiesof TIF-fles. The pi xel s nay be 8, 16, 32, or 64 bits
per col or (or even 32- or 64-bit foating-point); the col or canbe grayscal e, R3B,
or AWK, t he conpr essi on nay be none, L2W RLE(Packbits), or ZI P, andthe
i mage can consi st of mul ti pl el ayers (suchas| abel sandarrows di sti nct fromt he
under | yi ng pi cture).

Because L2V Lenpel —Zi v—\@l ch) conpr essi on was pr ot ect ed by a pat ent
until |ate 2006, sone | ow cost software cannot creat e conpressed Tl Fs. A so,
not al | software accepts 32- or 64-bit pi xel s.

Use ZI Pconpr essi onunl ess your sof t ware doesn’ t support it. Uhconpressed
16-bit TI F-fl es occupy about 6 negabyt es per negapi xel .

2.2. TPN\G

PNG(Port abl e Net wor k G aphi cs) i s anot her wi del y used f ornat t hat feat ures
| ossl ess conpressi on, thoughit islessversatilethanT FF Thei nages have 8 or
16 bi t s per col or per pi xel .

2.2.8HTS

The H exi bl e | nage Transport System(FI TS) i sthe standardfl e fornat for pro-
fessional astronomical inmages. Whfortunately, non-astrononers rarely useit,
and non- ast ronon cal sof t ware sel domsupports it Pi xI nsi gand Max| mDL
support it well.
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FITSis the nost adaptabl e graphics fleformat. It all ows youto use 8-hit,
16-bit, 32-bit, 64-bit, or foating-poi nt pi xel s, nonochrongor col or, withor wth-
out | ossl ess conpressi on. I naddition, the H TSfl e header has roomf or copi ous
net adat @ nf ornati onabout thefl e scontents), suchasthedate, tine, tel escope,
observat ory, exposuretine, canerasettings, andflters. The header consi sts of
ASA | text andcanbereadw thany editor.

2.2.9X S

Pronot ed by t he naker s of  Pi xI nsi ghXl S-(eX ensi bl e | nage Seri al i zati on For -
nat) ainstooffer all thefunctionalityof HTSwhilesolvingpractical probl ens.
X Srequiresthefletoincludeall theinfornmati onneededtointerpret it, such
as col or space (not arequirenent in HTS). A the beginning of the fle, after
sone i ntroductory bytes, thereis an XM header that can be read w th atext
editor. If thefl ewas processedw ti x| nsi ghithj s header summari zes howi t

was processed and can be very handy.

2.3 lorlnmaginginDetail
2. 3. 1The Bayer Mitri x (GA)

A nost al | digital caneras sense col or by usi ngaBayer natrixof fltersinfront
of individual pixels(FHgure2. 2), alsoknownas acolor flter array (GA). Thi s
syst emwas i nvent ed by Dr. Bryce Bayer, of Kodak, i n 1975.> G-een pi xel s out -
nunber red and bl ue because the eye is nore sensitive to fne detail inthe
mddl e part of the spectrum Bri ght ness and col or are cal cul at ed by conbi ni ng
readi ngs f romred, green, and bl ue pi xel s.

A frst sight, thiswul dseemtobeaterriblelossof resolution. It | ooks asif
the pi xel s on t he sensor are bei ng conbi ned, three or four to one, to makethe
fnished, full-color inmage. Howisit, then, that a 24- negapi xel sensor yi el ds a
24- negapi xel i nage rat her than a 6- negapi xel one?lsit reallyas sharpasthe
nunber of pi xel swoul di ndi cat e?

The answer i s that for each pi xel , one col or val uei s exact, andthe ot her two
are conput ed by i nterpol ati ng. For exanpl e, aBpixel’sBvalueisasgiven; its

Qlm|oO|=D
W O|wm| O
Q|| O|(=D
W(O|m|O
Q|| =D
(OO

Figure2. 2. Bayer matrixof red, green, andbluefltersinfront of i ndividual
sensor pi xel s. Ful'| col or of each pi xel can be conput ed by | ooki ng at its nei ghbors.

1 Pronounced BY-erasinGernan, not BAY-er.
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Rval ue is the average of the four Rpixels aroundit; andits Gvalueisthe

average of thefour Gpixel saroundit. Thisisasinplifcation; actual decodi ng

algorithnsal sotrackgradientsintheimagetoobtai nnoreaccurateresults.
Wien you open a rawcol or i nage i n i nage processi ng sof tware, you have

a choi ce. You candenpsai (deBayerx t he i nage t o conput e t he col ors of virt ual

pi xel s; you can group every four pixels (R G G and B) i nto oreuper pi xeb

produce aninageonl y hal f astal | and hal f asw de; or youcantreat eachset of

pixels (R G theother G and B) as aseparate | ayer asif you had f our i nages.

You can even i gnore the Bayer matri x and see a grayscal e i mage t hat seens to

haveafneplaidpatternall over it. Thereareusesfor al | of these approaches.

2.3.2Llowpass Filtering

The Bayer natrix assunes that |ight falling on each pixel wll al sospread, to
soneextent, tothe pi xel sof other col ors adj acent toiltawApass f | (swcal | ed
because it passes | owspatial frequencies) ensuresthat thisisso. Thel ow pass
flterisanoptical diffusingscreennountedright infront of thesensor. It ensures
that everyrayof |ight enteringthecanera, nonatter howsharply focused, wl |l
spread acr oss nor e t han one pi xel ont he sensor.

That sounds even nor e scandal ous —bui I dingaflter intothe caneratobl ur
theimage. But we doget good pi cturesinspite of thelowpass flter, or even
because of it. The bl ur can be overcone by di gital i mage shar peni ng. The | ow
pass flter enabl es Bayer col or synthesis and al so reduces nmoiré effects that
woul d ot herw seresul t when you phot ogr aph a st ri ped obj ect, suchas adi st ant
zebra, anditsstripesinteract withthepixel grid.

Sone of the newest DELRs, such as the N kon 06300, do | eave out t he | ow
pass flter. Nkon' sreasoningisthat nolensis sharpenoughtohit just one of
their sensor’ stinypixels, sonolowpassflter isneeded.

Renenber that | i ght spreadsanddi ffusesinflm too. H I m stransl ucent, and
light canpass throughit sideways aswel |l as straight-on. Vérely on diffusion
tomake bright stars| ook bi gger thanfaint stars. M experiencewthDELRs i s
that, evenwththeir | owpassflters, theyhavel essof thi skindof di ffusionthan
eventhefnest-grai nedfl ns.

2. 3. 3Nebul aeare B ueor P nk, not Red

For agener at i onof ast rophot ogr apher s, eni ssi onnebul ae have al ways beenr ed.
At | east, that’s howt hey showup on Ekt achrone fI m whi chis very sensitive
t ot hewavel engt h of hydrogen-al pha (656 nn), at whi ch nebul ae shinebri ghtly.
But DELRs see nebul ae as blue or pinkish. There are two reasons for
this. Frst, DBLRs include an infrared-bl ocking flter that cuts sensitivity to
hydr ogen- al pha. Second, and equal |y i nportant, DELRs respond t o hydr ogen-
beta and oxygen-111 enissions, both near 500 nm nuch better than col or
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Figure2 3. The Rosette Nebul a, afai nt em ssi on nebul a, phot ogr aphed w t h an unnodi f ed
Canon 40D S ack of ei ght 6- minut e exposures withaCanon300-mm f/41ens. Incolor, the
nebul ai s pi nki sh.

fl mdoes. 2 Sone nebul ae are actual |y brighter at these wavel engt hs t han at
hydr ogen-al pha. Sothelack of brilliant col orationdoesn’t neanthat t he DSLR
can't see nebul ae.

DELRs can be nodi fed to nake t hemsupersensitive to hydrogen-al pha,
like an astrononmical GO, better than any flm The nodif cati on consi sts of
repl acingtheinfraredflter wthonethat transmtsl onger wavel engt hs, or even
renovingit altogether. For nore about this, see Section 17.2. The Canon 200a
and 600a and t he N kon [B10A have ext ended red sensitivity as they cone
fromthe factory.

Inthe neantine, suffceit to say that unnodi fed DBLRs record hydrogen
nebul ae bett er t han nany ast r ophot ogr apher s real i ze. Fai nt hydr ogen nebul ae
can be and have been phot ogr aphed wi t h unnodi f ed DELRs (F gure 2. 3).

2 The Pal onar (hser vat ory Sky Survey al sodi dn’ t respondt o hydr ogen- bet a or oxygen-111; t hose
spectral linesfell inagapbetweenthe“red” and“bl ue” pl ates. Thi s fact rei nforced everyone’ s
i npressi onthat en ssi onnebul ae arered.
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2. 3. 4 @l or Bal ance (Wi t e Bal ance)

I ndayt i ne phot ogr aphy, the col or bal ance of pi cturesis adj ust edtonakethem
look realisticinspiteof changesinthe coloration of thelight source, such as
sunl i ght versus i ncandescent |ight or bl uishlight fromthe sky. | neachinage
fle, the DBLRrecords awhite bal ance setting, whichis sel ected froma nenu

(dayl i ght, tungstenincandescent, fash, etc.), autonatical ly estinated for each
pi cture (auto), or established by phot ographing a gray card (customwhite

bal ance) .

Wen creati ng a JPEGfl e, the canera act ual | y uses t he whi t e bal ance set -
tingto adjust the color. Inrawfles, though, the settingis recorded but not
used; the col or adj ustnent i sleft tosubsequent software. That’ swhy it usual |y
does not nuch natter what white bal ance you choose for ast rophot ogr aphy.

Wien we do adj ust col or, the adjustnent is usual |y stronger than anything
the white bal ance setting can achi eve. As a default setting, though, choose
“dayl i ght” for astrononical inages, to avoi dany unexpect ed col or shift when
previ ew ngt hem

2. 3. 5Gmut

Gonput er noni torsand pri nt er sreproducecol ors, not by regener ati ngt he spec-
trumof theoriginal |ight source, but si npl ybymixi ngthreeprinarycol ors. Thi s
wor ks onl y because t he hunan eye has three types of col or receptors. Qea-
tures coul d exi st — and i ndeed sone hunan bei ngs doexi st — for whomt he

t hree-pri mary- col or syst emdoes not wor k3

By nmixing prinaries, your conputer screen can stiml ate the eye’s col or
receptors inany conbination, but not at full strength. That is, it hasalinited
col or ganmutl ors out si de t he gamut can onl y be repr oduced at | ower sat ur a-
tion, asif theywerenixedw thwhiteor gray. Not hi ngonyour conput er screen
W Il ever | ook quiteasredas aruby or as green as an eneral d.

The gamut of aninkjet printer isal solinited, noresothanthe screen (espe-
ciallyinthedeephblue), andthewhol eart of print col or nanagenent revol ves
aroundtryingtoget themt o nat ch each ot her andt he caner a.

Toaccount for their limtedgamut, digital imagefl esareoftentaggedwtha
particul acol or spdaaewhi chthey are neant t o be reproduced. The nost com
non col or spaces are sR@B, or standard red-green-bl ue, which describes the
nornal col or gamut of a GRT or LCDdi spl ay, and Adobe RGB, a br oader ganut
for high-quality printerRhot oshogan shi ft ani nage fromone col or spaceto
anot her, w t h obvi ous changes i nits appear ance.

3 Severel y col or- bl i nd peopl e have onl y two pri nary col ors. There are al so hunans wi t h nor nal
col or visionwhose prinaryredisnot at theusual wavel ength, andit i s specul atedthat aperson
vwhoi nheritsthat systemfromone parent andthe nornal systemfromt he ot her parent coul d
endupw thaworki ng four-col or system It isnot clear howt he opti ¢ nerve and brai nwoul d
handl e t he f ourt h channel .
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2.4. Inage S ze and Resi zi ng

| rage S ze and Resi zi hg

2. 4. 1Dots per Inch

“Changet hesi zeof thei nage” canneanei t her of twothings: setittoprintwth
adi fferent nunber of dots (pixel s) per i nch, or changet he nunber of pi xel s. The
frst of theseisinnocuous; t he second al nost al ways renoves i nf ornati onfrom
thepicture.

Qonsi der dots per inch (dpi), or pixels per mllingter, frst. Asharp col or
print, conparabl eto the best fl mphotographs, requires 100 to 200 dots per
inch(4to8pixels/mm. That neans an8 10-i nchprint needs only 8 200
10 200=3200000 pi xel s (that is, 3.2 negapi xel s). |f youcantolerateslightly
| ess cri spness, even one negapi xel i s enoughfor afull-pagepicture.

Qearly, then, the 24-negapi xel output of a nodern DELRi s far nore t han
you need for a sharp print. The | arge nunber of pixels allows youto scal e
the picture down or use just asnall part of it and still have a sharp result.
Aternatively, youcanleaveit as-is, specifyitsresolutionas 500 dpi, and get
a print whose visible sharpness is defnitely not linmted by the nunber of
pi xel s.

2.4. 2 Resanpl i ng

To save fl e space, or to nake the picture ft on a web page, you nay w sh
to reduce t he actual nunber of pixelsintheinmage. This reduction shoul d be
done as the |l ast stepin processi ng because it throws away i nfornation. Qce
you shrink an i nage, you cannot enlarge it backtoits original sizewthfull
shar pness.

Changi ng t he nunber of pixelsis calledesanplingndFgures 2.4and 2.5
showhowi t i s done. Reducti on and enl argenent are cal | ed downsanpl i ngnd
upsanpl i ngespecti vel y.

Figure2 4. Resanplinganinagetoshrinkit. P xel sthat areto be conbi ned are aver aged
toget her. (Fromst r ophot ogr aphy f or t he Anjat eur.
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2.2 2 2 2 2 2 2
2 2 2 2
2 22222 272
2 ? 2 2
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Fgure2. 5. Resanplinganinmagetoenlargeit. Gonputer nust fll inmssingpixels by
aver agi ngt hei r nei ghbors. (Frost r ophot ogr aphy f or t he At eur.

2.4.3Binning

Wat Hgure 2.4 actual |y shows is a particul arly sinpl e kind of resanpling
cal | edbi nni ng- adj acent pi xel s are sinply conbi ned, in groups. The fgure
shows 2 2binning. Reducinganinagetoanarbitraryfractionof itsoriginal
sizeisnot ordinarilythat sinple; instead, sone cal cul ation and i nterpol ation
has t o be done.

The term bi nni ngost of t en denot es conbi ni ng of pi xel s that i s done at an
early stage of t he process, naybe eveninthe canera, rather thanlater, during
editing.

2.4.4TheDrizzle A gorithm

The technique in H gure 2.5 assunes that every pi xel covers asquare area. In
reality, pixelsarespots; ontheinage sensor, pixel sdonot fll the squares al | o-
catedtothem Wienaset of i nages needs t o be enl ar ged and st acked, as often
happensinplanetaryinaging, itisunrealistictotreat eachpi xel asasquareseg-
nent of theimage. That i sthekeyi deabehi ndthexi zzl eal gorit hmof Frucht er
and Hook. *

Toenlargeaninage, theDrizzl eal gorithmtreats each pi xel asasnal | round
spot and“drops” it (likeadropof rain) ontotheoutput i rage. Thi sreducest he
effect of the square shape and | arge si ze of theinput pi xel s. Mssing pi xel s can
beflledinby stackingadditional i nages whose al i gnnent isslightlydifferent
or by interpol ati ng.

2.5 Hstograns, Brightness, and Gnt rast
2.5. 1H st ogr ans

Ahi st ogrami s a chart show ng hownany of the pi xel s are at each bri ght ness
I evel . The hi st ogramof adaytinepictureisnornal lyahunpfllingthewhol e

4 A S Fruchter andR N Hbok (2002) Iri zzl e: anethodfor thelinear reconstruction of
under sanpl ed i nages. Publ i cati ons of t he Astronom cal Soci ety dfl4:Hd#E2 ¢
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Excessively
common
dark grays White
star
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number Unused
of pixels light grays
Black Brightness level White

F gure 2. 6. H stogramshows hownany pi xel s are at each | evel of bri ght ness.

bri ght nessrange; deep-skyinmagesusual |yl ooknorelikeF gure2. 6, wthbright
starsat theright, faint nebul osity at theleft, andnot nuchinthemdd e.

2. 5. 2H st ogramEqual i zati on

Aconmontask istoequalizethe histogram i.e., spread out the pi xel val ues
so that nore of the range i s used. This can be done with the Level s adj ust -
nent i n Phot oshogr t he correspondi ng adj ust nent i n ot her software. 1t works
much t he sane way i n al | sof tware packages and i s coveredinnore detail in
Section4. 3.

I nPhot oshagind ot her sof t war e packages, under t he hi st ogramarethreesl i d-
ers. The left slider sets the black | evel; the right slider sets the white | evel;
and the nidd e slider lightens or darkens the nidtones nonlinearly. If your
pi cture has not yet been gamma corrected, you w |l need to nove the nmd-
die slider strongly toward the left; that is how gamma correction i s done
nanual | y.

Aslongasyouarenovingonlythel eft andright sliders, youare pefornmnga
I i near stretchhngi ngt he range but keepi ngt he nunber s proporti onal toeach
ot her. Wen you novet he middl e sl i der, youareintroduci ngnonlinearity.

2. 5. 3Qurve Shape

The char act eri sti c ouamgi magi ng systemi s therel ati onshi p bet ween i nput
bri ght ness and out put brightness. Perfectly faithful reproductionis astraight
line(after ganmacorrection).

A nost al | i nmage processi ng software | et s you adj ust curves. The equi val ent
tonovingthemdd eslider totheleft onthe histogramistorai sethemdd e
of thecurve, sothat mdtones arelighter. The dashed|inesinH gure 2.7 show
characteristic curves that performgamma correction. For awhol e gal | ery of
curveadj ustnentswththeir effects, ged r ophot ogr aphy f or t he AnEt399) ,
pp. 226-228.
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Figure2 7. Ganma( ) neasures nonlinear rel ati on between pi xel val ues and bri ght ness.
Upper cur ves showcorrecti onappl i edt o conpensat e f or screen response.

2.5. 4GmarrectioninDetail

Wen your caner a saves a pi ct ure as JPEG or when you decode a rawi nage
flewthordinary (non-astronomcal ) software, the i nage undergoes ganma
correction, whi chi s needed because pi xel val ues donot neanthe sanethingin
arawi nage as they do on aconputer screenor printer. | f youvi ewani nage
w t hout gamrmacorrection, it | ooks very dark (F gure 11. 4).

Intherawinage, thepixel val ues areproportional tothenunber of photons
t hat reachedt he sensor. But t he bri ght ness of aconput er screenf ol | ows a power
| awt hat approxi natestheeye’ sl ogarithnicresponsetolight. Specifcally:

A xel val ue

Bright ness (as fractionof maxi num= Nexi numpi xel val ue

wher e 2:2.

Hre (gama) isaneasureof thenonlinearityof theresponse. Printers, in
turn, mmnctheresponseof thescreen. Soneprintersanddi spl aysarecal i brat ed
for 1:8insteadof 2. 2.

H gure 2. 7 shows howt hi swor ks. Api xel that di spl ays onthescreenat 50%of
full brightnessw || have apixel val ue, not 50% but about 73%of t he naxi num
val ue because 0:51°%2 =0:73. For exanpl e, i f the pi xel val ues are0t 0255, ahal f-
bri ght ness pi xel wi |l have aval ue of 186. Monitor calibrati ontest patternstest
t he ganma of your di spl ay by havi ng you conpar e a pat ch of pi xel s at | evel 186
toapatchof alternatingrows of 0and 255 whi ch bl end t oget her as you vi ew
t he screenfromfar awnay.
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2.6. Sharpening

That’ swhy i magest akenstrai ght fromD8LRr awf | es gener al | y havet he m d-
tones t oo dark. The upper curvesinF gure 2. 7 showhowt hi sis corrected. The
sinpl est correctionisagamastretch, defnedas fol | ows:

Input pixel value =

Mix. i nput pixel val ue

Qitput .
i xel val ue Max. out put pi xel val ue
For exanpl e, i f theinput and out put pi xel val ues bot h range from0Ot o 255, and
=2:2, thenapi xel whose val uewas original |y 127 (midway upthe scal e) w | |
becone

255 (127=255)¥22=255 (127=255)*%° =255 (0:73=186:

If =1, thisbeconestheequationfor alinear stretch.

Theof fcial correctioncurvefor thesR®Bcol or spaceisslightlydifferent from
apuregama stretch. As Hgure 2.7 shows, it hasslightlyless contrast inthe
shadows (t o keep f romanpl i fyi ng noi se) and nakes upfor it i nthe n dtones.

S nce astronom cal inages do not strivefor portrait-likerealisminthe frst
pl ace, thereis noneedto foll owa specifc net hod of gamma correction; j ust
lightenthemdtonesuntil theinagel ooksright.

Shar peni ng

ne of thewonders of digital i nage processi ngistheabilitytosharpenablurry

i mage. Thi sisdoneinseveral ways, andof courseit cannot bri ngout detail that
isnot present intheoriginal inageat all. Wiat it candoi s reverse sone of the
effects of blurring, provi ded enough of theoriginal infornationisstill present.

2. 6. 1 Edge Enhancenent

The si npl est way t oshar penani nagei stol ook f or pl aces wher e adj acent pi xel s
aredifferent, andincreasethedifference. For exanpl e, i f t he val ues of arowof
pi xel swereoriginaly

202020203030303020202020
t hey mi ght becone:
202020 1535303035 15202020

(changes underlined). This givestheinageacrisp, sparklingquality, but itis
nost useful wthrelatively snall i nages. DELRi nages have so nany pi xel s

that si ngl e- adj acent - pi xel operationslikethisoftendolittlebut bringout grain.

2. 6. 2 Unshar p Maski ng

Anore versatil e sharpeni ng operati onisinshar p naski rigfi gure 2.8). Thisis
deri ved f roman ol d phot ogr aphi ¢ t echni que: make a bl urry negat i ve (unsharp
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@ (b)

© (d)

Fi gure 2. 8. The concept of unsharp maski ng: (a) origi nal i nage; (b) unsharp nask; (c) resul t
of stacking(a) and(b); (d) contrast stretchedtofull range.

nask) fromt heori gi nal i nage, sandw chit withtheorigi nal , andrephot ogr aph

t heconbi nati ontorai sethecontrast. i gi nal |y, t heunshar p nask was nade by
contact-printi ngacol or slideontoapieceof bl ack-and-whitefl nw t haspacer
separ ati ngthemsothat theinage woul d not be sharp.

The effect of unsharp nmasking is to reduce the contrast of |arge features
whi | el eavi ng snal | feat ures unchanged. Then, whenthe contrast of thewhol e
i mage i s brought back uptonornal, the snal | features are nuch nore pron -
nent t han bef ore. Wiat i sinportant about unsharp naski ngi sthat, by varyi ng
the anount of bl ur, you can choose the size of the fne detail that you want
tobringout.

Today, unsharp maskingisperforneddigitally, andthere’snoneedtocreate
the nask as a separate step; the entire process can be done inasingl e natrix
convol uti on (Ast r ophot ogr aphy f or t he An&98er p. 237).

Not e t hat Phot oshopas a consi der abl e advant age over sone ast r ononi cal
sof t war e packages when youwant t o per f or munshar p naski ng—  Phot oshaogan
useanuchlarger bl ur radi us, andalargeradius (i ke50to 100 pi xel s) isoften
needed wi t h | ar ge DELRi nages.
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Complete
waveform

Low
frequencies

HIgh NN\,
frequencies

F gure 2. 9. Soundwaves can be separatedintol ow and hi gh-frequency conponents. So can
i mages. (FromAst r ophot ogr aphy f or t he At eur.

2. 6. 3ati al Frequency and Vivel et Transf or ns

Anot her way to sharpenaninageistoanalyzeit intofreguency conponents
and st rengt hen t he hi gh f requenci es.

To under st and howt hi s wor ks, consi der H gure 2. 9, whi ch shows t he anal ysi s
of asoundwaveintolow and hi gh-frequency conponents. Aninageislikea
vavef or mexcept that it i stwo-di nensi onal ; everypositiononit hasabright ness
val ue.

It follows that we can speak ofspati al frequettwyfrequency or size of
features intheinage. For exanpl e, details 10 pi xel s w de have a spatial fre-
quency of 0. 1. H ghfrequenci esrepresent fnedetail s; | owf requenci es represent
large features. If you runlaow pass fl tyay cut out the hi gh frequencies
and bl ur theinage. |f you enphasi ze the hi gh frequenci es, you sharpen t he
i nage.

Any conpl ex wavef or mcan be subj ectedto Fouri er anal ysiveavel et anal ysi s
toexpress it as the sumof a nunber of sine waves or wavel ets respecti vel y.
(Awavel et is ashape like that shownin Fgure 2.10.) Fourier analysis into
sine waves i s nore appropriate for Iong-lasting wavef orns, such as sound
waves; wavel ets are nore appropriate for nonrepetitive waveforns, such as
i nages.

2. 6.4 Mil tiscal e Processing

Vivel et s arethe key tormul ti scal e pr ocesatiich,neans processi hg an i nage
insuchaway that youcantreat details of different sizesdifferently. This pro-
vides away tobringout fnedetail wthout strengtheningthegrain, whichis
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F gure2.10. Awvavel et (one of many types). Aconpl ex si gnal can be descri bed as t he sumof
nmany wavel et s of different hei ghtsandw dths, shiftedleft or ri ght as needed.

even fner. Miltiscal e processing, inturn, isthekeyto planetary video i nag-
ing, sothe practical details are di scussed in Chapter 14. Here | expl ai n how
it works.

A nost ever ybody who has ever done unshar p naski ng has al nost i nme-
diatelywantedtodoit norethan oncetothe saneinage, ondifferent scal es
(wthdifferent sizesof blur). That isaprimtiveformof mul tiscal e processi ng.

Recal | that unshar p naski ng consi st s of subtracti ngabl urredi nage f romt he
original toget alayer that consistsonlyof fnedetail, thenconbiningthiswth
theoriginal inagesothat thedetail i s enphasi zed.

Mul ti scal e enhancenent neans doi ng this repeated 'y, blurring the inage,
subtractingit fromthe original, blurring the bl urredinage further, subtract-
ingit fromits predecessor, and so on, and keepi ng al | of the di fferencel ayers,
plusthelast blurredinage. Mat henatical | y:

lo=origina image

I, =resul t of blurring Layer 1=1p I
lo=result of blurring Layer 2=1; I,
Is=result of blurrinig Layer 3=1, I3

Resi due =1 ast bl urredi mage =lIs.

Each of thel ayers correspondstowavel et s of aparticul ar si ze, andt he shape of
t he wavel et i st he di ff erence bet ween t wo successi ve bl urs.

Now if thelayers were conbi nedwththeresidue, all inequal proportions,
you' dget theorigi nal i nage back:

Layer 1+ Layer 2 + Layer 3 + Resi due =
(lo 1)+ (1 I)+(2 I3)+Iz=lq:

But in fact we don't conbi ne themin equal proportions. By increasing or
decreasi ng the contribution of particul ar | ayers, we can enphasi ze detai | of a
certain si ze (such as bel ts and zones on Jupiter) whil e discarding detail of a
different size(suchasgrain). It isevenpossibletodonoiserenoval and ot her
processi ngoni ndi vi dual | ayers.
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Original: Filter radius 4:
Filter radius 1: Filter radius 8:
Filter radius 2: Residual:

Fgure2. 11. Inageof | unar crater Goperni cus deconposed i nto f our
layers of different sizesof fnedetail, plusaresidual |ayer.

Figure2 12. TheinageinF gure2. 11 reconstructedw t h enhancenent 4.ef t Shar pened by
increasingthecontributionof thelayerswthfltersof radi us 1 afightGntribution of
resi dual | ayer reduced; not e howt he background gradi ent di nini shes.

F gure 2. 11 shows a picture of a noon crater deconposed this way, and
H gure 2. 12 shows two ways of puttingit backtogether. Notethat reduci ngthe
resi dual | ayer nakes | arge gradi ents go anay whi | e preservi ng snal | er detail s;
that i s howhi gh- dynani c-range (HCR i nages ar e nade di spl ayabl e.
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The original formof this conputationis calledthe rous wavel et transform
or thestarl et transfEacmst ep applies ablur tw ce as | arge as t he previ ous
one. To speed conput ation, the bl urring process at each step can actual | y ski p
hal f t he pi xel s used by t he previ ous step, sofrst you use every pi xel , t henone
of everytwo, thenone of every four, andsoon. |f thisintroducesinaccuracies,
not hi ngi sreal | yl ost becausethe subtractionsguaranteethat all theinfornation
intheinagew Il endupinonelayer or anot her. The ski pped pi xel s are “hol es”
(inFrenchtrousinthedata, hencethe nane of theal gorithm

It was quickly realizedthat, if youdon't want to use that nenory-savi ng
trick, theblurs don't havetodoubl einsizeeachtiAmy blurringal gorithm
w Il work, evenasnall bl ur appliedover and over. The subtractions guaran-
teethat theadditionw | givethecorrect result. For pl anetary work, aseries of
successi ve bl urs, al | about one pi xel i nradi us, oftenworkswell.

The bl urringfunctionisnornal | ysone ki ndof average or wei ght ed aver age
of the pixel sbeingbl urredtoget her. Theresult i s, by defnition, awavel et trans-
form wththe shape of the wavel et deternmined by theblurringfunction; itis
alsocalledaul tiscal elinear trahftderl ur i s Gaussi an (neani ng an aver -
age wei ghted | i ke a Gaussi an bel | curve), the wavel et isthe classi c one shown
inHgure 2. 10.

If you take the nedi an of the pixels being blurred together, rather than a
wei ght ed average, an interesting thing happens. Details too snal | to appear
inalayer aretotally absent fromit. (I1f an average were used, smal | areasw th
extreneval ueswoul dstill have sonei nfuence.) Thearithneticfor reconstruct -
ingtheinagestill worksthe sane way as bef ore —renenber, it works forany
bl urringfuncti on—but thereisnolonger ariskof “ringing,” darkri ngs around
sharpbright features or bright ri ngs around shar p dar k onéswWat’ s nore, al |
t he nuniber s arei nt eger s, whi ch speeds up conput ati on. Theml ti scal e nedi an
transformi s avai | abl e i xI nsi ght

For nuch nor e about rmul ti scal e processi ng (and pl enty of nat henati cs), see

J.-L. Sarck, E Mirtagh, and A B j aodinage Pr ocessi ng and Dat a Anal ysi s: The
Ml ti scal e Appr o&Cinbri dge, 1998) and, for even nore detail, J.-L. Sarck,
F Mrtagh, andJ. M Fadili Spar se | mage and Si gnal Procésscomd editi on,
Canbori dge, 2015). Thel atter book i nt roduces t wo newdevel opnent s, ri dgel ets
and curvel ets — ways to nake the conputer | ook for features of particul ar
shapes, not j ust spots of different sizes.

2. 6. 5 Deconval uti on

Suppose you have a bl urred i nage, and you knowt he exact nat ure of the bl ur,
and the effects of the bl ur have been preserved in full. Then it ought to be
possi bl etoundothe bl ur by conput er, right?

5 Rngingissocalled, not becauseit fornsringsaroundstars, but becauseinone di nensi on, the
vavef ormi s|iketheringingof abell: sharpspikesturnintodanpedoscillations.
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Indeedit is, but the processistricky. It’s aitedvol utiam has two
pitfalls. FHrst, younever have aperfectly accurate copy of theblurredinageto
workwith; thereis al ways sone noi se, andif there were no noi setherewoul d
still betheinherent i nprecisi oncaused by quanti zati on.

Second, deconvol utionis what nat henaticians call an || -posed probligm
does not have a uni que sol uti on. Thereis al ways the possi bilitythat theinage
cont ai ned evennore fne detai |l that was conpl et el y hi dden f romvi ew

For bot h of t hese reasons, deconvol ution has t o be gui ded by sone criterion
of what the fnishedinage ought tol ook |ike. The nost popul ar criterionis
maxi mument r opywhi ch neans naxi numsi npl i ci ty and snoot hness. (Never
reconstruct twostarsif onew || do; never reconstruct | owlevel fuctuationif a
snmoot hsurfacew |1 do; andsoon.) \ari ati onsincl udet he R chardson-Lucy and
vandttert al gorithns.

Deconvol utionis avail abl e i MaxI mDL and Pi xI nsi ghtn H gure 2. 13 you
seetheresult of doingit. FHnedetail popsintoview The star i nages shrink
and becone rounder; evenirregul ar star i nages (frombad tracki ng or ns-
col linmation) can be restored to their proper round shape. Unfortunately, if
the paraneters are not set exactly right, stars are often surrounded by dark
doughnut shapes.

To per f or mdeconvol ution, you nust tell the conputer what ki nd of blur to
undo. This can be either areal blur, based on your best estinate of howthe

F gure 2. 13. Deconvol utionshrinks|arger star i nages, brightens snal | er ones, and bri ngs
out fnedetail. This exanpl eisslightlyoverdone. (S ngl e 3-nm nute exposureof M7, the
Orega Nebul a, witha Ganon 40D 300-mm /41 ens, 1 SO800.)

a4
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i mage was degraded, or aninagi nary bl ur which, if reversed, ought to bring
out thedetail you'reinterestedin. InFgure?2 13thel atter was done.

Because deconvol utionis tricky to set up and requires lots of CPUtI ne,
| sel domuseit. M preferred net hods of bringi ngout fnedetail are unsharp
naski ng and wavel et - based f| t eri ng. However, one stri ki ng use of deconvol u-
tioni stonmakeel ongat edst ar i mages rounder, t onake upf or i nperfect gui di ng.
For nore about this, see Section9. 8. 5.



Chapt er 3
DSL.R(er at i on

This chapter covers canera settings and operation for astrophot ography
(Fgure3.1). Inwhat follows, I’ mgoi ngto assune that you have | ear ned how
to use your DELRfor dayti ne phot ography and t hat you have its instruction
nmanual handy. Notwo caner as work exactly al i ke. Mbst DELRs have enough

i ncommont hat | cangui de yout hrought he key poi nt s of howt o uset hem but

you shoul d be ont he | ookout for excepti ons.

3.1 TakingaPi ctureMnually
3. 1. 1Shutter Speedand Aperture

Totakeapicturewithfull manual control, turnthe canera’ s node dial toM
(Fgure3.2). Set theshutter speedw ththethunbwheel .

Youw || fndthat avai | abl e exposuretines range f roml/ 8000 second al | t he
way up to 30 seconds, whichis |ong enough for serious deep-sky work. For
| onger exposures, use B(Bul b), whi ch neans “keep t he shutter open as | ong as
thebuttonishel ddown,” or, onN kons, T(Ti ne), whi chneans “opent he shut -
ter vhenthebuttoni s pressedonceandcl oseit whenit i s pressedagai n.” Sone
CGanons featurea“Bul b tiner” that | ets you preset along exposuretineto be
actuatedw thasingl ebuttonpressinBnode. Naturally, inall thesesituations,
youw | | be pressingthebuttononacabl erel ease or remot e control rather than
thecaneraitself.

To set the aperture on a canera | ens, sone caneras have a second t huni-
wheel , and ot her s have yout ur nt he t hunibwheel whi | e hol di ng downabut t on.
B ther way, theapertureiscontrolledel ectronicallybythecanerabody. Canon
| enses nornal | y have no aperture ring. Many N kon | enses have an aperture
ring, which you set tothe snal | est aperture (typicaf/l32) when you want
el ectroni ccontrol .

Naturally, if thereisnol ensattached, orif thecaneraisattachedtosonet hi ng
whoseapertureit cannot control (suchasatel escope), thecaneraw || not | et you
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Fgure3.1. O splaypanel of aCanon XTi (400D set upfor deep-sky phot ogr aphy.
FOOneans thel ensi s not el ectroni c and t he caner a cannot det er m ne t he st op.
C. Fnneans cust omf uncti ons are set .

F gure3.2. For manual control of shutter and aperture, set nodedial toM

set theaperture. It wll generally be di spl ayeff @sor FOO. N kons may al so

di spl ay abl i nki ngquestionnarkindi cati ngal ack of el ectroni ¢c conmuni cati on
wththelens. Youcanstill take pictures; the conputer insidethe canera j ust
doesn’ t knowwhat the apertureis.

3. 1. 2Manual Focusi ng

I nast r ophot ogr aphy, you nust al ways f ocus nanual | y; aut of ocus doesn’ t wor k
oncel estial objects. You nust al selthe canera you want to focus nanual | y,
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F gure 3. 3. Manual / aut of ocus swi t chi s on canera body, | ens, or bot h.

becausei f thecaneraistryi ngtoautof ocusandcan't doso, it wll refusetoopen
theshutter.

n Ganon | enses, t he nanual / aut of ocus switchisonthel ens, but onN kons,
it may be onthe canera body (F gure 3.3), thelens, or both. If there aretw
sw t ches, they shoul d bot h be set t he sane way.

Ast ronomical phot ographs are hard to focus, but witha DELR you have a
super power —you can previ ewin LiveMew and evenif youdon't have Li ve
M ew you can revi eweach pi cture, nagnifed, right after takingit. For nore
about howt hi si s done, see Section 3. 6.

Do not trust theinfnity 1) mark on alens. Despite the manufacturer’s
best intentions, it is probably not perfectly accurate, and anyhow the infn-
itysettingw |l shift slightly asthelens expands or contracts wth changes in
t enper at ure.

3. 1. 31 SOSpeed

Apoint towhichwew || oftenreturnisthat thel SOspeed settingonaE8LR
isactual lythegai nof ananplifer; youare usi ngthe sane sensor regardl ess of
thesetting. Thebest | SOsetti ngdepends ont he sensor (see Chapt er s 15and 16),
but i f youwant a quick starting point, set the | SOspeedto 1600 for your frst
experinents. Lower settings, however, nakeit possi bl eto cover aw der range
of bright nesses (F gure 3. 4).
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Figure3.4. Hghdynamcrangeinthispictureof theglobul ar cl uster M3 was
achi eved by st acki ng f our 3- ninut e | SO400 exposures. Canon D gi tal
Rebel (300D, 8-inch(20-cny/ 6. 3tel escope, dark franes subtract ed.

3. 1. 4Do You Vént an Aut onat i ¢ Dar k Fr ane?

If you' re planning an exposure | onger than a few seconds, hot pixel s and
dark current will add to the noi se, and you need to thi nk about dark-frane
subtraction. Done nanual Iy, this neans that inadditionto your picture, you
takeanidentical exposurew ththelenscapon, andthenyou subtract the dark
frame fromt he picture. This corrects the pi xel s that are too bright because of
el ectrical | eakage.

Mbst DELRswi | | dothisfor youif youl et them S npl y enabl el ong- exposur e
noi se reduction (anenusetting onthe canera). Then, after youtake your pi c-
ture, thecameraw || recordadark franew ththe shutter cl osed, performthe
subtraction, and storethe corrected i nage on t he nenory car d\Voi | & no hot
pi xel s.

The drawback of thistechniqueisthat it takes as |ong to nake t he second
exposure as the frst one, so you can only take pictures half the tinme. The
alternativeistotake a set of dark frames nanual | y and appl y t hemduri ng
calibration.
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3.2. Menu Settings

Menu Setti ngs

Like other digital cameras, DBLRs are highly custonmizable. 1t’s worthwhile
toworkthroughtheinstructi onnanual , exanine every nenusetting, and nake
anintelligent choice, sincewhat suits youw || often be different fromwhat
sui ts an ordi nary dayt i ne phot ogr apher. Wat fol | ows i s a checkli st of i npor-
tant nenu settings fromseveral different popul ar DBLRs. They nay not go by
exact|y the sane nanes on your canera, but they are anindication of what

t o check.

Notethat thefull nenuisnnot |ikelytobevisibleunlessthecanerais set to
oneof itsfull-control nodes, preferably M |f youturnonthe canerainone of
its“sinple” nodes, the noreadvanced parts of thenenuw | | bei naccessi bl e.

Note al sotwo nore things. | nportant settings nay be hi dden deepin“cus-
tomf uncti on” nenus, or onl yvisibleifyounakeasettingtodi splayfull nenus.

A 'so, many caneras | et you set up a “personal nenu” of settings you use fre-
quently, topull themall together regard ess of where they arelocatedinthe
bui I t-i nnenusystem | strongly recommend doi ngt hi s.

3. 2. 1Thi ngst o Set Once and Leave Al one

These are settings that you can probabl y | eave unchanged as you go back and
f ort h bet ween ast r ophot ogr aphy and dayt i ne phot ogr aphy.

AutoRotate (Autolnage Rotation): Olel | the caneranot torotateinagesif it
t hi nks you ar e hal di ngt he caner asi deways or upsi de down. Doi ngsocanl ead
t o very conf usi ng ast r ophot os.

H ghl i ght TonePriority: hi s Ganonsetting, i f turnedon, woul dcut t he ef f ec-
tive | SOspeedin hal f, even when you are not usi ng t he exposure neter (see
Section16.7.3).

NEF Recording: 14 bits (or |argest nunbdhj s N kon setting | ets you choose
bet ween 12- and 14- bi t rawf | es on sone caner as. Fut ur e caner as nay suppor t
norethan 14 hbits.

Qopyri ght or | mage Gomments: It isnot abadideatoenter your nane and have
itstoredintheEX Fdataof everyinmage. Thiscanhel pensureyouget credit for
your i mages i f soneone di stri but es t hemw t hout proper attributi on.

Manual Movi e Settings: A1 Thi s N kon D300 setti ng shoul dn’t af fect still pho-
tography, but it does. If turned on, it causes the shutter speedto go back to
1/60secondeverytineLi ve M ewi s used. Thi s behavi or nay changei nafuture
versionof thefrnware.
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3. 2. 2%ettings for an Ast r ophot ogr aphy Sessi on

DateandTine: | liketoset the date and tine, accurate to the second, at the
begi nni ng of every sessi on, toensureaccuratetinesontheflesthat arecreat ed.

FctureQuality (I nageQuality): Raw+snoot hest, | ar gestl JRHG nenory card
has room | |iketohavethe canerasave eachpictureinbothfornmats. Eachfle
serves as a backup of the other, andthe JPEGfI e cont ai ns exposure dat a t hat
can be read by nuner ous sof t war e packages. Thi s t akes onl y 20%nor e space

t han st ori ng rawi nages al one.

| rage S ze: Maxi num  Many caner as gi ve yout he opti on of downsanpl i ngt he
imgeasit istaken, tosave nenory card space. That israrelyif ever a good
ideainscientifcwork. Youpai dfor al |l those negapi xel s; uset hem

Aspect Rati o: 3: 2(def aulSone caneras of fer theoptionof trimingoff part of
thepi cturetochangeitsshape, suchasfor pi cturestobedi spl ayedont el evi si on.
Agai n, youpai dfor al | those negapi xel s. ..

FActureSyle: Sandardor Neut fldli s Canon settingisinportant only if you
nake ext ensi ve use of JPEGout put rather than rawfles. It control s the pro-
cessi ng per f orned t o convert rawt o JPEGI nt he caner a.

Wi te Bal ance: DaylightThisistheoptionthat wll give youthe nost consis-
tent results, especiallyif youaregoi ngto useyour JPEGI nage fl es. Wthraw
i mage fl es, thewhitebal anceisrecordedbut not applied; it has aneffect only
i f subsequent sof tware choosestouseit.

I rage Review (] At an observing sessionw th other people, you'll want to
m ni nm ze t he anount of |ight emtted by your canera, as wel | as save battery
pover, sodon’t di spl ay every pi cture onthe screen.

LCDBri ght ness (Mbni t or Bri ght ness) : Llowt he dark, eventhel ownest settingw ||
seemvery bri ght.

LCDDO spl ay WienPower On: 1 Ohcanerast hat uset hei r LADscreent odi spl ay
canera settings, you probabl y don't want t he di spl ay shi ni ng conti nuousl y at
night. Instead, swtchit onwththeD SPor | NFO(or N ko) but t onwhenyou
want toseeit.

AutoPower A1 Never. Youdon't want the caneraturningitself off duringlulls
intheaction; at | east, | don't.

H gh 1 SO Nbi se Reduction: Probably irrel evéints setting controls a noi se-
reductionstepthat i s appliedwhen convertinginages to JPEGi nthe canera.
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3.3. HowtoSeethat Ti ny Screen

Li ke whi t e bal ance, thesettingis savedw thrawfles but not appliedtothem
| f JPEGs are your fnished product, youmay fndthi s settinguseful .

Long Exposur e Noi se Reduct i on: Your deci si bh.turnedon, thisfeaturew Il elim

i nat e hot pi xel s and dark current noi seinyour i mages by taki ng a dark frane

i nmedi atel y after each picture and autonatical ly subtracting it. This takes
tine, and as you becone nore experi enced, you' |l prefer totake dark franes
separ at el y and subt ract t hemduri ng i nage processi ng.

Howt 0 Seet hat Ti ny Screen

TouseaDSLReff ecti vel yw thout tetheringit toaconputer, youw || needtosee
itsL(Dscreenclearly, not just wel | enought onake out words, but wel | enough
toj udge focus preci sel y, w thout experiencingeyestrain. Evenif you canread
confortably at nornal di stance, you nay need optical hel pgettingacritically
shar p vi ewof t he canera’ s LADscreen.

The frst challenge is seeing the screen at all while the canera is ai ned
upward. |f the screenfips out and rotates, you have no probl em Q herw se,
you can ei ther crouchbehindit or viewit wththeaidof ahand-heldmrror
(Fgure3.5).

Figure3.5. If thescreenof your DBLRdoes not fipout, use ahandhel d mrror
toviewit whilethecanerais ai ned upwar d. (Sharon Qovi ngt on)
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Next conest hechal | enge of f ocusi ngyour eyesonit. | happent ohaveasuper -
pover —| amseverel y near si ghted, sotol ook at the screen, | take ny gl asssf
andnoveinclose. Toneit isthenagiant screen.

If youre farsighted, one optionistocarry a pair of +3.0-diopter readi ng
gl asses, naybe onastraparoundyour neck, andsl i pt hemonwhenyouwant to
vi ewt he screen. Such readi ng gl asses can be pur chased wi t hout a prescripti on,
and you can even sl i pt hemon over ot her gl asses.

Another optionistocarry a magnifying glass. It need not be very power-
ful, sinceits purposeis not tonagnify, but tobringthe screeninto focus for
farsighted eyes. Aw de variety of magni fers and supports can be found at a
sew ng- suppl y store, si nce nany peopl e who sewar e pr esbyopi c.

You can even at t ach an eyepi ecet ot he vi ew ng screen. Anunber of gadgets
areonthe narket that consi st of ahousi ngand adj ust abl e nagni fyi ng eyepi ece
t hrough whi ch t o vi ewt he screen, but, unfortunately, they usual |y requirethe
screentobe fat onthe back of the canera, not swung out. That i s chal | engi ng
whenthetel escopei s ai ned upwar d.

If that’s not enough, you have two nore options. You can connect a vi deo
noni t or and vi ewt he screen di spl ay great|y enl arged, or you can connect t he
caneratoaconputer anddoal | theview ngthere (see Section 10. 2. 4).

Mor e Feat ur es of t he Caner a Body

3. 4. 1The Eyepi ece O opt er

A though t he caner a eyepi ece i s not the pri nary way t o f ocus noder n DELRs,
itisstill useful, andtoget thenost out of it, you' |l needtonakesureit i saccu-
ratel y focused for your eye. That i s achi eved w t ht he eyepi ece di opt er adj ust -
nent (H gure3.6). Thisadj ustnent isbest nadeinthedaytinge, thenrefnedin

di mli ght because nost peopl €' s eyesfocusslightlydifferentlyinthedark.

Fi gure3. 6. Adj ust theeyepi ece di opt ear(r owsot hat you canseethefocusi ngscreencl early.
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Adj ust the eyepi ece sothat you can seethe center of theinagew th perfect
sharpness. Don't focus onthe digital display at the bottomor any i ndi cat or
l'ights; they probably arenot i nthe sane pl ane as t he f ocusi ng screen. Goncen-
trateonthegranul arity of thefocusingscreenandtheinagethat isonit.

3. 4. 2 The S rap and Eyepi ece Qover

Shoul d you use the neck strap that cones wththe canera? | do; | drape it
over thetel escopetokeepthecanerafromfallingtothegroundif itstel escope
adapt er cones | oose.

Moreinportantly, thestrapal sohol dsasnal | cover for t he caneraeyepi ece.
Thi s keeps | i ght fromentering the canera t hrough t he eyepi ece and af f ecti ng
the exposure neter or (much less likely) nakingits way tothe sensor. It is
for taking pictures through dark flters or the like, where the |ight coming
i ntothe canera frombehi nd nay be stronger thanthe li ght enteringthrough
thel ens.

The eyepi ece cover i s not needed duri ng rout i ne ast r ophot ogr aphy because,
of course, your surroundi ngs aredark. | useit whentaki ngdark franes sot hat
| canturnonlightsandstart taki ngdown equi prent w t hout worryi ng about
light gettingintothe canera. Having sai dthat — I have never actual | y experi -
encedanyill effectsfromlight enteringthroughtheeyepi ece. | suspect itseffect
i s nai nl y onthe exposure net er, whi chi s not usedi nast rophot ogr aphy.

3.4. 3LimtingLi ght Emssionfromthe Canera

I f you observew th ot her peopl e, or i f youwant to preserve your ni ght vi si on,
a D8.Rcan be annoyi ng. The bri ght LCDdi splay | ights upat the end of every
pi cture, andonsonenodel sit glowsal |l thetine.

Fortunately, there are nenu settings to change this. You canturn “revi ew
off sothat thepictureisn't displ ayedautonaticallyat t heendof each exposure.
(PresBor “H ay” whenyouwant toseeit.) Andif t hecaneranor nal | y di spl ays
itssettingsonthelLd youcanset it not todoso.

That | eaves theindi cator LEDs. Ingeneral, red LEH> aren’ t bot her song; you
can stick a pi ece of tape on those of ot her col ors, such as t he green power - on
LEDontop of the Dgital Rebel XTi (400D andthe bright white LEDonthe
front of nany caneras t hat si gnal s del ayed shutter rel ease (F gure 3.7).

To further protect your night vision, you can put deep red pl asti c over the
LCDdi spl ay. Aconveni ent naterial for thispurposeisRibylith, agraphicarts
nmaski ng mat eri al consi sting of deep-red pl astic onatransparent pl asti c base.
Wiat | doiscut out api eceof theright size, leavingit attachedtoitsclear base,
and secureit tothe canerascreenw th pi eces of transparent doubl e-sticktape
at thecorners. Wenfnishedwthit, | noveit intoaplasticenvel ope (actual ly
a (cover). The doubl e-sti ck tape survi ves bei ng transferred back and forth
nany ti nes.
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F gure3.7. Dots punchedout of redvinyl tape nake good covers for
t he power - on LEDand sel f-ti ner i ndi cat or.

Becauseit i s desi gnedtoworkw thphot ographi cnaterial s, Rubylithisguar-
anteed to bl ock short-wavel ength light, soit’s especially good for preserving
dark adapt ati on. Many drafting-supply stores sel | Rubylith by the square foot;
oneonl i nevendor that sel |l spiecessnal |l er thanfull rollsiswwdickblick.com
Qher kinds of red plasticthat can be usedinsimlar ways are avai | abl e from
ot her sour ces.

Anore rugged al ternative that | have experinented wth is atransparent
redacrylicshieldthat fts over afip-out screen; thefront isfat andt he back
actsasaspring(FHgure3.8). Thisis nade by careful |y heating api ece of plastic
wthahot-air gunand bendi ng it between pi eces of wood. As far as | know
nothinglikeit is conmercially available, but | would like to seeit cone on
t he nar ket .

Tri ppi ngthe Shutter w t hout Shaki ngt he Tel escope

Nowit’ stinmetotakethepicture. Coviously, youcan't just pressthebuttonw th
your fnger; thetel escope woul d shaketerribly. Sowhat doyou do? There are
several options.

3.5.1Self-tinersandRenote Gntrol s

I f theexposureisgoingtobe30secondsor | ess (sothat youdon't needtouseB
or T), youcanusethesel f-tiner (del ayed shutter rel ease). Pressthe button; the



3.5. Trippingthe Shutter w t hout Shaki ngt he Tel escope

Figure3.8. Anight-vision-preservingredflter that clipsonthefip-out screencanbe nade
by heat i ng and bendi ng a pi ece of redtransparent acrylicplastic.
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caner a count s down t en seconds whi | e t he t el escope st ops shaki ng; and t hen
the shutter opens andthepictureistaken.

That won't work i f you' reusingBor T(thesettingsfor tineexposures). You
need arenot e shutt er rel ease of sone ki nd.

Apart fromconnecti ngyour caneratoaconputer, therearetwoal ternati ves,
wredandinfrared. That i s, youcanusearenote control connected by w reor
aninfraredrenote control .

Aninfraredrenotecontrol i shandy becausethere’ snocabl etokeepupw th.

I ts beamnust shineonthefront of the DELRi norder toreacht he phot ocel | t hat
picksit up. If you vesel ectedashutter speed, thebuttonontherenotecontrol
actuatestheshutter. If theshutter isset toB(or Tif available), theningeneral,
one press of thebuttonw || start the exposure and a second pressw il endit,

but check theinstructionsto nake sure.

The advantage of aw red renote control isthat it cancontainan el aborate
exposure tiner (i nterval oneter). H gure 3.9 shows one comrmon type, whichis
i nport ed and sol d under several nanes. It can be set to nake any nunber of
exposures, of anyl ength, withanyinterval betweenthem For exanpl e, i ndeep-
sky work | often take a series of 50 1-minut e exposures w t h 30-second gaps
betweenthem Wsingarenote control wthatiner, | canstart all thiswththe
press of one but t on.

Figure3.9. Awredremte control (interval oneter) cantine sequences of
exposures of any |l engthat anyinterval .
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3. 5. 2Mrror Lock and Prefire

Much of thevibrationof a D8.Ractual | y cones fromthe mirror, not the shut -
ter. If thecaneracanrai sethenirror i nadvance of naki ngt he exposure, this
vi brat i on can di e down bef ore t he shutt er opens.

Mrror vibrationi snot angj or i ssuei ndeep-skywork, though!l dousenirror
prefretocontrol it whenever possible. Nogreat harmresultsif thetel escope
shakes for afewnilliseconds at the begi nning of an exposure | asti ng several
mnutes; that’stoosnal | afractionof thetotal tine. But inlunar and pl anetary
work, it’saproblem andsois shutter vibrati on—somchsothat elininating
mrror vibration al oneis not enough. You need B-CS (see next section) or a
dedi cat ed ast r ocaner a.

There are two nai nways to control nirror vibrationmnirror prefamd mr-
ror | ocKo further confuse you, “nirror | ock” sonetines denotes a way of
lockingupthenirror tocl eanthesensor, not totakeapi cture. Andon Schmdt—
Cassegrai n tel escopes, “nirror | ock” neans the ability tolock the mrror in
positionsothat it can't shift dueto slack inthe focusi ng nechani sm Neit her
of thoseiswhat |’ mtal ki ngabout here.

Mrror prefreistheusual N konapproach. Ohthe D6300, for i nstance, deep
inthecustomsettings nenuisanoptioncal | ed*Exposure Del ay Mbde. ” Wen
enabl ed, t hi sintroduces a?2-second del ay bet weenrai si ngthe nirror and open-
ingtheshutter. This delay canbeslightly disconcertingif youforget toturnit
of f when doi ng dayt i ne phot ogr aphy. For astronony, though, it can nake a
not i ceabl e di ff erence.

Ganonoffersmrror | ock, whichturnsintomrror prefrewhenthesel f-ti ner
isused. Turnmrror I ock on, and you' || haveto press the button onthe cabl e
releasetwicetotake apicture. Thefrst tine, the mrror goes up; the second
tine, theshutter opens. | nbetween, thecanerais consuningbattery power, so
don't forget what you' re doingandleaveit that way. Wen you are usi ngt he
sel f-tiner, onebuttonpressissuffcient; themrror goes up at the begi nni ng of
thetinedel ay, andthen, either 2or 10 seconds | at er dependi hg on your choi ce,
the shutter opens.

I n deep-sky work, | use 2 seconds of mirror prefre (via exposure del ay
node on the N kon and via the sel f-tiner with mrror | ock on the Ganon);
it seens to be suffcient. Inlunar and pl anetary work, | use B-CS whenever
possi bl e.

3.5.3BectronicFrst-curtai nShutter (BFCS

The best way to el ininate shutter vibrationis not tousethe shutter at all by
takingthepictureinLiveMewwthacanerathat has el ectronic frst-curtain
shutter (see Sectionl.3.2). | dolunar and pl anetary work t hi s way. The benef t
canbedranatic (H gure 3.10).
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Figure3.10. Hectronicfrst-curtai nshutter makes abigdifferenceinlunar andpl anetary
wor k. The noont hrough a Gel estron5 (12. 5-cmaperture, f/ 10), 1/ 100 second at | SO200,

w t ha Canon 40Dwi t hout (1 eft) andw th (right) LiveM ewS | ent Shooting. Lhsharp

naski ng, nornal inlunar work, was not perforned here.

Lhl essvi brationi saseri ous probl em B-CSi s not recomrmendedf or deep- sky
wor k because t he sensor heat supduringLiveMew it’'sbetter tokeepit cool by
only usingit whenthe exposureisactuall yinprogress.

3.5.4Qher Tricks

The surenaytotakeavibration-freelunar or planetaryinageiscal | edthe*hat
trick.” Hol dyour hat (if youwear abl ack fedora), or any dark obj ect, infront of
thetel escope. Qpentheshutter, wait about asecondfor vibrationstodiedown,
and nove t he hat asi de. At the end of the exposure, put the hat back andt hen
closetheshutter. I nsteadof ahat, | usual | y useapi ece of bl ack cardboard. | fnd
| can nake exposures as short as 1/ 4 second by sw ngi ng t he car dboar d asi de

and back i n pl ace qui ckl y.

The“hat trick” wasideal duringthefl mera. WthaDELR it hasthe di sad-
vant aget hat t he sensor i s on, consum ng power and accumul ati ng dar k current,
thewhol etinmetheshutter i sopen, not j ust whent he hat has been noved asi de.
Wthnewer sensors, that i snot as nuchof adrawback asit usedto be.

Anot her way to el i minate vibrational nost conpl etelyisto use af ocal cou-
pling(that is, aimthecaneraintothetel escope’ seyepi ece) wththecaneraand
t el escope st andi ngonseparatetripods. Thi stechni queisasclunsyasit sounds,
but it’s howl got ny best pl anetary i nages duri ngthe fl mera. Today, a good
optionfor af ocal | unar and pl anetary workisnot touseaD8_.Ror MLCat al |,
but rather anon-S.Rdigital canerawthanearly vibrationl ess|eaf shutter.



3. 6. Focusing

3. 5. 5\ brati on-reduci ng Lenses

Lhfortunately, vibration-reducing or image-stabilizing |enses (N kon WR
CGanon | S) are no hel p to t he astrophot ogr apher. They conpensat e for nove-

nent s of a handhel d caner a; t hey do not hel pwhent he canerai s nount ed on
atripod or tel escope. The sane goes for vibrationreductionthat isbuilt into
sone caner a bodi es. Just turnthevibration-reductionfeatureoff.

Infact, sone astrophot ographer s have found t hat vi brati on-reduci ng | enses
arelikelytobeslightlyout of collinationwhen usedfor deep-sky work. The
reasonisthat thevibrationreducti onisinpl enentedby shiftinglens el enents
laterally, andthere’sarisktheywon't beperfectlycenteredwhenthefeatureis
turned of f.

3.6 Focusing
3. 6. 1 Magni fied Previ ewont he Screen

Thefrst editionof thisbook devot ed several pagestodifferent focusing neth-
ods, practical and theoretical. Now however, | want to go straight to the
concl usi on: Theri ght way tofocus a DELRi stoprevi ewt hei magei nLiveM ew

W t h as nuch nagni f cat i on as possi bl e.

Maxi numnagni f cat i onusual | y neans 10, conparedt oshow ngt hewhol e
pi cture on the screen. Accordingly, LiveMewat maxi numnagnifcationis
equi val ent tol ooking at asnal | segnent of a2030-i nch (50 75-cn) enl ar ge-
nent. A though you won't be abl e to see i ndi vi dual pixel s, you can see nore
detai | thanyour | ens or tel escope canresol ve.

The obj ect youf ocus onshoul dbeastar or t henoon, not ani nherentlybl urry
gal axy, nebul a, or conet. If necessary, ai mat a star of appropri ate bright ness
and focus careful |y before sl ew ng to the obj ect you actual | y want t o phot o-
graph. Wth a conput eri zed nount, you can use “preci se go-to” node, sot hat
thetelescopew || slewtoastar for youto focus and center, then novetothe
cel esti al obj ect you' ve chosen. Sone canerasw | | gi veyouabetter vi ewof faint
starsif youset t hel SOhi gher whi |l e f ocusi ng.

I f your canera doesn’t have Li ve M ew you can dot he next best thing: take
short test exposures (naybe 1t 05seconds) andi nmedi at el y revi eweach one on
the screen, nagnifed. This processiseffectivelyaslower versionof LiveMew
| usedit regul arlyw thny ol dCanon 300D

3. 6. 2 ars and Soi kes

d course, the goal of focusingistonake bright stars as conpact as possi bl e,
andtonakefaint starsvisible. Youw | | oftenseefainter stars popintovi ewj ust
when you reach perfect focus. Around brighter stars you nay see chronatic
aberrationinthe formof ared or bl ue ring dependi ng on t he exact focusi ng
error; itisthenanatter of judgnent whi chdirecti onyoushoulderr in.

57



DeLR(per ati on

You renot limtedtojudgingtinystar inages. |f youhol dapi ece of w ndow
screenwireneshinfront of thetel escopeor | ens, thestarsw || have proni nent
di ffraction spi kes (see Section 7.6). The spi kes becone nuch | onger and nore
proninent as the star cones i ntosharpfocus. The brighter thestar, thenmoreit
hel ps, andthi s net hodworkswel | withstarsthat aretoobright for focusi ng by
j ust j udgi ngt he conpact ness of t hei mage. Becauset he wi ndowscr een does not
contai ngl ass, it does not af f ect t he focus of the system

A Schei ner digkHart mann maski s an opaque pi ece of cardboard w thtwo
largeholesinit, placedinfront of thetel escopeor caneralens. Its purposeis
t o make out - of - f ocus i nages | ook doubl e. Sone peopl e fndthat it hel psthem
j udgewhent hestarsareinfocus. | suggest naki ngoneout of api zzabox, whi ch
hasalipthat enabl esyoutohangit onthefront of thetel escope.

A Baht i nov nadks a conbi nation of thetwoideas, diffractionand miltiple
i mages. ! Li ke a Hart nann nask, it has hol es, but the hol es are i n t he f or mof
groups of parallel slitsslopingindifferent directions. A the point of correct
focus, not onlyarethediffracti onspikeslongest, but theyareal sosymetrical .
Two of themforman X andthethird, | ongest, spike crossesthe mddl eof the
Xonly at perfect focus.

d course, any of these ai ds (w ndowscreenw re nesh or nask) i s renoved
fromt he t el escope or | ens bef ore act ual | y t aki ng t he pi ct ures.

3. 6. 3 Gonput er Focusi ng

I f you' reusi ngaconput er tocontrol your DELR t he conput er canal sohel pyou
focus. Many sof t war e packages f or D8LRcontrol i ncl udetheabilitytotakeshort
exposur es over and over, downl oadt hem anddi spl ay eachi nage i nmedi at el y
t oget her wi thananal ysi s of its sharpness. W al ways f ocus on stars, whichare
per f ect poi nt sources, andt he conput er can anal yze exact | y howconpact each
inageis.

Fgure 3.11 shows a typical star inage analysis froivaxl m DL, which
i ncl udes focusi ng anong its many ot her functions. Asharply focused star is
atall, narrowpeak and has asnal | PAHM(“ful | -w dt h-hal f - maxi num” di am
eter of theportionof theinagethat i sat | east 50%as bri ght asthecentral peak).

If thetel escopehasanel ectricfocuser, theconputer canevenadj ust t hefocus
for you. MaxDSLR, | magesPl ugnd ot her packages support aut omati ¢ f ocusi ng
wthelectricfocusers.

The aut of ocus syst emi nsi de t he D8LRi s not useful for astronony. It usual |y
does not respondtostarsat all.

1 Theinventor, Pavel Bahtinov or Bakhtinov, pronounces hi s nane Bakh-tin-off, withthefrst
syl I abl el i ket he nane of t he conposer Bach. You can see hi s original proposal, i nRussi an, at
wwv ast ronony. r u/ f orund i ndex. php/ t opi ¢, 10421. 0. htnh. It repl aced anearl i er nodi f ed
Hart mann nask t hat usedtriangul ar hol esto creat e weak di ffracti onspi kes, differently oriented
onthetwoinages t hat need t o be superi nposed.
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Fgure3.11. Anal ysisof afocusedstar i nage Maxl mDL . Caner at akes short exposures
over and over and downl oads t hemi rmedi at el y f or conput er anal ysi s.

3. 6. 4 Focusi ng Tel escopeswi thMvi ngMrrors

Because Schnidt—Cassegrai ns and Maksut ov—Cassegrai ns usual |y focus by
novi ng the mai n mirror, you nay observe a coupl e of annoyi ng effects. ne

i sl at eral i nage shite i mage noves si deways a short di st ance as you f ocus.
Thi s probl emgeneral | y di nini shes i f yourunthe focuser throughits range a
fewtimestoredistributethel ubricants.

The ot her probl emi sthat i f youarenovi ngthenirror backward, it may con-
tinue to subside for afewseconds after you |l et go of the focuser knob. Mre
general |y, you cannot “zeroin” on perfect focus by turni ngthe knob frst one
way and then the other. There’'s a “dead zone,” and when you try to undo a
novenent, resul ts are sonewhat hardtocontrol .

For best resul ts, al waysturntheknobcl ockw sefrst, toovershoot t hedesired
posi tion, andthen do your fnal focusi ng countercl ockw se. That way, you are
pushi ngthemrror anay f romyou, wor ki ng agai nst gravi ty andt aki ng up any
sl ack i nthe system

Fast i di ous ast r ophot ogr apher s sonet i nes add a second f ocuser, either nan-
ual or el ectric, at theback endof thetel escopesothat thenmrror does not have
to be noved f or fnefocusi ng adj ust nent s.

3.7 Qher Inage Qual ity | ssues
3.7.1Gain

Li kefl m DELRi nages havegrai n, thoughtheoriginof thegrainisdifferent. In
flmit'sduetoirregul ar clunpi ngof silver halidecrystals; intheDALR it’'sdue
torandomnoi se of al | ki nds, i ncl udi ngrandomvari ationinthe nunber of pho-

tons pi cked up, noi seinthe anplifer, and snal | constant di fferences between

pi xel s. Just aswithflm grainis nost pronmnent i n an underexposed i nage
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whose cont rast has been increased to nake it | ook normal . Uhfortunately, in
astronony that i s oftentheonl y way t o process ani nage.

Gonfpi ni ng mul ti pl ei nages reduces grai n. It reduces randomnoi se by a f ac-
tor of Nwhere Nisthenunber of i nages st acked. G ai nthat i s duetoconst ant
di f f erences bet ween pi xel s i s reduced by usi ngdark franes and f at fel ds.

F nal ly, grai ncan be reduced usi ng noi se-reduction al gorithns i n software.
Used j udi ci ousl y, noi sereductionhel psagreat deal . Orerdone, it turnsinages
intosurrealisticswrlsandclouds.

3.7.2% ar Eaters

Af ewDBLRs over t heyear s have hadaprobl emwi th“star eaters.” Theori gi nof
theprobl em sthat canerastrytoget ridof hot or devi ant pi xel sinthei nage by
checki ngfor pixel sthat differ drastical |y fromtheir nei ghbors. Therational eis
t hat genui nedetai I sinthei nagew | | al ways spi || over fromonepi xel t oanot her,
soif apixel isbright all byitself, it nust be“hot” and shoul d be el i ni nat ed.

Al caneras probably dothis to sone extent, but if a canera does it very
avidly, andthe sensor has rather | arge pi xel s, and you’ re phot ogr aphi ng stars
withaverysharplens, stars nay get nmistakenfor hot pi xels. Inthat situation,
smal |, faint star i nages vani sh.

Sar eating was a probl emw th sone early N kon D8LRs and has report -
edly happened with some Sony MLGs. For the early N kons, there was a
wor kar ound: t urnonl ong exposur e noi sereducti on, set thei nage nodetoraw
(not JPEQ, take your picture, andthen, whilethe caneraistakingthe second
exposurew ththe shutter cl osed, turnthe caneraoff. This seens|ikeafoolish
thingtodo, but actually, a“truly raw inage has al ready been stored on t he
nenory card. 1f youl et t he second exposure fni sh, that i nagew || berepl aced
by one processed by the star eater. By poweri ngthe canera off, you keepthis
f romhappeni ng.

“Sar eaters” arenowrare. The overwhel ningnaj ority of DBLRs and M LG
have pi xel s snal | enough, and/ or | ow pass flters strong enough, that starsare
never mstakenfor hot pixel s.

3. 7. 3Dust ont he Sensor

Aflmcanera pul | s afresh section of fl mout of the cartridge bef ore taki ng
every pi cture, but aDSLR s sensor renai ns stati onary. Thi s neansthat i f adust
speck lands onthe | owpass flter infront of the sensor, it wll stay in place,
nmaki ngadark bl ot chonevery pi ctureuntil youcleanit off (FHgure3.12).
Tokeepdust of f t he sensor, avoi d unnecessary | ens changes; hol dt he canera
body f aci ng downwar d whenyou havet hel ens of f; never | eavet hebody sitting
aroundwithnolens or caponit; and never change | enses i n dusty surround-
i ngs. But evenif younever renovethelens, therew || eventual | y be sone dust
gener at ed by nechani cal wear of the canera’ sinternal conponents.
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Fgure3.12. Efect of dust (enlarged). D agramshows howl i ght gets aroundt he dust speck
sothat starsarevisiblethroughthebl ot ch.

Wien dust gets on the sensor (and eventual ly it wll), followthe instruc-
tionsinyour canera’ sinstructionnanual . Mbst DELRs can vi brat e t he sensor
t o shake dust | oose. By defaul t, this happens whenthe canerais swtched on
and of f.

Beyondt hat, thegent| est waytorenovedust i stoopentheshutter (on“bul b, ”
the tine-exposure setting) and appl y conpressed ai r froma rubber bul br{ot
a can of conpressed gas, which nmight emit |iquidor high-speed particles). If
you nust w pet he sensor, useaSensor Saab, nade by Phot ogr aphi ¢ Sol uti ons,

I nc. (waw phot osol . con). And above al |, fol | owi nstructi ons t o nakeur & he
shutt er st ays openwhi | e you' redoi ngt he cl eani ng. Many caner as have a nenu
optionto power downwththe shutter open. Better yet, seeif alocal canera
repai r shopw | I cl ean your sensor whileyouwait. You' re payi ngthemtotake
therisk; if they danageit, they havetofxit.

To a consi derabl e extent, the effect of dust can be renoved by i nage pro-
cessing, either fat-fel ding (FH gure5.2) or (indaytine photography) by “dust
nappi ng” per f or ned by t he sof t ware t hat cones w t ht he caner a.

You can check for dust by ai ningthe caneraat the pl ai n bl ue dayti ne sky
andt aki ngapi ctureatf/ 22, t henusi ngsoftwaretovi ewt hepicturewthgreatly
i ncreased contrast. You are |l ooki ng for distinct dust bl obs that showup w th
onl y anodest contrast i ncrease.

Be forewarned that i f youincrease the contrast of aninmage too nuch, you
Wil seetroubl ewherethereisnone. If youtake apictureof theblueskywth
aperfectly clean sensor and vi ewit w th“aut o screenstretch” i nastronom cal
sof tware, or w t hPhot oshop Auto Tone, you wi || see specks and st reaks t hat
l ook anful but infact aretiny, inconsequential quirks of the sensor, trenen-
dously anpl i fed. The software has been cormanded t o stretch t he cont rast
until it fnds sonethingthat | ookslikeaninage, andit does so, nonatter how
nmuch st ret chi ngi s needed.
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Note that dust that you seeinthe view nder i snotonthe sensor and wi | |
not showupinthepicture; it’sonthefocusi ngscreen. Renovi ngsuchdust isa
goodideasothat it does not eventual | y nakeitswaytothe sensor.

The Caner aas Your Logbook

O gital caneras record arenarkabl e anount of i nformation about each expo-
sure. Thisisoftencalled EXFdata (EXFisactuallyoneof several fornats for
recordingit), and Wndows itsel f, aswel | as nany sof t war e packages, canread
the EX Fdat ai n JPEGf | es. Phot oshognd ot her utilitiescanreadthe sane ki nd

of datainrawfles. Fromthi s book’ sweb site (wmwv dsl r book. com) you can get
asoftwareutility, EXFLA5 that reads aset of digital i nagefl es and generat es
al ogbook page t hat youcanedit.

Thi sfact gi vesyouanincentivetodotwothings. FHrst, keeptheinternal cl ock-
cal endar of your canera set correctly. Second, take each exposure as bot h raw
and JPEGI f your caneraoffersthat opti on. That way, each exposurei srecorded
astwoflesthat serveas backups of eachother, andthe JPEGf| e contai ns EX F
datathat i s easytoview(wthany graphi cs programor evenas fl e properties
i nthe operating systen).

Natural |y, the caneradoesn't recordwhat it doesn’'t know It can’'t recordthe
focal lengthof-rati oof alensthat doesn't i nterfacew ththecanera’ s el ectron-
i cs. Nor does it knowwhat obj ect you' re phot ographi ng or ot her parti cul ars of
t he set up and condi ti ons. Nonet hel ess, usi ng EX Fdat asavesyoual ot of effort.
Youdon't havetowiteinthel ogbook every ti neyoutakeapicture.
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Chapt er 4
HveSnplePoects

After all this, you' re probablyitchingtotake apicturewthyour D8LR This
chapter outlines fve sinpl e ways to take an astrononical photograph. Each

of themw | result in aninage that requires only the sinpl est subsequent
pr ocessi ng by conput er.

Al the projects inthis chapter can be done w th your canera set to out -
put JPEGi nages (not raw), as in daytine phot ography. The i nages can be
vi ewed and further processed wth any pi cture processi ng program such as
Phot oshogr @ MP (whi chisfreeware). Speci al astrononical techni ques are not
needed.

W start the chapter by taking pi ctures of the noon, whi ch are nuch |i ke
daytine terrestrial pictures. But inthe nmddl e of the chapter | introduce one
very i nportant processi ngtechni que, whi ch you nay al ready be usi ng i n day-
ti ne phot ogr aphy, thoughwe useit nore heavilyinastronony. It isstretching,
the adj ust nent of contrast and brightness. Youw Il needit totake successful
pi ct ures show ng st ars.

Tel ephot o Mbon

The noon i s avery good frst target. Put your caneraonasturdy tripod and
attachatelephotolens wthafocal lengthof at | east 200 and pref er abl y 300
mm(it can be azooml ens). Take ai mat the noon. Initial exposuresettingsare

| SO400, f/ 5.6, 1/ 125 second (crescent), 1/500 second (quarter noon), 1/1000
(gi bbous), or 1/2000(full); or si npl ytakeaspot net er readi ngof t heill um nat ed
face of thenoon. Anaveragi ngneter w I | overexposet he pi ct ure because of t he

dar k backgr ound.

If the canera has nirror | ock (Canon) or exposure del ay (N kon), turnthat
feature on. If you have S lent Shooting or the ability totake pictures during
Live Mew so much the better; use that too. You can probabl y use aut of ocus
successf ul |y, but focusi ngnanual | yinnagni fedLi veM ewi sbetter. After your
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Figure4.1. The noon. Canon 60Daand 300-mm f/4tel ephotol ens set tB8, with
1.4tel econverter, givingeffective 420 nmfigdl. 1/ 80 second at | SO640. Thisis

just thecentral areaof thepicture, enl arged. Sone unshar p maski ngwas done

i nPhotoshoptobringout detail.

frst try, adj ust the exposurefor best results. A sotry stoppi ng dovin®and
usi ng a sl ower shutter speed.

Hgures 4.1, 4.2, and 4. 3 showwhat you can achi eve t hi s way. Use stret chi ng
to adj ust the bright ness and contrast. | nmages of the noon al so beneft greatly
fromunshar p maski ngin Phot oshogr nul ti scal e shar peni ngi Regi st axyou' | |
be sur pri sed hownuch nor e det ai | you can bri ng out .

To nake the face of the noon fl| the sensor, you' Il need afocal | ength of at
| east 1000 m | nthe next exanpl e, we’ || achi evethat i navery si npl e way.
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4,2. Aocal Mon

Figure4.2. Thenoon passi nginfront of the A ei ades star cl uster. Hal f - second exposur e at
190200 w th Canon D gi tal Rebel (300D and ol d Sol i gor 400- nmt el ephot o | ens at f/ 8.
Processed wi t hPhot oshoyo bri ght ent he starry backgroundrel ati vet ot he noon.

A ocal Mbon

Anot her easy way to t ake an astronom cal photographwithadigital canera
(DBLRor not) istoa mthetel escope at the noon, holdthe canerauptothe
eyepi ece, and snap away.

Thi s sounds si | |y, but as you can see fromH gure 4.4, it works. Thet el escope
shoul d be set upfor | owpower (50 or less, downto1l0 or even5 ; youcan
use aspottingscopeor onesi deof apair of bi nocul ars). Usea28-, 35-, or 50- mm
fxed-focal -1 engthcaneral ensif you have one; t he bul ky desi gn of azooml ens
nay nake i t i npossi bl et o get cl ose enought ot he eyepi ece.

Set the canera to aperture-priority autoexposuré (on N kons, Av on
CGanons) and set the |l ens w de open (Il owest-nunbered f-stop). Focus the
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Fgure4.3. Theearthlit noonand Conet Q 2011 L4 ( PANSTARRS) j ust af t er sunset.

The conet was vi si bl ei nbi nocul ars but not wit hthe naked eye. Canon 60Daonfxedtri pod,
1/ 3 second at |1 SO400 wi t h 105-nmt el ephot ol ens at f/ 2. 8. O opped and st r et ched

i nPhot oshop.

t el escope by eye and | et t he canera aut of ocus on the i nage. Wiat coul d be
si npl er ?

Thi s techni que al soworks wel | withfxed-1ensdigital caneras, even snart -
phones. Many ki nds of brackets exi st for couplingthe caneratothetel escope,
but (don't laugh) | get better resul ts by handhol di ngthe caneraor puttingit on
aseparatetripodsothat it cannot transmt any vi bration.

This setupis calledafocal coupling. The effectivefocal lengthisthat of the
canera lens mul tiplied by the nmagni fcation of the tel escope —in H gure 4.4,
39 50=1950 Mm

S ret chi ng—The Processi ng Techni que t o Lear n Now

Before noving on to pictures wth stars in them we need to i ntroduce an
i mportant processi ngt echni que.

Ast ronom cal phot ogr aphs usual | y don’t usetheful | bri ght ness range of t he
canera the way dayti ne photographs do. To put it bluntly, they re usually
under exposed, as wel | as havi ngot her qui rks. Accordingly, i norder toget good
i mages we have to control howthe brightness range i s actual | y used. Many
images are hardl y viewabl euntil thisisdone(Fgure4.5). Intheflmera, thisis
vhy we had t 0 have our own dar kr oons and nmake our own prints; today we
cancontrol brightnessandcontrast digitally.
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Figure4.4. Lunar seasandcraters. N kon D70s w t h 50- nmf/ 1. 81 ens wi de open, handhel d
at the eyepi ece of a5-inch(12.5-cn) tel escope &9, aut of ocused and aut oexposed. | nage
was unshar p-naskedw th Phot oshop

Dgitally, we control contrast and brightness with a techni que known
variously as stretching, |evel adjustnent, or histogram adjustnent. W& ve
already net it, inatheoretical way, inSection2.5, but nowit’stimetoactually
doit.

H gure 4. 6 shows howt he adj ust nent i s done. Al nost al | softwaredoesit the
sameway. | n Phot oshopt’ s under | mage, Adjustnents, Level s; iGi MP, under
@l ors, Level s; iRebul osi t wnder | nage, Level s; i i x| nsi ghtinder Process,
Intensity Transfornati ons, H st ogramTransf or mat i on.

MaxI mDL isahit different: there, youfrst adgaseen strewbhchaffects
only the screendisplay and not the actual inagefle, andthenyouapplyit to
theact ual i magewi thProcess, Sretddebul osi td Pi xI nsi ghltso have screen
stretchoptions. WereturntothisinChapter 12.
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Figure4.5. Sretchingisoftennecessary tonmake anastrononcal i nage vi ewabl e. (Tel escope
i nage of MB1, beforeandafter stretching.)

Afewmnutes of playingwththis adjustnent wll teach you nore than
| couldbywritingtennorepages. For best results, doit inseveral stepsrather
thantryingtoget everythingexactlyright at once. Don’'t be afrai dto novethe
mddl eslider d ongraytothel eft tobringout deep-skydetail. Tocol or-bal ance
your i mage, you can adj ust red, green, or bl ue separat el y fromt he ot her col ors.
Oce you ve nastered stretching, you' Il fndyoursel f usingit (nore subtly, of
cour se) i nyour dayti ne phot ogr aphy t oo.

If you' regoingtodosubstantial stretching, it’sbhest tostart witharawi nage
fromt he caner a, rat her than a JPEGfI e, because of its greater bit depth, but if
al | youhaveisaJPEG youcanstill usestretchingeffectively.
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4.4, SarsfromaH xedTri pod

Choose to work on
red, green, blue, or

all 3 at once
Move right Move left Move left
to darken to lighten to lighten
background midtones whole image

Move closer together
to raise overall contrast
Fgure4.6. Sretchingisdonew ththelLevel sadjustnent i nnost sof t war e packages
(Phot oshoghown) .

SarsfromaH xed Tri pod

Nowfor thestars. hastarry, noonl ess ni ght, put the caneraonasturdytri-
pod, ai mat afamliar constellation, set theaperturew deopen, focusoninfnity,
and t ake a 5- t 0 20- second exposure at 1 SO1600 or hi gher. You' | | get sonet hi ng
likeFH gure4.7.

For thisproject, a50-mifl. 8l ensisideal. Secondchoi cei s dhg. 8or faster
lensw thafocal | engt hbetween20and50mMm Your zooml ensnay fll thebill.
If youareusinga“kit” zoomlensthat i83.5o0rf/4, you |l needto nake a
slightly | onger exposure (as much as 30 seconds) and the stars wi | | appear as
short streaks, rather thanpoints, becausetheearthisrotating.

Agoodway toestinatetheexposuretineistousethe“rul eof 300" —that is,
the exposuretineinsecondsis300dividedbythefocal lengthinnillineters.
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Fgure4.7. Qionsettingover thetrees. Canon EC540Dat | SO1600, Canon 50- nmf/ 1. 8
| ens w de open, 5 seconds.

That isfor APS Csensors; for full-franesensors, itisnorelikea“ruleof 500,”
but i f thestar i mages aretoo el ongat ed f or you, shortenthe exposure.

I f your caner ahas| ong- exposurenoi sereduction, turnit on. Qherw se, there
w Il beafewbright specksintheinagethat arenot stars, fromhot pi xel s. And
i f you happent o have a Pent ax Astrotracer, by al | neans put it togood use.

Focusi ng can be probl enmat i c. Aut of ocus doesn’ t work ont he stars, andwhen
you reusingasnall lens, it canbehardtoseeastar i nLi veM ewwel | enoughto
focusonit. Focusingonaverydistant streetlight isagoodstartingpoint. Then,
if LiveMewisstill nohel p, youcanrefnethefocus byt aki ngrepeat ed 5- second
exposures and vi ew ng t hemmagni f ed on t he LADscreen as you nake sl i ght
changes.

The picture will beneft considerably fromstretching; in fact, it nay not
look like nuch at all until you stretch it. You'll be amazed at what you
can phot ogr aph; ninth- or tenth-nagnitude stars, dozens of star clusters, and
nuner ous nebul ae and gal axi es are wi t hi nreach.
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4. 6. P ggybacki ng

This is of coursethe DELRequi val ent of the nethod describedat lengthin
Chapt er 2 of Ast r ophot ogr aphy for t he AnEt889). It wi Il recordbri ght conet s,
neteors, andtheauroraboreal i s. I nfact, for phot ographi ngt heaurora, acanera
wthawde-anglelensonafxedtripodistheideal instrunent.

N ght scapes

Ani ght scapei sanight | andscapew thstars, andusual | ythe M| ky Vely, promni -
nentlyvisibleinit. Arguably, FH gure4. 7isanightscape, but Hgure4.8isanuch
better one. Thetechni queisthesaneasinthe previous section, except that it's
common t o use w der -angl e | enses and | onger exposur es.

Ifthelensisafsheye, thehorizonw || onlyappear straight if it runsthrough
the center of the picture. Puttingit off center nakes it bend outward, which
nay or nay not be desirable. Al w de-angl e | enses, fsheye or not, have con-
si der abl e dar keni ngt owardt he edges of thefel d, whi chi s usual |y used as part
of theartisticeffect but can be counteracted by fat-feldingif youwant touse
advanced t echni ques.

ToincludetheMI ky Vely, youw | | needtogotoadark, or at | east reasonabl y
dark, location (not the middl e of town) at theright tine of year. The bri ght est
part of theM | ky Valyi s hi ghest i nt heeveni ngfromAugust t o Gct ober. Sof t ware
suchas Stel | ariwnhl tell youexactlyhowit’sorientedat any particul ar pl ace
andtine. You' || needtobeat areasonabl y southernlatitude; if you' reinBritain,
the bright surmer M1 ky Vely wi || be el usive, and | suggest goi ng for bri ght
constel l ati ons suchas Qionor WsaMjor instead.

re vord of caution: 1’ veseenentirel ytoo nany ni ght scape phot ogr apher s
trying to take the sane picture. |1 chose F gure 4.8 because indts he usual
“countryroadwi ththe M| ky Vey vertical at theendof it” or “nountai nrange
with Ml ky Vay hori zontal aboveit.” There’ s nothingwongw threplicating

ot hers’ workasatechni cal chal | enge, but that’ sonl yastartingpoi nt. Becreati ve.

A ggybacki ng

I f youhave atel escopethat tracksthestars (whet her onanequatorial wedge or
not), nount t he canera “pi ggy-back” onit and you cantake | onger exposures
of the sky. For now don’t worry about autogui di ng; just set the tel escope up
carefully and let it track as best it can. Expose no nore t han fve mnutes or
so (30 seconds may be pl enty). Asinthe previous proj ect, | ong-exposure noi se
reduction shoul d be turned onif avail abl e. To keep thi ngs non-critical, use a
| ens shorter t han 150 rm H gure 4. 9 shows what you can achi eve.
Wthanequatorial nount (or aforknount onanequat ori al wedge), you can
theoretical | y expose as | ong as you want, but boththernal noi se and tracki ng
errorsstart catchingupw thyouif the exposure exceeds 5ninutes. If thetel e-
scope i s on an al tazi nut h nount (one that goes up-down and | eft-right, with
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Fgure4.8. The M| ky Vely over thedistant |ights of Jackson Hl e, Woni ng. N kon 8200
at 1 S01600 wi t h 10. 5-nm f/ 2. 8 F sheye- N kkor w de open, 30 seconds, fromfxedtri pod.
The f sheye | ens nakes t he of f - cent er hori zonbendintoaUshape. (Rex T. St h)
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Figure4.9. onet Machhol z and t he P ei ades, 2005 January 6. Canon Di gi tal Rebel (300D
wi thol dPentax 135-nm /2. 51 ens usi ng | ens nount adapt er, pi ggybacked on an

equat ori al 'y nount ed t el escope; no gui di ng correcti ons. S ngl e 3-ninut e exposure at | SO
400, processedw t hPhot oshop

no wedge), thenyou havetodeal wthfeldrotation (F gure8.2). Asarul e of
thunb, thiswon't be a probl emif you keep t he exposure ti ne under 30 sec-
ondsinnost parts of thesky. Youcanexposeupto2ninutesif you' retracki ng
objectsfairlylowintheeast or west.

As you | ear n nor e advanced t echni ques | ater on, don’t forget that you can
pi ggyback whi | e doi ng sonet hi ng el se. That is, a second canerawth atele-
photo | ens can ri de pi ggyback on a t el escope t hrough whi ch a gui ded | ong
exposure i s bei ng taken. | have heard of prof essi onal astrononers doingthis,
cl anpi ngthei r personal canerastogreat observatory tel escopes. Wy not ?
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F gure4.10. Extrene fxed-tripod ast rophot ography of star cloudsintheconstellation
Gygnus, incl udi ng Nort h Ameri ca Nebul aat t he upper | eft. S xty-ni ne separ at e 2- second
exposures weretakenw ththe cameraonafxedtripod, thencalibratedandstackedasin
Chapters 5, 11, and 12. Ganon 60Dg, S gna50-mm f/ 2. 81 ens, | SO6400.

Goi ng Fur t her

If your fxed-tripod or pi ggybacki ng experinents are successful, you can get
bett er pi ct ures by st acki ngmul ti pl ei nages. These can bet he sane JPEGI nages
you' re al ready capturing, but junp into the procedures in Chapters 11 and
12 at the appropriate poi nt and conbi ne them Rotation during stacking w ||



4.7. QingFurther

take care of thefeldrotationbetween (but not wthin) exposures taken on an
al t azi mut h nount .

For evenbetter results, switchyour caneratorawnode anddotheful | pro-
cedureinChapters 5, 11, and 12. Be sure totake sone dark franes ri ght after
your series of exposures; | eavethe canerasettingsthesanebut put thel ens cap
onandexposefor thesanel engt hof ti ne. Therei s not hi ngw ongw t hstacki ng
100 or 200 two- or fve-second fxed-tri pod exposures; it isthe best way to get
the nost out of asetupthat can't trackthestars. H gure 4. 10 shows what can be
achi eved.
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Chapt er 5
Deep- sky | nage Acqui sition

Beforegoingintothedetail s of astrophotographi c equi pnent, | needtooutline
howit is used. This chapter covers howto take pi ctures of deep-sky objects,
includingcalibrationfranes. Theactual processi ngandcali brationarecovered
i n Chapt ers 11-13, and | unar and pl anet ary wor k i n Chapt er 14.

Howt o Avoi d Mbst of Thi s Var k

Youdon't actual | y havetodoal | thiswork. Anmuchsinpl er procedureistol et
thecaneradonost of it for you, thenfni shupthepictureasif it wereadaytine
phot ograph, as youdi dinChapter 4. Here’ s how

Tur nonl ong- exposur e noi sereduct i oni nyour canera. That way, whenever you
takeacel esti al phot ograph, thecaneraw || aut onati cal | ytakeadarkfraneand
subtract it.

Tel | the caneratosavetheinages as JPEG(not raw) soyoucanedit themw th
anordinary photoeditor.

Take a si ngl e exposur e, exposed generousl y at a hi gh | SOset ting.

ren theresul ting i mage fl e i nPhot oshopr any phot o edi tor and adj ust t he
bri ght ness, contrast, and col or bal ancetosuit you.

Downsanpl e your i nage (nmake it snal l er) toconceal fansinguidingandin
theopticsandtoreduce grain.

Wy don’ t we al ways t ake t he easy way out ? For several reasons.

Frst, weusual |y want to conbi nemul tipleinages. Wthdigital technol ogy,
ten 1- m nut e exposur es real | ar eas good as one 10- ni nut e exposur e —t hey nay
evenbebetter. They recertainly al ot better tdrael- m nut e exposure. Com
bi ni ng i nages i nproves t he si gnal -t o- noi se rat i o because randomnoi se partly
cancel s out. Keepingtheindividual exposures short prevents overexposur e of
bri ght obj ect s and sky f og.

Second, havi ng the canera take autonati ¢ dark franes i s ti ne- consuni ng;
thedark franesw || take up hal f of every observingsession. It’s nore effcient
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totake one set of dark franes that can be appliedto all the sets of deep-sky
i mages t hat youtake t hat eveni ng.

Third, we oftenwant to do processi ng that woul dn’t be easy wi th a photo
edi tor, such as extrene nonl i near stretching, background fattening, or decon-
vol uti on(deliberatecorrecti onof aknownblur). I nsubsequent chapters|’I1 tell
you nor e about t hese oper ati ons.

I f youdon't want to avoi dal It he work, you can avoi d soneof it. You don't
have to start wth canera rawi nages; JPEG can be ali gned, stacked, and
enhanced (t hough not cal i brat ed) .

HowLong t o Expose

Near | y 20 pages of Astrophot ogr aphy f or t he Anatraudevot ed t o exposur e
cal cul ations and t abl es. Quess what ? V€ don’ t need t o cal cul at e exposur es any
nore. Wtha DSLRor any ot her digital i nagi ngdevice, it’s easyto deternine
exposures by trial anderror.

Nonet hel ess, it’ suseful toknowwheretostart. That’ swhat Table5. lisfor. It
i s for deep-sky obj ects (stars, clusters, nebul ae, and gal axi es). For nore sci enti f-
i cal | y based exposure tabl es, wi than expl anati on of howt hey were conput ed,
see Appendi x B.

The best exposure i s what ever best separates the objects of interest —stars,
clusters, nebul ae, and gal axi es — fromthe sky background. Accordingly, it
depends ont he bri ght ness of your sky (city, country, or desert). It al sodepends
onthebright ness of t hei nage f or ned by your | ens or t el escope, whi chi s det er-
mnedbyitsf-ratio. For exanpl e, accordingtothechart, if youareintown (so
the sky i s only dark enough for you to see 5t h-nagni t ude stars), and you' re
usi ng an f/ 4t el escope, agoodstartingpoint i stoexposefor 30seconds. That's
a si nglexposure; you cant ake many 30- second exposur es and st ack t hem

Those exposures arej ust starting poi nts. Exposereif:

Youwant tobringout thefaintest areas whi | e overexposi ngthe brightest; or
You areinexceptional lydarkdesert or nount ai nconditions; or

Tabl e5. 1 Suggest ed exposur es f or st ar cl ust ers, nebul adVdenbgabbixires.

i s possi bl dbse | SO800 unl ess you have est abl i shed t hat al ower setti ng wor ks wel |

wi t h your caner a.

Sy condi ti ons fl2.8 fl4 f/5.6 f/8 fl1a
Dark country sky (6. 5-nag. starsvisibl e) im 2m  4m 8m 15m
Qount ry sky wi t h sone gl owf romt own 30s Im 2m 4m 8m

Town sky (5t h-nag. starsvisible) 15s 30s 1m 2m  4m




5.2. Howlongt o Expose

Youwant to process the pictures |ike dayti ne photos, w t hout calibrationand
stacking. (Inthat situation, younay al sowant to use ahi gher | SOsetting.)

Expose | essf:

You ar e phot ogr aphi ng st ar cl ust er s and a dar k background i s accept abl e; or
Your tracki ng equi pnent does not permt | onger exposures.

To j udge an exposure, | ook at t he LCDdi spl ay j ust t he way you doi nt he day-
tine. Better yet, get the caneratodisplay ahistogram(F gure5. 1) and | ook at
the hunpt hat represent st he sky background. It shouldbeintheleft hal f of the
graph, but not all thewaytotheleft edge. | ncreasi ngthe exposure novesit to
theright; decreasi ngthe exposurenmovesit totheleft.

Wien vi ew ng t he hi stogram you nay al so see a smal | previ ewinage in
whi ch overexposed areas blink. It isnornal for bright starsto be overexposed.
For nor e about hi st ograns, see Section 2. 5.

If you are using al ow noise canera at alowlSOsettinginorder to naxi-

m ze dynami ¢ r ange, your pi cture may | ook consi der abl y dar ker thanthi s, and
the hi stogramnay be farther over totheleft. Don't panic; inastrononyit is
commontoget goodresul tsw thwhat woul d be, by dayti ne st andards, severe
under exposur e.

Gonversely, if you' re exposi ng generously to pick up fai nt nebul osity, and
you are not far out i nthe country, your hi stogramnay be wel | tothe right of
thecenter. Aslongasit doesn’'t bunpintotheright-handedge, you reQ the
pi cture nay | ook very light onthe canera screen, but it will clean up nicely
when adj ust ed.

Fgure5. 1. H stogramof awel | - exposed deep- sky i nage as di spl ayed
onthe canera’ s screen.
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Deep- sky | nage Acqui si tion

DO thering

Otheringneansaimngthetel escopeor lensslightlydifferentlyfor eachexpo-
suresothat the sane pointsintheinagedont al ways fall onthe sane pi xel s.
Then, whent hei mages are al i gned and st acked, bad pi xel s are i gnor ed because
they di sagreew ththe sane poi nt intheinageinother franes.
Dtheringisoptional, andw thgoodsensors, it nakeslittledifference, but if
your sensor has conspi cuous hot pi xel s, ditheringcanreal | yhel p. Youcandi t her
nanual | y by settingyour sl ew ngbuttonstotheir sl onest speedandt hen press-
i ng one sl ewi ng button for about 2 seconds bef ore each exposure, a different
sl ew ng button eachting, but not i nacyclethat woul d bring you back tothe
starting point. |f you are aut ogui di ng, you nust of coursetell the autoguider
to stop before you nove and re-acqui re the guide star afterward. Automatic
ditheringis providedby caneracontrol software (Section10.2.4).

Taki ngGal i brati on F anes

Besi des i nages of the obj ect of interest, the thorough astrophot ographer al so
takes three or four kinds ofcal i bration frémasd e 5.2). These are record-
ings of the canera’ s and optical systems faws, sothat they can be corrected
digitally.

Chapter 11w Il gointohowtousethecalibrationfranes; herewe only con-
si der howto makethem V& nake nore t han one of each ki nd, then conbi ne
t hemby st acki ngt or enove r andormnoi se. The dar k f r anes shoul d be as nuner -
ousasthelights (astronomcal inages). Hats andfat darks have aninherently
| ower noi sel evel , and adozen of eachissuffcient, but it iseasytotakenore.

5.4. 1Dark Franes

The i npor t ance of dark franes i s obvi ous: they recordhot pixel s, dark current
(el ectrical | eakage), andanp gl ow(i f any) for subtracti onfromt he ast r onom cal
i mages. Thewayt ot aket hemi s obvi ous, too: under t he sane caner acondi ti ons

(1 SOsettingandtenperature), takeexposuresthesanelengthasthelights, but
wththelens cap on (and eyepi ece cap onif you have one). | oftendothis at

t he end of an obser vi ng sessi on, whi | e shut ti ngdownthe nount andstartingto
pack away accessori es.

You can of tenreuse dark f ranes t hat weretakenw t hthe sane caneraat t he
sane | SOsetting and approxi natel y t he sane tenperature; that i s, you don’t
havet ot ake anewset every ni ght. However, because sensors age, | anrel uct ant
tousedark franes that are norethanafewweeks ol d.

Dark franes nay not be strictly necessary, especial ly w th newer | ow noi se
sensor s under chi |l |y condi ti ons.



5.4. TakingCali brationFranes

Tabl e 5. 2 Types of ast r ophot ogr aphi ¢ exposur es.

Li ght s (Subs) | nages of thecel estial obj ect itsel f. Thereareusual | y nany, j ust ali ke,
for stacki ng. “Subs” stands f or “sub-exposures” or “subfranes. ”

Dark franes (Darks) Exposures takenw thnolight reachi ngthe sensor (I ens cap
on and caner a eyepi ece covered), at thesane| SOsetting, exposuretine, and
caneratenperature astheimages tobecalibrated. Thisistocorrect for hot
pi xel s, dark current, and anp gl ow

H at fel ds (H at d)mages of a bl ank whi t e surface t akent hrought he sanet el escope
asthelights, withthesanecaneraat thesanel SOsetting, withthesanel ens
or tel escope at t he sand- st op and focus setting, and preferabl y onthe sane
occasi on so that dust particles anywhere in the systemw || bein the sane
positions. These need not natchthe | SOsettingof thelights, although sone
sof tware wor ks more snoot hl y i f they do. Qovi ously, the exposuretinew ||
bedifferent.

Hat darks (Dark fats)Dark franes t hat nat ch t he exposure ti ne and | SOsetting
of thefatsrather thanthelights. They areusedtorenoveoffset fromthefats
for noreaccuratefat-felding.

B asframes (O fset franes)Darkfranesw t ht heexposureti neas short as possi bl g,
sotherew || benoappreci abl edarkcurrent; actual |y, any exposureunder 1/ 10
secondw | | do. WthaDSLR fat darks are al nost al ways i ndi sti ngui shabl e
frombi as frames. |f your sof tware asks for biasfranes, giveit thefat darks.
The pur pose of bi asfranesi stoneasurethenonzerooffset of thepixel val ues.
They are not needed (i nfact, confer nobeneft) i f you havet akendarks, fats,
and fat darks accordingtotheinstructions above, all at the sane | SOsetting
asthelights, because dark subtractionelininatesthenonzerooffset.

5.4 2R ats

Thei r Pur pose

Hat felds doalot of good (F gure 5.2) and shoul d be nade and used when-

ever possible. They record not only uneven illumnation but al so inequali -
ties of sensitivity between pixels, so they reduce the noiseinthe calibrated
i mage.

Hatsduplicatetheoptical conditionsof thelights, evendowntothe position
of dust specks ont hesensor. For that reason, | amhesitant toreusefatsfroman
earlier sessi onbut have done so successful |y, especi al | yw thtel escopes, where
ny nai ngoal istocorrect edge-of-fel ddarkening. Inthat case, it isinportant
tonakesurethecaneraisattachedtothetel escopeinthesaneorientationand
that thefocussettingis, asfar as possi bl e, t he sane.

Likelightsanddarks, fatsarenornal | ytakeninaset of adozenor nore so
t hey can be st acked t o r enove r andomnoi se.
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Fgureb5.2. Theeffect of fat-fel dingonaw de-feldviewof Qionw thaCanon EC520Da
andH flterTop:Inagecalibratedw thdarkfranes but not fat fel dsM ddl eAfat feld
takenthroughthe sane | ens ont he sane eveni ng. Note sl i ght vi gnetti ngand proni nent
dust spot .Bot t om nage cal i bratedw thdark franes and f at fel ds.
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AcquiringH at H el ds

Therearenany waystotakefat fel ds. Wat youneedisauniformlight source
infront of thetel escopeor | ens, and pref erabl y as cl ose as possi bl e, sothat any
irregularitiesinitwll not beinfocus. Sone possibilitiesinclude:

Hand-hol ding alight boxinfront of thelens or tel escope. That’s what | often
do, wi tha10-cmsquare bat t ery- power ed f uorescent panel ori gi nal |y nade f or

vi ewi ng 35-mmsl i des. It works only withlenses and snal | tel escopes snal | er
indi aneter thanitsel f, of course.

Larger | i ght boxesareusedbyartiststotracepicturesandareavail abl easbig
as30 40cm(12 16inches), thinandlightweight. If thelight boxisveryclose
tothetel escope, theevenness of theillumnationisnot highlyecritical.

If thelight boxistoobright, add|ayers of whitecloth.

Wsi ng atabl et conputer, displayingaunifornmy white screen, the sane way.
For that purpose | nai ntai naset of bl ank web pages, white andw th various
very pal etints, at ww dsl r book. cont bl ank.

If usingacarerawithalens, hand-holdingit andaimngit at any uni formy

i Il um nat ed surf ace, evenaconput er screendi spl ayi nguni f or mwhi t e (see pre-
viousitem. Theillum nated surface shoul d be very closetothelenssoit wll
not be anywhere near i nf ocus.

Phot ographi ngthe sky i ndayl ight or twlight. That i s nowny preferredtech-
nique, oftenwthalayer or two of whiteclothinfront of the tel escope. An
enfor oi dery hoop can hol dt he cl ot h conveni ent | y.

II'lumnatingtheinsideof theobservatory done (if youhave one) andtaki ng a
pictureof it throughthetel escope.

Wiat i sinportant i sthat thetel escopeor | ens nust be set gxact Itye sane as
for thecel estial i nages, downtothesettingof thefocusandthe positionsof any
dust specks that nay be onthe optics or t he sensor. Sone sof t war e expect s t he

fatstonmatchthel SOsetti ngof thecel esti al i mages, al thoughthisistheoretically

not necessary. The exposuretine obvi ouslyw |1 not nat ch.

The correct exposure nay havetobe determnedbytria anderror. The best
fatsareexposedtonorethannid-scal e, but not sonuchthat any of thecol ors
reaches naxi numbri ght ness. Look at thehi stogransinall threecol orstonmake
sure (FHgure5.3). heshortcut, if you canuse your exposure neter, i sto nake
anetered exposureandthentripleit. Sone softwarerequires all thefats and
fat darksinaset tohaveexactlythe sane exposuretine.

Cauti onary Not es

Two not es of cauti on. Exposures shoul d not betooshort, for tworeasons. Frst,
shuttersareunevenat t heir fast est speeds; | recommend exposi ng 1/ 500 second
or | onger. Second, sone |ight sources (even DG power ed ones) have a sl i ght

hi gh-frequency fi cker i ntroduced by vol t age conversioncircuitry. | f you have
troubl e gettinggoodfats, you nay have t o expose as | ong as 1/ 15 second. To

get anexposurethat | ong, you nay havetoput | ayers of whiteclothinfront of
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Fgureb5.3. Qorrectlyexposedfat fel dshoul dbebrighter thannid-range, but not so bright
that any of the col or hi stograns touchestheright nargin.

the | ens. Renenber not to change the f-stop or the focus of thelens; those are
theconditionsyouaretryingtoduplicate.

Second, fat fel ds are powerful but not omi potent. The areas of the picture
t hat were bl ocked by dust notes or by vignetting are underexposed and wi | |
still beunderexposed nonatter what youdotothem Godfat-fel di ngbrings
themcl osetothebright ness range of theoriginal i nage, but they still havel ess
dynanmicrange, andthedifferenceis sonetines visi bl e.

5.4.3H at Darks

Hat darksaredarkframesthat mat chthefats; j ust put t hel ens cap and eyepi ece
cover on, and repeat what you di d when exposi ngthefats. Thisisvery quick.
You shoul dt ake as many fat darks asyoudidfats. !

Wiy are fat darks necessary? Because the process of fat-feld correction
i nvol ves di vi si on. Theconput er hastofndout what fractionful | illunination
reached every pi xel . Many D8LRs add a | arge of fset, as much as 2000, t o each
pi xel val ue, andif thisisnot subtractedout, thefractions coneout wong.

5.4. 4B as Franes

If you have good | i ghts, darks, fats, andfat darks, neetingall the conditions
I”veoutlined, youdon't need bi as franes. Those are zero-| engthor n ni num

| engt h exposures, intendedt o neasurethe nonzerooffset byitsel f. Dark-frane
subt raction el i ninatesthat nonzero of f set.

1 Theterns fat dar&nd dar k f ahave beent he subj ect of bitter debate. Arguably, both nake
sense; afat darkisadarkthat goeswithafat, just asatrucktireisatirethat goesw thatruck,
andadarkfat isafat that happenstobe dark rat her thannornal | y exposed. A so arguabl y,
nei t her t er mqui t e makes sense.
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B as frames are needed i f the software is goingto scal ethe dark franes to
different exposuretines. Thereasonis, onlythe part of the dark frane above
the of fset i s proportional toexposuretine. However, thiskindof scalingisno
| onger commonl y done, especi al | y w th DELRs.

Mretothepoint, wthaDELR if they are taken at the sane | SOsetting,
bi as frames and fat darks are t he sane t hi ng. | have been unabl e t o neasure
a di fference between them Whl ess your fats (and thus your fat darks) have
unusual |y | ong exposure tines (greater than 1/ 10 second), your fat darkare
bi as f r anes.

Sone sof t war e packages use bi as franes i nst ead of fat darks; anexanpl eis
Pi xI nsi glstBat ch Preprocessi ngscript. Ineffect, fat dar ksalriedi as f r anes
i n sone sof t ware packages. |f your software asks for bias frames, giveit the
fat darks.
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Chapt er 6
Qoupl i ng Ganer as t o Tel escopes

Howdo you t ake a pi ct ure t hrough a t el escope? Any of nunerous ways. Thi s
chapter w || cover thebasi coptical confgurati onsaswel | assone(not al ') ways
of assenbl i ng the adapters. The nost i nportant thingtorenenber isthat it’'s
not enough t o make everyt hi ng ft t oget her nechani cal | y; you nust al so con-

si der t he spaci ngs between optical el enents, and not al | confgurations work
wthall tel escopes.

Thi s chapt er nay seemout of place because it is usually easier and nore
satisfyingtouseacaneralens (coveredinthe next chapter) rather thanatel e-
scope. But theinportant opti cal concept s areeasi er t ounder st andi f we consi der
tel escopes frst.

6.1 ptical Gonfigurations
6. 1. 1Types of Tel escopes

H gure 6.1 shows the optical systens of the nost popul ar ki nds of tel escopes.
Several newt ypes have appear ed ont he mar ket i nrecent years.

The di agramdoesn’t show whet her the curved surfaces are spherical or
aspheric, but that nakes al ot of difference. Refractorsnornal | y usel enseswth
spherical surfaces; for higher quality, they sonetines use extra el enents or
extra-| ow di spersi on (ED gl ass.

The Newt oni anrefector, i nventedby Sr | saac Newt on, was t hefrst aspheri c
optical device; itsnirror i s aparabol oi d. (Newton coul d not actual |y nake a
parabol i c mirror hi nsel f; |i ke many anat eur t el escope nakers, he hadtosettle
for asphere.)

The cl assi cal Cassegrai n refector has two aspheric nmirrors, a parabol oi dal
primary and a hyperbol oi dal secondary. The cl assi cal R tchey—Chrétien | ooks



6.1. Qptical Qonfigurations

Fgure6.1. Optical el enents of popul ar ki nds of tel escopes. R tchey—Chrétienand ACF
differ fromrel atedtypes onlyinuseof aspherical surfaces.

just likeit, but bothnirrorsarehyperbol oi dal, naki ngit better at forningsharp
i mages over aw defel donafat sensor.?!
Mbst anat eur s use conpact Schni dt —Cassegrai nt el escopes (SCIs). Herethe
two nirrors are both spherical, and the corrector plate nakes up the differ-
ence bet ween t hese and t he desi red aspheri ¢ surfaces. This type of tel escope
issharpat thecenter of thefel dbut suffers appreci ablefeldcurvature; that is,
the peri phery of the pi ctureandthecenter arenot i nfocus at thesanetine.
Recent|y, Meade | nstrunents introduced a desi gnthey cal | AG-( Advanced
Qoma- Free), whichis a Schnidt—Cassegrai nw th an aspheri zed secondary. It
reduces of f-axis aberrations, especially cona. Initially they narketedit as a
Rt chey—Chréti en derivative, but the nane di d not stick. Cel estron responded

1 Thenane Cassegr aii B pronounced, roughl y,kahs- GRANi nthe origi nal Frenchbut i s nowadays
nor nal | y CASS- egg- r aiim Engl i sh. (Quriously, it isnot clear exact|ywho Cassegrai nwas, as he
i s known onl y fromat hi rd- hand r ef er ence by Jean- Bapt i st e Denys i n 1672.Ghr ét i €rs
pronounced, approxi nat el y, kr ay- TYAN
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w t h t he EdgeHD desi gn, whichis a Schmdt—Cassegrainw thfel d-fattening
| enses added, correctingaberrati ons evennore effectively.

The Maksut ov—Cassegrain i s a cl assi ¢ high-resol ution design for planetary
work. It al soworks at | east aswel | ast he Schn dt —Cassegr ai nf or deep- sky pho-
t ogr aphy, except that thératioisusual lyhi gher andtheinagei st heref ore not
as bri ght.

6. 1. 2Never Tel escopes

There’' s nore. H gure 6.2 shows three i nnovati ve t el escope desi gns. At the top
isafour-el enent refractor, one of nany newtypes of snal | refractor desi gned
especi al | y f or ast rophot ogr aphy. Gonvent i onal two-el enent refractors havetoo
muchresi dual chronatic aberration(color fringing) toworkwell for astropho-
tography. This is corrected by addi ng nore el enents, fel d-fatteni ng | enses,
EDgl ass, and/ or customfocal reducers. Thi s enabl es t hemt o cover a w der,
fatter fel d than conventional refractors, with better correction of chronatic
aberration. Afour-el enent refractor wthBEDgl ass was usedtotake H gure 6. 3.
At the mddl e and bot t omof H gure 6. 2 aretwoways of gettinganextrenely
lowf-ratio (abouf/ 2) wthanodi fed Schn dt —Cassegrai n. Back i nthe 1990s,
Gel estron i ntroduced a systemcal | ed Fastar that all ows the user to renove
t he secondary mirror of a Schnidt—Cassegrain, i nsert anadapter i ntothe hol e,
and nount the canera in front of the tel escope. The tel escope then works
at the focal length and-ratio of its prinary mrror (usualt/y2), and the

Quadruplet Refractor
(Astronomics AT65EDQ)

Schmidt+ Cassegrain in
Fastar or Hyperstar mode

RoweztAckermann
Schmidt Astrograph

Figure6.2. Innovationcontinues—here arethree deci dedl y non-cl assi cal t el escope desi gns.
Two of themput the canerainfront of thetel escope.
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F gure 6. 3. Four-el enent AT65EDQ6. 5-cm /6. 5refractor gi ves sharpstars over theentire
franme of an APS- Csensor. H ei ades star cl uster w t hnebul osity, stack of 50 1- mnute
exposures w thaN kon 06300 at |1 SO400.
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Figure6.4. QionNebul a(M2), Meade 14-i nch (36-cn) ACFtel escopewith Sari zona
Hyperstar (f/ 1. 95, focal | ength 700 ), H-flter-nodi fed Canon 40Dwi t h added

Astrononi k UHCfI ter, stack of 121 (yes, 121) 15- second exposures at | SO400, onaportabl e
tripod| ess t han 10 kmf romdownt own Los Angel es. Because of t he short exposures, no

gui di ng correcti ons wer e needed. (B ake Est es)



6.1. Qptical Qonfigurations

F gure6.5. @ obul ar cl uster NEC6723 and nebul ae N3C6726 and 6729 i n Gor ona
Australis, 11-inch (28-cm Rowe—Acker nann Schmidt Astrograph ( /2. 2, focal

| engt h620 nm), stack of 32 1-ninut e exposures at |1 SO1600 w t h a Canon 60Da.
Northistotheleft. (R chardJakiel)
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lenses in the adapter correct the aberrations so that you get a good i nage.
S nce then, Celestron has di scontinued the Fastar adapter, but their newest
tel escopes are still conpatiblewthit, and sinmlar adapters are nade by S a-
ri zona (wmw st ari zona. con) under the nane Hyper S ar and ft sone Meade

t el escopes, not just Cel estrons.

The appeal of Fastar/HyperSaristhat theratioislowandthefocal | engthis
short; an8-i nch(20-cm) tel escope has afocal | engt hof just 400mm sothat gui d-
ingisnon-critical. | magesarevery bright, and 15- second exposur es of deep- sky
obj ect sareoftenl ongenough. Thefel dof vi ewi sw de, evenw t hsnal | sensors.

Fastar and HyperSar were desi gned for snmal | astrocaneras, and a DBLR
body bl ocks an appr eci abl e anount of thelight coningin; the use of a DELR
i s recommended only on | arger Schnidt—Cassegrai ns. Wth suffciently | arge
t el escopes, they enabl e observat ory-qual ity deep-sky i nagi ng wi th portabl e
equi pnent (F gure6. 4).

Aword to the wise: Wsing a Fastar or HyperSar confguration on a fork
nount is perilous; wth the adapter attached, the tel escope cannot sw ng
throughthefork, but it isveryfront-heavy, andthe caneraw |l hit theforkif
t he decl i nat i on br ake becones evenslightly | oose. Qiiteafewcorrector pl ates
have been broken thi s way. Use a Gernan equat ori al nount or use gener ous
count erwei ght s and great caut i on.

Fast ar and Hyper & ar nowhave a di sti ngui shed descendant. Two Gzl estron
consul tants, David Rowe and Mark Acker nann, desi gned a Schnidt caner a
t hat resenbl es a per nanent Fastar system(not convertibletoatel escope) wth
nore el aborate correcting | enses, designed to work well wth DELR bodi es.
The Rowe—Acker nann Schmidt Ast rograph (RASA), shown at t he bot t omof
FHgure 6.2, isavailablein 11-inch (28-cm and 14-i nch (36-cn) apertures, both
f/2.2. Thefocal | engths arerespectivel y 620 and 790 nm al nost conpar abl eto
I ongtel ephotol enses, and def nitel y w t hintherangewhere guidingisnot too
diffcult. Resul ts canbe spectacul ar (F gure6.5).

6. 1. 3Types of Gupl i ng

H gure 6. 6 shows, froman optical vi ewpoi nt, several ways to coupl e a canera
toatel escope. (ptical detailsandcal cul ations are gi v&si nophot ogr aphy f or
t he Amat euand i n Tabl e 6. 1.

Not all of these nodes work equal |y wel I, for several reasons. Frst, DELRS
excel at deep-sky work, not lunar and pl anetary i nmagi ng. Accordingly, we
want abright, w de-fel di nage. That neanswe nornal | y | eavet hefocal | ength
and f-ratio of thetel escope unchanged (wth direct coupling) or reduce them
(w thconpressi on). The nodes t hat nagni fy the i nage and nake it di rmer —
positive and negati ve proj ection and, usual |y, afocal coupling—are for | unar
and pl anet ary wor k.

Second, i f youdowant toincreasethe focal | ength, positive projection (eye-
pi ece proj ection) i s sel domthe best way todoit. Positive projectionincreases
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F gure 6. 6. Vdys of couplingcanmerastotel escopes. P ggybacki ng, direct coupling, and
conpressi on are mai n nodes f or deep- sky wor k.

thefeldcurvaturethat isalready our prinary optical probl em Negative pro-
jection, wthaBarl owl ens or focal extender i nthetel escope or atel econverter
ont he canera, works nuch better.

The appeal of positive projectionisthat, |ikeafocal coupling, it works with
any tel escope that will take an eyepi ece; you don't have to worry about the
positionof thefocal plane(F gure6.7). I ndeed, positiveprojectionwtha32- or
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Tabl e 6. 1Basi c cal cul ati ons f or camera-to-tel escope coupl i ng.

DO rect coupling
Focal | engt hof systenrfocal | ength of tel escope
f-rati oof systemf-ratioof tel escope

Afocal coupling
focal |engthof caneral ens
focal | engthof eyepi ece
Focal | engthof systerrfocal | ength of tel escopeprojectionnagnifcation

f-rati oof systemf-ratioof tel escopeproj ecti onmnagnifcation

Proj ectionnagni f cati on=

Posi tive proj ection, negative proj ecti on, and conpressi on
I f you get negative nunbers, treat themas positive.

A =di stance fromproj ectionlenstosensor or flm

— focal I'engthof projectionlens
(as aposi tive nunber evenw thanegativel ens)

H’Oj ection nagni fcati o= A F (or ratednagni fcationof tel econverter or
F focal extender)

Focal | engt hof systerrfocal | ength of tel escopeprojectionnagnifcation
f-ratioof systemf-ratioof tel escopeproj ecti onmnagnifcation

Figure6.7. Wy sone Newt oni ans won' t wor k di rect - coupl edtoacanera. Sol utionistouse
posi tiveproj ection, or el senodi fytel escope by novingthenirror forwardi nthet ube.

40- nmeyepi ece can gi ve a proj ecti on magni f cati on near or bel owl. 0, equi va-
lent todirect couplingor conpression. But it isbetter tonovethemrror of a
Newt oni anforwardsothat it will reachfocus, if it does not al ready do so, and
toaddaconacorrector toinprovethe of f-axi s shar pness.

Regardi ng negative projection, notetwothings. First, it istraditional touse
aBarl owl ens, but nany Barl| owl enses are nowadays act ual | y tel ecentri c focal
extenders (FH gure 6.8), and that’s a good thing. The newstyl e focal extender
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6.2. Attingit Al Toget her

F gure6.8. Barl owl enses are bei ngrepl aced by t el ecentri c ext enders, whose nagni fcationi s
not appreci abl y af f ect ed by t he di st ancet ot he sensor.

produces a nor e hi ghl y correct ed i nage and gi ves about t he sane nagni f ca-
tionregard ess of thedi stancet ot hesensor. Aconventi onal Barl ownay gi ve as
much as 50%t o 100%or e nagni f cati onw t hacanerat hanw t h an eyepi ece,
because of t hei ncreased spaci ng.

Second, anot her good way to do negati ve projectioniswth atel econverter
onthe canera. The optical quality of tel econvertersis oftenexcellent, but the
L8 Rmay refusetoopentheshutter if theel ectrical systeminthetel econverter
isn't connectedtoacaneral ens. Thecureistousethi ntapetocover thecontacts
connectingthetel econverter tothe canera body.

Gonpression is the opposite of negative projection; it nmakes the i nage
snal | er and bri ghter. Gone are t he days when we had t o i nprovi se and nake
conpressors for oursel ves. Many t el escope naker s nowsuppl y focal reducers
(conpressors) mat chedtotheir tel escopes, desi gnedtocorrect aberrations and
fattenthefel dof aparticul ar optical system Note especi al |yt he cust omf ocal
reducers that are avail abl e for many nodern refractors and for the Gel estron
EdgeHDsyst em(see F gure 6.9, andt he advanced f ocal reducer s nade by & a-
ri zona, www st ari zona. com). These devi ces work even better with DELRs t han
wthfl mSLRs, andthey arevery popul ar w t h DSLRast r ophot ogr aphers. Not e
howf ar forwardt he conpressor | ens and canerahavetosit; not al |l tel escopes
W | | acconmodat e conpr essors, andnot al | conpressorsworkw thal | caneras.

Fttingit All Toget her

6. 2. 1 Types of Adapters

Howdoal | theseopti cal gadgetsattachtothetel escope? H gures 6. 10-6. 12 show
a fewof the nost common ki nds of adapters. The key to all of themis the
T-ringor T-adapt ethat attaches to the canera body. Qiginally designed
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F gure6.9. Focal reducer special |y nade f or Cel est ron 8 EdgeHDgi ves focal rati d/af
w thasharpinage al nost coveringthefel dof an APS Csensor. Gal axi es M5 (ri ght) and
MB6, stack of 15 1-ni nut e exposures w t h a Canon 60Da at | SO3200, slightly cropped.

F gure6.10. S npl est canera-to-tel escope adapter ftsintotel escopeinpl ace of eyepi ece.

for cheap “T-nmount” tel ephoto I enses in the 1960s, the T-ring i s threaded
42 0:75 nmso that other devices can screwintoit, andits front fangeis
al ways 55 nmf romt he f | mor sensor.

T-rings differ inquality; sone are noticeabl y | oose onthe canera body. Al
containsnal | screws that youcanloosentorotatetheinner sectionrelativeto
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Fgure6.11. Schmidt—Cassegrai ns have athreaded rear cel | and accept a nat chi ng T- adapt er.

F gure6.12. Meade or Gel estronfocal reducer screws ontorear cell of tel escope.

theouter part; dothisif your caneraends up upside downor tiltedandthere
i s nowhere el setonakethe correction.
You can get a sinpl e eyepi ece-tube adapter that screws into the T-ring

(H gure6.10) or atel escope T-adapt er for ot her types of tel escopes (FH gure6. 11).

Hereyou' || encount er t he ot her screwcoupl i ngthat i scormonw tht el escopes,
theclassic Gel estronrear cel |, whichis 2inchesindi aneter and has 24 t hr eads
per i nch. Meade adopt ed t he sane syst em andt el escope accessor i es have been
nmadew ththi stype of threadingfor over 30years. Inparticul ar, that’ s howt he
Meade and Cel estronfocal reducersattachtothetel escope (H g. 6.12).

Besi des t hese comnmon adapters, there are al so adapters for nany ot her
confgurations; check the catal ogs or web sites of naj or tel escope deal ers. In
particul ar, there are 48-nmT-rings for caneras with ful | -frane sensors, and
ot her adapters that ft them
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6. 2. 2 Sensor PositionMitters

Qe very inportant note: (ptical systens designed to produce a fat feld
general Iy require the sensor to be a particul ar di stance behi nd t he t el escope.
Thi s i s true even t hough Schm dt —Cassegr ai ns and Maksut ov—Cassegr ai ns are
inherentlyabl etonovetheir focal pl anethroughaw derange of positions.

For exanpl e, the CGal est ron 8 EdgeHD(wi t hout af ocal reducer) produces best
i mages when t he sensor is 133 10 mmf romt he back surface of therear cell;
ot her tel escopes have si niill ar requi renents, and every focal reducer has a spe-
cifcdistanceat whichit worksbest. If thesepositionrequirenentsareviolated,
theinmagew || be poor, andinsone casesthetel escopew || not formaninage
at all.

6.3 ptical Paraneters
6. 3. 1Focal Length

The focal | engflatel escopeor caneral ensis aparaneter that deternmnesthe
sizeof objectsintheimage (FH gure6.13). I nconjuncti onw ththefl mor sensor
size, thefocal | engthal sodetermnesthefel dof vPew

I f your tel escopeisarefractor or Newt oni an, thefocal | engthisal sothel ength
of thetube (thedistancefromthelensor mrror tothe sensor or flm. Techni -
cally, thefocal lengthisthedi stanceat whi chasinpl el ensfornsani nage of an
infnitelydistant object, suchasastar. Thefocal | ength of anore conpl ex sys-
tem sdefnedtobethat of asi npl el ensthat woul df or mani naget he sanesi ze.

Tel escopes i nthe Cassegrai nfan |y haveafocal | engthl onger t hant he act ual
t ube | engt h because t he secondary nirror enl arges t hei nage. For exanpl e, t he
popul ar 8-i nch (20-cmf/ 10 Schm dt —Cassegr ai n packs a 2000- nmf ocal | engt h
i ntoatel escopet ube about 500 mml ong.

F gure6.13. Everytel escopeor caneral ens has anaperture, afocal |ength, andafel d
of view

2 |f you' renewtooptical diagrans, you may wonder why Fi gure 6. 13 shows rays of |i ght
spreadi ng apart whi | e H gure 6. 1 shows t hemconing t oget her. The answer i sthat F gure 6.1
shows two rays fromt he sane poi nt onadi stant obj ect, but H gure 6. 13 shows oneray from
each of two poi nts sone di stance apart.
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The way a canera i s coupl ed to atel escope affects the focal | ength of the
resul ting system(Tabl e 6. 1). Wthdirect coupling, youusethetel escopeat its
i nherent focal | ength, unnodi fed. Positive projectionandafocal couplingusu-
ally increase the focal |ength; negative projection al ways does. Qonpressi on
al ways reducesit.

6.3. 2Aperture

The aperture (di angeter) of atel escope det er ni nes hownuch | i ght it pi cks up.
A10-cm(4-inch) tel escope pi cks uponly aquarter as nuchlight fromt he sane

cel estial obj ect as a20-cm(8-i nch), because a 10-cmcircl e has only aquarter as
nmuch surface areaas a 20-cmcircl e.

Tel escopes arerated for their aperture; caneral enses, for their focal | ength.
Thus a 200- nmcaner al ens i s nuch snal | er t han a 20- cm(200- nm) t el escope.

Inthis book, apertures are al ways givenincentingeters or i nches, and f ocal
lengths are always giveninnillineters, partly becausethisistraditional, and
part|y becauseit hel ps keep one f rombei ng ni st aken f or t he ot her.

Inthe context of caneral enses, “aperture” usual | y nearfisrati o rat her t han
dianeter. That’' s why | use the ankward term“aperture di aneter” in pl aces
wher e conf usi on nust be avoi ded.

6. 3. 3f-Rati oand | nage Bri ght ness

The f-ratioof atel escopeor caneralensistheratioof focal | engthtoaperture:

Focal | ength

f-ratie . :
Aperture di anet er

(ne of the nost basi ¢ princi pl es of photography i s that the brightness of the
i rage, on the fl mor sensor, depends on the f-ratio. That’s why, in daytine
phot ogr aphy, we descri be every exposure with an | SOsetting, shutter speed,
and f-ratio.

Tounder standwhy t hi si s so, renenber t hat theaperturetel | s youhownuch
lightisgathered, andthefocal | engthtellsyouhownuchit isspreadout onthe
sensor. |f yougather alot of 1ight anddon’t spreadit out nuch, youhave al ow
f-ratioandabright i nage.

The nat herat i cal | y adept reader wi | | not et hat t he anount of | i ght gat hered,
andtheextent towhi chit isspreadout, arebotineashereasthe f-ratioiscal -
cul at edfrontwo di st anc@focal | engthandaperture). Thust fierati oi sactual |y
the squareroot of thebrightnessratio. Specifcally:

Qdf-ratio ?

Rel ativech i nbright oy fraria
ativechangeinbrightness — ———~
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Soat f/ 2youget tw ceas muchl i ght as atf/ 2. 8 because(2:8=2)°=2. Thisal | ons
youtotakethe sane pi cturew thhal f the exposuretine, or i ngeneral :

New f—ratioz_
ad f-ratio

Exposureti ne at

) =Exposuretineat ol df-ratio
new f-ratio

For DALRs, thisformul aisexact. For fl m t he exposureti nes woul d havet o be
correctedfor reciprocityfailure.

Low f-ratios givebrighter i nages and short er exposures. That’ s why we cal |
alensor tel escope“fast” if it hasafavatio.

Gonpar i ng Appl es t o O anges

A common source of confusion is that |enses change theirf-ratio by chang-
ingtheir dianeter, but tel escopes change thdiratio by changi ng their focal
| engt h.

For i nstance, if you conpare 200-mmf/ 4 and f/ 2.8 tel ephoto | enses, you' re
l ooki ng at two | enses that produce the sane si ze i nage but gat her different
amount s of |ight. But if you conpare 8-i nch (20-cn¥/ 10 and f/ 6. 3 t el escopes,
you' re conparingtel escopesthat gat her t he sane anount of |ight andspreadit
out todifferent extents.

Lenses have adj ust abl e di aphragns t o change t he aperture, but tel escopes
aren’' t adj ust abl e. Theonl yway tochangeat el escopefromonerati ot oanot her
i stoaddaconpressor (focal reducer) or proj ectionl ens of sonesort. Wenyou
do, you change t he i nage si ze.

That * swhy, whenyouaddaf ocal reducer toatel escopetobri ghtent hei nage,
youal sonmaket hei mage snal | er. Qpeni ngupt he apert ureonacaneral ens does
no such t hi ng because you' re not changi ngthe focal | engt h.

There are no focal reducers for caneral enses, but there are focal extenders
(negativeproj ectionlenses). They' recat eéeconvert and—j ust | i keaBarl ow
lensinatel escope —they increase the focal | ength and t-heatio, naki ngthe
i mage | arger and di nmer.

Wiat about St arsandM sual (bser vi ng?
The recei ved w sdomanong astrononers is that f-ratio doesn't affect star
i mages, onl yi nages of ext ended obj ect s (pl anet s, nebul ag, andthel i ke). Therea-
sonisthat star i nages ar e supposed t o be poi nts regardl ess of thefocal | ength.
Thisisonlypartlytrue; thesizeof star i nages depends onoptical quality, focus-
i ng accuracy, and at nospheri c conditions. The only safe statenent i s that the
linitingstar magni t ude of an astrononical photographishardtopredict.

The f-rati oof atel escopedoes not directly deterninethebri ght nessiofsaal
i mage. The eyepi ece al sopl ays arol e. A20-crii 10t el escope and a 20-cmf/ 6. 3
t el escope, bot hoperatingat100, gi ve equal | y bri ght views, but withdifferent
eyepi eces. Wt h the sane eyepi ece, thd/ 6. 3 tel escope woul d gi ve a bri ght er
vi ewat | ower nagni f cati on.
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Wy Aren' t Al Lensesf/ 17?

If lowf-ratios are better, why don't all tel escopes and | enses have as | owan
f-ratio as possi bl e? Qovi ously, physical bulkisonelinitingfactor. A600-nm
f/1caneralens, if youcoul dget it, woul d be about two feet indiangter, too
heavy tocarry; a600-nmf/ 8l ensistransportabl e.

Anoreinportant limtationis|ens aberrations. Thereis noway to nake a
lensor mrror systemt hat forns perfectly sharpinages over aw defeld. This
fact may cone as a shock t ot he aspi ri ng phot ogr apher, but it istrue.

Gonsi der for exanpl e a Newt oni an t el escope. Aperfect parabol oi dal nirror
forns aperfect i nageat theverycenter of thefel d. Anay fromt he center of the
feld, though, thelight raysarenolonger hittingthe parabol oidstraight-on. In
effect, theyarehittingashapewhich, tothem isadistortedor tiltedparabol oi d,
andt hei nage suf f ers cona, whi chisonetypeof of f-axi sblur. Aperfectly nade
Cassegrai nor refract or has t he sane probl em

The lower the f-ratio, the nore severe this probl em becones. Anf/ 10
parabol oidis nearly fat and still | ooks nearly parabol oi dal when appr oached
froma degree or two of f axis. Anf/ 4 parabol oidis deepl y curved and suffers
appreci abl econainthat situation. For that reason, “fast” tel escopes, although
desi gnedf or w de-fel dvi ew ng, oftenaren’t very sharpat t heedges of t hefel d.

Gonpl ex mirror and | ens syst ens can reduce aberrations but never elin-
nat e t hemconpl etel y. Any optical designis a conpronise between tol erabl e
errors. For nore about aberrations, sést rophot ogr aphy f or t he Angt99) ,
pp. 71-73.

Incidental | §/ 1i snot aphysical |inmt. Ganononce nade a50-mm f/ 0. 951 ens.

Radi 0 ast rononer s use di sh ant ennas t hat are typi cal If§0. 3.

6.3.4Heldof Mew

Ast rononer s neasur e apparent di stancesintheskyindegrees (Fgure6.14); a
degreeisdividedinto60arc-nminutes (§9 andanarc-ninuteisdivi dedint 060
ar c- seconds ( 68) .

The exact fornul afor fel dof viewis:

1 Sensor wi dth (or hei ght, etc.)

H el dof vi 2t
el dof view=2tan > Focal Tength

For focal | engths nuch |l onger thanthe sensor si ze, such as t el escopes, anuch
si npl er formul agi ves al nost exactlythe saneresul t:

Sensor width (or hei ght, etc.)

Feldof vi 57:3
e aorview= Focal | ength

The sensor sizeandfocal |engthareinthesaneunits, usual lynillineters.

F gure 6. 15 shows the fel d of viewof an APS- Csensor w th various focal
I engt hs, superi nposed onani mage t he A ei ades star cl uster. For t he sane con-
cept appliedtotel ephotolenses, see Section7.1.2, and for nore about fel dof
vi ew seeAst r ophot ogr aphy f or t he Ant999), pp. 73-75.
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F gure 6. 14. The apparent si ze of obj ectsintheskyis neasuredas anangl e. (From
Ast rophot ogr aphy f or t he Anjat eur.

[ ) ‘. .
o
. hd ° 2000 mm
°
° 1250 mm
800 mm

Figure6.15. Feldof viewof an APS-G si ze sensor wthvariousfocal |engths, relativetothe
P ei ades star cl uster. Gonpare F gure 7. 3.

Not e however t hat t he focal | engt h nay not bewhat youthinkit is. Schmdt—
Cassegrai ns and si nil ar t el escopes change focal | engt h appreci abl y when you
f ocus t hemby changi ngthe separationof thenirrors. Evenapart fromthi s, the
focal |1 engthof atel escopeor caneral ensoftendiffersbyafewpercent fronthe
advertisedval ue. Todeterninefocal | engthprecisely, 8sell ari amanot her
conputeri zedstar atlastopl ot thefel dof viewof your caneraandt el escope,
then conparethecal culatedfeldtotheactual feld.

6. 3. 5Sensor S ze

Todeterminethefel dof view you nust of course knowt he si ze of t he sensor,
and D8LRsensors are not al| alike (Hgure 6.16). |’ mtal ki ng about t he act ual
physi cal size, not the nunber of negapi xel s; we' Il get to pi xel count and pi xel
sizeshortly.
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Fgure6.16. Rel ativesizes of conmonl y used sensors (shown | arger thanactual si ze).

Sone hi gh-end DSLRs have a sensor the size of a full 35 mnflmfrane
(24 36 nm, but nost DELRs have sensors that are only two thirds that
size, aformat known as APS-C(about 15 23 mm Nkon'sisslightly larger
than Ganon's). In between is the APSHformat of a couple of high-end
Ganons (19 29mm). APS-Coriginal | ydenotedthe“cl assic” pi cturefornat on
Advanced Phot o0 Syst em( APS, 24-mm) flm and APS-Hwasits “hi gh-qual i ty”
format.

Therival Four Thirds (4/3) system devel oped by Q ynpus and Kodak, uses
digital sensorsthat aresnaller yet;51318 nm Mcro Four Thirds (M) is
thenirrorl essversi onof thesanet hi ng, w t ht he sane sensor si ze. “ Four t hi rds”
denot es an i nage si ze ori gi nal | y used on vi deo canera t ubes t hat wer e noni -
nal Iy 4/ 3of aninchindianeter. Miny vi deo @Dsensors are still specifedin
terns of ol dvi deo canerat ube si zes, neasuredinfracti onal i nches.

Youshoul dn’ t feel cheat edif your sensor i ssnall er than“ful | frane.” Renem
ber that “full frane” was arbitrary inthe frst place. The snal | er sensor of a
L8 Ris abetter matchto atel escope eyepi ece t ube (32 mmi nsi de di anet er)
and al so bri ngs out the best i n 35-nmcaneral enses that suffer aberrati ons or
vignettingat thecornersof afull-franeinage.

Sensor sizeis sonetines expressed as a“focal -length mul tiplier” or “zoom
factor.” This can be a source of confusion. Hstorically, at the end of the flm
era, when phot ogr aphers sw t ched fromful | -frane fl mt o APS- CDELRS, t hey
felt they were getting bi gger pi ctures because the fel d of vi ewwas narrower.
Enl argi ng the picture to the sane fnal size woul d t heref ore nake t he sane
obj ect | ook bigger. It was as i f 100- nml enses had changed t 0 160 mm and so
forth. Thus, the APS Csensor was bi | | ed as havi ng a “zoomfactor” or “focal -
lengthmul tiplier” of 1.6. Thi s has not hingto do w t h zooni ng (varyi ng f ocal
I engt h) i nthenornal senseof theword. Al you' redoi ngi susingthecentral part
of theoriginal feldinsteadof thewhol ething. Itisnoreaccuratetocall it a“crop
fact or” becauset hesnal | er sensor does not enl argethei magebut rather trinsit.

6. 3. 6 Arc- seconds per P xel

OS8R ast rophot ogr aphers do not often deal w th singl e pi xel s because there
aretoo nany of them Even api npoi nt star i nage usual | y occupi es si x or ei ght
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pi xel sonthe sensor. Thisisagoodthi ngbecauseit neansthat star i nages are
much | arger than hot pi xel s.

Sill, it can be useful to knowthe i nage scal e i n arc-seconds per pi xel . To
fndit, frst determine the size of each pixel in nicroneters (nicronsy
thousandths of a mllineter). For instance, the Ganon 80D sensor neasures
15:0 22:5mm accordi ngt oCanon’ s speci f cati ons, andhas 4000 6000 pi xel s.
That neans the pi xel sizeis

15:0 nm .

000 - 0:00375mMm =3:75 mvertically
and al so

22:5 nm .

—6000 0:00375mMm =3:75 mhorizontal | y.

Nowfndthefel dof viewof asinglenpixel; that i s, pretendyour sensor isthe
si ze of one pi xel, and conputeitsfeldof view W use the sane fel d-of - vi ew
formul a as before, except that the pixel sizeismandtheresult isinarc-
seconds. Wthappropri ateadaptations, theformil ais:

Fixel size(n)
Focal length(m)
For exanpl e, supposethetel escopei s acomon 20-cm(8-i nch) f/ 10 Schm dt —

Cassegrain with a focal |ength of 2000 nm and the canera i s the one j ust
descri bed. Then:

F el d of one pi xel= 206:3"

H el d of one pi xel= 206:3"

As of ten happens, thepi xel sizeissnaller thantheresol utionlinit of thetel e-
scope. |f the steadiness of theair permits star i nages t hat @ien3li anet er,
theyw || beal nost 8 pi xel sindianeter onthi s canera.

6. 3. 7“Wiat i st he Magni ficati onof This A cture?”

Nbn- ast r ononer s seei ng an ast ronon cal phot ogr aph of t en ask what nagni f -
cationor “pover” it wastakenat.

I n astronony, such a question al nost has no answer. Wt h nicroscopes, it
does. | f you phot ograph a 1-mm | ong i nsect and nake i t s i nage 100 nml ong
ontheprint, thenclearly, thenagnifcationof thepicturel@.

But whenyout el | peopl et hat your pi ct ureof t henooni s 1/ 35000000t he si ze
of thereal noon, sonehowt hat’s not what they wantedto hear. Usual |y, what
they neani s, “Howdoes thei mageinthe pi cture conparetowhat | woul dsee
i nthe sky w thny eyes, withnonagni f cati on?” The exact answer depends, of
cour se, onhowcl osethepictureistotheviewer’sface.

But arough answer can be conput ed as f ol | ows:

45 ]
Fi el d of vi ewof picture

“Magni f cation” of picture=



6. 4

6.4. Edge-of -fiel dQual ity andM gnetti ng

That is: If youl ookedthroughat el escopeat thisnagnifcation, you' dsee sone-
thinglikethepicture. Heredbsthesizeof thecentral part of t he hunanvi sual
feld, the part we usual | y pay attentionto, andis al sothe apparent feldof a
typi cal (not super-w de) eyepi ece.

Soapicturethat spansthe noon (hal f adegree) has a“nagni f cati on” of 90.
Deep- sky pi ggyback i nages of t en have rat her | ow* nagni f cati on” conput ed
thi s way, anywherefromlOdownto2or | ess.

Edge- of - fiel dQual ity and M gnet ti ng

Wien you consi der qual ity at the edge of thefel d, therearetwo ki nds of tel e-
scopesintheworl d: thosedesi gnedtocover theful | fel dof acanera, andt hose
desi gned f or vi sual use w t h eyepi eces.

The vast najority of tel escopes are of coursethe second ki nd. Astrophot o-
graphy for the Amat expl ai ns at | engt h, fewt el escopes produce asharp, fully
i I'l'uminat edi nage over anentire35-mmf| mf rane or evenanentire C8LRsen-
sor. Thereasonisthat inavisual tel escope, youwant naxi numshar pness at
the very center of the feld, and perfornance anay fromcenter i s much | ess
i nportant.

Tel escopes desi gned f or phot ogr aphy, especial |y snal | nul ti-el enent refrac-
tors, givesuperbinagequalityover thefull fel dof acanera. Qher tel escopes
donot ; that was not t heir purpose.

Arel ated probl emisvignettirg,lack of full illunmnationaway fromthe
center. An APS- G size D8 Rsensor isslightlylarger, corner tocorner, thanthe
i nsi de di anet er of a standard eyepi ece tube. Thus, to reduce vignetting, you
shoul d avoi d wor ki ng t hrough a 1 %-i nch eyepi ece tube i f possible; swtchto
a 2-inch focuser or adirect T-adapter. But even then, atel escope wth glare
stops desi gnedtowork wel | witheyepiecesw | not fullyillunmnatetheedges
of thefel d.

Byepi ece tubes are not the only probl em | n sone caner as, part of theinage
canbe cut of f or darkened by t he canera’ s own | ens nount or mrror box. This
happens wi tht el escopes wherenol ens el enent i s closetothecanera, not wth
tel ephot o | enses, whose rear el enent is positionedtoreach all of the sensor.
Lens-nount vignettingis round, but mrror-box vignetting usual | y shows up
as dar keni ng of one edge or two opposi t e edges.

If not severe, vignettingis corrected by fat-felding, but sonetines all you
candoiscropthepicture. Inthat situation, | taketheoptimst’s point of view
it’snot that theimagei stoosnal |, but rather t hat thesensor i stoobi g. Eyepi eces
are, after all, muchsnal | er t han DELRsensor s.
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The previ ous chapter was nostly about adapting tel escopes to nake t hem
del i ver i mages t o caner as r at her t han eyepi eces. Therei s an easi er way. |f you
want tof ormasharp, bright i nage ont he sensor of acanera, why not useopti cs
desi gned f or t he pur pose —nanel y caner a | enses?

BEven prof essi onal astrononical research soneti nes uses canera | enses. For
exanpl e, Yal e astrononer F et er van Dokkumand hi s Dragonfy Proj ect team
regul arly discover dwarf gal axies and intergal actic matter using an array
of Ganon 400-mm f/2.8 tel ephoto | enses (wth dedi cated astrocaneras, not
CHRs). They found that commercial ly availabl e tel ephoto | enses with the
newest coatings scatter | esslight, and hence see fai nter obj ects agai nst a dar k
background, t han even t he best observat ory t el escopes.

Mbst of ny best deep- sky wor k has been donew t hnedi unt ol ongt el ephot o
| enses, seeFH gure7.1. | jokethat astrophot ography i s subsi di zed by hi gh- school
foot bal | —sport s phot ogr apher s i nevery t own ar e why good 300- nm f/ 41 enses
arenadei nsuchquantitiesthat wecanaffordthem Thesel enses conpet e head-
onwthsnall refractingtel escopes and of t en out per f or mt hem

Wiy You Need Anot her Lens

The “kit” lens that probably cane wth your DBLRis not very suitabl e for
phot ographi ngstar fel ds. It has at | east t hree di sadvant ages:

I'tisslow(about/4or f/5.6).
It is azoomlens, and optical quality has been sacrifced in order to nake
zooni ng possi bl e.

1 P G vanDokkum et al .“Forty-seven M| ky Vily-si zed, extrenel y di f f use gal axi es i nt he Gona
cl uster, Ast rophysi cal Journal 798t e45(2015); R G Abrahamand P G van Dokkum
“Utra-1owsurface bright ness i nagi ngw t ht he Dragonfy Tel ephot o Array, "Publ i cat i ons of t he
Astronom cal Soci ety of t helPachHF-69 (2014).
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Figure7.1. Exploringtheuniversewthatel ephotolens. The spiral gal axy M83i nagedw th
aCanon 300-nm f/4tel ephotol ens; stack of four 5-ninut e exposur esféts, Ganon 60Dg,
1 SO1600, aut ogui ded on a Gel est ron A/Xnount .

I'tisplastic-bodi edandnot very sturdy; thezoomnechani smandt he aut of ocus
nechani smare bot hli kel y t o nove duri ng al ong exposur e.

Fortunat el y, you have nany al t er nat i ves, sone of whi ch are qui t e i nexpensi ve.
neistobuy your caneranaker’s50-nm f/1.8“nornal " | ens; despiteits|ow
price, thisislikelytobethesharpest | ensthey nake, especi al | y when st opped
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downto f/4. Another alternative is to use aninexpensive nanual - focus tel e-
phot ol ens fromt he ol ddays. Ther ear e sever al ways of doi ngthi s; N kon DELRs
t ake N kon manual - f ocus | enses (t hough t he aut of ocus and | i ght neter don't
wor k), and Canons accept several types of ol der | enses vi aadapt ers.

henoteof caution: Sncewitingthefrst editionof thisbook, | have becone
| ess optimsticabout usingolder “cl assi c” | enses. Lens desi gn and nanuf act ur -
ing have i nprovedtothe point that onlythevery best | enses frombef ore 1990
conpetew ththoseincurrent production. But any | ens can produce good pi c-
tureswhenusedw thinitslinits, andyounay be quitehappytoget 70%of t he
qual ity for 20%of t he price. Besi des, tryi nganol der | ens can hel pyou eval uat e
thefeasibility of usingaparticul ar sizeandfocal |ength beforeyouspringfor
i ts noder n count erpart .

7.1. 1B glLensor Shal | Tel escope?

But wai t am nut e—i nst ead of al ens, shoul dyoubel ooki ngfor asnal | tel escope,
per haps an f/ 6 or f/ 8 “short-tube” refractor?

If therefractorisdesi gnedfor phot ography, andhast hefocal | engt hyouwant,
then the answer is very likely yes. You can get excell ent results wth such a
refractor, onew ththreeor four el enents and naybe a separatefel d-fatteni ng
focal reducer (K gure®6. 3).

That applies only to refractors designed for the job. Gonventional two-
el enent refractors do not performwel I for astrophot ography; they have t oo
nmuch chronat i c aberrati onanddonot cover awidefel d. Thel ower the f-ratio,

t he wor se t he per f or mance.

Mretothe point, caneralenses and snal | refractors don't quite conpete
head-on. Caneral enses of f er you shorter focal | engt hs (from300 nmdownt o
20 mmor even |l ess) for wider felds, and | ower f-ratios for brighter i nages.
Caneral enses enableyoutodow de-feldimagingat /2.8 (asinFHgure 7.2)
or evenf/2. But if youwant afocal | ength of 400 rmor nore, and f/6is fast
enough (whi chit may wel | be, w thnodernsensors), thesnal |l refractor wns.

(ne advantage of therefractor i s that, because it has a fxed aperture and
fewer elenents, it islessvulnerabletointernal refections. Its glare stops are
posi tionedexact|yasneededfor itsoneandonlyaperture; it doesn't havetol et
light infor aperturesyou’ renot using.

7.1. 2F el dof M ew

The frst questiontoask about alensisof courseitsfeldof view—hownuch
of the sky doesit capture?

Fgure7.3and Tabl e 7. 1 gi ve the fel d of vi ewof several common| enseswith
C8LRs t hat have an APS- G si ze sensor. The nunbers in Tabl e 7. 1 are exact for
t he Canon APS- Csensor s; N kon' s ar e about 5% ar ger.



7.1. My You Need Anot her Lens

Figure7.2. The A peNebul a, adark nebul ainfront of the star cl ouds of (ohi uchus. S ack of
f ve 5-minut e exposures wi t ha Ganon 40Dat 1 SO800wi tha S gna105-nm /2.8 ens
pi ggybacked on a Meade LX200 t el escope, aut ogui ded.

300 mm
180 mm

100 mm

50 mm

Figure7.3. FHeldof viewof various | enses w th Canonor N kon APS- Csensor conparedto
the B g D pper (P ough).
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Tabl e 7. 1Fi el d of vi ewof vari ous | enses wi t h APS- Csensor.

F el d of view

Focal
I engt h Hei ght Wdt h b agonal
28mm 30 43 50
35m 24 35 42
50 mm 17 25 30
100 nm 8.5 12.7 15
135mm 6.3 9.4 1n
180mm 4.7 7.1 8.5
200 mm 4.2 6.3 7.6
300 2.8 4.2 51
400 2.1 3.2 3.8

Fi el d of viewis neasuredin degrees, and sone | ens cat al ogs gi ve only t he
di agonal “angl e of vi ew’ fromcorner tocorner of thepicture. Theexact formul a
for fel dof viewisgiveninSection6.3.4.

7.1. 3f-Ratio

Faster is better, right? Theatio of alens deternines howbright the i mage
w || be, and hence hownuch you can phot ograph i n a short exposure. Lower
f- nunber s gi ve a bri ght er i nage.

But there’ sacatch: speedis expensi ve. Nowadays, fast | enses are quitesharp
but cost alot of noney. Inearlier years, the cost was i n perfornance, not j ust
price, and | enses faster thév were not conpl etel y sharp wi de open. Uhtil
about 1990, it wasarul eof thunbthat everyl ens perf ornedbest i f you st opped
it down a coupl e of stops fromnaxi numaperture, but inthis nodern era of
EDgl ass and aspheri c desi gns, sone | enses are act ual | y shar pest at t hei r w dest
aperture.

Because DBLRs do not suffer reciprocityfail ure, deep-sky phot ography i s no
| onger astruggl etoget enoughlight ontotheflmbeforeit forgetsall the pho-
tons. V@ no | onger need f ast | enses as nuch as we used to. Uhder dark ski es, |
fndthat f/4is al nost al ways f ast enough.

7. 1. 4Zoomor Non- zoon?

I nny experi ence, sone of t he best zooml enses ar ej ustccept abl e f or ast r opho-

t ogr aphy. Mbst zooml enses aren’ t. Azooml ens, even a hi gh-t echnol ogy zoom

I ens fromanaj or manuf act urer, i sdesi gnedtobetol erabl eat nany f ocal | engt hs
rat her t han perfect at one.
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Deal ers have | earned t hat a zooml ens gi ves a caner a “ show oomappeal ” —
it’snmorefuntopick upthe canera, | ook throughit, and play withthe zoom
Inthe 1990s, peopl e got used to extrene zooml enses on cantorders, whi ch
were | owresol ution devi ces not bot hered by optical defects, and the nakers
of conpact di gital caneras have donetheir best tofol | owt hrough. And sone
phot ographersjust don't | i ketochangel enses (especial lyif there’ sariskof get-
tingdust onthe sensor). For these reasons, zooml enses, incl udi ngthosewth
extreneratios, have becone ubi qui t ous.

ne | ook at N kon' s or Ganon’ s publ i shed MF cur ves shoul d nake it cl ear
that anedi ocrefxed-lengthlensisusuallybetter thanafrst-ratezoom If you
have not hi ng but zooml enses, try a non-zoom(“prine”’) lens; you' rein for
atreat.

If you do attenpt astrophotography with a zoomlens —as | have done —
bewar e of “zoomcreep.” Duringt he exposure, t he zoomnechani smcan shi ft.
Younay havetotapeit inplacetoprevent this.

7.2 lensQuality
7. 2. 1Sharpness, M gnetting, O storti onBakeh

Sar felds are a very tough test of lens quality. The stars are poi nt sources,
and any bl ur isimmediately noticeable. Every star inthe picture hastobein
focus al |l at once; thereis noout-of-focus background. And we process t he pi c-
ture toincrease contrast, whi ch enphasi zes any vi gnetting (darkening at the
edges) .

Havingsaidthat, | shouldaddthat thesituationwithDBLRsisnot quitethe
saneaswthflm Hgh-speedflmisitsel f veryblurry; light diffuses sidenays
throughit, especially thelight frombright stars. Wen you put a very sharp
lensonaD8LRandthisblurringisabsent, thestarsall | ook al i ke and you can
nol onger tell whi chones are bri ght er.

For that reason, |ess-than-perfect |enses are not al ways unwel cone with
LA Rs. Asnal |l amount of uncorrected spherical or chromatic aberration, to
put afaint hal oaroundthebrighter stars, i snot necessarilyabadthing. Wat is
nost i mportant i suniformty acrossthefel d. The stars near t he edges shoul d
ook likethestars near thecenter.

Al goodl enses showasnal | anount of vi gnet ti ngwhenusedw de- open; t he
alternativeistonakeal ensw thinadequate gl are stops. Besi des vignettingin
thestrict sense (caused by bl ockage of | i ght rays), w de-angl el enses showsone
edge dar keni ng f or physi cal reasons —the effectivefocal I engthis|onger at the
corners, but the apertureisthe sane, sothelight i s spreadthi nist r(opho-

t ogr aphy for t he Arat(4999), pp. 124-126). Edge dar keni ng can be correct ed
whentheinageis processed (Fgureb.2), soit isnot afatal faw Anot her way
toreducevignettingistoclosethel ens down one or two st ops f romnaxi num
aperture.
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Ostortion (barrel or pincushion) isinportant only if you are naki ng star
naps, neasuring posi tions, or conbi ni ngi nmages of t he sane obj ect takenw th
different | enses. Zooml enses al nost al ways suf fer noti ceabl e di stortion, asyou
can denonstrat e by taki ng a pi cture of a brick wal | ; non-zooml enses al nost
never do.

e lens attribute that does not natter for astronony — except i n a back-
handed way —i s bokel Japanese for “bl ur”j Bokehrefers tothe way the | ens
render s out - of - focus portions of the pi cture, suchasthe distant background of
aportrait.

The physi cal basi s of “goodbokehis spherical aberration. Years ago, it was
di scoveredthat uncorrected spherical aberrationnmade al ens noretol erant of
focusi ng errors and even i ncreased apparent depth of fel d. But i nastronony,
thereis no out - of - f ocus background. The spherical aberrationthat contributes
to“good bokehcoul dhel pthe bright starsstandout inastar feld; apart from
that, it isjust adefect.

7. 2. 2Readi ng MFQur ves

No | onger canwe say that aparticular I ens “resol ves 60 1ines per mllingter”
or thelike. Thi s ki ndof neasurenent i s af f ect ed by contrast; hi gh-contrast fl m
bringsout bl urreddetail s. I nstead, nowadays opti ci ans neasurewruch bl ur -
ring occurs at various di stances fromthe center of the picture. That is, they
neasure t he nodul ati ontransfer fufbion

F gure 7. 4 shows howt o read MIF gr aphs. Each gr aph has one or nore pai rs
of curvesfor detail s of different sizes (suchas 10, 20, and 401 i nes per nilli ne-
ter). BEachpair consistsof asolidlineandadashedline. Wsually, thesolidline
i ndi cat esagi t tradsol ution (H gure 7. 5) andt he dashed| i nei ndi catresi di onal
(t angent i)alesol uti on.

Wiat shoul d the MIF of a good | ens 1 ook i ke? M/ rule of thunbis that
ever yt hi ng above 75% s shar p. | " mnor e concernedt hat the sagittal and neri d-
i onal curves shoul d stay cl ose toget her sothat the star i nages are round, and
that there shoul dn't be adranati c drop-of f towardthe edge of the pi cture. On
that point, APS Csensors have an advant age because they aren’t as big as
35-mmf I m

MFcurves donot neasurevi gnettingor distortion. A so, nost caner a nan-
uf act urers publ i sleal cul atMdF cur ves (based on conput er si mul ationof t he
Il ens design); thereal MIF may not be as good because of manuf acturingtol -
erances. Anexceptionis Zei ss, whi ch publ i sheseasur ediFcurvesfor all its
| enses.

(ne last note. Lens MF curves pl ot contrast agai nst di stance fromcenter,
w thseparatecurvesfor different spatial frequencies (linesper nm). HI|mMTF

2 Asotransliterat dibkeAnot her Japanese word wi t ht he sane pronunci ati on but adifferent
et ynol ogy neans “i di ot.”
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Fgure7.4. MFcurvefromagoodlens (top) andfromonethat warrants concern (botton).
Sar felds arevery denandi ngtargets.

Sagittal Meridional

Figure7.5. Qientationof targetsfor sagittal andneridional (tangential ) MFtesting.
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Conventional lens Telecentric lens

Figure7.6. Wthatelecentriclens, light fromall partsof theinagearrives perpendi cul ar
tothe sensor.

curves pl ot contrast versus spatial frequency. S8sé¢rophot ogr aphy f or t he Ama-
t eur(1999), p. 187. Thetwo ki nds of curves | ook al i ke but are not conpar abl e.

7.2. 3Tel ecentricity

Ogital sensors performbest if Iight reachesthemperpendicularly (F gure7.6).
At thecorners of apicturetakenw thaconventi onal wde-anglelens, thereis
likelytobecolor fringingfromlight strikingtheBayer nmatrixat anangl e, even
i f f1 mwoul d have produced a perf ect i nage.

A tel ecenttéms is one that delivers bundl es of |ight rays tothe sensor in
paral l el fromall parts of theinmage. The obvi ous drawback of thi s type of | ens
isthat it requiresalarge-dianeter rear el enent, slightlylarger thanthe sensor.

Tel ecentricityisoneof thedesi gngoal s of theFour Thi rds system whi chuses
al ens nount consi derabl y | arger t hant hesensor. G her DELRs ar e adapt ed f rom
35-mMmSLR body desi gns, and the | ens nount i s not al ways | arge enough t o
permt | ensestobeperfectlytel ecentric.

MTF curves do not tell youwhether alensistelecentric, and sone excel -
lent | enses for fl mcaneras work | ess thanoptinmal | y with DELRs, whi | e sone
nedi ocre | enses work surprisingly well. It’s agoodsignif the rear el enent
of thelens is relatively large in dianeter and i s convex (positive); see for
exanpl e the Qynpus 100-nm /2.8 andthe digitally optinmzed S gna | ens
intheleft-hand col unm of Hgure 7.19. Tel escopes and | ong t el ephot 0 | enses
are always close to tel ecentricity because their exit pupil is sofar fromthe
sensor.

7.2.4nstructionQuality

It’s renmarkabl e how finsy a |l ens can be and still produce good pictures
when t here’ s an aut of ocus nmechani smhol ding it i nperfect focus. Wen pho-
tographi ngthestars, that aut of ocus nechani smi sturnedoff, andwhat’s nore,
the canera and | ens nove and tilt as the tel escope tracks the stars. Lenses
that are very good for everyday phot ography can performpoorly in such a

si tuation.
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That ' s why ol der manual -f ocus | enses appeal tone, as wel | as prof essi onal -
grade aut of ocus | enses that are built to survive rough handl i ng. A nost any
lens fromthe 1970s will seemto be built like a tank conpared to today’ s
product s.

Anot her advant age of nanual -focus | enses is that they are easier to focus
nanual | y. That sounds|ikeatautol ogy, but it’sinportant. Autof ocus | ersas
be f ocused nanual | y — sone nor e easi | y t han ot hers —but they are of ten very
sensitivetoslight novenent of the focusingring. Qder nanual - focus | enses
are easi er tofocus preci sel y.

{0 course, optical qualityisalsoaconcern, andit’swhere ol der | enses often
fall down. Qnly the best | enses fromyesteryear are likely to performwel | by
today’ s standards; too nany of themhad excessi vel y si npl e desi gns or | oose
nmanuf act uri ng t ol er ances.

7.3 Wi chlLenses At Wi ch Caner as?
7. 3. 1Ganon

The Canon ECGSDELRI ens mount has onl ytwovari eties, BFandBE~S, thelatter
isfor lenses that only cover APS Csensors, andit protrudes farther intothe
canera. Sonelight-pollutionfltersinsert intothecanerabody and occupy t he
sane space as this protrusion (FH gure 17.7); you cannot use B~Slenses with
them G course, the EGS(HEF) | ensnount i sconpl etel ydifferent fromheearlier
CGanonSLRl ensnounts. B=-M rel atedtoit, i sthenount used on CanonM LGs.

Ifal youneedisaTring, thesituationissinple. AnyT-ringnarked"“Canon
ECS " “Ganon AR, " or “Canon BF" istheright kind for an ECS canera. The
other kind, CanonF, FD, or FL, will not ft onthe DBLRat al | .

7. 3. 2N kon

WthN kon, thereisonlyoneki ndof S RI ens mount —i nt roducedontheN kon
Fin 1959 — but there are many variati ons. Mbst N kons today take only the
“A " versionof thenount, i ntroducedin1977, anditsdescendants. | f youtryto
nount apre-A | ens onanodernN kon, you can act ual | y cause danage, so be
careful . Thisisof interest because sone pre-1977 N kon| enses ar e good enough
for serious usetoday.

The vari ati ons onthe N kon Fl ens nount havetodow t h howt hel ens com
nuni cates apertureinformati ontothe exposureneter i nthe canera. The“A”
(apertureindexi ng) syst emuses anot chedri dgei ntheout ernost ri ngof t hel ens
nount (F gure?.7) toengageatiny!l ever or ot her nechani cal sensor ont he cam
era body ineither of two places. The old “pre-A” systemuses a pi n on the
caner a body above the | ens nount, engagi ng a fork-1ike prong ontop of the
lens(alsovisibleinF gure7.7). Thennewest Gl enses havenoringfor settingthe
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Fgure7.7. nNkonAl |enses, anotchor stepintheouternost ridge of thelens nount
engages a nechani cal sensor i nthe canera. Pre-A | enses have arai sedri mw t hout t he st ep
and can danage sone newer caneras. Gl enses | ack boththestepandtherai sedrim

aperturenanual l'y; it iscontrol | edfrominsidethe canerabody, asw th Ganon
ECGS| enses, and communi cationi s el ectronic.

Sone newer N kons have provi si ons to accept pre-A | enses. Onthe N kon
F3fIm3R the Al sensinglever fipsout of theway. Onsone DELRS, such as
t he D300, the Al sensor i sabuttondesi gnedtopushdownal | theway w t hout
suff eri ngdanagewhenal ensi s nount edt hat does not al | owspacefor it. Qher
equal | y noder n N kon DELRs woul d be danaged i f youdothi s, socheck your
instructi onnanual careful ly. Aboveall, never forcealensintoplaceif it seens
t 0 be bunpi ng i nt o sonet hi ng.

T-rings ontel escope adapt ers are not a probl emf or any N kon body, nor are
ol d | enses that have been convertedto Al (“Al’d”). A'so, N kon adapters for
Canon and ot her bodi estake al | Fnount | enses w t hout regardto Al .

Al N kon aut of ocus | enses can be f ocused nanual | y (and, i n ast r ophot ogr a-
phy, al ways are). Wet her they aut of ocus wthaparticul ar canerais vari abl e.
Mbst newer DELRs only autof ocus with | enses that have built-in aut of ocus
notors (A=S, A~I, AP, not plain AFor A-D. That i s good news for us
because it nakes excel | ent | at e- nodel A~ DI enses cheaper ont he secondhand
nar ket . Newer N kon A1 enses are desi gnat ed FXi f they cover theful |l frane
or DXi f they onl y cover APS Csensors.



7.3. Wi chlLenses Ft Wi ch Ganer as?

h nost N kon DELRs, the light neter and aut o exposure do not work i f
the | ens does not contai nany el ectroni cs. Thisis another reason nanual - f ocus
N kon| enses ar e beconi ng cheaper secondhand. You i ght wonder why N kon
hasthislimtati onand Canondoesn't. Basical ly, it’ s because N kon| enses al | ow
theaperturetobeset nanual |y, but DBLRs donot fully utilizethe Al systemto
fndout what thissettingis. Aswithtraditional fl mSRs, thelens stays w de
open for vi ew ng and f ocusi ng, then stops downtothe presel ected apertureto
take the pi cture, but the exposure neter does not knowwhat this apertureis
goi ngto be. There i s no such probl emw t h Canon | enses because t hey do not
have aperture settings; the apertureis al ways control | ed by t he caner a body
(like N kon Gl enses), or el sethe canera assunes the apertureisn’'t goingto
change (asw thatel escope, or ananual | ens onan adapter).

Al of thisjust scratchesthesurface. N kainpl i cat €tk good sour ce of
further i nfornationisww kenrockwel | . com

7. 3. 3Lens Mount Adapt er s

Besi des t he ubi qui tous T-ring, original | y desi gnedfor alineof cheaptel ephoto
| enses, there are ot her adapters for puttingone ki nd of | ens ont o anot her ki nd
of caner a body.

The | ens goi ng onthe front of an adapter nust, ingeneral, befully nanual
(infocusi ng and aperture) and not require el ectric power or signal s fromthe
canerabody. (It canbe anaut of ocus | ens, suchas aN kon A~ DI ens, provi ded
you al so have full nanual control.) There are exceptions, but if youwant to
usealensthat isnot fully nanual, nake sure the adapter contains circuitry
tosupport its functions. Adapters to put N kon Gl enses on Ganon EC5 cam
eras and control the aperture el ectronically are avail abl e fromFot odi ox and
Novof ex.

Mbst adapt ers are si npl e, not hi ng norethan areceptacletoft thelens and
afangetoft thecanerabody. Thetroubl eis, all of thistakes upspace, pl aci ng
thelens farther fromthe fl mor sensor thanit was designedto be. There are
threewaystodeal withthis probl em

Addagl assel enent (typicallyal 2Barl owl ens) sothat thelensw Il still focus
correctly. Thisisacommmonpracticebut degradestheinmagequality.

Leave out the glass el enent and give upthe ability tofocus oninfnity. The
adapt er i s nowa short ext ensi ontube andt he |l ens canonl y t ake cl ose- ups.

If the canera body i s shal | ower than t he one the | ens was desi gned for, then
nmaket he adapt er exact | ythi ckenoughtotakeupthedi fference. Inthiscase, the
| ens focuses perfectly, wthout agl ass el enent, andthe adapt er i s adverti sed as
“mai ntai nsinfnityfocus.”

Thethirdki ndof adapter i stheonl yonethat i nterestsus, andit’ sonlypossibl eif
t he canerabody i s shal | ower, front t oback, t hant he body t hel ens was desi gned
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for. Inthat case, theadapter nakes upt hedi fference. For exanpl e, aN konl ens
canft ont oa Canon ECSbody w t h an adapt er 2. 5 nmt hi ck.

The Canon ECSi s one of the shal | owest full -si ze SLRbodi es, and adapt ers
exi st toput N kon, Gont ax- Yashi ca, Q ynpus, M2, and even Exakt a |l enses on
it. (Sone | ate-nodel (ontax- Yashi ca |l enses are nade by Zei ss and are excel -
lent.) The one thing you can't dois put ol der Canon FD | enses on an ECS
body, because t he FDbody was even shal | oner. Adapters to put ot her | enses
on Canons of ten i ncl ude a “focus confrnation chi p” that al |l ows the canera’ s
aut of ocus syst emt o be used t o check t he f ocus of ananual | y focused| ens. This
i s not needed f or ast r ophot ogr aphy.

N kon bodi es general | y can’ t t ake non- N kon | enses because t he N kon body
i s one of the deepest i nthe busi ness. Qnlythe Lei caf ex i s deeper.

M LCand Four Thi rds caner abodi es ar e nuch shal | ower t hanfl mSLRs, and
adapt ers exi st toput aw derange of SLRand D8RI enses ont hem i ncl udi ng
sophi sti cat ed adapt erst hat preserve el ectri c power and si gnal i ng and even add
nanual aperturecontrol .

(necuri ous zero-t hi ckness adapt er does exi st. Pentax’ s adapt er t o put screw
nount | enses on K-nount caneras sinply waps around the screw nount
t hreads, taki ng advant age of the K-mount’ s | arger di anet er.

7.3. 4\Wat i f there’s noApertureR ng?

I f you are adapt i ng a Canon EG5or N kon A~ Gl ens t o anot her caner a (such
as an MLCor adedi cat ed astrocanera), you nay runinto an obst acl e: Those
| enses have no aperturerings. Howdo you set t he apert ure?

ne optionistouse an adapter that i ncl udes aperture control. The ot her —
worthtrying, but not guaranteed—istoput thelensonaDSLRthat it fts, set
t he aperture you want, hol d down t he dept h-of -fel d previ ewbut t on (whi ch
nakesthel ens stopdowntothespecifedaperture), andrenovethel enswhile
doingso. Trythiswthany particul ar | ens beforerelyingonit.

7.3.5Adapter Quality

Not all I'ens nount adapters are equal |y well nmade. The prenier nanuf ac-
turer of qualityadaptersis Fotodi ox (waw f ot odi ox. com. OneBay you can buy
adapt ers di rect|y fromt he nachi ni st s i n Chi nawho nake t hem

H gure7. 8showswhat t ol ook f or. Good adapt er s are usual | y nade of chr one-
pl at ed brass or bronze and of t en i ncl ude sone stai nl ess steel . Sone are nade
of hi gh-grade al uminum For hi gher prices you get nore accurat e nachi ni ng,
nor e el abor at e nechani sns t o | ock and unl ock t he | ens, and nor e bl ackeni ng
of partsthat couldrefect |ight.

Mi2 screwnount t o Canon adapt er s are t he si npl est, and ny experienceis
that they al ways work wel | . | have al so had good resul ts w t h an i nexpensi ve
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Figure7.8. Md-gradeand hi gh-grade N konto EGSadapt ers. Avoi dcheapinitati ons.

QA ynpus t 0 Ganon adapt er. Each of these hol dsthelenstightlyinplaceandis
easy toattach and renove.

But N kont o Canonadapt ers aretri cky and al ways | ack nechani cal strengt h.
Wienusi ngone, al ways | et thel ens support t he demérleet t he adapt er bear
thewei ght of aheavyl ens (F gure7.11). Andi nsi st onawel | - nade adapt er i nt he
frst place. | had a cheap one act ual | y cone apart i nuse as t he screws stri pped
their threads.

The probl emis that the N kon | ens mount contai ns springs. An adapt er
doesn’t have roomfor good | eaf springs |ike thosein a N kon canera body.

I nstead, the adapter reliesonfexureof tabsthat protrudefromthel ens nount

itself. If theseinprovi sed springs are too weak, thelens and canera can pul |
apart slightlyunder t he canerabody’ swei ght, andyour pi cturesw || beout of

focus.

Another nmark of a well-nade N kon adapter is that it nakes it easy to
renovethe N konl ens. Cheaper adapt ersrequi reyoutopry upatabw thyour
thunbnai | ; better ones gi veyouabuttonto press.

7. 3. 6 The d assi ¢ MI2 Lens Mbunt

Canon DELRs wi t hadapt er s have gi venanewl easeonl i f et onany cl assi cl enses
wth the M2 (Pentax—Praktica) screwnount. Here “Mi2” neans “netric,

42 rmi and has not hi ngtodow ththe Qi onNebul a, Messi er 42. It i sthesanme
dianeter as a T-adapter, but wth athread pitch of 1.0 rather than 0.75 nm
and, obviously, ashorter fange-to-fl mdi stance. Thi s nount was i nt roduced
by East Gernan Zei ss on the Gontax Sin 1949 and pronot ed by Pentax as a

“uni versal mount” i nthe 1960s. Several ot her caneranakers usedit, i ncl udi ng
Mami ya/ Sekor and M vitar. Pentax sw t ched t o a bayonet nount in 1976, but
Zeni t brand Mi2- nount caner as and | enses wer e nade i n Russi aunti| 2005.

These | enses areusual | y nechani cal | y st urdy and f ree of fexureinl ongexpo-
sures. (ptical qualityvariesfrombrandtobrand, but East Ger nan (Jena) Zei ss
| enses and Pent ax SMCTakunar s ar e of t en qui t e good by t he st andar ds of t hei r
era, whil eoff-brandi nportsvi edfor thebottom QG her Mi2- nount | enses r ange

121



Caner a Lenses

fromnedi ocre to very poor by current standards, andtoday | use a coupl e of
t hemas paper wei ght s.

7.4 SupportingandMuntingalens

Any |l ens that i s heavi er than t he caner a body shoul d support t he canera, not
viceversa. That i npli estheuseof atripodcollar (Fgure7.9). If nocol |l ar i snade
for your | ens, soneti nesyoucanusethecol lar for adifferent | ens, paddedw th
extracork or felt; at other tines you' Il have toinprovise. Hgure 7. 10 shows
Jerry Lodri guss’ net hod of supportingthe N kon 180-mm f/ 2. 8 nanual - f ocus

BEDI ens, and H gure 7. 11 shows ny hand- craft ed sol uti on f or t he AFver si on.

General ly, internal -focus (1 F) | enses are easi er to support because t hey f ocus
by nmovi ng sone of theinternal el enents whiletheouter franerenai ns fxed.
Mre traditional |enses focus by noving all the el enents together, and oft en,
al nost al| of the barrel noves andturns as you focus. That’ s where ri ngs nay
be the only sol uti on.

It iscomonfor thecaneraandl enstoride”pi ggyback” onatel escope, but
there'sanalternative. Wienalensis nounted on adovetail, thelens can go
ona Gernan equatoria nount wthnotel escopeunder it. (Lhder aslot inthe
dovetai |, use al/%- 20 socket head screw such screws are of t eni ncl uded when
you buy dovet ai | bars.§ Youcanstill set upthe mount, fndi ng and centering
stars, byusingthelenswththecanerainLi ve M ewnode (Section8.5.5).

Fgure7.9. Tripodcollar of heavy | ens can nount directlytoadovetail sothel ens cangoon
anequatorial nount asif it wereatel escope.

3 Infact, 1/%-20is perhaps the only Engl i sh/ Averi canthreadthat has becone i nt er nati onal | y
standard; it ftsthetripodsocket onal nost al | caneras. Thereisnonetric equival ent, but
M 1.25isclose.

122



7.4. SupportingandMuntingalens

Figure7.10. Sonelensescanbenountedinringslikeasnall refractor. Wththislens, the
front ringscrews cannot betighteneduntil after focusing. Take carenot tode-center thefront
of thelens.

Figure7.11. Honenadetripodcol | ar for N kon 180/ 2. 8 AFl ens consi st s of wooden bl ock
wthlargeroundhol e, slot andbolt toal |l owtightening, anda %20t hreadedinsert ont he
under si de.
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7.5 Testingalens
7. 5. 1Howt o Test

Every | ens, especi al | y one bought secondhand, shoul d be t est ed as soon as you
get it. Thestars nake excel | ent test targets. Wat youneedis awel | -gui ded (or
short) exposureof arichstar feld. | oftenusethefel dBersei or theH ei ades.
Exposur es need not bel ong, nor doyou need adar k count ry sky. Take sever al
1/ 2- to 30-second exposures of the star feld, bothinfocus andslightly out of
focus. The shorter exposures serve to di stingui shlens probl ens fromtracki ng
probl ens. Tot aket racki ng conpl et el y out of thepicture, usePol arisor takevery
short exposures (1/2 second or | ess).

7.5.2Limtations of theLens Design

There are two things totest for, limtations of the |l ens design and nal f unc-
tions or defects of aparticular lens. Let’stacklethefrst onefrst. Onthetest
exposures, | ook for:

e Excessi ve degradati on of star i mages anay fromt he center;

e lorfringingof star i nages at the center of thefeld, varyingw thfocus;
e Excessi ve vignetting (darkeni ng at the edges and corners);

e Internal refections (show ngupas ! arge hal oes or arcs).

Thequal ity of star i nages at the cornersiswhat di stingui shesgreat | enses from
ner el y goodones (F gure7. 13); noneareperfect, but sonearebetter t hanot hers.
Sar inages at the corners are often poor at the w dest aperture, but i nprove
greatly atf/ 4 and snal | er.

Poor star i mages at t he edges and cor ner s can al so be caused by tel ecentricity
i ssues (Section 7.2.3), which are not affected by aperture. If there are “conet
tail s” onstars aroundthe edge of the picture, andthey persi s &t6 or f/ 8 as
vel | as wi de open, thenwhat youareseei ngisfringi ngw thinthesensor. Wth
flmor wthadifferent sensor, the sane | ens nay perfor mmuch better.

@l or fringing fromresi dual chronatic aberrationis often noticeabl e even
wthrelativelygoodlenses; inlonglensesfrombeforethe ED glassera, it can
be severe. Wt hnodernl enses, thefringes are reddi shonone si de of focus and
greeni sh onthe ot her. My experi ence has been that the sharpest stars usual |y
result fromtol eratingabit of redfringi ng. Q der | enses produced| ar ge anount s
of blueor purplefringingthat coul dbereducedw thpal eyel | owflters.

Mgnettingisinherent i nthelens design, but di nini shes greatly as you st op
down, and can be correctedw th fat-fel di ng. Sone vi gnetting can be a good
sign—that alensiswell protectedagainst internal refections.

Internal refectionscanlinit what you can phot ograph. A | | enses have t hem
to sone extent. Two astronomical targets that particul arly provoke internal
refections are the Pl eiades star cluster (wth very bright stars amd faint
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Fgure7.12. TheQionNebul a (M2). S ack of twenty 30- second exposures w t h a Ganon
300-mm f/ 41 ens and Canon 60Da canera at | SO3200, on a CGal estron AXnount . Because
of the short exposures and PEC, no gui di ng correcti ons wer e needed.
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Fgure7.13. Thisisnot feldrotationfrombadtracking—it’salensaberrationthat
distortsstarsanay fromthecenter of thefel d. It goes anay at snal | er apert ures.
(A I minagew thQynpus 40-nm /21 ens, fromAst r ophot ogr aphy f or t he Anmt eur.

nebul osity) andtotal sol ar eclipses (wththe bright i nner corona, surrounded
by nuchfai nter outer detail).

7.5. 3Defects of aParticul ar Lens

Inthecategory of defectsandmal functions, frst let’ sstart w thsonet hi ngcom
non but easy. Wienever you use a |l ens that has not been used for several

years —evenif it’s one of your own — check for a sticky diaphragm Set it to
its smallest f-stop and nove the aperture | ever (onthelens nmount) back and
forthgently to seeif the di aphragmopens and cl oses correctly. If it’s sticky,
sonetines al | you needto dois keep doi ng t he sane noti on repeat edl y, per-

haps 500 ti nes, toredistributel ubricants. Mreoften, it needstogotoarepair
shop for cl eani ngand | ubri cati on.
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7.6. O [factionSpikesaroundthe Sars

Figure7.14. Astignati smcauses star i nages t o be el ongat ed i n one di recti on on one si de of
focus andi nthe perpendi cul ar di recti ononthe ot her sideof focus; it iseasilymstakenfor
poor tracki ng. Many good | enses have sl i ght but detectabl e asti gnati sm

Moreworryi ngareindi cationsthat al ensel enent i soff-center or tilted. Synp-
tons i ncl ude out -of -round star i nages at the center of thefeld, or one si de of
thepicturebeinginfocuswhiletheother sideisnot. Toruleout trivial causes,
i f you see either of these probl ens, frst takethelens off the canera, giveit a
bit of ashake, runit throughits focusi ngrange, andput it back on. Soneti nes
t hese probl ens di sappear as nysteriously as they cane, and soneti nes t hey
areasignthat al ens needs | ubri cati ng.

Eveningoodtel ephot ol enses, a24-negapi xel D8L.Rcan of tendetect atrace
of astigmati sm(F gure7.14). Aslongasthestar i nages areroundat t he poi nt of
best focus, it doesn’'t natter that they' reabit el ongat ed oneither si deof correct
focus. Wiat you don’t want i s nisshapen stars |ike thosein FHgure 7.15 t hat
cannot be focusedintotheir proper shape.

O [faction Spi kesaroundthe Stars

Bright stars stand out better inapictureif they are surrounded by diffraction
spi kes. Nornally, ahigh-qualitylens, w deopen, wll not produce diffraction
spi kes becauseitsapertureiscircul ar. | f youcl oseit downone st op, you hay be
rewardedw thadranati cpattern. H gure7. 16 shows anexanpl e, fromaCanon

| ens whose apertureis, roughl y speaki ng, an oct agonw t h cur ved si des.

Anot her way toget diffractionspikesistoaddcrosshairsinfront of thelens
(FHgure 7.17). The crosshairs can be nade of wire or thread; they shoul d be
opaque, thin, and straight. FHgure 7.18 shows the result. Apiece of w ndow
screenw re nesh, servingas mul tiplecrosshairs, woul d produce a si ml ar but
nmuch st ronger effect.

Wiat ever their origin, diffractionspikesareastiff test of focusi ng accuracy.
The shar per the focus, the nore brightly they showup. For that reason, many
peopl ef ndcrosshai rs or w ndowscreenwi re neshusef ul as afocusi ngai deven
if theydon't usethemfor theactual picture.
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Fgure7.15. Asymmetrical star i nages (enl arged) froml ensw thdecenteredel enent. At
center of feld, evenout-of -focus stars shoul d be round.

Figure7.16. Dranmaticdiffractionpatternsfromthe di aphragmof a Canon 300- nmfY 4 B L
(non-19) lens af/ 5. 6.
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Figure7.17. Honenade wi re crosshai rs nountedinthel ens hood of a S gna
105-nm f/ 2. 81 ens.

If youwant toget ridof diffraction spikes fromthelens di aphragm there
isaway, providedthelensisrelativelylong(300nmor [onger). Sopit down,
not w thitsowndi aphragm but wthasnal | er-di aneter flter adapter pl acedi n
front of thel ens. For exanpl e, i f youwant tousea300-mm ensdi 6, i nstal | afl -
ter adapt er whose round openi ngi s 50 mmi ndi anet er. Uhl i ket he di aphragm
thisopeningiscircular andwon’t producedi ffracti onspi kes. Qvashorter | ens,
it mght wel | produce vignetting.

7.7 Uhderstandi ng Lens Desi gn
7. 7. 1HbwLens Desi gns Evol ve

Mbst of us have seen dozens of di agrans of | ens desi gns w t hout any expl a-
nati on of howto understand them FHgure 7.19 is an attenpt to nake | ens
di agr ans conpr ehensi bl e. It shows hownear |y al | noder nl enses bel ongt of our
gr oups.

Looki ng at the historical devel opnent, you can see that the usual way to
inprove adesignistosplit anelenent intotwo or nore el enents. Thus the
3-€el enent Gooke Tri pl et gradual | y devel opsintothe 11- el enent S gna 105- nm
f/2. 8 DGEXMacro, one of the sharpest | enses |’ ve ever owned.
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Fgure7.18. Result of usingcrosshairsinF gure7.17. North AmericaNebul aregion, wth
diffractioncrossesonthebrightest stars. S ack of ten 30-second exposures w t ha Canon
60Daat | SO3200and a S gna 105-mm /2. 81 ens onani Qpt ron Sy Tracker. No gui di ng
correcti ons were necessary (or possi bl ).

The reason for addi ng el enentsisthat everylens designis, fundanentally,
an approxi nat e sol uti on to a systemof equati ons descri bi ng t he pat hs of rays
of light. By adding el enents, the designer gains nore degrees of freedom
(i ndependent vari abl es) for sol vingthe equati ons.

But there are al so ot her ways t 0 add degrees of freedom (heistousenore
ki nds of gl ass, and many newt ypes have recent |y becone avai | abl e. Anot her
i stouse aspheri c surfaces, whi ch are nuch easi er t o manuf act ur e t han even 20
year s ago.

Per haps t he nost i nportant recent advance i s that anti-refection coatings
havei nproved. It isnowquitepractical tobuildalenswith20or 30air-to-gl ass
surfaces, whichinthepast woul dhaveledtointol erabl efareandrefections.
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Triplet Family Double Gauss Telephoto
Family Family
Cooke Triplet Gauss Fraunhofer
(H. D. Taylor, 1893) achromat (1817) achromat (1814)
Asymmetrical triplet Double Gauss Telescope with
(telephoto-like) (Alvan Clark, 1888) Barlow lens (1834)

Zeiss Tessar Classic telephoto

(Paul Rudolph, 1902) Zeiss Planar (1890s)
(Paul Rudolph, 1896)
Zeiss Sonnar (1932)
(modern T* 135/2.8 shown) Canon EF L 400/5.6
(1993)
Nikkor-H Auto 50/2
(1964)
Retrofocus
Family

Olympus Zuiko 100/2.8 and
180/2.8 (1970s)

Canon EF 85/1.2

(1989) Simplest wide-angle lens

(simple lens with reducer in front)

Nikkor ED IF AF 300/4 (1987)
and ED IF AF-D 180/2.8 (1994)

Angenieux Retrofocus 35/2.5
(1950)

Sigma 105/2.8 DG EX Macro
(2004)

Canon EF 28/2.8
(1987)

Fgure7.19. Lineageof many famliar | ens designs. Inall these di agrans, the object bei ng
photographedistotheleft andsensor or fIimistotheright.
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Ther e have al so been changes i n t he way desi gns are conputed. FH fty years
ago, designers used a whol e arsenal of nathematical shortcuts to mninze
aberrations one by one. Today, it’s easy to conpute the M curve (not j ust
the i ndi vi dual aberrations) for any | ens desi gn, and by deal i ngw th MF, the
desi gner can soneti nes | et one aberrati onwork agai nst anot her.

Manuf act urers usual |y descri be al ens as havi ngX el enents i nY groups,”
where a group i s a set of el enents cenented toget her. Hownany el enent s
are enough? I't depends onthe f-rati o and t he physi cal size of thelens. Faster
| enses need nor e el enent s because t hey have a wi der range of light pathsto
keepunder control . Larger | enses need nor e el enent s because aber rat i ons gr ow
bi gger al ongwi t h everyt hi ng el se.

Zooml enses (FH gure 7. 20) need nuner ous el enent st onmai nt ai nasharpi nage
whi | e zoom ng. | n essence, t he desi gner nust desi gn dozens of | enses, not j ust
one, andfurthernore, all of themnust differ fromeach ot her onlyinthe spac-
i ngs between the groups! That is why zoons are nore expensi ve and gi ve
poor er optical performancet han conpeti ng f xed-focal -1 engt h| enses.

7.7.2TheTripl et andits Descendant s

Mul ti-el enent | ens desi gn began i n 1729 when Chest er Mbore Hal | di scovered
t hat convex and concave | enses nade of di f f erent ki nds of gl ass coul dneutral i ze
each other’s chronatic aberration without neutralizing each other’s refrac-
tive power. The sane di scovery was nade i ndependent | y by John Dol | ond i n
1758. Later, the mat henati ci ans Fraunhof er and Gauss perfectedtheidea, and
t el escope obj ectives of thetypestheyinventedarestill w del y used.

Ear |y phot ogr aphy | edt o adermand f or | enses t hat woul d cover aw der fel d
of view andin 1893 H Denni s Tayl or desi gned a hi gh-perfornmancetriplet for
oke and Sons Lt d. (wwv cookeopt i cs. com).

Moder nnedi umit el ephot ol enses ar e of t en descendant s of t he Gooke Tri pl et .
The key part s of t hedesi gnareaconvex|ensor set of | ensesinthefront, aset of
concavel ensesinthenidd e, andaconvex| ensat therear. Aparticul arlyi npor-
tant triplet derivativeisthe Zei ss Sonnar, whose second el enent i s very thi ck
and nay consi st of nul ti pl e el enent s cenent ed t oget her t o ni ni m ze t he num
ber of air-to-gl ass surfaces. Lenses of this type have been nade ever si nce; you
canrecogni zet hemby t hei r wei ght. The f anous N kon 105-mm /2. 5t el ephot o
i saSonnar derivativewthathickel enent.

Around 1972, Yoshi hisa Maitani, of Qynpus, designed a very conpact,
Ii ghtwei ght 100-mmf/ 2. 81 ens whi chis a Sonnar derivativewththethick cen-
tral elenent split intotwo thinner ones. (Its design alludes to the Sonnar’s
| i ght er-wei ght predecessor, t he Brnenann B nost ar, whi chwasthewor!l d sfrst
f/2 caneral ens.) QG her canera nanuf act urers qui ckl y brought si nil ar desi gns
to nmarket, and even the Sonnar itsel f has shifted toward thi nner, air-spaced
el enents. Over the years, Sonnar derivatives have becone nore and nore
conpl ex.
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Zoom principle: moving Barlow lens
changes focal length of telescope

Adding positive element reduces
focus shift when zooming

Canon EF 28-80/3.5-5.6 zoom lens
(2 sets of elements move separately)

Fgure7.20. Azoomlensislikeatel escopew thavariabl eBarlowlens. Asinple, | ow cost
zoomi s shown her e; ot her s have as nany as 22 el enent s novi ngin 6 or 8i ndependent sets.

7. 7. 3The Doubl e Gauss

Present - day 50- nm“ nor nal ” | enses are al nost al ways t he doubl e Gauss t ype
(FHgure7.19, mdd ecol um), derivedfromthe Zei ss A anar of 1892. Backinthe
1800s, several experinenters di scoveredthat if you put two Gauss achronat s
back- t o- back, each cancel s out thedi stortioni ntroduced byt he ot her. The sane
thingwastriedw thneni scus | enses and ot her ki nds of achronats, resultingin
various “rectilinear” | ens desi gns.

Doubl e Gauss desi gns were not practical until the advent of anti-refection
| ens coatingsinthe1950s; bef orethen, their sharplycurvedair-to-gl ass surfaces
ledtointernal refections. Previ ously, thestandardcaneral enshadusual | y been
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avariant of the Zei ss Tessar, whichisclassifedasatriplet derivative but was
actual lyinventedas asinplifedH anar.

7. 7. 4Tel ephot o and Ret r of ocus Lenses

\erylongtel ephotol enses oftenwork | ike atel escopew thaBarl owl ens (F g-
ure7.19, upper right). Techni cal | y speaki hg] ephotreans a | ens whose f ocal
lengthis nuchlonger thanits physical | ength, andthe cl assi c achronat -wi t h-
Barl owdesi gnis the standard way of achi evingthis, although asymnmetri cal
tripl etsandasymmetri cal doubl e Gauss desi gns candot hesanet hi ngtoal esser
degree.

The opposi teof atel ephotoi s aet rof ossle- angl el ens, one whose | ens-t o-
fI mdi stancei sl onger thanitsfocal | ength. Tol eaveroomfor themrror, thel ens
of an SLRcan be no cl oser t han about 50 mmf r omt he sensor. Toget aneffecti ve
focal lengthof, say, 28 nm the w de-angl e | ens has to work | i ke a backward
tel escope; it isaconventional lenswithalargeconcaveel enent infront of it.

7.8 Speci al Lenses
7. 8. 1 Macr o Lenses

Anacrolensis one whose aberrations are corrected for phot ographi ng snal |
obj ects near thel ens rather t han di stant obj ects. Thi s does not i npl y adifferent
lensdesign; it’sasubtlematter of adjustingthe curvatures and separati ons of
el enent s.

S ncethe 1970s, nany of t he best macro | enses have hadf oat i ng el emerdl ®;
nent s whose separ at i on changes as you focus. As aresult, they are very sharp
at infnity aswell as close up. | have had excel | ent resul ts phot ogr aphi ng st ar
fel dsw th S gna 90- nmand 105- nmnacr o | enses.

At the ot her end of t he scal e, cheap zooml enses often cl ai mto be “nacro” i f
they w Il focus onanythinglessthananarms|engthaway, evenif they don't
per f ormespeci al | y wel | at any di stance or focal | ength.

7.8.2Mrror Lenses

Sartingw ththe Refex-N kkor i n 1960 and sone Russi an | enses t hat attract ed
attention around the sane ti ne, there have been |ightwei ght tel ephot o | enses
that are tiny Mksutov—Cassegrain tel escopes (Fgure 6.1) wth additional
glass elenents. Their aperture is not adjustable, and they are surprisingly
i nexpensi ve.

M ast rophot ographi c results with nirror | enses have been di sappoi nti ng.
Testing al ow end Spi rat one 300-mm f/ 5. 61 ens back i nt he 1980s, | was pl eased
by the | ack of chronatic aberration, but there were severe refecti ons when-
ever abright star wasinthe picture. Sncethen, nirror | enses have decli ned
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in popularity. Daytine photographers don't |ike thembecause out -of - f ocus
i mages of bright spots| ookl ike doughnuts rat her t han di sks or bl obs.

7.8. 31 nage S abi |l i zati on (M brationReduction)

CGanon “1 S and N kon “WR' | enses of fer i mage stabi | i zati on (vi bration reduc-
tion), whichneansthat vi brati onof thel enswhileyouarehol dingit isdetected
and corrected by noving a |l ens el enent autonatically in real-tine. Qher
caner as st abi | i ze t he i nage by novi ng t he sensor.

Thi sisaboonfor dayti ne phot ogr aphy, but it i s nohel pi nastrophot ogr aphy;
we' re al ready hol di ng the canera very steady. A though nost ast rophot og-
raphers do not have probl ens, i ntheory the novabl e el enent can i nt roduce
troubl eby shiftingslightlyduringtheexposure. Thi s happenedw ththe Orag-
onfy Project (p. 108), and the | enses were nodi fed by Canon to i nmobi | i ze
the novabl e el enent. QG hers have attributed slight niscollinationtothe fact
that t he novabl e el enent nay not stay perfectlycentered. | prefer tousenon-1S
| enses, but nany of t he newest and best | enses aremade onlywthIS(WR.

I f you use an i mage-stabi lizing | ens or canera for astrophot ography, nake
sure theinage stabilizationisturned off. Gherwseit wll fght thetracking
not i on, produci ng el ongat ed st ar i nages becauseit doesn' t knowt he canerai s
supposed t o be novi ng.

7.8.40D [ractiveptics

Bot h Canon and N kon have i ntroduced | ong t el ephot o | enses usi ng di ffrac-
tive optics (DO; Nkon calls themPhase Fresnel (PF) |enses. They work as
wel | as conventional |enses but are snaller and lighter, and | have seen good
ast r ophot ogr aphy done wi t h t hem al t hough t her e seens t o be nore scatt ered
light around bright starsthanw th conventional optics—whichactually hel ps
nakethe stars stand out. The frst versi on of Ganon’ s 400- nmf/ 4 DOl ens | ef t
peopl e uni npressed, but the second (“I1”) versionis superb; unfortunately, it
costs as much as al arget el escope.

HowDOwor ks i s w del y mi sunder st ood. Despi t e di agrans t hat suggest so,
aDOel enent i snot aFresnel | ens, understoodas anordinaryl ensthat has been
fattened by dividingit upinto ring-shaped zones and naki ng each zone no
thicker thanit needstobe(F gure7.21). That isnot adiffractiveel enent at all;
it givespoorimagequalityandisnot usedincanerasbut isafamliar sight in
theatrical spotlightsandlighthouses.

Offractiveopti csarederivedfromadifferent i nventi onof t hesaneAugusti n-
Jean Fresnel (1788-1827, pronounced r eh- NELL, the Fresnel zone pl at e, whi ch
isessentiallyadiffractiongratingthat fornsaninage.

Recal | that adiffractiongratingbends |ight accordingtoits wavel ength by
passi ngit across narrowparal | el stripesthat affect i tswavestructure. AFresnel
zone plate (Hgure 7.22) isacircular diffractiongratingthat brings light toa
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Fgure7.21. Not diffractiveoptics: Thiskindof Fresnel lensisjust alens col |l apsed
intoconcentric zonestosaveglass, usedintheater spotlightsandlighthouses,
not i nage-f or i ng syst ens. Zones can be any di anet er.

Figure7.22. Dffractiveoptics: Fresnel zoneplateisadiffractiongratingthat
forns ani mage. B ack zones can be repl aced by cl ear zones wi th sl i ght

extrathi ckness t o add phase shi ft. D anet er of zones f ol | ows a squar e- r oot

fornul aand conti nues for t housands of zonesinareal |ens.

focus. Althoughit | ooks likeaFresnel |ens, thestripes are spacedaccordingto
apreci seforml aandareverynarrow onthe order of 0.001nm

Aclassic Fresnel zone plate i s 50%bl ack; the bl ack zones bl ock i ght that
woul d di ffract into the wong pl aces and destroy the i nage. That wastes t oo
muchlight for useinacaneral ens.

Anot her way to deal wth those zones is not to make t hemopaque, but to
nmakethegl assslightlythickerinthosezonessothat thelight undergoes aphase
shift andthen diffracts as desired. That was the i nsi ght of Kenro M yanot o
(Journal of the Optical Soci ety of5Brie+206a1961). The added t hi ckness i s
achi eved by depositingathinflm I nnodernpracti ce, thefl mi s depositedon
al | thezones, not just t heonesthat woul d have been bl ack, and sl opes fromt he
i nner tothe outer edge of each zone because t he out er part of each zone needs
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slightly | ess phase shift. Geatly nagni fed, the construction ends up | ooki ng
rather likeFgure7.21but works entirelyondiffractiveprinciples.

The chronati c aberrationof diffracti veopticsisoppositethat of gl ass. G ass
bends short er wavel engt hs nore, and | onger wavel engt hs | ess; di ffracti onisthe
ot her way around. Accordingly, the main use of diffractive opticsin canera
lenses sofar istocounteract chronati caberrationrather thantoadddiffractive
powveer .

137



138

8.1

Chapt er 8
TrackingtheSars

To t ake exposur es | onger t han a f ewseconds, you nust trackthestars. That is,
the t el escope nust conpensate for theearth’ srotati onsothat theinage stays
i nthe sane pl ace ont he sensor whil etheearthturns.

Qurrently, tracking and guidingis an area of rapidtechnical progress, par-
ticul arly as regards i nexpensi ve equi pnent. Thisyear’s nounts are better t han
last year’'s, andnext year’sw || bebetter yet. Accordingly, thisbookisnot the
placetogi veaconpl eteguidetostar tracking, andif | tried, it woul dnot stay
up-to-datelong. Inthischapter andthenext, |11 hit thehighpoints. For funda-
nental s, seeal sést r ophot ogr aphy f or t he Anaicetbbwt o Use a Conput eri zed
Tel escope.

TwoWystoTracktheSars

H gure8. 1showst hetwonaj or ki nds of t el escope nount s, al t azi nut hand equa-
torial. Wntil the 1980s, only an equatorial nmount couldtrack the stars; it does
sowthasingl enotor that rotates thetel escope around the pol ar axi s, whi ch
isparallel wththeaxisof theearth. Inorder touse anequatorial nount, you
havet onaket he pol ar axi s poi nt i ntheright direction, aprocess knownpsl ar

al i gnmerdnd | ong consi der ed sonewhat nyst eri ous, al t houghactual |y, correct

pol ar al i gnnent i s not hard or ti ne- consum ng.

Itisinportant t ounderstandwhy anequatorial nount wor ks. Gonput er s can
easilygiveyoutheinpressionthat theskyisatangl eof whirlingnotionsthat
no nere nortal can understand. | nfact, however, the apparent notion of the
sky i s very sinpl e. Except for | unar and pl anetary orbi td)e whol e sky noves
t oget hedye to the rotation of the earth, and the whol e sky seens to rotate
aroundasingleaxis. BEverythingtwrls aroundthe cel estial pole. Totrack the
sky per f ect diyl, youhavetodoi srot at e your nount at t he correct speed around
an axi s that points exactly at the celestial pole. W use conputer-control | ed
drivestoday, but i nthe 1800s, astrononerstrackedthestarswthcl ockworkand
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To celestial pole

Straight up (align on Polaris)
Declination
Azimuth
Altitude
Right
Ascension
Polar
Axis
Wedge
Angle =
observer's
latitude
Altazimuth Equatorial
Mount Mount

Fgure8.1. Twowaystotrackthestars. A tazi nut hmount requires conputer-control | ed
not or s on bot h axes; equat ori al needs onl y one not or, no conputer. (FromHowt o Use a
Conput eri zed Tel esgope.

wei ghts, andinthe pre-tel escopi c era, TychoBrahedidit by nanual | y t urni ng
his great equatorial arnillary, aposition-neasuringdevice.

Atazi nut h nounts were not able totrack the stars until conputers were
added. The conput er conput es howf ast and i nwhi ch di recti ont o nove each
axi s, dependi ngonwhereintheskythetel escopeis poi nted. During setup, the
conput er hastobetol dt he exact positionsof at | east twostarssothat it canget
oriented.

Atazi muit hmount scantrackthestars, but theycan't stopthefel dfronrotat -
ing(H gure8.2) becausetheydon't rotatethesamewaytheskyisrotating. Wth
an al tazi mut h nount, “up” and “down” are not the sane cel estial direction
throughout al ongexposure. Asaresult, theinagetw stsaroundt he gui de st ar.

Sonel arge al tazi mut htel escopesincl udefel dde-rotators, whi charenotors
that rotatethe canerato keepupwiththeinage. Feldde-rotationnadeits
debut onthe Soviet 6-neter tel escope (the BIA6) in 1975. It is cost-effective
onfywthrelativelylargetel escopes; otherw sethe de-rotator costs norethan
an equat ori al nount woul d.

Mbre conmonl y, especi al |y as a begi nni ng experi nenter, if you' re tracking
w thanal tazi nut hnount, you si npl y t ake short exposures and conbi ne t hem
wthsoftwarethat canrotatei magesasit stacksthem(asal nost al | stacki ngsoft-
war e does) . Exposures as | ongas 2 ni nut es ar e possi bl el owi nt he east andwest .

Atazimith mounts are at a distinct di sadvantage because two notors
are running, not just one. The snoot hness of tracking suffers. Successful
ast rophot ography has been done in altazinmuth node, but | consider it a
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TRACKING WITH ALTAZIMUTH MOUNT
Image rotates; long exposure photographs are not possible

SOUTH
EAST WEST

TRACKING WITH EQUATORIAL MOUNT
Telescope rotates with image; long exposures work as intended

SOUTH
EAST WEST

Figure8.2. Trackingthestarswthanaltazi mithnount causes fel drotation, whi chcanbe
over cone by t aki ng very short exposures and doi ng arot at e- and- st ack. (Frofdowt o Use a
Conput eri zed Tel esgope.
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speci al i zed, sonewhat unreliabl e technique. Nonetheless, if you have an
al t azi mut h- nount ed t el escope, seewhat youcandow thit bef ore novi ng on.

Therest of thischapter andthenext will focus onequatorial nounts, which
relyononlyonenotor turni ngat aconstant speed. Youcanturnanal tazi muth
forknount i ntoanequatorial by puttingit onawedge and naki ng appropri at e
settingsinitsconputer.

The Rul es Have Changed

The rul es of the tracki ng and gui di ng gane are not what they usedto be. In
theflmera, thetel escope hadtotrack perfectlyfor 200or 30 minutes at atine.
Qui di ng corrections hadt o be made const ant |y, eit her by an aut ogui der or by a
hurman bei ng const ant | ywat chi ngast ar and pressi ngbutt onst okeepit cent ered
onthe crosshairs. neslipandthewhol e exposur e was rui ned.

It was al so inportant to guard agai nst fexure and mrror shift. During a
hal f - hour exposure, thetel escope andits nount coul d bend appreci ably. A so,
not ori ousl y, the novabl e mirror of a Schm dt —Cassegrai nt el escope woul d shi ft
slightly. For both of these reasons, gui di ngwas usual | y done by sanpl i ng an
of f-axi s portionof theinagethroughthe mai ntel escope.

Today, we commonl y take 30-second to 2- minut e exposures and conbi ne
themdi gitally. That nakes abi gdifference. Tracki ngerrorsthat woul dbeintol -
erabl e over half anhour arelikelytobenegligible. If thereis asudden junp,
we can si npl y t hrowaway one of the short exposures and conti ne t he rest.

Many nount s can track adequat el y duri ng a si ngl e exposure w t hout gui di ng
corrections.

At the sane tine, though, therul es have al so changed i nt he opposi t e way.

8 Rpixel s are so smal | that we can be ver ypi cky about the quality of the
tracki ngi napi cture. Measuri ngt heroundness of st ar i nages has becone acom

non practice. Accordingly, it iseasierthanever toget i ntoasituationwhereno
nount and gui der seemgood enough. Chapt er 9 addr esses t hese chal | enges.

Types of Equat ori al Mounts

8. 3. 1Fork Munt s on Védges

Afork nount becones equat ori al when you pl ace it on a wedge t hat poi nts
itsmainaxistowardthe pole (andtell its conputer that you have done so).
That’sall thereistoit. H gure8. 3shows ny ast rophot ogr aphy set up f r omabout
adecade ago: afork-nount edt el escope onaper nanent pi er w t hvari ous acces-
soriesnmountedonit. The mai ntel escope cannot be renoved fromt he f ork, but
sonetinesit isnot used; the gui descope and a canera“ri de pi ggyback. ”

el | - nrade wedges ar e st urdy, easytoadj ust, andheavylosavewei ght andto
t ake advant age of t hevi brat i on- danpi ngproperti es of wood, | built t hewooden
wedge showninF gure 8. 4f or portabl ework. Itsobvi ous drawbackisthat there
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F gure8.3. Theaut hor’ s DELRast r ophot ogr aphy set up, ci rca 2006. Meade LX200
tel escopew thsnal | honenade gui descope (| eftnost), 8 50 f nder scope,

CGanon 300-nm  f/ 41 ens, and Canon XTi (400D canera, nount ed equatorial ly

on a per nanent pi er i nthe back yard.

arenoadjustnents; theonlywaytoalignitsaxiswththepol eisbynovingthe
tripodlegsor alteringtheir length, andit only works at | atitudes cl oseto 34
nort h.

\igdul d- be wedge bui | ders shoul d note that t he nounti ng bol ts of a Meade
or (el estron tel escope are not in an exact equilateral triangle. Measure their
positions careful |y beforeyoudrill the hol es.

8. 3. 2Xy Trackers

If you don't al ready have a tel escope, or if you need naxi mumportability,
consi der usi ng a tri pod- nount ed sky tracker such as the i ot ron SyTracker
shown in Fgure 8.5. Thisis atiny equatorial nount (conplete wth pol ar
alignnent scope) that uses a wormdrive wth gears conparabl e in qual -
ity and size to those used in tel escope nounts. It’s good for |oads up to
about 2.5kg (fve or six pounds) and tracks accuratel y enough for 1-mnute
exposures wth focal Iengths up to 150mm | have done fne work with it
(Fgure7.18).

For the experi nenter on a budget, thereis an even cheaper option: a barn-
door tracker, whi ch consi sts of two pi eces of wood j oi ned t oget her by hi nges
whose axl ei s poi nted at Pol ari s, powered by a hunan bei ng turni ngaknobto
keepit i nsyncw ththe second hand of awat ch. For pl ans, seést r ophot ogr aphy
for t he Anat e(11999), pp. 120-121.
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F gure 8. 4. Theaut hor’s honenade wooden wedge, hel dt oget her wi t h | ar ge scr ews whose
heads were count ersunk and f1 1 edw thputty bef ore pai nti ng. Pol ar al i gnnent i s done by
novingthetripod! egs.

8. 3. 3Grnman Equat ori al Mount s (W)

The best - per f or mi ng nount s t hese days ar e Ger nan equat ori al nount s (W) ,

so cal | ed because t he Ger man i nst runent naker Joseph von Fraunhof er bui | t
thefrst one (installedin 1824 in Dorpat, nowTartu, Estonia). Lhlike afork,
a si ngl e BAMcan easi | y accormodat e nany di fferent tel escopes at different
tines. You can even nount abigcaneralensonit wthout atel escope. But a
@&Mi s consi der abl y nore conpl i cat ed t han a f or k nount .

Anat ony of aGEM

H gure 8. 6 shows a @&Mand gi ves t he nanes of theparts. Settingit upinvol ves
naki ngt heri ght ascensi onaxi s poi nt towardthepol e, andthereareal titudeand
azi mut h adj ust nent s f or t he purpose. Here are sone practical hintsfor setting
up a &M

e Transport t he nount headw t ht he br akes unl ocked, i f possi bl e, sothat not hi ng
Wil applystresstoit.

« |f thenount headi s heavy, consider usingacart tocarryit.

e Wenliftingthe mount head, gripit by the two ends of the declination axis
housi ng, under the saddl e and near where the counterwei ght bar energes.
These do not noverel ativetoeachother. If yougripthedeclinationand R A
housi ngs, younay dropthenount asit swvel saroundthe R A axis.

143



144

TrackingtheSars

Fgure8.5. i ptron SkyTracker i saportabl e battery-poweredequatorial nount that carries
just acanera. Built-inpolar scope enabl es good pol ar al i gnnent .

Al ways put t he count erwei ght s ont he nount bef oret het el escope, and put t hem
farther down t he bar than you t hi nk t hey need t o be. You want t he nount to

be count erwei ght - heavy unti| youbal anceit, sothat thetel escopewon’'t sw ng
down suddenl y i f abrakeis | oosened.

There are two ways to put atel escope into adovetail saddl e; you can either
slideitinfromtheendor layitinfromtheside. | usuallydothelatter sothat
nei t her of t he saf ety screws hastoberenoved. (They prevent t het el escopefrom
slidingout of aslightlyl oosenedsaddl e.) I norder tobal ance properly, oneof ny
tel escopes neededtosit farther forwardinthe saddl ethanitsrear saf ety screw
woul d al  ow sorather than dow thout the safety screw | built anextender to
placeit farther back (Fgure8.7).

Anct ori ous pecul i arityof the@Wi stheneedfor “neridianfip” (F gure8.8).
Because the tel escope i s besi de the right ascensi on axi s rat her than concentric
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Declination axis
(perpendicular to R.A. axis)

Saddle
Dovetail
bar
Dovetail
safety
screw
R.A. axis
(to pole)
Declination Dec. brake (clutch)
axis housing
R.A. brake (clutch)
Counterweight bar R.A. axis housing
Cqunter— Polar axis
weights altitude adjustment

Polar axis
azimuth adjustment

Safety screw
(3toe saver°)

Tripod Holder for

spreader control box
Fgure8.6. heof theauthor’s present setups, w th Gel estron AXnount, ADMsaddl e,
and CGel estronand i (ot ron count erwei ghts. Cabl es and control box omittedfor clarity. This
isavisual confguration; for gui ded phot ography, thistel escoperequiresalarger nount.

wthit, it cannot sw ngaroundtocover theentireskyw thout bunpi ngintothe
tripodor pier. Inparticular, it cannot track acel esti al obj ect acrossthe neri di an
for norethanashort di stance (maybe as nuchas anhour’ sworthof terrestrial
rotation, but not nore). Thesol utionisto“fip” thetel escopebyainingit at the
pol e, rotating 180eastwardinright ascension, andthenainingit at the obj ect

agai n. Wienthisisdone, picturesw || beupsidedownrel ativetothewaythey

were before the fip. Gonput eri zed mount s usual 'y do not per f or mneri di an
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F gure8.7. |nprovisedextender, nade f romal um numbar, repositions rear saf ety screwso
thetel escopecanslidefarther forward.

Figure8.8. Meridianfip. Left: Sartingtotrackacel estial object. Mddl e: Shortly after
crossi ngthe neridi an, tel escope cannot track further. R ght: Tracki ng conti nues aft er
tel escopei s fi pped.

fipautonatical | ywhiletracking, but they doperformit as neededtogotothe
obj ect s you speci fy.

8.4 Hrdware
8.4. 1ovetails

Part of the appeal of & i s that you can attach al nost any conti nati on of
equi pnent easily and sturdily to the nount using dovetail bars and rel ated
hardware (H gure 8.9). Hardware of this typeis al so used to pi ggyback cam
eras and gui descopes onto fork-nount ed tel escopes. The prenmier naker of
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Figure8.9. R ngsandother accessories areattachedtodovetail barsw thsocket - head
1/ 4%- 20 screws whose heads ar e sunk i nhol es or sl ot s on't he under si de.

dovetai | hardware i s ADMAccessori es (wwv admaccessori es. con), but there
are many ot hers.

There are two nai n si zes of dovetail bars, type D(Losnmandy) and type V
(M xen). Type Dislarger, 75mmw de at t he base, andt he si des sl ope 60f rom
thebase (that i s, 30romper pendi cul ar). Type Vi s 44 mmw de at t he base and
sl opes 75 (15 fromperpendicular). Wdths are not critical, sinceall dovetail
cl anps and saddl es are adj ust abl e. The t hi ckness of t he bar i s highly vari abl e,
but i stypical | y5to10mmf or Type Dand 10t 0 15T or t ype V. Type Ddovet ai |
bars often have al arger pl ate ontop, whichrestsonthetopof the saddl e; type
Vdovetail bars usual ly lack this plate and rest on the bottomof the saddl e,
al t hough bot h si zes ar e nade bot h ways.

Q her sizes exist. ADMpronotes a “nmini dovetail systeni (MX), 38 nm
W de, 60 sl ope. The Arca- Sn ssdovet ai | usedoncaneratri podsi s 37 mmw de,

45 slope. Sval | er dovetail sareusedtoattachfnderstotel escopes.

Unfort unat el y, sone dovet ai | saddl es nake vi si bl e mar ks ont he dovetai | bar
thefrst tineitisput intothem astheysecureit withscrews (FH gure8.10). This
i snot seri ous danage; you can expect t oseet hese nar ks ont el escopes t hat have
been set upinthe showoomevenif they have not actual | y been used. Anore
sophi sti cat ed t ype of saddl e avoi ds t he probl emby hol di ng t he dovetail ina
cl anp.

nel ast hint. Soneti nestheringsdonot hol dagui descopeor smal | refractor
hi gh enough above t he dovetai | bar; the focus knobs nay col | i de wi t h t he sad-

d e. If that happens, you can make aspacer out of afat al unm numbar w thtwo
holesdrilledintheright places, andinstall it betweenthedovetail bar andthe
rings. That i s nuch sturdier t han usi ng washers. Anore expensi ve sol utionis
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F gure 8.10. Sone saddl es nake nar ks ont he dovet ai | bar everytinethey areused. Thisis
not seri ous danage.

tostack aseconddovetai | bar, upsi dedown, ontopof thefrst one. Sill another
waytorai seatel escopeanay fromthe dovetail bar istopositionit off center in
itsrings, withthetopscrewbackedout andthel ower screwsfarther in.

8. 4. 2 Gunt erwei ght s

8.5

The j ob of acount erwei ght i sto be heavy enough, stayinplace, and not bunp
intoanythi ngasthetel escope noves. Besuretopositioncounterwei ght | ocki ng
screws sothey extendinthesanedirectionasthefront of thetel escope, sothey
W Il not protrudetowardthe nount andbunpintoit.

Several popul ar nount s have 20- nmshaf t s and can t ake each ot her ’ s coun-
terwei ghts. Thisisfortunate, because Gl estrondoes not nake a count erwei ght
I'i ght enough to bal ance ny A/X nount whenit is carryingonly atel ephoto
I ens; ani Qptron 2-kg count erwei ght does thejob. (Cel estronshafts arenot 3/4
i nch, as sone vendors’ catal ogs i ndi cate; that woul d be only 19 nrm) Larger
nount s f romsever al nanuf act urers have 1 1/ 4-i nch shaft s (32 nm).

Qount erwei ght s ar e expensi ve t o shi p cross- count ry because of their wei ght.
Unfortunat el y, nobody presently nakes a nount that takes standard barbel |
wei ght's, abundant i nevery sporti ng- goods st ore.

SettingupaGnputeri zed Equat ori al Mount

Al equatorial mounts conew thdetailedinstructions, but what | want to do
here i s addr ess sone under | yi ng pri nci pl es. Thi s secti on deal s w t h conput er -
i zed“go-t 0" nount s;* t he next, wi thcl assi ctechni quest hat appl y t o any nount .

1| spel | igo-t,ot 0 avoi d conf usi onvi th Gt o, adi sti ngui shed Japanese pl anet ari umconpany
(wwwv got 0. co. j p).
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8. 5. 1The D [erence Bet ween Pol ar and G-to Al i gnnent

Pol ar al i gnnent neans naki ngt he axi s of t he nount physi cal ly parall el tothat
of theearth. It can only be done by novi ng t he mount, not by enteringinfor-
nationinto aconputer. Go-to alignnent i s a separate process that invol ves
sightingstarsandtel lingthenount’s conputer wherethey are.

For avi sual observingsession, it issuffcient topoint thepolar axi s roughly
toward the pol e and then fol |l owthe conputer’s pronpts to si ght and cen-
ter stars. Wen this is done, the tel escope can “go to” objects very accu-
ratel y and track themnoderatel y wel I, but it does not track wel | enough for
phot ogr aphy.

During go-toalignnent, thetel escope neasures theerror of its polar align-
nent. It corrects for this known error when fnding objects, but not when
trackingthem It tracksw thjust onenotor, drivingonlytheright ascensi onaxi s
for snoot hness’ sake. However, sinceit has neasuredits pol ar al i gnnent error,
it canusethat informati onto hel p you do a nore accurate pol ar al i gnnent —
nor e about that shortly.

8.5.2Don't Judgeit bytheF rst Sar

Acommonnmistakeistojudgethequal ity of ago-tonount by howwel | it fnds
thefrst al i gnnent star. Infact, however, whenfndi ngthefrst go-toal i gnnent
star, thenount isjust guessing. It hastoassunethepol ar al i gnnent i s perfect,
thenount headis perfectlylevel, thedate, tine, |atitude, andl ongitude are set
perfectly, thenount startedout exactlyintheindexposition, theindexposition
actual lyi swheretheencodersthinkitis, andthedeclinationandri ght ascensi on
axes are perfect|y perpendi cul ar (perfect orthogonality, no“coneerror”).

By theti ne you have shownit twostars, it isonlyassunmingthat the axes are
per pendi cul ar. After youshowit twoor threeadditional stars, it isn’'t assuning
eventhat. It srelyingonits ow neasurenent s i nst ead.

The bi ggest unknown, whenfndi ngthefrst star, i susual l ytheinitial position
of thet el escope. Typi cal | y, whenyouset t he nount t ot hei ndex nar ks, youdon'’ t
achi eve arc-minut e accuracy; it’s easytobeadegreeor two of f. Then, novi ng
aknown di stance fromaguessedinitial position, thenount failstohit thestar
precisely. Noproblem that’ s why you are goingtocenter thestar andtell the
conput er you have done so.

Sone nounts try tolearnthe actual (slightly inaccurate) positions of their
i ndex nar ks so t hey can nake a better guess next tine. Reportedly, sone ver-
sions of the frnware of sone Gel estron nount s have had an error that causes
thisprocesstonal function, resultinginsubstantial right ascensi onerror onthe
frst star thenext tinethenount i sset up. It was correctedinafrnwareupdat e.

At nopoint inthis process of go-toalignnent have you had t o do a preci se
pol ar al i gnnent. Your nount canfndobjectsveryaccuratel yevenif theaxisis
several degrees off the pol e.
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8. 5. 3Must You Level theTri pod?

A common mistake is to be fanatical about |eveling the tripod precisely. A
nonent’ s thought will tell you that tracki ng depends onthe pol ar axis, and
go-t 0 accur acy depends on neasur ed st ar positions, and neit her one depends
onthel evel ness of the structures supportingthe nount.

Wien guessi ngt heposi ti onof thefrst star, thenount assunesthat thetri pod
islevel, but that’sall. Assoonasyoushowit twostars, it dropsal | assunpti ons
about thetripod. Youcan proceedtodoavery preci sepolar alignnent, andit
still doesn't natter whether thetripodis|evel, althoughsoftwareassunesit is
appr oxi nat el y so.

Level i ng does natter, at | east i n an approxi nat e way, when you ref ne t he
pol ar al i gnnent wththeai dof thenount’s conputer or wththedrift nethod
(bot h of which |’ mabout to describe), because these t echni ques assune t hat
whenyou retoldtonove the nount inaltitude or azimuth, that i s what you
W || do, rather thannovi ngat sone cockeyedangl e, andthat, i nturn, assunes
themount i sl evel.

Havi ngsai dthat, | et neaddthat |’ vedonethe mat henati cs, andt he ef f ect of
havi ng t he nount one or two degrees awnay froml evel is al nost i nperceptibl e
unl ess you' restartingwithatruly enornous pol ar al i gnnent error. | do have
abubbl elevel onnytripod, but | only checkit casually. If your nount | ooks
level, it islevel enough.

8.5.4Hntsfor ®-toAignnent

The go-t o perfornance of thetel escopew | | benobetter thantheaccuracyw th
whi ch the stars were cent ered duri ng set up. Use an eyepi ece wi th crosshai rs,
and be suretoapproach al | the starsthe saneway (Wththe“up” and“right”
buttons ona Gel estron hand control l er —that inpliesthat just beforethe fnal
centering, youusetheother twobuttonstoput thestar off center). Don't change
theorientationof your di agonal bet ween one star andt he next .

Sar msidentifcationisthenost conmon cause of al i gnnent probl ens, and
it happenst oevent he nost experi enced observer. Just beforewitingthi s chap-
ter, |1 had an observi ng sessi ont hat began strangely, withthe nount reporting
a 4-degree pol ar alignnent error. It turned out | had msidentifed Polaris! |
sawa star inthe pol ar scope and assuned it was theright one. But it was an
exceptional |y clear night, all the stars|ooked brighter thanusual, and i nstead
of second-magnitude Pol ari s, | was actual |yl ooki ngat fourth-nagni tude Del ta
U sae Mnori s.

Think of theperilsthat anait if thetel escope sl ewstoastar youdon't rec-
ogni ze, says “Center O phda,” and then “A i gn O phda” and you assune t he
star i s O phdaw t hout checki ng. A ways | ook at t henap. |t canbehandyt ouse
bi nocul ar s t o conf r mwhat you' re goi ngto seeinthe f nder scope.
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8.5.5G-toAignnent wthjust aTel ephot o Lens

You can performgo-toal i gnnent w t hout atel escope. | f your nount i scarrying

not hi ng but atel ephoto | ens (about 150 nmor | onger), use your D8LRitsel f,
inLiveMew tocenter stars. Magni fy the star i mages as much as possi bl e and
center themi nthe screen, possiblyputtingasnal | narkonit (oncl ear tape) for

t he pur pose. Sone caner as showadot i nt heniddl e of t hennagni fedLi veM ew
display; it’sagreat hel p. Sone Canons havethe optiontodisplay agrid, and

| get goodresults by centeringastar exactlyonthecentral gridlines, view ng
the screenw t h a magni fyi ng gl ass.

8. 5.6 Wsing @-toA i gnnent t o Refine Pol ar Al i gnnent

Anount that has been aligned for go-to has neasured its pol ar al i gnnent
error. Miny nounts canusethisinfornationtotell youhowtorefnethe pol ar
al i gnnent .2

As anexanpl e, herei showCel estronnmountsdoit. ThenethodiscalledA | -
Sar Polar Alignnent (ASPY. Thefrst stepistoset upthenount wthitsaxis
roughl y poi ntingtowardthepol e, anddoaful | go-toalignnent, preferabl ywth
four calibrationstarsaswel | astheinitia twalignnent stars.

Thengot oananedst ar t hat i snoder at el y hi ghi nt he sout her nsky (t henort h-
ernskyif you' reinthe southernhenisphere). Asoi dstars near thepol eor | ow
inthe east or west. (If you choose an unsuitabl e star, the adjustnent will be
hardt o nake because t hetwo di recti ons i nwhi ch you nove t he nount wi | | not
be perpendi cul ar; but if you nake it successfully, the adjustnent will still be
accurate.)

Next, press Align, Osplay Align. You' Il be shown t he neasured al i gnnent
error i ndegrees, mnutes, and seconds.

BackuptoAign, Ali gnMunt, andst ept hrought he procedure. Thet el escope
W || agai nsl ewtothestar youchoseandaskyoutocenter andalignonit. Next,
the nount w | I nove sone di st ance away fromt he star. By adj usti ngthe pol ar
axi s al ti tude and azi nut hyi t housl ew ng t he nount, bringthis star backinto
thecenter of thefel d. Thenyou' re done.

If youDsplay Aignagain, theerror will be shown as all zeroes, whichis
neani ngl ess; thenount isjustassum ngou veelinnatedal |l theerror. Tofnd
out howwel | youactual | ydid, youneedtoalignall over agai n. Choose Menu,
Uilities, Hone Position, @ To, thenturnthenount off, thenturnit onanddo
thego-toalignnent all over again.

If theinitial error was large, you nay fnd you need to go through the
whol e process agai n. Usi ng CGel estron ASPAon ei t her of ny two mounts, | get

2 Early nethods for doi ngthisdidnot workwel |, andl didnot recormendthemin Howt o Use a
Conput eri zed Tel esclephnol ogy has advanced.
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reproduci bi | eal i gnnent accur acy of about’§that i s, about 1/ 12 degree), whi ch
i s good enough f or al nost any pur pose.

8.6 d assi c Met hods
8. 6. 1F ndingthePol ei nthe Ky

Nowfor net hods that don’t requi re conput erized nounts, though they cer-
tainlyapplytothem The obviouswaytoalignanount istofndthe cel estial
pol einthesky, thenpoint thepolar axistowardit.

Here’ showi t’ sdone. | f your nount has apol ar scope, useit. Q herw se, poi nt
your tel escope exactly parallel toits polar axis and useits fnderscope. Don't
trust theindexnarkor the 90 mark ont hedecl i nationcircl e; checkitsaccuracy.
(I vasoncefrustratedbyatel escopethat was about 2f f w t hout ny know ng
it.) Asonakesurethefnder islinedupwththenaintel escope.

Thenuse astar mptofndthe celestial pole. Inthe Northern Hem sphere,
thi s neans | ooki ngfor Pol ari s, but Pol ari sis 2a@ay fromthetrue pol e. The
chart inF gure 8. 11 nakes fndi ng t he t rue pol e a snap. Wenthe out er part of
thechart islinedupw ththeconstellationsinthesky, theinner circl eshows how
Pol ari s shoul dl ook i nt he f nder scope or pol ar scope. For exanpl e, i f Cassi opei a
isdirectlyabove Polarisinthesky, thentocenter aninverting pol ar scope on
thetruepol e, put Polarisonthering, belowandalittleleft of center.

Adj ust the nount sothat Polarisisright onthecrosshairs, andthennoveit
slightlysothat Polarisis 2@ay fromthe pol einthedirectionspecifedby
the nap. Thenyou' re done—or rather, you' reready torefnetheal i gnnent by
thedrift net hod.

8. 6. 2 Mre about Pol ar Scopes

I f your equat ori al nount has apol ar scope, youw || probably fndthat you can
only seethroughit whenthe saddl ei s turned si deways, toai mat el escope 90
anay fromthepole. Don't l et thisnystifyyou. Not all nounts havethis quirk.
The pol ar scope nust of course be alignedsothat itsreticleis centered on
thetruedirectionof thenount’ sright ascensionaxis. Todothis, ai mthe pol ar
scope at adistant obj ect i nthe daytine, such asthe sideof abuildingor tree,
andtw rl thenount arounditsright ascensi onaxi swhi | eyouwat ch. The cent er
of rotation—that is, thepoint onthe buildingor treearoundwhi chthe others
seemtorevol ve—shouldbeinthecenter of thereticle, onthecrosshairs. Ifitis
not, adj ust thereticletotakehg ftheerror, andtry agai n. Thi s process can be
diffcult but only hasto be done once, and naybe checked once a year.
Instead of using F gure 8.11, you can get a very accurate pi cture of where
toput Polaris onyour pol ar scope reticle by usi ng ani Phone app. Three t hat
| recormend are i Qptron Pol ar Scope, Pol ar ScopeaAd i, ar Scope Al i gn
Pro,all inApple' s App Sore. Themddieoneinthelist isfree, andthelast
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Figure8.11. F nder chart for Polaris. Rotatechart until outer constel | ati ons nat ch your
naked- eye vi ewof t he sky; center of chart t hen shows vi ewof Pol ari s throughafnder or
pol ar scope.

oneis exceptional ly full-featured —it gives you the tines of sunset and tw -
l'ight, weat her dat a, and nany ot her t hi ngs, aswel | as accurat e pi ct ures of nany
di fferent brands of pol ar scopereticl es.

Wthny chart or agood app, | cangenerallyaligntowthinl/3wththe
pol ar scope. Qherscandobetter. For theul tinatei naccuracy, t hough, youcan
| et a canera do the work. The CHY Pol emast er (waw ghyccd. con) is atiny
canerathat attaches to your nount (whether or not it has a pol ar scope) and
connect stoyour conputer. Thenit sightsandidentifesstarsnear thepol e. The
caner a does not havetobe al i gnedw th your nount’ s axis; it deterninesthe
axi sof rotati onas younovethenount i nright ascensi on. Thenit tellsyouhow
toadj ust t he nount t o naket he t wo axes coi nci de; you per f or mt he adj ust nent
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Tabl e 8. 1Howt o0 adj ust your pol ar axi susingthedrift method.

Drift Method Al i gnnent

Sar highinthe SQJIH near declination0
InS Henisphere, star highinthe NORTH near declinationO
If star drifNSRTH2 ®  per ninute, nove pol ar axi /8 R GHT.

NORTH4 @ U4 RGT.

NORTHS @ 12 RGT.

NORTH16 % 1 RGT.
I f star dri f83JH do t he opposi te.

Sar at 40 N lowi nEAST, =60 fromneridi an
InS Hemisphere, star at 40 S |owi nVEEST, =60 fromneridi an
I f star dri fNGRTH2 O per ninute, nove pol ar axi </8 DOMN

NRH4 O 14 DOM

NORTH8 ¥ 12 DOM

NRH16 ¥ 1 DOM
I f star drif83JH dot he opposi te.

by superi nposi ng i nages ont he conput er screen. A i gnnent accur aci es bett er
thanone ar c- m nu¢¥ 60 of adegree) arereport ed y achi evabl e.

8.6.3TheDrift Met hod

Thesureway t ocheck andref neyour pol ar al i gnnent i scal | edthedri ft net hod.
Wiat youdoi s check whet her starsintworegi onsof theskyaredriftingnorth-
wardor southwardrel ati vetothetel escope’ stracking. Youcandothisw thout
aconputer; youcanevendoit w thout anotor drive, novingthetel escopein
ri ght ascensi on by hand.

You' || need an eyepi ece with doubl e crosshai rs whose separation corre-
sponds t o a known di st ance i nt he sky. To neasuret he separ ati on, conparethe
crosshai rstoadoubl e star of known separation, or poi nt thetel escopeat astar
near thecel estial equator andtineitsnotionw thyour notor driveconpl etely
turnedoff. Suchastar will nove 1% per second of ti ne.

Thenturnonthedrivenotor andtrackacoupl eof stars. FHrst trackastar near
declinationQ highinthesouth. Genter it onyour crosshairsandseeif it stays
there. Measure howfast it seenstodrift northor south, andthe upper part of
Table8. 1wl tell youhowt o adj ust your tri pod.

Qily northward or southward drift is signifcant. If the star drifts east or
west, bringit back intothe center of the feld (by novi ng east or west only)



8.7. HowAccuratel y Mist Vé Pol ar-al i gn?

bef ore maki ng t he neasurenent. I nfact, youcandodrift alignnent w thout
runni ngthedrivenotor at al | —j ust center thestar, wait afewninutes, andtryto
re-center thestar by novi ngthetel escope by handinright ascensi ononly.

hceyou veadj ustedt hepol ar axi sinthel eft—right directi on(azi nuth), track
astar that islowintheeast, arounddeclinatia® , and usethel ower hal f of
Table 8.1toadjust the polar axisinaltitude. You can continue t he process to
achi eve any desi red | evel of accuracy.

Table 8.1 also gives directions for drift nethod al i gnnent in the Southern
Heni sphere, where the drift nethod i s nore necessary because there is no
bright pol estar.

8.6.4 Automated Dri ft Met hod

I nst ead of an eyepi ece wi th crosshairs, you can use your gui descope for drift-
net hod al i gnnent, i f you have one. Aut onat ed versi ons of the drift net hod
areprovi dedi nPHD2 aut ogui di ng sof t war e,PEMPRO nount -t est i ng sof t war e,
and ot her packages. They work whet her or not your nount i s conput eri zed.

d course, any softwarethat will di splay aninmage onthe screenw || hel pyou
performthedrift net hod nanual | y.

8.6.5Wythelrift Methodis Best

8.7

The dri ft net hod has a superpower. Recal | that what you actual | y want i s not
perfect pol ar al i gnnent, but perfect tracking. | f soneki ndof fexureisgradual |y
shiftingtheimagewhil eyoutrack, you dliketoconpensatefor it —andthat’s
what the drift nethod does. | nstead of givingyou perfect alignnent wththe

earth’saxis, thedrift net hod gi ves yahat ever al i gnnment wi |l | keepthestarsfrom

driftind.your nount issufferingslight overall fexure, thedrift nethod wll
set upanequal andoppositedrift tocounteract it.

For thistowork, of course, you havetodothedrift nethodinthe area of
sky whereyouw | | be phot ogr aphi ng. You nay evenwant todoaseconddrift-
net hod al i gnnent when you nove t 0 anot her ar ea of t he sky.

HowAccur at el y Must Vé Pol ar-al i gn?

Anequatorial nount, evenaconput eri zed one, tracks the starsw thonly one
notor, drivingtheright ascensionaxis. (It usesits declinationnotor togoto
obj ect s andt o accept corrections froman aut ogui der.) Accordingly, thequality
of tracki ng depends on pol ar al i gnent .

The ef fect of pol ar axisnisalignnent istonmaketheinmagedrift. Thedrift can
beinanydirectionbut al nost al ways has a st rong nort h—sout h conponent .
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The greatest possible drift is about 16 arc-seconds per minute of tine per
degree of alignment error. Innany situations, theactual drift isnuchless, but
tobesafeintheworst case, w t hout naki nggui di ngcorrections, younust al i gn
asfoll ows:

If youcantol erate™of drift per mnuteof tine, younust aligntowthinl/16
degree (that is, just undef)4

I'f youcantol erate™of drift per mnuteof tine, younust aligntowthin1/4
degree (that is, 95

Thefrst criterionisthestrict one; drifticf i kelytobe*“lost inthe noise”
becauseit i s conparabl etotheerrorsfromfexureof portabl e mounts andfrom

at nospheric effects. The second criterionis nore applicabl e to focal |engths
under 500 mm and it shows why sky trackers usual |y performwel | when
alignedw th apol ar scope. Ay drift | ess than about?5s goingtobelost in

t he noi se of peri odi c gear error.

I f youdomnake gui di ng corrections, drift doesn’t natter, and your onl y con-
cernistheother effect of msal i gnnent —feldrotation. Suffceit tosaythat feld
rotati onlarge enoughto affect your picturesisunlikelytooccur. To getoD. 1
feldrotationina 10-mnut e exposure of astar onthe cel estial equator, youd
havetobe 2.5 off thepol e. Recal | that fel drotationdoes not depend on nag-
ni fcation(sincearotatingwheel, viewedthroughatel escope, still rotatesat the
sane speed), anddon’t betrickedbyl ensaberrationsthat | ooklikefeldrotation
(F gure 7. 13§.

Abetter reasontowant good pol ar al i gnnent i s sothat your gui di ng correc-
tionsdon't havetobetoolarge. Inparticul ar, correctionsindeclinationinvol ve
runni ng a second not or (besi des theright ascensi onnotor that i s al ready run-
ni ng), and sone ast rophot ogr apher s pref er not to nake them (Wth an ol der,
non- conput eri zed nount, you night not even have a declination notor.) In
that case, pol ar-align as accuratel y as you can, and nake corrections only in
ri ght ascensi on.

The effect of pol ar axi s msal i gnnent i s descri bedi n nore det ai I1Ashr opho-

t ogr aphy f or t he Anat(4089), pp. 278-282.

3 Feldrotationdoes becone i nportant when you' re phot ogr aphi ngi nt he i rmedi at e vi ci ni ty of
thepol e; obviously, if thestarsarerotatingaroundone pol e, youdon't want your canerato
rotatearoundadifferent pol ethat i snot near thetrueone. It canactual lybebetter toturnthe
drivenotor off conpl etely.
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Chapt er 9
Preci si on Tracki ng and Gui di ng

Nb tel escope nount tracks the stars perfectly, but sone do better than oth-
ers. Astrophotography at | ong focal |engths al nost al ways requi res gui di ng
corrections. Inthe past this neant the astrophot ographer had t o wat ch a star
conti nuousl y and press buttons to keepit centeredonthe crosshai rs. Thi s was
an agoni zi ng process when f | mexposures t ypi cal | y | ast ed an hour.

Nowadays we use aut ogui der s, whi chwat chthe star autonatical ly, or el se,
i ncreasi ngl y, we nake exposures short enough, andtune our nount s careful |y
enough, that nocorrections are needed. Thisis presently anareaof rapi dtech-
ni cal progress—and, if you' renot careful , of great potential frustrationbecause
expectations arerisingsorapidly, and because we havethe abilityto neasure
i nper f ecti ons nor e preci sel y t han ever bef ore.

Wiy Tel escopes Do not Track Perfect |y

Thereareat | east four reasons at el escope doesn’ t track perfectly. Thet wo nost
i nportant are pol ar al i gnnent error, whi ch you can correct with better pol ar
alignnent, andirregul aritiesinthegears, whi chcanbe addressed by recordi ng
and pl ayi ng back aut omat i ¢ corrections.

Thethird factor i s atnospheric refracti on: objects very close to the horizon
appear slightly higher i ntheskythantheyought to, andtheextent of the effect
depends onhumidity, soit’snot conpl etel y predi ctabl e.

Thefourthis fexure (bending). BEvery nount bends alittleastheloadshifts
posi ti onduring al ong exposure.

Qhanllisecondtinescale thereisaffthfactor, “seeing,” or at nospheric
unst eadi ness. M sual observerstal k of “good seei ng” whentheair i s steady and
fnedetail isvisible, and“bad seeing” whenit isn't. Evenwhenthe seeingis
rel ativel ygood, star i nagesdon't holdstill; theyjunparoundrandonty, sone-
tines as far as several arc-seconds, andw ggl e const ant |y over di st ances of one

157



P eci si on Tr acki ng and Gui di ng

arc-second or so. That i s one reason star i nages i n | ong exposures are al ways
nmuch | arger thanthe snal | est i nages t he opti cs ar e capabl e of form ng.

9.2 Mist V& Make Gui di ng Gorrecti ons?
9. 2. 1Soneti nes, no

Many DELRent husi ast s make no gui di ng correcti ons during t he exposure. In
thefl mera, thi swoul dhave beenabsurd, but it’spossibl etodayfor several rea-
sons. Eguatorial mounts are better built thanthey usedto be; they track nore
snoothly. Drift-nethod al i gnnent has cone i nto w de use, | eading to nore
accurate pol ar al i gnment. Periodi c-error correction (PEQ greatly snoot hs out
t he t racki ng.

Mbst i nportantly, exposures areshorter. I1t’ s mucheasi er toget two mnutes
of acceptabl etracki ngthan20. Infact, periodi cgear error beingwhat it is, sone
1- minut e exposures are bound to be wel | -tracked even wi th a cheapl y nade
nount . You can sel ect the best ones and di scard the rest. You can even wor k
W t h 30- second or 15-second exposuresif that’sall your nount wil | pernit.

Fgure6.3isanexanpl e. Wthafocal | engthof 420mm | needed no gui di ng
correctionsfor any of the501- mi nut e subst akenw t han A/Xnount usi ng PEC
That isasetupl useregul arly.

9. 2. 2 AFutil e Qiest

At the sane tine, | want to caution you agai nst undertaking a futile quest.
“1 can get ungui ded 3- nminut e subs,” says one ent husi ast i n an onl i ne forum
and i nmedi at el y soneone wi t ht he sane ki nd of nount responds wi t h di snay,
“l can’t.” Maybe t he second ast rophot ographer i s just nore critical of picture
qual ity; naybe hehasn’'t trai ned his PECaswel | ; or naybeit’sjust | uck.
Exceptional | y good nount s can soneti nes gi ve 10- ni nut e subs, but even
the best nount i sn’t i mune t o at nospheric refraction or fexure. (bservat o-
rieswthpernanent!yinstall edequi pnent nake el abor at e conput er nodel s of
thei r pointingandtrackingerrors, nake correctionsinreal -tine by conputer,
and of ten get 5-ninut e subs w t hout gui ding. But withportableor potentially
portabl e equi pnent, it’'s generally better to go ahead and use an aut ogui der
whenit’s needed.

9.3 Munt Perfornance
9. 3. 1+owTracki ngEror i s Measur ed

Lhl i ke our predecessorsinthefl mera, today wecaneasily neasurehowwel | a
nount i stracki ng. Any of vari ous sof t war e packages —whi chl’ | | get to—cant ake
repeat ed short exposures of astar through an astrononical vi deo canera and
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Example of a period
with much better guiding
than the overall average

+6°

+4° Peak-to-peak error 8.5°

420 RMS error 1.3°
2 oo Average error 0.9°
i}

+2° Star image size

2+« RMS =2.6°
+4°
+6°

0 100 200 300 400 500
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Figure9.1. Trackingerror i s neasured by taki ngfrequent short exposures of astar and
plottingits apparent novenent. Seetext for nat henati cs.

plot its apparent novenent. G course, wth perfect tracking, the star woul d
stand still. Inreal life, youget agraphlike Figure 9.1, plus any of several
nuneri cal neasurenent s of hownucht he st ar i nage noves ar ound.

Theerror i sneasuredinarc-seconds, andthe smal | randomf uct uati ons (up
to 2Y and occasi onal | y nore) ar e due t o at nospheri ¢ unst eadi ness.

The anount of error can be neasur ed several ways. Gonsi der a sequence of n
consecuti ve error neasurenents; cal | themy;Xo;Xs  Xn. Thenthepeak-t o- peak
error i sthe naxi numni nus t he m ni mum

Peak-to-peak erro=Xmx  Xnin:

Thetroubl ew thpeak-to-peak error isthat it neasures onl ytheextrenes of the
error, whi ch nay be nonent ary f ukes. V& drat her have sone ki nd of aver age

that shows hownuch error i s constantly present aswegoal ong. That | eadsto

t WO nor e neasur es:

Average error = (jXgj + jXof + jXgj +  + jXpj)=n;

q
RvBerror = (X12+ X2 +X32+  +X,2)=n:

That i s, for theaverageerror, sinplytreat al | theval ues as positive, and aver age
them For the RMBerror, squarethemal I (whi ch nakes t hemposi tive), average
them andtakethesquareroot. RVS standsfor “root - nean- square, ” root of t he
nean of t he squares.)

These sane statistics are al so used t o neasure ot her fuctuating quantities,
suchas the di fferences bet ween pi xel s; the RMBerror i sthe standarddeviation,
the average error i s al so known as t he aver age absol ut e devi ati on (A2D, and
youw | | sonetines seethe nedi an used i nst ead of t he aver age ( nedi an abso-
lutedeviation, MD. GQuidingerrorsareneasuredrel ati vetozero, but i not her
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situations fuctuations arereferred to the average val ue of what ever i s bei ng
neasur ed.

There are no formul ae to interconvert peak-to-peak, average, and RVB
error because the rel ati on bet ween t hemdepends on t he shape of the wave-
form As aruleof thunb, though, RMBerror i s nuch | ess t han peak-t o- peak
error.

Fgure 9.1 consists of real datafromone of ny nounts, and it al so shows
anot her inportant fact: there are periods of aninute or twowhentrackingis
nmuch better thanoveral |, whenthe gears hit asnooth spot. | f you have |l ot s of
tine but not avery good nount, youcansi npl ytakel ot s of subs andt hr owout
twothirds of them retai ni ngtheonesthat happenedtotrack well .

9. 3. 2FeriodicGar Eror

The dri ve nechani smof any noder n nount consi st s of anot or; agear box con-

tai ni ngsmal | spur gearstoreducet he speed; aworm whi chis ascrew shaped
conponent that engages theteeth of agear andturnsit; and the driven gear
itsel f, whichhas sl antedteethtonatchthewort

Mbst of the tracking error of atypical nount recurs every tine the worm
turns. Nowormi sperfectlysnooth, regul ar, andcent ered. Accordi ngly, at sone
pointsinthewormsrotation, thennovenent of thedrivengear isabit toofast,
and at ot her points, tooslow Thisiscal peadti odi c er(fd). It canbe corrected
by recordingtheerrors andaut onati cal | y varyi ngt he not or speedt o nake up
for them(peri odi c-error corr€EC .on

Dependi ng on t he desi gn of t he nount, each turn of t he wor mt akes 4, 8, or
10 mnut es (techni cal | y mnutes of sidereal tine, whichare 99.73%thelength
of normal mnutes). Many, though not all, nounts are desi gned with i nteger
ratios of thesnal | er gearsnearer thenotor. That nakes t hemnesh ont he sane
teetheverytinethey goaround, sothat they donot i ntroduce periodicerrors
recurring at interval s longer thanthe rotati on of the worm That nakes PEC
nore eff ecti ve.

F gure 9.2 shows the neasured tracki ng error of ny Gel estron A/ plot-
tedw thPEMPRO software, asthewormwent throughslightly norethantwo
cycles. Fortunately, asnall drift (probably dueto polar alignnent error) kept
t he curves fromover| appi ng, so you can see them The overal | periodic error
has t he shape of asi ne wave w t h an anpl i t ude of about 24”. Eventhe snal | est
fuct uations, though, arenostlyrecurrent.

The fgure al so shows that al though the total error i s®4eak-to-peak,t he
error duringany gi ven one- or two- n nut e peri od ivhinelths s, nakes
ungui ded subs practical, evenif periodicerror isnot corrected.

1 Sone peopl e use t he t erm wor mgeart o denot e t he wor m but it nore properlyreferstothe gear
that t hewormdri ves.
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0:00  1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00
RA Worm Phase (Minutes)

FHgure9.2. Measuredtracki ngerror duringslightlynorethantwo cycl es of thewormof a
Gl estron A/X Not e hownuch of theerror i srecurrent, includi ngsnal | fuctuations.

Fgure9.3. Al gears have sone backl ash (spacetonovefreely), or el setheywoul djam

9. 3. 3Backl ash

Backl ash (K gure 9.3) is free novenent of gears (including gears driven by
wor ns) duet ospacebetweenthem It nornal |y does not af f ect tracki ng because
one gear i s drivi ng anot her fromone si de, andt he free space onthe ot her si de
does not natter.

However, an excessi vel y wel | - bal anced nount can wobbl e back and forth
across i ts backl ash, produci ng st range gui di ng probl ens. Munt s act ual |yt rack
better whenthey areslightly out of bal ance—not enought o creat e aheavy | oad,
but enoughtotakeuptheslackinthegears. That is often achi eved by novi ng
a count erwei ght perhaps an i nch fromt he posi ti on of best bal ance. The nount
shoul d be j ust on the verge of novi ng when t he brakes are rel eased. Inright
ascensi on, the nmount shoul d be east - heavy; that is, the counterwei ght shoul d
betotheeast of the perfectly bal anced posi tion. Wet her t hi s neans novi ngit
up or downt he shaft depends onwhi ch si de of t he neri di ant he nount i s on.

Al gears have to have sone backl ash, or they will jam Munts can be
adjustedinternal |y toreduce backl ash, but tryingtoconpletelyelimnateitis
not agoodidea. It isnot uncormon for t he backl ash of a portabl e @wto be
as | arge as 126.
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Backl ash i s nost not i ceabl e when you are usi ng t he t el escope vi sual | y and
sl ew ng by pressi ngbuttons. Specifcally, i f yousl ewinonedirectionandthen
the oppositedirection, the second novenent wil |l not start i medi atel y; there
W || be a pause of a second or two (or nore) totake up backl ash. Sewngin
ri ght ascension, youw || see another effect: when you sl eweast (oppositethe
direction of tracking), the novenent conti nues for afewseconds after you | et
goof thebutton. That is becausetracki ngdoes not resune until the backl ashis
t aken up.

Gonput eri zed nount s i ncl ude el ect roni ¢ backl ashcorrection. Youcantel | the
notors to nake an extra, fast “junp” to take up backl ash when t he sl ew ng
reversesdirection. Thisisveryhandyfor visual observersbut canw eak havoc
W thaut ogui ders, and| usual | yl eaveit set tozero. Hwever, sonenountsw th
| ar ge backl ashnmay beneft fromparti al el ectroni cbackl ashcorrection, especial |y
i ndeclination.

9.3.4Hexure

9.4

Al equi pnent bends noti ceabl y as you noveit around. Recal | that anerror of
one arc-second i s bi g enough to noti ce, and™is 1/ 206265 of aradi an, whi ch
neansit isabout Spartsper mllion. That is, itisequivalenttonovingtheend
of al-neter-1ongrodby adi stanceof 0. 005mMm nuchl essthant he di anet er of
agrai nof sand. Anunwant ed ar c- second of fexureisveryeasyto get.

Thereisoveral | fexofédheentirenount and i nstrunent package, anddi f -
ferential fexwirtde gui descope versus the nai ntel escope. The forner is just
anot her sour ce of tracki ngi naccuracy; thelatter i saserious probl em andwe do
our best toelimnateit by nountingthe gui descopesturdilyor usinganoff-axis
or on-axi s gui der.

(ne unobvi ous source of differential fexureis novenent of themrror ina
Schm dt —Cassegr ai nor Maksut ov—Cassegrai nt el escope(“mrror fop”), usual |y
not a seri ous probl emw t h short exposures. The mirror has t o be novabl e f or
focusi ng, but sonet el escopes, i ncl udi ngt he EdgetDseri es, i ncl ude aprovi si on
tolock downthenmrror duri ngan exposure.

Atypical rateof overal | fexurew thaportabl enount i sontheorder of fler
mnuteof tine. Al fexure, overal |l anddifferential, includingmrror fop, tends
t 0 be wor se — of t en nar kedl y wor se —when t racki ng across t he neri di an. That
iswhenthe directionof theload on every structural conponent i s changi ng
fastest. Many of us get nuch better resul ts tracki ng objects that are about 30
anay fromthe neri dianineither direction.

Peri odi c-error Qorrecti on(PEQ

Perhaps the single nost inportant advance in guiding technol ogy since
ny early days i s periodic-error correction (PECQ. The corrections needed to



9.4. Periodic-error Qrrection(PEQ
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30.0
25.0
20.0
15.0
10.0
5.0
0.0
+5.0
+10.0
+15.0
+20.0
+25.0

Arc-Seconds

With PEC:

30.0
25.0
20.0
15.0
10.0
5.0
0.0
+5.0
+10.0
+15.0

+20.0
+25.0

Arc-Seconds

F gure9.4. Thebeneft of periodic-error correction(PEQ. Noteslight overcorrecti onbecause
anpl i tude of periodicerror variesw thnount positionandl oad; when recorded, periodic
error was slightly greater thanwhen pl ayed back.

overcone peri odi c error are recorded by a i croprocessor and pl ayed back as
correctionstothenotor speedeverytinethewormturns, greatly reduci ngthe
trackingerror (Figure9.4). BEveninperfect PECi sal ot better thannone.

Wen PECis to be used, the nount’ s conputer needs to knowthe posi -
tion of the worm Accordingly, sone nounts sl ewas much as 2 degrees, to
fnd an i ndex nark, when the PECis turned on. Gher nounts performthis
initializationwhenthey arefrst poweredon.

Howdo you trai n PEC? Any of several ways. The sinpl est i sto use an eye-
pi ece wth crosshai rs, watch a star, and nake gui di ng correcti ons by pressi ng
buttons. Dothisfor theentirelength of thewormcycl e (commonl y 8 ninut es)
whi | e t he PECi s recordi ng. Then swi t cht o PECpl ayback, and your correcti ons
W Il repeat autonatically.

Better ways totrai n PECare based on aut ogui di ng, but you don’t actual 'y
need a gui descope — you can put a vi deo canera in the nai n tel escope and
use aut ogui di ng sof tware to send corrections to the nount. Any aut ogui di ng
softwarew | | do, butPEMPRO does thej obvery thoroughl y and el egant | y.

Donot crosstheneridianwhiletraining PEC That is, dotheentiretraining
sessionw ththetel escope ai ned ei ther east or west of the neridi an. That way,
ashift infexurew | not happeninthemdd e of thetrai ni ngsessi on.

Mbst nount s have “per nranent PEC ” whi ch neans t hat once you' ve done
thetraining, your corrections w || be storedand can be used agai n at t he next
sessi on. Wt hpernanent PEC | usual | yre-trai nevery coupl e of year st oaccount
for mechani cal wear on the gears. Afewol der nounts have PECthat is not
per nanent —you havetotrainit at t he begi nni ng of every sessi on.
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PECwor ks better i f you can averagetheresul ts of several trai ni ng sessi ons.
Wth Gl estron nounts, this can be donewth Gl estron’s PEG ool (free from
waw cel est ron. cond pages/ dri ver s- and- sof tware) ; ot her nount s nay provi de
asinmlar featurebuilt-in.

The sof t war e package PEMPRO  (f ronmviw ccdwar e. con) i s apower ful t ool
for trai ni ng PECand anal yzi ng nount per f ornance. It was usedtoacquirethe
graphsinH gure 9. 2and canal sodo Fouri er transforns (toneasure gear peri -
ods), conbi ne nany wor mcycl es for nore accur at e PECtrai ni ng, and upl oad
correctionstothemount. It works with aw de variety of astrononical video
caneras and is conpatible with practically all nounts —if it cannot upl cad
correction fles to your nount, it can sinply play back the corrections while
t he nount records themi ts ownway. |t al so neasur es backl ash and hel ps you
performdrift-nethod pol ar al i gnnent .

Aut ogui di ng

9. 5. 1 The Goncept

An aut ogui der wat ches a star and sends gui di ng corrections to the nount in
order tomaintai ngoodtracking. It consistsof:

Anast ronom cal vi deocaner aor nodi f edwebcamt hat cant aker epeat ed short
exposures of astar;

B t her agui descopet hr oughwhi cht he caner awat chest he gui destar, or anoff-
axi s or on-axi s gui der that enablesit totrackastar i ntheinagefromthe nain
t el escope; and

Aconput er that cal cul atesthe corrections and sends t hemt ot he nount .

A st andal one aut ogucdaii nes t he canera and conput er i n one package.
Mbr e commonl y nowadays, t hough, the canerais connectedto al apt op com
put er runni ng speci al sof tware and al so connectedt ot he nount .

9. 5. 2 Subpi xel Accur acy

Quci al |y, theaut ogui der —whet her ast andal onedevi ceor softwarei nal apt op—
anal yzes star i mages W t lsubpi xel accurbicgoesn’ t j ust fgureout whi chpi xel
i nthegui di ngcaneracorrespondstothestar i nage. 1t anal yzeshowthelight is
spread over several pi xel sandfndsthecentroi dof theimagerel ati vetoseveral
pi xel s; “15%of theway fromthi sonetothat one,” for i nstance.

That neans t he gui descope and gui de caner a do not need t o have t he sane
resol ution as the naintel escope. If the pixel s inthe gui de canera and nai n
caner a ar e about t he sane si ze, t he gui descope can be as short as 1/ 5t he f ocal
length of the naintel escope. Bven snal | er gui descopes, asinFgure 8.3, are
sonet i nes successf ul .
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9. 5. 3 ®mmuni cati onwi t ht he Munt

There are two ways t he aut ogui der can i ssue sl ew ng cormands to the tel e-
scope. O der aut ogui ders userel ays that simul atethe buttons onatraditional
cont rol box connect edt oa6- pi nnodul ar socket (songti nes cal | edanSBl Gt ype

or ST-4-typeport); for aw ringdi agram seewt o Use a Conput eri zed Tel escope
(2002), p. 158.

The newer approach, favored when the autoguidingis controlled by al ap-
top conputer, istoissueslew ngcomandstothetel escopethroughits serial
or UBBport. Thisis preferablefor tw reasons. FHrst, corrections can be nade
nore qui ckl y and nore accuratel y, wthout al lowngtinefor relay contactsto
cl ose and open. Second, t he aut ogui der can fnd out the decl i nati onat whi cha
conput eri zed nount i s poi nt ed and can adj ust thecal i brati onappropriately(a
mnute of right ascensionisadifferent distance at different declinations). The
aut ogui der canevenfndout that aneridianfiphas occurredandreversethe
di rections of the novenent s accordi ngly.

Aut ogui di ngt hroughaconput er i nt erfacegeneral | yrequi rest heconputer to
havet he ASCOMpl at formi nstal | ed (https://ascomstandards. org); it provi des
devi ce dri vers for Wndows sof tware t o use. The sane dri ver s can be used by
nor e t han one sof t war e package at the sane tine, such as an aut ogui der and
al soasky mapprogram bothcontrol Ii ngthe sane nount. Thenewer | ND pl at -
form(http://indilib.org) perfornsasinilar functionunder Li nux and nacCs
as wel | as Wndows.

BEven the newest nounts still have SI-4 interfaces for use wth ol der
aut ogui ders, andol dmount st hat onl y have ST-4interfacesarestill i nuse(such
a nount need not even be conputerized, as long as it has motors on
bot h axes). A conputer, however, cannot communi cate with an ST-4 inter-
face unless an adapter is used. USBto SI-4 adapters are available from
waw shoest ri ngast ronony. comand al soare of ten bui | t i nt o aut ogui di ng cam
eras. If acanerahasanSI-4port onit, andi s not astandal one aut ogui der, t hat
i s why.

9. 5. 4 Aut ogui di ng Sof t war e

Fromher e on, when | say “aut ogui der” | nean ei t her a st andal one aut ogui der
or aconputer w th appropri at e sof t ware connect ed t o an appropri at e canera
andinterfacedtoanount. Wsually | neanthe latter. S andal one aut ogui ders
are nowuncommon, and the fewthat are still on the narket have conput er
i nterfaces so you can vi ewt he i nage and nake t he settings. For years | used
an SBl GST-V, a st andal one aut ogui der wthacontrol box bi gger thanal apt op,
wthits ownvideo screen.

Al aut ogui ders work very nuch t he sane way, but ny speci fc exanpl es
W Il befromPHD2 (https://openphdgui ding.org), software for Wndows and
nacCs, whi ch was devel oped as an open- sour ce successor to S ark Labs’ PHD
Qui di ndwwv st ark-1 abs. con), whi ch renai ns avai | abl e and wor ks wel | .PHD
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stands for “push here, dummy!” and the intent of the software is to nake
ever yt hi ng as easy as possi bl e. BotlPHD and PHD2 cone w t h copi ous, cl ear
instructions.

Autoguiding is al soincluded i nMaxl mDL and ot her sof tware packages;

I NO - based aut ogui di ng i s pl anned f or Pi xI nsi gHtn general , these use sone
of the sane al gorithns asPHD2 andthe saneinstructionsw || apply.

(ne package takes a different approach. Instead of the usual one- or
two- second ti ne exposures, Met agui def ree f romwaw ast r ogeeks. cond B i ss/
Met aQui de, uses nuch shorter exposures taken in rapi d successi on and t hen
conbi nes and shar pens t hemusi ngt he sane net hods as pl anet ary vi deoast ron-
ony. This enabl es corrections to be nore pronpt and nore precise. A so,
because it reconstructs adiffraction-limtedstar i Migeagui deantell you
howwel | your tel escopeis collinatedandw Il evenre-center the collination
star asyouadjust it.

9.6 Caneras, Quidescopes, and O} axi s Gui ders
9. 6. 1 The Gui de Caner a

The caner ausedf or aut ogui di ngneedst ot ake short exposures (upto3seconds

or so) and del i ver themqui ckly tothe conputer. Apart fromthat, therequire-
nents are not exacting. | usean| nagi ngSour ce D\WKvi deo canera (H gure 1. 6),

but many othersworkwel |, andit isbest tostart by lookingat thelist of cam
eras supported by your software. The 2WDAS 120MVii s especi al | y popul ar,

has abuilt-inUSBto ST-4interface, andis versatil e enoughthat you can al so
t ake 1. 2- negapi xel deep-skyinmagesw thit (whichof course begsthe question

of howyouw | | aut ogui de whi | e doi ng so!).

Mbnochr one caner as are pref erred, but col or canerasw | | do; usewhat you
have. You can even nake a gui de canera by renovi ng t he | ens froma cheap
webcamandinstal | ingatubethat will ft thetel escope. The gui de caner a needs
tobe snall and light, but other things being equal, alarger sensor is better
becauseit includesnorestarsinthefel d.

9. 6. 2 Gui descopes

To aut ogui de, you need ei t her a gui descope or an of f-axi s or on-axi s gui der so
that a canera can nonitor the tracking. FH gure 9.5 shows ny present setup.
Because aut ogui der s have subpi xel accuracy, the gui descope can be consi d-
erably snmal l er than the nai n tel escope, as small as 1/5the focal |ength and
aperture. It neednot havetip-topoptical quality; asinpleachronaticrefractor
i s good enough. Sightly blurry star i nages nay actual | y gi ve nore accur at e
centroi ds.

The advant age of usi ng a gui descope rat her thanan off-axi sguider isthat it
iseasytofndguidestars; wthaiff4objectiveandatypical canera, thereis
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F gure9.5. 6-crfi 4 gui descope and DMK vi deo caner a nount ed on dovet ai | at op
20-cmt el escope. (Cabl esomittedfor clarity.) For greater stability, thecaneracoul d
al so be support ed.

at least onesuitablestar inthefel dal nost anywhereinthesky. It helpsif the
canerasensor i snot toosnal | .

The di sadvant age of the guidescopeisthat elimnatingdifferential fexure
canbehard. After tryi nganunber of al ternatives, | chose agui descopew tha
speci al focuser that | ocks downvery sturdily—thefocuser isthenainpoint of
fexure. The gui descopei smount edi nringsonadovetail ontopof thet el escope,
and for extra sturdiness, | amconsi dering addi ng a support for the canera.
| have al so been known to zip-tie the canera cableto the dovetail to keepit
fromw ggl i ng t he caner a.

d course, the gui descope nust be focused accurately. If it is out of focus,
nostarsw !l be seen, and even a snal | focusi ng error nakes fai nt stars di sap-
pear. | oftendotheinitial focusingof anewsetup by takingai mat the noon,
vwhichistoobigtomss, andthen careful |l y mark the focus setting. The f ocus
canthenberefnedonthestars, preferablyinarichcluster suchastheH ei ades
or M4,

The gui descope does not have to be ai ned i n preci sel y the sane direction
asthenai ntel escope, al thoughit shoul d be cl ose. Sonetines youw || haveto
gui de onastar acoupl e of degrees anay fromt he obj ect you' re phot ogr aphi ng.

Thi s affect s accuracy onl y i f you have a huge pol ar al i gnnent error.

9.6.3 O} axisQiiders

Toavoidtherisk of onetel escopefexingrel ativetothe other, you can gui de
through the nain tel escope itsel f wth an of f-axi s gui der (F gure 9.6), which
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Figure9.6. Anoff-axisguider picksoff asmall off-axisportionof theinageandfeedsit to
thecanera. It canbeveryhardtofndasuitabl eguidestar.

pi cks of f asnal | of f-axi sportionof theimage (whi chwoul dn’t fall ont he sensor
anyway) and uses it for gui ding. The of f-axi s gui der evenfol l ows al ongif the
mrror of a Schnidt—Cassegrai ni s gradual |y shiftingposition.

As you can i nagi ne, of f-axi s guiders canbetricky. Snplygettingthe nain
canera and gui de canerabothintofocus canbediffcult (again, thenoonisa
good frst target). It canalsobevery hardtofndastar that is bright enough
to gui de on and can be pl aced i n exactly the right position. Especially when
you ar e phot ogr aphi ng gal axi es, gui de stars are scarce, andthe star cl usters of
Sagittariusor theQionNebul aareabetter placetostart.

Theoptical qualityof thestar i nage pi cked up by the autoguider islikelyto
be poor, sinceitisoutsidethenornmal feld. That i snot aprobl em t heaut ogui der
wll followthebrightest part of it.

9. 6.4 Or-axi s Gui di ng

To avoid having to fnd a gui de star at the right place just outsidethe feld,

you can even guide on-axis, by using a mrror that only refects infrared.

The visibl e-1ight inage goes to the canera unobstructed, but infrared |ight
fromt he sane obj ect goes to the aut ogui der. (GD and QM5 caneras are

general ly quite sensitive inthe near infrared, just outside the visible spec-
trum) Qn-axis gui ding (ONAGQ devi ces are nmade by | nnovat i ons Foresi ght

(wawv i nnovat i onsf or esi ght. com) using high-qual ity dichroic beamsplitters;

t he gui de caner awor ks at about 750 nm awavel engt hwel | w t hi nt hereach of

any sensor that does not have ani nfrared-bl ockingflter onit.
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Fgure9.7. Profl eof awell-focusedstarRHD2 . Gonpare H gure 3. 11.

9.7 Wi ngan Aut ogui der
9. 7. 1hoosi nga Gui de S ar

Thefrst stepinusi nganaut ogui der i stovi ewt hei nagefromt he caner a, t ouch
up t he focus, and choose a star to gui de on. The gui de star need not beinthe
center of thefeldaslongasit isfar enoughfromtheedgesthat it won't go out
of vi ewduringcalibrationor guiding.

Best gui di ng occurs when the star is neither too bright nor too dim Every
autogui der isdifferent, but ingeneral, thebest centroi ds are neasuredonstars
that arenoderatel ybright. (You' Il havetof gureout what nagni t udei s * noder -
atelybright” wthyour gui descope and canera.) Many aut ogui der s showyou
agraphi cal representationof the star i nage (like Figure 9.7), and you want a
sharppeakinthemdd e, whichindicates correct focus and appropri atebright -
ness. Besi des choosi ngadifferent star, youcontrol bright nessto soneextent by
adj usti ngthe caneragai nandt he exposuretine.

9. 7. 2ot P xel s and Dar k Fr anes

Li ke DALRs, gui de caner as can have hot pi xel s. PHD2 provi des away f or you
totakealibraryof dark franes, storethem andapplytheright one dependi ng
onthe exposuretine. That el i ninates hot pi xel s conpl etely.
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Thealternativeistowatchout for hot pi xel s when choosi ng t he gui de star.
Asingl e pixel doesnot look quitelikeastar inage, andif youtrytotrackit,
youw | | get seemi ngl yper f ettacki ngwhi | ethet el escopewanders al | over t he
pl ace andtakes terribl e pi ctures.

9.7.3Clibration

Galibration of an aut ogui der neans naki ng it det ernmine howfar and whi ch

vay t he tel escope noves in response to control signals. Wthout that know
ledge, autoguiding is inpossible. Galibration has to be done before you
start autogui di ng. Mbst autoguiders doit autonatically, but threethings can
go W ong.

F rst, obviously, thestar may goconpl etel y out of thefel dasthe aut ogui der
istryingout itsnovenents. Thecureistostart out wthastar nearer thecenter.

Second, t he aut ogui der nay not be abl e t o nake the star i nage nove. This
happens if the mount has a |l ot of backl ash and the calibration novenent s
are not | ong enoughto overcone it. The cureisto specify longer calibration
novenent s, as | ong as 45 seconds.

Thi rd, the autogui der nay report i nconsi stent results—it sinplycan't nove
inall four directions, or thedirectionsinwhichit noves arenot perpendicul ar.
Inthat case, if the probl emisn't backl ash, | ook for severe fexure (sonet hi ng
| oose or shagged on a cabl €) and | oose el ectri cal connecti ons.

If calibrationis diffcult, check the guidi ng speed settings for your nount.
Inall four directions, the guidi ng speed shoul d nornal | y be about 0.60 1
sidereal -ratetracki ng. Thi s settingdeterm nes howf ast t he nount noves when
naki ng a gui di hg correcti on.

A 'so, turnoff backl ash conpensati oninthe nount, or set it toalowval ue.
Many aut ogui der s, i ncl udi ng PHD2 , conpensat e f or backl ash t hensel ves. Too
nmuch backl ash conpensationi s nuchworsethantoolittle.

9. 7. 4 Aut ogui der Settings

The nost i nport ant aut ogui der settingi stheexposuretine—typical |y 1second
invery steady ai r, 2.5 seconds under average condi ti ons, and as | ong as 5 sec-
onds whentheair i srough. If the exposures aretoo short, the autogui der w | |
“chase seei ng” (trytotrack at nospheric fuctuations), andif they aretool ong,
itwll betoosl owtonake needed correcti ons.

I f you need | ong exposures but have t o make short ones becausethe star i s
too bright, youcantell the autogui der to conbi ne successi ve exposures. A so
consider addingaredflter; theairissteadierinredlight thaninbl ue, andyou
can get nore accur at e gui di ngt hat way.

The next settingis aggressiveness. S nce part of the novenent seen by t he
canerai s at nospheri c and not reproduci bl e, the aut ogui der shoul d not tryto
correct all the observed error, but only about hal f or three quarters of it. That
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neans t he aggressi veness is typically set to 50%or 75% There are separate
settings for right ascensi onanddeclinati on.

If your software offers youstill noresettings (BRD2 offers plenty), the
nost i nportant of t hemi s nini nurmove, thenini numerror that cantrigger a
correction. Bysettingahi gher mni nunnove, youtel | theaut ogui der toi gnore
[ ow | evel fuctuations.

9.7.5A gorithns

Mat henatical |y, autoguidingis predictivetine-series analysis. Thegoal isto
respondtotrendsthat woul dpersist if uncorrected, but not torandomf uct ua-
tionsthat aregoi ngtoreversethensel vesi medi at el y anyhow

I't foll ows that two successivecorrectionsinoppositedirections are probabl y
wong. Mbst aut ogui ders i ncl ude sone hyst er eqirel uct ance t o rever se di rec-
tion) tokeepsuchthings fromhappeni ng, and you can adj ust t he hyst eresi s.

That’ s onl y t he begi nni ngPHD2 and ot her sof t war e packages of fer avari ety
of gui dingal gorithns, and newones arestill bei ngi nvented. The nat henat i cal
chal l enge i s basi cal | y the sane as predi cting the stock narket for short-term
trading, or predi ctingweat her, or many ot her t hi ngs t hat i nvol ve separ ati on of
signal fromnoi se. Wien a newal gorithmcones out, it nay take sone ti ne
bef or e t he communi t y reaches a consensus about whet her it i s agood one, and
i f so, under what conditions andw thwhat settingsit works best.

9.7.6 Qualityof Guiding

H gure 9. 8 shows how PHD2 tells youhowwel | it is guiding The continuous

I'i nes ont he gui di ng gr aph showt he act ual error, exposure by exposure, bl uefor

ri ght ascensi on, redfor declinati on. Gorrecti ons sent tothenount arepl ottedas

rectangul ar bars. At thel eft youseet he accunul at ed RvBerror, but becareful —

thisisthe RvBerror sincethelast tineyoupressed“dear,” andit nay i ncl ude

peri ods whenyouwerenot actual | ytaki ngpi ctures. It isshownaserrorinright

ascensi on, error indeclination, anderror i nthetwo conbi ned.
Hereishowtointerpret RvBerror:

« 2. (isacceptabl einunsteady air or wthlow endequi pnent ;
+ 1.%isgood;

+ 1.disverygood,

+ 0.9isexceptional.

Renenfer t hat your goal i s goodpi ctures, not | owRVEBerror for its ow sake.

A soat thebottoml eft oPHD2 ' s di splay i s anunber reporting RAoscil | a-
tion. That isthefractionof right ascensi oncorrectionsthat areinthe opposite
directionthantheprevi ousone. |f you' renot “chasi ngseei ng,” i t shoul dbel ow
0.330r less. Hereit is0.22, whichindicates good gui di ng.
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Guiding Bars indicate
graph corrections

RMS
Oscillation error
Figure9.8.PHD2 reportshowwel | it isguidingby displayingagraph, RMBerrors, and
oscillation. Gher autogui ders aresinlar. RAi sshownlighter here, anddeclination darker;
onthescreenthey are bl ue and red respecti vel y.

9.7.7InterpretingGii di ng@ aphs

The gui ding graphtel | s younot only howwel | you' re gui di ng, but al sohowto
inproveit. F gure9.9shows exanpl es.

Thefrst graphis anexanpl e of good gui ding. Herei s howtorespondtothe
ot hers:

Fast and choppi ding i ndi cates that the autogui der is “chasi ng seei ng,”
overreactingtoat nospheri ct urbul ence. Lengt hent he exposure, turndownthe
aggr essi veness, and/ or turn up t he mi ni rumnovenent .

A singl edi sruptingesldrgtyout hat sonet hi ng happened onl y once. Miybe
you st epped on t he concret e pad cl ose to the t el escope; naybe a cabl e bri efy
snagged sonet hi ng, then got | oose; maybe your cat deci dedt o brush agai nst a
tripodleg. Such events usual |y cause aj erk on bot h axes, ri ght ascensi on and
decl i nat i on.

Q t he probl emmay be deeper. ne of t he synpt ons of anover | oaded nount
isasuddenjerklikethiseveryfewn nutes. That canal soi ndi cat e anount t hat
needs | ubricating. Think of thelatter twoproblens if thejerk occursinright
ascensi on but not declination.

Drifrai ses the suspicionthat corrections are not bei ng nade. Anunber of
factors cancausedrift —poor pol ar al i gnnent, fexure, refraction, or thewong
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Good guiding

Fast and choppy

Single disrupting event

Drift

Sawtooth

Undulation (sine wave)

Alternation (square wave)

Figure9.9. Exanpl es of gui di nggraphs. Seetext for interpretation.

tracki ngrate—but t heaut ogui der shoul dbecorrectingit. Checkthat corrections
areturnedon, then ni numnovenent i s not set toanabsurdl y hi ghval ue, and
t he aggr essi veness i s not too | ow

Sawt oot [ui di ng i s a synpt omof ni ni numnovenent set way t oo hi gh, or
el se“stiction” (staticfriction) or backl ash. Al arge correctionis nade, fol | oned
by al ong peri od when cor rect i ons are needed but not nade, and t hen anot her
| arge correction.

The question is whether, inbetweenthelargejunps, other corrections are
bei ng sent to the nount and havi ng no effect. If so, the probl emi s stiction(in
declination) or backl ash. If no corrections are bei ng sent except the bi g ones
that you observe, then the probl emi s an aut ogui der setting, probably mni-
nmumnot i on, possi bl y hyst eresi s or aggr essi veness. The probl emcoul d al so be
excessi ve el ect roni ¢ backl ash conpensat i oni nthe nount .

Undul at i ocoul d be uncorrect ed periodic error (corrections not bei ng nade
inright ascension) or any situationwhere corrections aretoosmall, sothat it
takes themalong tine tocatch up wth the actual error, whi ch by then has
reverseditsel f. Mikesurecorrectionsareactual |y beingsent, andif so, turnup
t he aggr essi veness. | f youhave peri odi c-error correction(PEQ, useit sothat the
aut ogui der has | ess work t o do.

Al ternati ansquare-wave pattern, has the sane causes as saw oot h and
undul ation, but isnorelikelytoconefrombackl ash. The mount nay be wob-
bling across its own backl ash. The cureistoput it deliberately slightly out
of bal ance, preferably east-heavy. Alternation can al so cone fromexcessi ve
el ect roni ¢ backl ash conpensat i on.
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9. 7. 8 R ght Ascensi onand Decl i nati onareD Cerent

Qe of thenost i nportant facts about gui di ngisthat you have anot or conti n-
uousl y running i nright ascensi on but not indeclination. Qi dingcorrections
inright ascension are nade by varyi ng t he speed of that notor, whi ch never
reverses di recti on.

That neans backl ash inright ascension nornal |y has no effect; the gear is
driven fromthe sane side al| the tine. Any backl ash i s taken up when you
frst start totrack anobject. However, if the nount i stoowell bal anced, it can
still wobbl e across its own backl ash. To prevent that, nake the nount slightly
east - heavy, sot hat t henot or i s al wayswor ki ngagai nst gravity. Todot hat, nove
t he count erwei ght an i nch or so east of the bal anced position. East nay nean
t owar d or away f ronmt he nount head, dependi ngonwhi chsi deof the neri di an
you' re on.

Backl ashindeclinationis aprobl em Quiidingcorrections are nade by run-
ning the notor in either direction, which neans it often needs to take up
backl ash. You can prevent or reduce t hi s probl emby not bal anci ng t oo wel | ;
nake your t el escope sli ghtly caner a- heavy.

Many aut ogui der s can neasur e and correct decl i nati on backl ash. Wth | ess
sophi sti cat ed aut ogui ders, you nay need t o set el ectroni ¢ backl ash correction
inthemount, but set it toal ower val ue t han seens correct for visual use. Too
littleisalwaysbetter thantoonuch.

Anot her chal lenge in declination istictifstatic friction). Snceit rarely
noves, the declinationaxistendstostickinplace. Thenacorrectionissent to
it and does not overconethestiction. The aut ogui der sends anot her correcti on,
and anot her, and suddenl y t he st uck axi s breaks free and noves too far. The
result i s asaw oot hor squarewave gui di ng graphindeclinationonly.

There are work-arounds. heistodoanexcellent drift-nethod pol ar align-
nent andt hennakenodecl i nati oncorrectionsat al | . For exposures of j ust afew
mnutes, this approach works surprisinglywell. Another istooffset the pol ar
alignnent deliberatelysothat therew || beconstant drift indeclination; all the
correctionsaretheninthesanedirection, backl ashi stakenup, andcorrecti ons
arefrequent enoughthat stictionisnot aproblem It’sakluge, but it works.

9. 7. 9 PECwhi | e Aut ogui di ng?

If you have PEC shoul d you turn it on while you autogui de? In theory, it
shoul dn't nake adifference. I npractice, theanswer i s usual |y yes.

If the PECis very accurately trained (wtPEMPRO or thelike), it wll
knowwhat has happened on nul ti pl e wormcycl es andw | | correct | ow | evel
nechani cal fuctuationsthat theautogui der coul dnot di stingui shfromnoi se.

Bad PECt rai ni ng, ont he ot her hand, coul d naket he aut ogui der’ s j ob har der.
Soif youfndthat your PECdoes not get al ongw th your aut ogui der, turnit
off, andat frst opportunity, re-trainit.
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9. 7. 10 ®od Aut ogui di ng, Bad Pi ct ures

9.8

Wiat do you do whent he aut ogui der reports good, or at | east decent, gui di ng
but your pi ct ures showel ongat ed st ar s? Look for fexureinany of t hree pl aces:

Bet ween gui de caner a and gui descope;
Bet ween gui descope and nai n't el escope;
Bet ween nai nt el escope and nai n caner a.

Agoodtacticistobeef upthesupportsof anypart of t hesystem-evencrudel y—
andseeif it nakes adifference. If so, cone back and rei nforce that part of the
syst emnor e t hor oughl y.

Hexureis proportional tothe duration of the exposure. |f your star i mages
arenot tw ce as el ongated i n a 2-mnute exposure as i n a 1- m nut e exposur e,
theprobl emisn't fexureandnay not berel atedtoguidingat all. It’ sanopti cal
probl em maybe al ens def ect, or naybe eveni nagestabi | i zati on(1 Sor VR acci -
dental | y turned on. Any genui ne gui di ng probl emwi | | showup i nthe gui di ng
graphs.

Qhenot ori ous cause of fexurei s cabl es. Thewei ght of acabl edoesn’t pul | in
thesanedirectional |l thetineasthe nount noves around. Gabl es donot sli de
snoot hl y acr oss ot her obj ect s as t hey nove. nerenedy i stosecurecabl esvery
tightlytodovetail ssothat they cannot pul | on caneras.

Anot her point of vulnerability is where the gui de canera attaches to the
gui descope. Lhl ess your gui descope has af ocuser t hat | ocks downw t hunusual
tight ness, andyour gui decaneraisverylight, youw I | needtosupport t hecam
era. Preferably, the gui de canera, gui descope, and gui de caner a cabl e shoul d
all besecuredtothe sane dovetail .

Yet anot her source of fexureisshiftingof themrror i naSchm dt—Cassegrai n
or Miksut ov—Cassegrai n. | have never had problens with this, even with
tel escopes that providenonmrror | ock, but ot hers have.

The Chal | enge of Round & ar | nages

9. 8. 1 Wiat Shoul daSt ar | nage Look Li ke?

& j udge gui di ng by howroundandsnal | t hest ar i mages are. Randomgui di ng
errorsinall directions can produce aninage that is round but larger thanit
shoul d be. H ongat ed stars showthat you are gui di ng better i none direction
(al nost al ways decl i nation) thanthe ot her (right ascension).

Eventhough stars are perfect poi nt sources, andthediffractionlimt of nost
of our tel escopes is snaller than one arc-second, the at nosphere prevents us
fromgettinginages snal | er than a fewarc-seconds i ndi aneter. Areasonabl e
expectationisthat inavery well-guidedinage, the dianeter of star i nages
w | | beabout 3 or 3pixel s, whi chever i slarger. Many prof essi onal observat ory
i mages have 3%t o 3’ star i nages.
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Aspect ratio 1.0 0.95 0.9 0.8 0.7

Eccentricity (€) 0 0.31 0.44 0.60 0.71

F gure9.10. T™woways of neasuri ng roundness.

9. 8. 2 HhwRoundness i s Measur ed

Pi xI nsi ghand ot her software packages can neasure the roundness of
star inmages. InPixlnsighguts this is under Script, Batch Preprocessing,
Subf raneSel ect or, and al so under Script, | mage Anal ysis, PAHMECcentricity.
These scripts al so gi ve you t he ful | -w dt h- hal f - naxi num( W) si ze of the
star i nagesinpixel s.

FH gure 9. 10 shows t wo ways of neasuring roundness. Aspect ratiihei ght
di vi ded by wi dt h; it shoul d bet he sane whet her theinageis or i s not ganma-
corrected, since contrast stretchi ng does not change t he shape of obj ects. The
ot her neasurenent, eccentri artey i sthesanequantityusedi nKepl er’ stheory
of elliptical planetary orbits; denoting aspect ragj dhbstwo arerel ated by
t he f or mul ae:

e= 1 &
P

a= 1 &

It iscorrect that thesetwo formul ael ook alike; thefunctionisits owninverse,
and a=eat theval ue 0. 707.

The usual recommendationis to keep ebel ow0. 42 for round-|ooki ng star
i mages. Note, however, that if the star i nages are not very |l arge, they don't
needtobeperfectlyround. ThestarsinH gure9. 11 haee= 0:63, anduntil you
readthi s, you probabl y di dn’t consi der t hemunsat i sfact ory.

The elongationinF gure 9.11is systematic, but if the star i nages are snal |
enough, there w || al so be randomel ongati on because star i mrages do not hit
groups of pi xel ssymmetrically. Inthat caseyoucanget rel ativel y legil ues,
uptoO.7or so, fromperfectlyguidedinages. Al thestarsinsuchaninageare
slightlynon-round, but not all inthe sanedirection.

9. 8.3 Sone Practical Tips

Lhder st and t hat nunerous factors af f ect t he shape of your star i nages, andit
isunlikelythat their total effect wll besymmetrical. Aninagethat seenstobe
bad i n one di recti on nay actual | y be excepti onal Iy good i n one di recti on and
nornal inthe ot her.

Lhderstand al so that withthe tiny pi xel s of nodern DELRs, you are seei ng
i nper f ecti ons you never coul d have seen before. Round star i nages are not
shar p; sharpstar i nages are not round.
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Figure9.11. The gal axy M1l aut ogui dedwi ththe setupinF gure 9. 5usi nPHD2 . Mai n
tel escopei s 20-cm(8-i nch) Cel est ron EdgeHDwi t h focal reducer gi vi fig7, focal | ength
1400 m Cel est ron C&EMnount . S ack of 6 3- minut e exposures (sel ected froml10) witha
N kon D6300 at | SO400.

Uhder stand t hat portabl e equi pnent is different every tine youset it up—
nmaybe even every tine you slewto a different area of the sky. Don't judge
tracking by the frst 2 or even 5 or 10 mnutes; keep tracki ng, and t he nech-
anismw || oftensettledown. |Innyexperience, after any sl ew ng, the second
turn of thewormis often snoot her thanthe frst, perhaps because | ubri cants
have snoot hed out .

The rat ed | oad capaci ty of your nount i s for visual and pl anetary work. For
| ong- exposur e phot ogr aphy, agoodrul e of thunbi stoal | owonl y hal f as nuch.
Random“noi se” inright ascensi on can be a synpt omof overl oadi ng. So can
al ternation.
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Manage your cords and cabl es. Be nechanical |y fastidious. D strust tube
rings, whi chareoftenfexureopportunities.

Payattentiontotheseei ng(steadi ness). Wienthestarsaretw nklingstrongly,
theair isunsteady andit’s tine to take pictures through nedi umt el ephot o
| enses rather than an aut ogui ded tel escope. Your best guiding will happen
on nights that seemslightly hazy. Wather forecasts that predict seeing are
available fromdear Sky Chart (ww cl ear dar ksky. comi csk), Envi ronnent
CGanada (for all of North Amnerica, https://weather.gc.ca/astro), Meteobl ue
(wwv et eobl ue. con), and ot hers. To judge actual conditions, just | ook at a
star through your t el escope at a hi gh power.

Vit ch out for terra non frpaibration of the ground frompeopl e wal k-
ing near the tel escope, especially on concrete pads, or fromother sources.
| once cane acr oss soneone who had a st range opti cal probl em causi ng el on-
gated i mages i n various directions, whi chturned out to be vibration froman
air conditioner sone di stance away. There is al so the possibilityeifis non
frma, al enswhose nount is | oose or whose i nage stabilizationisaccidentally
t ur ned on.

Sack alot of exposures; the star images in a stacked i nage are rounder
thanthoseintheindividual subs, especiallyif youuse nedi anor kappa- si gna
st acki ng.

@ for percentage. Be willing to take 20 or 30 subs to get 10 good ones
(FHgure9.12). That is nornal procedure when working near thelimts of your
equi pnent .

Asalast resort, renenber that thequal ity of nass-produced nountsis vari -
able; if yoursisundulyrecalcitrant, there’s achanceyougot alenon. That is
onereasontotest anount t horoughl y (perhapsw ththe hel pof anexperi enced
ast rophot ographer) whileit isstill under warranty. Don't hesitatetocontact the
manuf act urer i f there are persistent probl ens. Munts can al so be over haul ed
by thi rd parti es such as Deep Space Product s (wwv deepspacepr oduct s. con).

F nal ly, renenber that peopl e don’t publishtheinagesthat didn’'t turnout
wel | . Youdon' t knowhownuch | uck and hownany triesit t ook soneone el se
toget anexceptional | y good i nage.

9. 8. 4 Downsanpl i ng

Qne reason getting round star images i s such a challenge is that our cam
eras nowhave nore resol utionthan ever before, i ndeed nore resol uti onthan
our optics. BEvery inperfectionis clearly visiblewhenyou viewthe i nage at
naxi numnagni f cat i on.

Accordingly, one of the easi est waystoget better guidingistoresanpl ethe
i mage and nake it snal | er. Many gui di ng probl ens and opti cal faws sinply
go away i f you downsanpl etheimageto /4 or 1/5its original resol uti on—
puttingit intothesaneresol utionrangeasflm



9.8. TheChal | enge of Round S ar | nages

Figure9.12. Thi s sharpinage of Mb4 was achi eved by sel ecti ngt he best 10 of 20 3- nminut e
subs. Sane equi pnent as Figure 9. 11. Sar i nage di aneter (FWA) is 6.2 pi xel s=3. %,
roundness, e=0:47.

Youcangofurther. I't smacks of fakery, but thereisasinpl ewaytoget very
round star i nages —j ust reduce your i nageto perhaps 1/10of itsorigi nal size,
thenenlarge it again. Wth the right reducti on and enl argenent al gorithns,
you can produce an i nage t hat seens to be very wel | guided, thoughit | acks
resol ution.

9. 8. 5 Deconvol uti on

Thel ast trickfor inproving badl y gui dedi nages i s asurpri si ngone—notion-

bl ur deconvol uti on. Hongation of star i mages, and of everything el seinthe
pi cture, can be undonedigitally. “Deconvol uti on” neans undoi ng a change t o
aninage, inthiscasesnearing.
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F gure9.13. Mtion-bl ur deconvol uti ontool Phxl nsi ghkere nore noi sereductionis
chosenthanthedefaul t.

Thekeyideaisthat any bl ur that i s mat henati cal | y under st ood can be nat h-
ematical |y reversed. Uhsharp nasking i s a speci al case; it undoes a Gaussi an
bl ur, approxi mat el y. Lhdoi ng any ot her kind of blur is aslow iterative pro-
cess, but it canbe done. Only snal | guiding errors can nornal |y be correct ed,
but t hat i s of t en enough.

Thisisanethodthat needs to be further devel oped. H gure 9. 13 shows t he
not i on- bl ur deconvol ution tool irMPi xI nsi ghand F gure 9. 14 shows what it
can do. You sel ect the el ongation that best matches the star i nages inlength
andorientation, thenapplytheflter. Agreat deal of trial anderror i s required.
Sonmewhat tony surpri se, it does not seent onake nuchdi f f erencewhet her t he
inmageis|inear or ganma- stretched, but i neither casethenoi sel evel increases,
andthere arelikelytobe artifacts around bright stars. Anore sophisticated
appr oach woul d use a mask t o appl y t he deconvol ution nostly or entirely to
thebright stars, not thefainter surface of thegal axy or t he background.



9.8. TheChal | enge of Round S ar | nages

Figure9.14. HEfect of notion-bl ur deconvol uti ononaninage. H ongat ed st ar s becone
rounder but noi sei ncreases.

Nornal |y, deconvol utionisusedfor adifferent purpose, asanalternativeto
unshar p maski ngtobringout fnedetail. Bot hPi xI nsi gabd Maxl mDL offer it
for that purpose, but onl ¥i xI nsi ghtfersit neatly packaged t o undo noti on
bl ur. Pi xI nsi ghtso offers a sinpl er natrix-based flter to counteract notion
bl ur, and sonething sinilar is i”hot oshopnder Srart Sharpen.) | woul d
l'i ket o see peopl e devel op deconvol uti ontool s ai ned speci fcally at correcting
i nper f ect gui di ng.
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Chapt er 10
Power and Canera@ntrol intheH el d

Al t hough sone obser vi ng si tes are bl essed wi t h ACpower, nost ast r ophot og-
raphersrelyonbatteriesinthefeld. Infact | oftenuse battery power even at
hone, both to make sure ny fel d-trip equi pnent i s working and for greater
safety. Many of usal sobringconputersintothefel d, bothfor aut ogui di ngand
for caneracontrol .

S ncethisis abook about i nage acqui sition and processi hg, not prinarily
about interfacing el ectronic equi pnent, this chapter will bebrief; I'I1 just give
you t he basi cs. Onhe i nportant change since the previous editionis that we
no | onger have to bui |l d our own gadgets; all the conponents needed for an
el abor at e syst emar e avai | abl e of f t he shel f.

Awordof caution: Keepit sinple. Asyour power andcontrol systemgrows,
nake sur e you under st and each conponent (and are sure it works correctly)
bef oreaddi ngnore. It canbeveryfrustrati ngtostringtoget her fveor tenpi eces
of equi pnent and fnd t he confi nati on not worki ng, but not knowwhere to
| ook for t he probl em

10.1 PortableHectric Pover
10. 1. 1Pover for t he Tel escope

Mbst t el escopes oper at e on 12 vol t s DCand can be power ed f r omt he bat t er y of

your parked car. Infact, tel escopes usual |y conewthalighter socket adapter
for doingthis, but | don't recoomendit. Wiat i f youdrainthebattery andthe
car won't start whenyou’ reready t o go hone?

It’s much better touse portabl el ead-acid batteries, either gel cells or deep-
cycl eboat batteries. Checkthebatteryvoltageperiodical | yduri nguseanddon’t
let it get bel owl2. 0. Rechargethe battery beforestoringit. Soreit wthafoat
charger connected. H oat chargersthat canal sorechargeabatteryoverni ght are
cheap and wi del y avai | abl e.
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F gure10.1. Theauthor’sbattery pack, nadefroma“junpstarter” contai ni nga12-vol t
gel -cel | battery.

F gure 10. 1 shows ny nai nbat t ery pack, nade out of al2-volt “junpstarter”
froman auto parts store. | renoved the bi g, heavy j unper cabl es and added
nor e connect orsandadi gital vol tneter. |t hol dsan 18- anp- hour gel -cel | battery
vwhi ch | repl ace every fewyears. | carry a second battery pack as a backup or
whenal aptopistobe used.

The capacity of arechargeabl ebatteryisratedinanpere-hours (anp-hours,
AR, thus:
Batt ery capaci ty i n anpere- hour s

Qurrent drai ni nanperes

or sonetinesinmnllianperehours (M), wherel1 AH =1000 nAH

Battery packs t hat performvol t age conversionareoftenratedinwatt-hours
(WA or mlliwatt-hours (nW), where:

Hours of batterylife

Vit t - hour s

- hi = -

Anper e- hour s Itage '
andagain 1WH =1000 n"WH So apack ratedat 48000 nV¥H =48 W when

delivering 12 vol ts, has acapaci ty of 48/%42 AH not especi al | y bi g.

I f possi bl e, you shoul d neasuret he current drawn by your equi pnent usi ng
an amnmet er. |f you have t o guess, atel escope nount draws about 0.5 anpere
(anp) (w t hpeaks of 3or 4anpswhensl ew ngfast), adewheat er syst emdr ans
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1to3anps, andanaut ogui der or | apt op conput er nay draw2to5anps. That’s
enough t o run down a conmonl y avai | abl e 17- AHbat t ery pack very qui ckl y.

Insuchasituation, a60-AHdeep-cycl ebatteryisworthpayingfor. Better yet,
put thetel escope ononebattery, thelaptoponanother, andthe dewheat er on
athird. Thisw | prevent ground! oops andw | | ensurethat anishapw thone
pi ece of equi pnent doesn’ t di srupt everyt hi ng.

Don't useacar battery; it isnot designedfor deepdi scharge, andif you use
itwthinitsratedlimts, it won't do you any nore good t han a nuch snal | er,
lighter gel cell pack. |f youdischargeit deeply, it will wear out prenaturely.

Recently, lithiumion battery packs have becone avail abl e that deliver 12
volts. They aredelightful lylightwei ght and nai nt enance- free (you can charge
one, put it anway for six nonths, and use it, wth no foat charging in the
neantine), but, at present, expensive. Thecost nay fall rapidly.

10. 1. 2DCPower Gnnect or s

The power connector to the tel escope nount is usually a DCcoaxial plug
(Hgure 10.2). These cone i n many si zes, several of which ook alike. In par-
ticul ar, Meade equi pnent uses a pl ug 5. 5 mmi n out si de di anet er t hat accept s
a2.5-mpininthendd e. Galestron'splugisthesaneexcept that it expects
a2 0-mmpin (sonetines listedas 2.1 mm). If you plug a Made pluginto a

Gl estron nount, you' Il get a poor connection; the nount nay be conpl etel y
dead, or it may work nost of the tine but fail nonentarily when the tel e-
scope nakes a sudden novenent . Q her sizestol ook out for are5:0 2:0nm
and5:0 2:5nmm thesegointo5.5-mmsockets but oftenfail to nake a good
connection. Thebarrel Iengthal sovariesbut i snot thecrucial di nension.

Fgure10.2. axial plugs:® 2:5mn(Made), 5 :5 2:0nmm(GCel estronandi Gptron),
and5:5 2:0wthlockingnut (Swtcheraft S761K used by Cel estron).
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Pol arityiextremel yi nport keade, Cel estron, andi ot ron DCpl ugs have
positive in the center. Many pi eces of equi pnent are not protected agai nst
reverse polarity and wll suffer severe damage i f positive and negative are
reversed. Several yearsago, | usedan SBl Gaut ogui der whose pl ugwas j ust | i ke
that of ny Meade t el escope except that it was negativeinthecenter. Qhefal se
nove coul d have danaged t he t el escope severel y. | ended up nodi fyi ng the
tel escopetoaddaprotectived ode. Notethat conventi onal rectifer di odes cost
youO.7to1.0volt; Schottky diodes are better, andit’s better yet to use afuse
fol | oned by a di ode that woul d conduct only if polarityis reversed, bl ow ng
t he f use.

At theother end of the cabl e, |ighter socket connectors are bul ky and sone-
vhat unrel i abl e. Many port abl e equi pnent oper at or s i nt he hamr adi o conmu-
ni ty have sw t ched t o t he Ander son Power pol e syst em(waw ander sonpower
.com. Infact, hanradi ooperat ors haveal ot of experi encew thportabl e12-vol t
power systens; youcanl earnal ot by nmaki ng contact withthem

For about 20 years, | have used RCAphono pl ugs for 12-vol t power, al ways
positiveinthecenter, andal ways usi ng pl ugs f or devi ces t hat consune power,
and socket s f or sour ces of power (anal ogousto ACl i ne pl ugs and sockets); this
ensures that plugs are never “live” andw || not short out if they touch netal .
|’ ve been neani ngt o convert t o Ander son Power pol es, but it hasn’t happened.

Power i ng anount t hat may draw3 or 4 anperes requi res athi ck cabl e. Thin
W res desi gned for snal | er equi pnent nmay have enough resi stancetodropthe
vol t age appr eci abl y. | havef ound not hi ngbetter thanordi nary 2-w rel anpcord
(FHgurel0.3).

10. 1. 3wl t age

Afullycharged 12-vol t | ead-acidbattery actual | y del i vers 12. 6 vol ts, or bri efy,
evennore (upto13. 3or so) whenfreshl y charged. These vol t ages do hot harm
12-vol t equi pnent, whi ch cangenerally tolerateupto 13.8 volts, the nom nal
vol t age of anaut onot i ve 12-vol t systemw t ht he engi ne runni ng. Avoi d hi gher
vol t ages unl ess you are suret hey are saf e f or t he equi prent .

nthe other end of the scal e, 12-vol t tel escope nount s general | 'y wor k wel |
at vol tages downt o 11. 0 and sonet i nes a good bi t | ower, provi dedt he vol t age
does not di ppreci pi t ousl ywhent het el escope sl ews. O schar gi ng bel owl1lvol ts
i snot goodfor al ead-aci dbattery, though.

For readers unfaniliar wthelectrical theory, | shouldexplainthat volts are
what t he power suppl y del i vers, and anper es arewhat t hel oadt akes. A12-vol t,
4- anper e power suppl y wi Il not harma 12-vol t, 1-anpere nount. The vol t age
of the power source needs to be correct, and t he anper age needs t o be equal
toor hi gher thanwhat thel oad denands. Part of the appeal of batteriesisthat
they candel i ver heavy current nonentarily (such as whent het el escope sl ews)
evenif their typi cal averagel oadis nuchl ess.
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F gure 10. 3. Sol deri ng phono pl ug t 0 18- gauge | anp cord. Not e use of t ape
or heat-shrink tubi ngas extrainsul ati on. Enpty spacei s the best i nsul at or,
if youcanbesureit wll stayenpty.

10. 1. 4Poveri ngt he Conput er and Ganer a

The nost conveni ent way to power alaptop conputer inthefeldistouseits
ownbattery, whi chisgoodfor twoor threehours; youcanbringafullycharged
spare or two. To save power, turn down the LCDbri ght ness, reduce the GPU
speedif you havethat option, andturnoff t he network adapt er.

Second choiceistoequipthelaptopwth a 12-volt power supply, such as
youwoul duseinacar or aircraft, andconnect it tothenai n12-volt battery. To
reducedrainonthe battery, start wththelaptopfullychargedsothat it does
not havetochargeitsbattery.

Thirdchoice, distinctlylesseffcient, istouseaninverter toconvert 12volts
DCto 120 or 240 volts AC and feed that tothe l aptop’ s ACIi ne power sup-
ply. The probl emi st hat every vol t age conver si on wast es ener gy; event he best
sw t chnode converters are not 100%effci ent. But abi gadvant age of DGt o- AC
invertersisthat they providetransforner i solation, elimnating ground | oops
(see next section).

The sane goes for the canera. My own approachisto bringthree or four
fully charged canera batteri es and swap t hemas needed. | can keep t hemi n
ny pocket (ininsul atedwappers, of course) sothat they don't get too col d.
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Thealternativeistouseanexternal power supply for thecanera, if avail abl e.
There are al so “car chargers” for DELRbatteri es, sothat you canrecharge one
canerabatteryfromyour bi g12-vol t batterywhil et he caner auses anot her one.

10. 1. 5Gareof Li-ionBatteries

The lithiumion (Li-ion) batteries coomonl y used i n caneras and | apt op com
put er s have a bi g advant age over earlier N @l and N MHtypes: they retain
much nor e of their chargewhi | e unused. Youcanchargeabattery, put it anay,
and expect it toworkw thout recharginganonthl ater.

Li-ionbatteriesa waysrequirea“snart charger” rather thanj ust asource of
regul at ed vol tage or current. The snart charger senses the state of the battery
tochargeit rapidlywthout overchargi ng.

Thi s neans noharmwi || result i f you“top up” your al ready-charged Li -i on
batteri es bef ore an observi ng session. Infact, | usual ly do so. Thisis done by
puttingtheminthe charger inthe usual way. Inafewninutes, it wll report
that thebatteryisfullycharged, but keepthe batteryinthe charger anyway; it
continues togai ncharge for as nuch as an hour after thefull-chargeindi cat or
Cones on.

As batteries age, they |l ose capacity. Thereisnoquicktrickfor restoringold
Li-ionbatteries, but soneti nes, all they needi s anot her chargi ng cycl e. Qe of
ny Canon bat t eri es becane al nost unusabl e, but | ranit through the chargi ng
routi netw ce, andsincethen, it has worked fne. Perhaps one of the neasure-
nent s used by t he snart charger had cone out of cal i brati on.

10. 1. 6G ound Loop Pr obl ens

I f youuse onebattery for several pi ecesof equi pnent, you nay have probl ens

wi th ground | oop&ground | oop i s what happens when two devi ces are ti ed
together through “circuit ground” (typically at USBor serial ports), and al so
share a power supply, but the voltage of circuit groundrel ativetothe power
suppl y i s not t he sane i n bot h devi ces.

Here' s an exanpl e. |f you power al apt op t hrough a 12-vol t power suppl y,
itscircuit ground nay be tied to the negative side of the battery. But circuit
ground i n aclassic (non-@S) Made LX200 t el escope i s not connected tothe
negative side of the battery; the current indicator (LEDammeter) is between
them I f youconnect thel aptoptothetel escope, serial port toserial port, you |l
have a ground | oop. Fortunately, inthis case only the LEDammeter w il be
di srupt ed.

Fortunat el y, ground | oops are not common, and wel | - desi gned equi prent i s
not vul nerabl e tothem (I thi nk Meade nade a wong deci sionw th t he cl as-
si ¢ LX200, not anti ci patingthe conpl ex setups it woul d be connectedto.) You
shoul d suspect a ground | oop i f you have equi pnent that nal functi ons onl y
wheni t sharesthebatteryof anot her pi eceof equi pnent t owhi chit i sconnect ed.
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Qevay toelimnateground | oops isto power each devi ce froma separat e
battery. Another i stousean ACinverter foll owed by t he ACpower suppl y of
t he devi ce, whichisrequiredby safetyregul ationsto providetruetransforner
isolation. Infact, oneinverter can power several accessories, all of whichare
i sol at ed by t hei r own ACpower suppl i es.

10. 1. 7<sfety

Thi nk of any rechargeabl e battery as sonethinglike afuel canister. It contai ns
a trenendous anount of energy, andif short-circuited, it can produce intense
heat, expl ode, andstart afre.

It’s obvious that alarge | ead-acid battery deserves respect; it’s big, heavy,
andful | of sul furicacid. There shoul dal ways be af use bet ween al ead- aci d bat -
tery and whatever it i s powering, preferably a separate fuse for each pi ece of
equi prent, asintheel ectrical systemof acar or boat.

Do not connect an ACIine power supply directly toarechargeabl e battery
unl ess the power supply i s desi gned for use as afoat charger. The reasonis
that sone power supplies containa“crowbar” circuit that shorts the out put
if thevoltage goes too high, thetheory beingthat it i s nuch better todeliver
Ovol ts (and bl owt hefuse) thandel i ver anexcessi vevol tage. That’ sfneas| ong
asnobatteryispresent, but shortingacrossabatterycannakeit expl ode. Touse
bot hal i ne power suppl yandabattery, connect themmithabatteryi sol at or t hat
uses di odes t o keep current fromfow ng backwardi ntothe power supply. Itis
al sonot agoodi deat oconnect rechargeabl ebatteriesinparall el , evenif theyare
vel | mat ched, becauseashortedcel | i noneof t hemwoul dcausecurrent tofow
backwar d, di schargi ngandoverheatingal |l therenai ningcellsinbothbatteries.

Sral | rechargeabl e batteries for caneras or | aptops are al so potential |y per-
i I ous.Al ways keep camera batteries wappedininsul at ilfgycatdsopadn
uncovered D8L.Rbat tery i nt o your pocket al ongw t hyour keys, you may soon
fnd your clothing on fre. | keep canera batteries inthick plastic bags, and
| only put t hemi nny pocket if t he pocket doesn’t contai nanyt hi ng el se.

The ACline at your observing site, if thereis one, nust be protected by a
ground-faul't circuit interrupter (Gd). This does not total |y prevent el ectric
shock, but it does protect youinsituati onswhereel ectricitytriestofowthrough
your body f romt he power linestotheearth. Renenber that therew || be heavy
dewduri ng t he ni ght; keep hi gh-vol t age connecti ons dry. A so renenber t hat
ACfromaninverter is al nost as dangerous as ACfromthe nai ns; the only
differenceisthat theoutput of theinverter isisolatedfromtheearth.

10. 2 CGaneraGontrol
10. 2. 1HowGanera@ntrol i s Done

Sof twarethat cancontrol D8LRs i s abundant . Mbst caner a nanuf act ur er s bun-
dl esonet hi ngof thesort withthecaneraor offer it asafreedownl oad, al t hough
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the ast ronony- speci fc software reconmended later inthis sectionis nuch
better. Caneracontrol i sal sobuilt iNebul osi tiyax|I mDL , and ot her gener al -
pur pose ast r ophot ogr aphy sof t ware packages. It offers youthe ability to do
ever yt hi ng fromt he conput er —i ncl udi ng vi ew ng t he screen—that you coul d
dofromthe caneraitself.

CGaneracontrol relies ondevicedrivers supplied by t he canera naker. You
nay needtoi nstal | t hecaneranaker ' scontrol software, evenif it’snot adequate
for astronony, in order to get the device drivers. In general, only Wndows
i s supported, and sone ol der DSLRs only have drivers for 32-bit editions of
Wndows.

Mbst caner as conmuni cat e entirel y t hrough t he USBcabl e, but afewol der
C8LRs cannot nake | ong exposur es unl ess a second connection i s nade from
the conputer to the canera’ s cabl e rel ease socket through an interface cir-
cuit. Suitable interfaces are avail abl e from wwv shoest ri ngast ronony. com
and pl ans t o enabl e you t 0 nake your own are publ i shed by sone sof t ware
nakers. The Ganon i nterfaces described inthe previous edition of this book
work with the caneras for whi ch they were desi gned, but not necessarily
ot hers.

10. 2. 2Choosi ng a Lapt op

There are two reasons not to use your best |aptop for tel escope control in
the feld. heis to avoid exposing it to hazards such as dew and acci den-
tal danage. The ot her is because you nay need a di ff erent operating system
Your best |aptop might be a MaicBook or Linux system but canera control
i s al nost confnedto Wndows. Evenif you are a Wndows user, you ni ght
need a 32-hit editionof Wndows tocontrol an ol der DBLR Q you nay have
toroll back operating systemupdat es i n order to keep your equi pnent i nter-
f aces wor ki ng (as happened wi t h Wndows 10 i n 2016 and 2018), andthi s may
| eave the conput er not secure enough for online banki ng and regul ar web
surfng.

Asecondhand | apt op canbe very i nexpensi ve, andyoudon’t need great com
put er power t o aut ogui de and control acanera. (| nage processi ngisadifferent
natter.) Choose sonet hi ng desi gnedfor longbatterylife, not hi gh CPUspeed,
and | ook for anil | uni nat ed keyboardi f possi bl e.

10. 2. 3CGbl es

Youw Il need a USBcablethat fts your canera, probably alonger one than
usual, and it nay need a speci al connector onthe canera end. Long, reliabl e
canera USB cabl es — bri ght yel | owso you can see t hemon t he ground — are
nade by Tet her Tool s (ww t et hert ool s. con) and used w del y by pr of essi onal
phot ogr apher s.

189



Power and Canera Gntrol intheF el d

10. 2. ACanerantrol Sof t ware

Two caner a cont rol packages speci al | y desi gned f or DELR ast r ophot ogr aphy
are Backyar dEC&nd Backyar dNI KO\ bot h fromO Tel escope Gor por at i on of
Qtawa (wwv ot el escope. con). Besi des maki ng avai | abl e al | t he caner a f unc-
tions you need, including Live M ewon the conputer screen, they al so hel p
wthdrift alignnent, anal yze f ocus, canfocustel escopesw thelectric focusers
t hrough ASGMdri vers, and even downl oad and | og current weat her i nf or-
nationfor your site. H gure 10. 4 showBackyar dNI KON n acti on.

They al so performautonatic dithering by cormuni cating with PHD2 or
Met agui der di rect |yt hrough ASCOMnount dri vers. D theri ngneansthetel e-
scopeisainedslightly differently for successi ve exposures so that the sane
featuresdon’'t fall onthe sane pi xel s.

Sequence CGener at or, PromMii n Sequence Sof t ware (htt p: // Mai nSequence
Sof tware. conm), approaches the sane goal in aless DELR specifc way; it
al so works wi th dedi cat ed astrocaneras. The functional ity offeredis largely
the sane, but wth nore enphasis on planning and autonating an entire

F gure 10. 4.Backyar dNI KON naction, control I ingacanera, wthLiveMVewonthe
conput er screen.
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10. 3

10.4

10. 4. Qperatingat \ery LowTenper at ures

ast rophot ogr aphy sessi on, sothat you set the conputer goi ng, nake sureit’s
aut ogui di ng, and wal k anay (whi ch i s al so possi bl e w t hBackyar dECGand
Backyar dN kpn

Net wor ki ng Ever yt hi ng Toget her

Now it's tinme to sumup. The typical nodern DR astrophot ogr apher
uses a |l aptop conputer for control, a video canera for autogui ding, and a
conput eri zed tel escope mount. Here are al | the connections that have to be
takencareof :

Power for thetel escope, the conputer, andthecanera(preferablyal | separate);
USBor serial connectionfromthe conputer tothetel escope for guiding, and
possi bl y al sofor tel escope control (fndingobjects) andel ectri cfocusing;
USB connect i on fromt he conput er t o t he aut ogui di ng canera (thi s al so sup-

pl i es pover tothe aut ogui di ng caner a) ;

USB connecti on fromt he conput er tothe DBLRto control settings and down-

| oad i nages;

Possibly aserial - or parallel-port cabl e fromthe conputer tothe D8R cabl e
rel ease socket tocontrol | ong exposures.

If thetel escopei s anol der onew tha6-pi nnodul ar aut ogui der port, andthere
isno6-pininterface onthe autogui di ng canera, you can use cabl es avai | abl e
f romwaw shoest ri ngast ronony. comt hat connect a 6-pin port to the com
puter’s parallel or USBport. Andif youneed serial or parallel portsthat you
don’t have, use UB-to-serial or USB-to-paral | el converters.

Now count the connections. You nay need as many as fve USBports, in
whi ch case a USBhub enters the pi cture. Sval | USB hubs, powered fromt he
USBport itself, aretobepreferredif theywork adequat el y.

Inafewyears, wew || beusi ngshort-rangew rel ess coomuni cati oni nst ead
of arat’s nest of USBcabl es. A ready, sone equi pnent has W-H or B uet oot h
communi cat i on, and sone experi nent er s have gone sofar astonount asi ngl e-
board Wndows conput er on the tel escope nount and access it via Renote
Deskt op Prot ocol over W-H . Aswirel esstechnol ogy progresses, theonlycabl es
wew || havetodeal wthwll befor power.

(peratingat \ery LowTenper at ur es

The nost obvi ous effect of | owtenperatures on DBLRs is that thereis alot
lessdarkcurrent. Thisisagoodthi ngandiswhy astrononmical GDs areinter-
nal |y cool ed. 1t’ s al sowhy wetake dark franes at the sane t enperat ure as t he
exposur es fromwhi chthey aret o be subtract ed.

Asecond ef fect, not sobenign, isthat batteries|osesoneof their capacity. If
you renove a "dead” battery froma caneraand warmit upinyour hand, it
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Power and Canera Gntrol intheF el d

w |l oftenconebacktolife. LCDdi spl ays nay al sol osecontrast i nthecol d, but
theeffect i stenporary.

There are unconfrned reports of | apt op screens and | apt op batteri es bei ng
har ned by freezi ng. 0 course, arunning|aptop gives off afair bit of heat, so
the greater concernis about equi pnent | eft outdoors for al ongti ne unused.

At tenperatures dowmntoabout 0 F( 18 Q, those are probably the only
effectsyouw Il notice. At | ower tenperatures, though, el ectronic conponents
nay begi nto nal function. Those nost |ikely to be af fected are fash nenory
devi ces and dat a comrmuni cati on chi ps because they rely on vol t age t hresh-

ol ds that can shift with tenperature. Thi s neans your canera nenory card

nay have probl ens, as well as the fash R\M USBport, and serial port of

a mcroprocessor-control | ed caneraor tel escope. D sk drives aretypically not
ratedtowork below32 F(0 Q.

Do not bring a very col d canera or |aptop conputer directly into warm
humid ai r, or noi sturew |l condenseonit. Instead, put it inaplasticbag, or
at least aclosedcase, andlet it warmup gradual l'y. |f condensation forns, do
not turnit onuntil it hasdried.
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Chapt er 11
Deep- sky | nage Pr ocessi ng

The pur pose of thischapter istotel |l youwhat deep- sky i nage processi hg con-
sistsof; thenext chapter will tell youhowtodothebasicstepsw ththreenaj or
sof t war e packages.

11. 1 Processi ng Vir kflow

H gure 11. 1 shows ny pr ef er red wor kf owf or i nage processi ng. Ther e ar e sev-
eral variationsonit, whichwe' |l get to. Sone peopl e nay be di sconcert ed t hat
thi s version of the process does not include bias frames, but it is correct as
shown, as we shal | see.

ne thing that nakes i nage processi ng seemconpl i catedis that there are
nany nanes f or al nost everythinginit. W veal ready nenti onedt hat f at dar ks
arethesanethingasdarkfats. ol or i nageswithaBayer natrixareal socal | ed
CFA(col or flter array) or GBC(one-shot col or) i nages. Decodi ngthemi s cal | ed
deBayeri ng or denosai ci ng. Thenwe al i gn (regi ster) and st ack (conbi ne, inte-
grate) them Throughthi sstep, theinmageis!inear (not gamma- correct ed). Then
it undergoes nonli near stretching, or gamma correction, or hi stogramadj ust -
nent (all three arethe sanethi ng) and becones vi enabl e. The process i s not
near | y as conpl ex as t he vocabul ary suggest s!

11.2 Glibration
11. 2. Iinage Ari thneti c

Chapt er 5 covered howt o nake cal i brati onfranes; this chapter expl ai ns how
they areused. Galibrationis based onthe concept of i nage arithnetic or pixel
arithnetic. Fromhereon, anequationlike

Inage 1 =Inage2 + | nage 3
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Flat darks Flats Darks Lights

Stack Stack

Master Master
flat dark dark

) Calibrate
Calibrate (Apply darks
and flats)

Calibrated

flats Bayer matrix

images

Stack DeBayer
(Demosaic)
Master
flat Color images

Align
(Register)

Images with
alignment
data

Stack
(Combine)
(Integrate)

Linear
image

Stretch
(Gamma correction)
(Histogram adjustment)

Finished
image

Fgurel1l.1. \@rkfowfor i nage processi ng. Fortunatel y, most of thi s can be aut onat ed.

neans t hat every pi xel valueinlnage 1is obtai ned by addi ng t he pi xel val ue
at that positioninlnage2tothepixel val ueinthe sane positioninlnage 3.
That hol ds for all operations, including multiplication and division. For

exanpl e,

| nage 2
Imgel = ————
g Qorrection

neans todivi de every pi xel inlnage2bytheval ueinthesanepositioninthe
correctioninage (whichisnot exactly aninage, but does have nunbersinthe
positions of all the pixels). Thisisnot natrix division; pixel arithnetic al ways
appl i estoindividual pixelsinnatchi ngpositions.
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11. 2. 2nponent s of a Rawl nage

Nowcal i brati on can be def ned nore preci sely. Dark franes andfat fel ds are
used t o over cone:

e Darkcurrent, | eakage wthinsensor pi xel s that nakes themact asif they re
recei ving sone | i ght evenwhenthey’ re not. This conprises “hot pi xel s” that
alvways read as very bright, plus ordinary pixels that are a bit | eaky. Dark
current is proportional to exposuretinge and | SOsetting and i ncreases with
tenperature. It iaddedotheoriginal i nageinthe canera.

e Bas, the fact that pixel values don't start at zero. Even with no light and
no exposure, each pi xel typical ly has a nonzero val ue. Like dark current, this
nonzero starting point i addedto the original inage in the canera. In fact,
C8.Rs add bi astoensuret hat t hey do not need negat i ve nunbers.

B asfranesarestrictlynecessaryonlyif thesoftwarewantstoconvert adark
franetoadifferent exposuretinethanit was takenw th. Qherw se, you do
not need bi as f r anes because dark f ranes and f at dar ks i ncl ude bi as.

» lhevenresponse , whichconprisestwothings: differencesinsensitivityfrom
one pi xel toanother, and differencesintheanount of Iight reachi ngthe pixels
because of vi gnetting, dust, and ot her obst acl es.

Lheven response i s counteracted wth fat felds, fromwhi chwe extract a
nat henat i cal nodel t hat tel | s hownucheachpi xel respondstolight. For exam
pl e, asensor pixel that responds toonly three quarters of the usual anount
of light is nodeledwth afactor of 0.75. Ve treat the pixel s intheinage as
if their light levels had beeml tiplibg this factor, and we correct it by
di vi di ng.

Tabl e 11. 1 descri bes t he ki nd of i nages t hat cone out of t he canera. Transl at -
ingthefornmul aeintoEnglish:

e Abiasfranecontains only the bias. The exposureistooshort for it torecord
anyt hi ng el se.

e Afat darkcontainshiasplusthedarkcurrent fromavery short exposurd.f t he
exposureis about 1/ 10 second or | ess, the dark current i s indistinguishabl efrom:
and fat darks arethe sanethi ngas bi as franes.

Tabl e 11. 1 Conponent s of fve ki nds of i mages.

B asfrane=Bi as
H at dar k= Short - exposur e dar k current+ B as
Hat fel d&=(Qnstant Uhevenresponse ) + Short - exposur e dar k cur rent+ B as
Dark frame = Long- exposure dark current + B as
Light frame=(Astroinage Uhevenresponse ) + Long- exposure dark current + B as
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Afat feld contains what a fat dark contains, plus an i nage of a constant
amount of |ight (auniformbright surface) af fected by uneven |ight transnis-
sion and pi xel sensitivity. V€ nodel this as aconstant exposure miltipliedby
t he uneven r esponse.

Adarkfraneislikeafat dark except that the exposureis|onger, tonatchthe
light franes.

Alight franeislikeafat fel dexcept for twothings: thelight cones froman
astrononical obj ect rather than a uni formsource, andthe dark current cones
froma | onger exposure, because |ight frames are typical |y exposed for sec-
onds or mnutes, while fat felds are only exposed for a snall fraction of a
second.

What we want i storecover what | called“Astroimage,” initially as acorrect

linear i mage (what woul d have cone out of a perfect sensor, or as near as we
canget), andthen ganma-correct it toaccount for thefact that pi xel val ues on
a conput er screen have a radi cal |y different neani ng t han pi xel val ues on a
sensor.

To per f or mwhi chever of the fol | ow ng cal cul ati ons your sof t ware supports,
general lyall youhavetodoistell thesoftwarewheretofndthefles, andset it
going. But it isuseful toknowhowthe cal cul ations are done.

11. 2. 3vaster Darks, H ats, H at Darks, and B as Fr anes

Nornal |y, eachcalibrati onfraneis actual | yastack of nany, averagedt oget her

t oreducerandomnoi se. Typi cal | yyounight stack 10t 01001 i ghts, thesaneor a
great er nunber of darks, at | east 10fats, andat | east 10fat darks. AsFH gure11. 1
shows, cal i brationfranesarestackedearly, becauset heydonot needal i gnnent,
but |ight franes are stacked after nost of the other processing, because they
needtobeal i gnedtostar i nageposi ti onsrat her t hanl eavi ngal | t he pi xel swhere
t hey were.

11. 2. 4Shoul dH at s Be B nned or Shoot hed?

It used to be cormon practicetobinthe pixels of afat-feldinage 2 2 or
bl ur themon a larger scale. The idea was that fats represent overal |l gradi-
entsduetovignettingandthelike, anddifferences betweenindividual pixels
shoul d be snoothed out. Bihningis still default in sone software, such as
Nebul osity

That i s nolonger recommended. The i magi ng communi ty has real i zed t hat
one of the functions of fat felds is to correct for differences in response
between individual pixels. For that to work, the pixels nust be handl ed
i ndi vi dual | y.

Bnningfat felds 2 2 does have one beneft —it nakes the Bayer natrix
colorl ess. Thefats cannol onger i ntroduce (or correct) acol or cast.
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11. 2. 5t hod 0: Just Li ght s and Dar ks

The sinpl est way tocalibrateinagesistoleave fat felds out of the picture
(literally) andjust subtract dark franes fromlights. Then:

Astroinage Light frane Darkfrane:

As you can see by conparingtotheformulaeinTabl e11. 1, thisgetsridof dark
current and bi as but does not correct for unevenresponse. It i swhat caner as do
aut onat i cal | y when | ong exposur e noi se reductioni s turned on.

InMethodO, thelights anddarks nust havet he sane exposuretine and | SO
setting, and, asfar as possi bl e, betaken at t he sane sensor t enper at ure.

11. 2. 6Met hod 1: Lights, Darks, Hats, andH at Darks
Perfect calibrationresul tsfromthesecal cul ati ons:

Hat feld Hat dark
Aver age pi xel val ue’

(Light frame Darkfrane).
Uheven r esponse '

Lheven r esponse

Astroi nage

That i sjust | i ket heprevi ous exanpl e except t hat correctionfor unevenresponse,
usingfat fel ds, isincluded.

The frst formula requires sone expl aining. W& want to nodel uneven
response such t hat nornal pi xel sare 1.0, pixel swithhal f the nornal response
are0.5, andsoon. Then, by di vi di ngby t hat nodel , we cancorrect theinageto
look asif every pixel respondedtolight equal lywell. P xel sthat respondedto
onlyhal f thelight will bedoubl ed, and so on.

InTable 11. 1, the fat feldsinclude aconstant that we cannot recover. That
doesn’'t natter. To nodel uneven response, we don’'t need to knowthe ori gi -
nal exposure, only the proportional response of each pi xel . That i s achi eved by
di vi di ng by t he aver age pi xel val ue.

Wat i smuchnoreinportant i sthat thefat fel ds havetobedark-subtract ed
using fat darks. If that is not done, we are not working with val ues truly
proportional totheresponsetolight.

Herei s awor ked exanpl et o showwhy t hat i s so. Suppose one pi xel has atrue
response of 0.5, and anot her, 1. 0. Suppose further that t he canera’ s pi xel val ues
areonascalefromOto 16383 andthe fat fel ds were gi ven an exposure cor -
respondi ngto 10000 pi xel val ueunits (DO\s, asthey areternedin Chapter 15).
Suppose furt her that t he caner aadds a bi as of 1024t o each pi xel . Thenthetwo
pi xel s we are consi deringw | | have val ues of :

(0:5 10000) + 1024 = 6024;
(L0 10000) + 1024 = 11024:
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The rati o between themw || be 6024=11024 =0:546, whichis not correct. To
nodel thefrst pixel correctly as 0.5 of the second one, we have t o subtract the
bi as frst (pl us any dark current that might be present, havi ngthe sane effect).
Fai | uretodot hi s causes undercorrection; fat-fel di ngdoes not doquiteasnuch
goodasit ought to.

(ne advant age of Method 1isthat fats andlights do not have t o be t aken
at the sane | SOsetting. They have to be taken with exactly the sane opti cs,
of course, but because there are no bi as franes, nothi ng has to matchthe | SO
settingof thebiasfranes. Thedark franmes havetonatchthel SOsettingof the
lights, andthefat darks havetonatchthel SOsettingof thefats. Takingfats
at al owl SOsetting (suchas 200) i s conveni ent and | eads t ol ower noi se.

11. 2. 7Method 2: Lights, Darks, A ats, andB as

An ol der way of doing calibration includes bias frames but not fat darks.
The advant age of this nethod is that, wth bi as known, the dark franes can

be (approxi matel y) scaledtodifferent exposuretines, i f necessary (apoint to
whichwe shal | return).

Note that, w threasonabl y short exposures (under 1/ 10 second or so), bias
franes arethe sanethi ngas fat darks anyhow sothi s nethodi s what you get
wthol der softwareif yousinply put inthefat darks as bi as f ranes.

The nai n di fference fromt he previ ous nethod i s that, because bi as franes
areusedwthbothfatsandlights, thefats andfat darks have t o be t aken at
thesane | SOasthelights. Thecal cul ationis:

Long-exposuredark current =Dark frane B asfrang

Hat feld B asfrane

Lheven r esponse - ;
P Aver age pi xel val ue

Light frane Longexposuredarkcurrent B asfrane

Astroinage =
g Uheven r esponse

Thel ast fornmul ai sthesaneasinMethod1, but cal cul at edi nanoreroundabout
way. Abias frane was subtracted froml ong exposure dark current, whichis
nowbei ng subt racted fromtheli ght frane; that neans t he bi as i s bei ng added
back i n and needs t o be subt r act ed agai n.

Noteal sothe signinthesecondformula Theoretically, it isnoreaccurate
tocalibrateafat feldagainst afat dark than abias frane, but if biasframes
andfat darks areindi stingui shabl e, the poi nt i s noot .

Method2requiresal |l thecalibrationfranestobetakenat t hesanmel SOsetting
becauselights, darks, andfatsareall calibratedusi ngthe sane bi as f ranes.

11. 2. 8Method 3: Lights, Darks, Aats, A at Darks, and B as

The nost thorough kind of calibrationrequires all four kinds of calibration
franes, al | takenat thesanel SOsettingasthelights. ItisasaccurateasMthodl
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but allows scalingthedark franestodifferent exposuretinesif your software
supportsit. Here' s howit’s done:

Long- exposure dark current =Darkfrane B asfranme
Short-exposuredark current=H at dark B asfrang

Hat feld Short-exposuredarkcurrent B asfrane
Aver age pi xel val ue '

Lhevenresponse =

Light frane Long-exposuredarkcurrent Biasfrane,

Astroinage =
9 Lheven r esponse

The fourth formul ais roundabout inthe sane way as in Mthod2. Thethird
formul aisalsoroundabout; it isactuallyequival ent totheforml afor uneven
responsein Mt hod 1. I nboth of these cases we are subt racti ng fromt he i nage
adark current fromwhich bi as has been subtract ed. Because t he bi as was | ef t
out, it thenhastobe subtractedas aseparate step. Met hod 3 nakes t he t heory
cl earest but doesn't mnimzethearithnetic.

Li ke Method 2, Method 3 requires all the calibrationfranes to be taken at
the sane | SOsettingasthelights becauset he sane bi as franes are used on al |
of them

11. 2. 9cal i ngt he Dar k Fr anes

Wiat i f your dark franes weretakenat adifferent exposuretine, or tenpera-
turethanyour astronomcal i nages? Canyoustill usethen?

Maybe. Scaling of dark franes was a w despread practice in early QD
astronony, but nany peopl e foundit unsati sfactory, and nornal practice now
istonmatchthe darks tothelights whenever possible. But the need for it nay
be coning back as we use DELRs t hat recordt hei r sensor t enperat ures but do
not control them It i s often pai nfull y obvi ous that the darks do not natchthe
tenperatures of thelights.

{0 course, weonlywant toscal ethedark current, not the bias. That i nplies
we have done t he cal cul ati on

Long-exposuredark current =Darkfrane B asfrane
in Methods 2 and 3. Any al gorithmto scal e the dark franges has t o have hi as
franes, or fat darksthat canserveas bi as franes.

Wat we want i s:

Scal ed | ong- exposur e dar k cur rent= Long- exposur e dark current  Fact or;

vwherethefactor all owsustoappl ytheol ddark franestothe newl i ghtstaken
under di fferent condi ti ons.
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Howdowe get thefact or ?Part of theanswer i seasy: Theeffect of dark current
i s (or shoul dbe) proportional toexposuretineand| SOsetting, so:

Newexposureti ne New! SOsetting

Fact or= - —!
Qdexposuretine QdIsetting

I f thetenperatures are al sonisnat ched, youcanal somil tiplythefactor by
exp[0:09 (Newtenperaturein C Qdtenperaturein C)]

whi ch may be areasonabl e nodel of the effect of tenperatureondarkcurrent.
Thereis abetter way. | xI nsi ghdark franes can be scal ed aut onatical |y

by anal ysi s of their actual noi selevels. Measuring the change i n dark current

(whichisirregularly distributed across pi xel s, hence neasurabl e as noi se) is

nmuch better thantryingto estimateit. The optionis called “Qptinize dark

franes” i nthe I mageCal i brat i on and Bat chPr eprocessi ngt ool s.

Gosneti c Grrection

Dark-franmesubtractioni snot theonl ywaytoget ridof hot pixels. It isnot even
necessarilythebest way. |f thedarkfranesareadjustedinanyway (suchasthe
way Pi xI nsi gadj ust sthemt omni nmizefnal noi sel evel ), subtractionnol onger

t akes out hot pi xel s perfectly.

Enter cosnet i ¢ corr ecttiheraut onat i ¢ det ecti on and renoval of devi ant pi x-
elsintheinage, whether or not adark franeis avail abl e. The key i deai s t hat
our sensors are shar per t han our optics, sono genui ne object intheinagew ||
occupy a singl e pi xel . (I mages of stars, whi chare point sources, aretypically 3
pi xel sindianeter.) Accordingly, anypixel wildydifferent fromitsneighborsis
i ncorrect and shoul dberenoved. Initsplaceis put theaverage of t he adj acent
pi xel s.

Gosnetic correctioninnaj or software packages i s coveredinthe next chap-
ter. Wienincludedinthe process, it isanextrastepinFgure11.1, right after
cal i bration.

DeBayeri zat i on

After i mages have beencal i brated, but bef orethey areal i gned and st acked, t he
Bayer col or matri x (the GFA col or flter array) nust be decoded (a process al so
cal | ed denosai ci ng) .
The traditional way to deBayerizeinages was tofll inthe unknown col or

| ayer s of eachpixel (e.g., the Rand Gl ayers of aBpi xel ) by averagi ngi t s nei gh-
bors (Fgure2. 2). It was qui ckly di scoveredthat thisis not enough for i mages
contai ni ng hi gh-contrast fne detail —whichis what star i nages are. Accord-
ingly, newer algorithns detect brightness gradients in the i mage al so, and
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sof tware commonl y provi des several deBayerization al gorithns. Adaptive
honogenei t y- di rect ed (AHD deBayeri zati oni s hi ghl y recormended, withthe
vari abl e nuniber of gradi ents (MN@ al gorithmas second choi ce. The snal | er
thepi xel sare, thelessthismatters.

(ne approacht o deBayeri zati onthat | defnitel y donot recormendi s super -
pi xel nogenhi ch neans bi nning the pixels 2 2inorder to deBayerize. You
sinplytakeasquaregroupof R G G and Bpi xel s, averaget he t wo Gval ues,
and t ake t he Rand Bval ues as gi ven. Every four pixelsintheoriginal inage
(R G G B) becone asingl e “superpi xel .”

The troubl e w t h super pi xel nodeisthat the edge of astar i nage caneasily
i ntersect one of these quartets of pixel ssuchthat it hitsonlytheR or onlythe
B oronlyaG Theresult isabrightly col ored pi xel whenthere was no bri ght
col or present inthecel estial object. Al deBayerizational gorithnsrunsoneri sk
of color fringing, asit iscalled, but thisoneparticularlyso. It is nuchbetter
t o performdeBayeri zati on usi ng i nformati on fromal | the nei ghbors of every
original pixel, andthen downsanpl et hei nage af t erward.

11.5 Sacking
11. 5. IThe Gncept

Wiy do we st ack (conbi ne) i nages? To bui I d up t he si gnal whilerejectingthe
noi se. Thekeyideai sthat therandomnoi seisdifferent i neachi mage andt here-
forew !l partly cancel out whenthey are st a%(ed (Fgure 11.2). To be preci se,
randomnoi seinastack of Ninagesisonly = N as strong as i n one i nage
by itsel  Stacki ngeventwoi nages hel ps; stacki ngahundred can al nost wor k
m racl es.

Not et hat stackedi nages don’'t havetoberaw youcanal i gnand st ack JPEG
images i f youwant to. Thisis ahandy way for a begi nner toreapthe benefts
of stacki ngw thout nasteringinage processingntotdt al soconesin handy
i f youhaveforgottentoset your caneratorecordrawi nagefl es.

11. 5. 2Gonf usi ng Ter ml nt egrat i on

InPi xI nsi ghnd sone ot her sof t war e packages, stackingiscalledintegration.
Indigital inaging generally, though,ntegratiaen neans exposure tine.
You can i ntegrat e 100 franmes each of whi ch has a 60-second i ntegrationtine.
To avoi d confusi on, | nol onger usethetermnt egratiiorei t her sense, except
whenreferringtoPi xI nsi ghenus.

1 Thisfoll ows fromthe root - sum squar e | awof addi tionfor Gaussi an noi se sources. | f noi se
sourcesN1;No;:::Npare uncorFBeI ated, thentheresul ti ng noi se anpl i tude of their sumi s not
N;p + Ny + + Np but rather” Np + Ny + + Np.
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F gure11. 2. Gonbi ni ng i nages reduces noi se.Top:S ngl e 6- mi nut e exposur e of t he Hel i x
Nebul a (N3C7293) t hr ough an 8-i nch (20-cn) tel escope wi t h f/ 6. 3 conpr essor, w th Ganon
Digital Rebel (300D at | SO400Bot t ormAver age of t hree such exposur es. Randomnoi sei s
reduced by afactor of 3=1:7.

11. 5. 3-owl nages Are Gonbi ned

Sum
The nost obvi ous way t o conbi ne cor respondi ng pi xel val uesistoaddthem
Thisis|like naking amiltipleexposureinacanera; every inage contributes
sonet hi ngtothefni shed product .

The probl emw t h addi ng (sunming) i s that the resul ting pi xel val ues may
be too high. If you are working with 16-bit pi xel s, then the naxi numpi xel
val ue is 65535; clearly, if you add two i nages that have 40000 i n that pi xel,
theresult, 80000, will beout of range. For that reason, instead of the sum we
uset he aver age.



11.5. Sacki ng

Aver age (Mean)

The aver age (t he nean) i st he sumdi vi ded by t he nuniber of i mages. Theresul t -

i ngpi xel val uesareal waysinthesanerangeastheorigi nal s. Asw t hsunm ng,
everyinagecontributesequal | ytothefni shedproduct. Infact, taki ngtheaver-
age i s exactly equi val ent to summing t he i nages and t hen scal i ng t he pi xel
val ues backtotheorigi nal range.

Medi anand S gnad i ppi ng
Thetroubl ew ththeaveragei sthat everyexposurenakesacontri bution. Sone-
ti nes sone of the pi xel s of one of t he exposures are so devi ant t hat t hey ought
tobei gnored. Maybe anairpl ane fewt hroughthe pi cture (H gure 11. 3).

W' d|iketo averagethe nornal -1 ooki ng pi xel s but throwout the ones t hat
aretoodifferent. nesinplewaytodothisistousethened an.

The nedi an of a set of nunbersisthe onethat isinthe nidd ewhenthey
arelinedupinorder. For exanpl e, i f aparticul ar pi xel infveinages has pi xel

val ues of , respecti vely, 40, 50, 53, 72, and 80, thenthe nedi ani s53. |f t he hi ghest

val ue changes from80 t o sonet hi ng nuch hi gher, such as 8000, the nedianis
still 53.

Fgurell.3. Airplanetrail inasingleexposure (left) di sappears conpl etel ywhenthis
exposurei s stackedw thsixnore, usingsignaclipping(right). Medianconbi ni ngwoul d
givesaneresult.
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But the nedi ani snot i deal either; it does not produce as snoot h ani nage as
t he aver age because it does not get ridof | owlevel fuctuation. Isthereaway
t o conbi ne t he t wo?

That is the idea behi ndsi gnma cl i ppi-a@veragi ng wth abnornal val ues
excl uded f romt he mi x. Toj udge whi ch val ues ar e abnor nal , t he programcom
put es t he aver age and st andard devi ati on(, signa), thenrejectsany pi xel st hat
di ffer fromt he nean by nore t han where (kappa) i s afactor you specify,
and conput es a newaverage onitting the rej ected pixels. Thisis doneitera-
tivel ysothat after rejectingonedeviant pixel , the updat ed aver age can be used
toeval uatethe ot hers.

| reconmend si gna cl i ppi ng rat her t han nedi an conbi ni ng whenever pos-
sible. Another al ternativedes centil e cli ppéjresting pi xel s whose val ues are
not w t hi nt he middl e 90%( or sone ot her percent age) of thedistribution.

Bef ore Vé S ack, VE Al i gn

Mast er darks and fats are nade by j ust stacki ng the i mages that cone from
the canera. | mages t hat showcel estial objects, however, needtobealignedto
superi nposet hei mages rat her t han! eavi ngt hepi xel sintheir ori gi nal positions.
The i nages i n successi ve exposures may shift because of i nperfect tracking,
del i beratedithering, or eventaki nginages on nor et han one ni ght .

Fortunately, our inages contain |ots of stars. The stars provi de reference
poi nts for al i gnnent and st acki ng. Sone sof tware al i gns t he i mages and st acks
t hemi nmedi at el y; ot her sof tware out puts regi stration data (nunbers i ndi cat -
i nghowt oshi ft i nages), or el seregi steredi nages (al ready shi ft edt onat cheach
ot her), and stacki ngi s aseparate step.

Aignnent i s nowadays a sophi sti cated process that includes rotating the
i mages as needed (handy for observers w th al tazi mut h nount s) and stret ch-
ingtoaccomodat el ens distortion. Thesoftwarehastobeabletofndstars, of
cour se, usual | y hundreds of them and nornal | y you can adj ust t hreshol ds f or
doingso. If thethresholdiswong, either nostarsw | befound, or grainwl|
bemstakenfor starsandal i gnnent wll fail.

11. 7 Nonlinear Sretchi ng(Ganma Qorrect i on)
11. 7. 1The Goncept

Lhti | you performnonl i near stretchi ngor ganma correcti ononyour ast ronom

ical inage, it wll probably | ook very dark or even bl ack (FH gure 11.4). If you
were deal ingw th a correctly exposed dayt i ne phot ogr aph, you coul d appl y
ganma correction using the formulain Section 2.5.4. Your canera does t hat
automati cal | y whenit produces JPEGI nages.



11. 7. Nonlinear Sretching (Ganma Qorrect i on)

F gure1l.4. Adayti ne phot ograph bef ore and af t er gamma cor rect i on.
Ast rononical i nages of tendonot contai nanythingas|light asthelightest parts
of thispicture.

But i n astrophot ography you usual | y have an under exposed pi cture with
overexposedi ndi vi dual stars, anon-bl ack background, andsoforth, sogamma
correcti onhastobecust om zedtoeachpi cture. Wiat youdoi s perf or mext rene
stretching as described in Section 4.3. Mvingthe mddl eslider totheleft is
what nakes t hei nage nonl i near. That i s, thepi xel val uesarenol onger linearly
proportional tolight | evels.

Ocetheinmageisnolonger |inear, thepixel arithneticusedincalibrationis
nolonger valid; that’ swhycalibrationisdonefrst.

11. 7. 20 gi tal Devel opnent Processi ng (DDP)

Though nost of us do our nonlinear stretching by hand, there are ways to
autonateit, at | east approxi nmatel y, for astrononcal i nages.

Qne popul ar approach is Digital Devel opnent Processing (CCP), an al go-
ri t hmi nvent ed by ast rophot ogr apher Kuni hi ko Ckano t hat conbi nes ganma
stretching with unsharp nasking? It is particularly good at preserving the
visibilityof stars agai nst bri ght nebul ae.

Sone carei s needed set ti ngt he par anet er s because i npl enent ati ons of di g-
ital devel opnent that are optinized for snaller Qs canbringout grainin
C8LRi nages. I nthat situation, the unsharp naski ng radi us needs t o be nuch
| arger, or the anount of edge enhancenent needsto bel ess.

2 vgb: v asahi -net.or.jp/ rt6k-okn/its98/ ddpl. ht m

207



208

11. 8

Deep- sky | nage Pr ocessi ng

Post pr ocessi ng

Post processing i s everything el se you do to nake the picture | ook good —
adj usting the size and col or bal ance, naki ng fnal tweaks “by eye,” and so
forth—and nay be donew th Phot oshogr G MP rat her t hanyour ast r onom cal
sof tware.

There are al so additi onal processing steps that can be inserted at vari ous
stages in the process, such as noi se reduction, background fatteni ng, and
shar peni ng. Sone of themare covered in Chapter 13. Qhers are still being
i nvent ed.



Chapt er 12
Var kfloww t h Speci fic Sof t war e

Thi s chapt er expl ai ns, as conci sel y as possi bl e, howto process DSLRi nages
w th DeepSkySt acker Nebul osity, Maxl ambLPi x| nsi ghiThese are not the
onl y good sof t war e packages, but they are representative. Thi s chapter is not
aconpl eteguidetothem but it will get youstarted.

Mbst i nage processi ng packages have root s i n QDast ronony w t h nuch
snal | er sensors. Their default settings are not necessarily the best for DELR
work. I ntheseexanpl es, | tell youhowt ousethemw thnul ti - negapi xel DELR
i mages.

Throughout, | assunethat you areworki ngfromlights, darks, fats, andfat
darks. oviously, if any of these aremssing, they canbeleft out, except that if
possi bl e, fats shoul d not be usedw t hout fat darks.

12.1 BeforeV® S art
12. 1. 1screen Sretch

(ne of the frst things to ask about any i nage processi ng software i s howto
turnonscreenstretch. Vew I | tackl ethi sveryearlyonw theachof thesoftware
packages di scussed.

Screenstretchisafeaturethat enabl es youto previewaninagewth strong
stret chi ng(bri ght eni ng) event houghit hasn’'t real | ybeenstretched(H gurel2.1).
It’ s oftenthe only way you can see what youare doingif youneedtoedit or
previewaninagethat isstill |inear.

The screenstretchinyour softwareis|ikel ytobeheavy-handed—its pur pose
i stoshowyouwhat’ sthere, not toproduce afne pi cture—andnay or nay not
berel atedtothe adj ustnents for actual | y stretchingtheinage.

12. 1. 2\et hods and | SOSet ti ngs

If all your calibrationfranes weretakenat the sane | SOsettingasthelights,
you can use any of t he net hods describedinthischapter. |f youusedonel SO
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F gure12.1. Beforegammacorrection, many i nages | ook conpl et el y bl ack (top) unl ess you
vi ewt hemwi thscreenstretch (botton).

settingfor thefatsandfat darks, andanot her for theli ghts anddarks, youcan
onl y use t he net hods t hat ar e desci bed as Met hod 1 (Secti on 11. 2. 6) and do not
i nvol ve bi as franes or anyt hi ngt hat t he sof t ware t hi nks are bi as f ranes.

DeepSkyS acker

DeepSkySt ackdmls three great advantages: it is free, it is easy touse (wth
| ots of saf eguards to keep sl eepy ast rononers fromnaki ng mistakes), and it



12. 2DeepSkySt acker

isfast(as wel | as accurate and reliabl®e)ts disadvantage is that it is not a
full -featuredi nmage- processi ng syst em al t hough you can adj ust bri ght ness and
contrast, naki ngafni shedpi cturegeneral | yrequires post processi ngw t hot her
sof t war e (whi ch can be Phot oshogr G MP ).

Devel opnent of DeepSkySt ackbas recent|y resuned after ahi atus; theorig-
i nal product had no naj or updat es after 2009 and had started runningintothe
nenory | imits of Wndows 32-bit node whi | e processi ng i nages fromnewer,
| arger sensors. I n 201&eepSky St ackaas nade open- source and ported to
64-bi t node, and devel oprent resuned apace.

12. 2. 1kser Interface

DeepSky St acKeruser interfaceis sinple, wth anenurunning downthe left
side of the wndow Wen fles have been chosen, they are displayed in a

list at the lower right, and the sel ected i mage i s di spl ayed above the |i st
(Hgurel2. 2).

12. 2. 2Settingup

H gure 12. 3shows i nportant settingsthat shoul dbenadethefrst ti neyourun
DeepSkySt acksothat it will decode DSLRrawfles correctly. Thesettingsw ||
stickif you nake t hemand t hen use t hemi n a processi ng run, but not if you

j ust nake themandt henexit DeepSkySt ackeirt hout processi ng any i nages.

12. 2. 3Gl i brati ngand S acki ng | nages

Gl i brationand st acki ngi BeepSky St ackare very easy. Just click, i nsequence,
thesixitensmarkedi nF gure12. 4. Eachof thefrst four itensopensafledial og
box i n whi ch you pi ck the fl es of the appropriate kind. If youdon't have al |
four kinds of franes (light, dark, fat, anddarkfat), just clickonthe onesthat
you do have. Odinarily, wthaDELR youw Il not have bi as (of fset) franes,
and DeepSkySt ackerl| di spl ay a war ni ng when about t o stack your i nages,

but you cani gnore t he war ni ng; DeepSkySt ackehooses the right al gorithmto
processthetypes of flesyougiveit.

Younust nar kt he checkboxes ont hefl esyouwant touse. “Checkal | ” sel ects
al | of theminonestep.

Wen you cl i ck “ Regi st er checked pi ct ures” you can choose “S ack aft er reg-
istering” in order to save a step, or you can regi ster and stack i n separate
steps. Look at the stacki ng opti onst o nake sure areasonabl e al gorit hmi s cho-
sen (nornal |y kappa-si gna). Al so, |1 ook at the output options; nornal Iy you
w Il want DeepSkySt ackéo wite out the linear i mage fl e autonatical ly (as

1 DeepSkySt ackies of t en abbr evi at eBSS, but i s not tobe confusedw ththdi giti zed Sky Survey,
vhi chi s al so abbrevi at edSS.

211



212

Vr kfloww t h Speci fic Sof t war e

Menu Magnified preview Screen
of mouse cursor area stretch

Selected
image

F gure 12. 2.DeepSky St acKesruser interfaceis strai ghtforward, w ththe nenual ways vi si bl e
at theleft.

Autosave.tif, inthefol der withthelight franes) andal sotogenerateanHM
fl e descri bi ng t he processi ng run. These settings w || be renenbered for the
next processi ngrun.

Thefrst tineit reads eachset of calibrationfra®sepSkySt ackereat es a
nast er frane (master dark, naster fat, etc.) andstoresit inthesanefol der. n
subsequent runs, it usesthenaster franetosavetine.

12. 2. 4\ ew ngand Sel ecti ng | nages t o S ack

You don’ t have to check al | thei nmages, of course; you can stack onl y t he good
ones. Topreviewaninage, clickonit inthelist of fles, wait anonent for it
toload, andlookat it onthescreen(F gurel12.2). Screenstretchis at the upper
right. To see a star nagni fed, nove t he nouse cursor over it and | ook at the
upper | eft of thepicture.



12. 2DeepSkySt acker

Persistent
settings
(just set
them once)

Uncheck if not using bias frames

Figurel2.3. Initial setti ngDeepSkySt ackeo process DELRf| es.

Once the inages have been registered (whether or not they have been
stacked), they are assi gned scores, shownintheflelist. Hgher scores indi-
cateinagesthat arebetter trackedandbetter exposed. Uhchecki ngi nagesw t h
especi al | y | owscores i s agood strat egy.

12. 2. 53 ret chi ng

The Aut osave. ti f i nage f | e gener at ed byDeepSky St ackeirl | | ook dar k and col -
orl ess. Your best noveistoopenit withoneof theother soft war e packages and
start at the“Sretching” stepasdescribedinseveral placeslaterinthischapter.
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Click on
these 6 items,
in order,

from top

to bottom.

In this step, make sure
aStack after registering®
is checked in the

menu that pops up.

Ignore the warning that
you have no bias files.

Figurel12.4. Gaibrationandstacki ngbeepSkySt ackare very strai ght f orward.

However, you can performsone stretchingwth DeepSkyStackas shownin
FHgurel2.5. Thisfeatureislikelytobechangedandinprovedinlater versions
of thesoftware.

12. 3 Nebul osity

Nebul osi ig aproduct of S ark Labs (wwv st ar k- I abs. con), t he sane conpany
that gave us PHD Qui di ng. It can be downl oaded and usedinfreetrial node,
inwhichyoucantryout all the features but the saved fl es have a patt ern of
short |ines superinposed. Sone caneracontrol isincluded, andit isespecially
inportant totryout thecaneracontrol beforeyoubuy, if youplantorelyonit.
Thi s chapt er does not cover caneracontrol .

The i ntent of Nebul osi tiy to deliver everything youreal ly needin asnal |
package. Itssel lingpointsareeaseof useandl owprice. Itisparticul arlypopul ar
W t h begi nners but can def nitel y be used for advanced work, thoughit isless
full-featuredthanconpetitors. The processi ngstepsarestrai ghtforward, andit
ishardtoget | ost.
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Click 2Reset.°

Choose @Luminance,® move sliders (especially Midtone)
to put steepest part of S-curve on middle of hump.
Then click 2Apply.°

Hump S-curve

F gure 12. 5.DeepSky St ackstrret chi ngt ool i s di spl ayed when an Aut osave. tif fle
has been generat ed or whenafl eis| oaded for processing. Thistool may change
inlater versions.

Screen )
stretch Histogram
sliders to guide

screen stretch

Displayed
image size

F gure 12. 6.Nebul osi sgreen stretchand i nage si ze control s are at t he upper ri ght of the
nai n wi ndow

12. 3. 1ser I nterface

Nebul osi'tyuser interfaceissinpl e, withfvewell-organi zed nenus. The Hel p
nenucontai ns alinktothe conpl et e manual .

“Uhdo” and “Redo” are under the Edit nenu. By defaul t, you can go back
and forward three steps, but this can be changedtounlimted (i.e., recordall
the stepsinevery session) fromt he nenu under Edit, Preferences.

Screen stretch i Nebul osi t(yH gure 12.6) is automati c and particul arly easy
touse; it resetsautonatical | ywhenever the bri ght ness of thei nagei s changed.
You can uncheck “ Aut 0" and nove t he sl i der s your sel f t o changet he anount of
stretch. Todi sabl e screenstretch, novethemal | thewaytoleft andright (Oand
65535) .
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The size of theinage is controlled by the “Zooni buttons just bel owthe
screenstretchcontrols. It defaultsto 100%(that is, oneinage pi xel per screen
pi xel ), whi chneans that youw || only seeasnal | part of the upper | eft corner
of atypi cal DELRi nage unti | you reduce t he zoom

12. 3. 2BasicFil eHliting

Nebul osi'typreferredfl efornat i sH TS(extensi.dr}, but it al sosupports T Fr
JPG PNG andothers, includingvirtually all DSLRrawfle formats, but not
Pi xI nsi gt XI S~ Toopenafle, sinplychooseF le, (penFile.

Wen you open a C8LRrawfl e, it cones i n un-deBayered. To deBayer it,
choose | nage, De-nosai c RAW O courseit will still not be gamma- correct ed,
and you nay needtoincreasethescreenstretchtoseewhat isinit.

Tool sfor resi zing, rotating(byright angl esonly), andcroppi ngthei nage are
onthe | nage nenu. To crop, you have totype i n hownany pi xel s totake of f
each edge. Ingeneral, fleeditingoperations!likethesenight bebetter accom
pl i shed by savi ngthe f ni shedi nage as a Tl FFand taki ngit i nt ®hot oshop.

12. 3. 3ali bration

I nNebul osi tagl i bration, deBayering, and st acki ng aret hree separat e steps. To
cali brateinmages, choose Bat ch, Pre-process i nage sets, and proceed as shown
inFgurel2.7.

dickonbuttonstol oadsetsof darks, fat darks, fats, andlights. Youcanhave
several groups of each kind, and nornal practiceisto put the | ong-exposure
darksinonegroup (Dark 1) andthefat darksinanother (Dark 2). If youw sh,
you can add addi ti onal sets of lightsto be calibrated agai nst the sane darks
andfats.

ThesettingsinthefgurecorrespondtoMethod1describedinSectionll. 2. 6.
Wien you click K the calibrated inages are witten into the sane
folder as the existing light frames, as FITS fles with nanes prefxed by

pproc._
If youhavenofatsandfat darks, sinply|eavethemout.

12. 3. 4DeBayeri ng

Next , t hepprocfl es needt obe deBayered. Fromt he nenu choose Bat ch, Bat ch
Denosai ¢ + Square RAMDI or. (“Square” referstoanadj ust nent DELRs don’ t
need, but whichisdoneat thisstepfor soneother caneras —resi zi ngthei nage
i none di nensi ont o nake upfor pi xel sthat arew der thanthey are hi gh.)

You don’' t havet o nake any deci si ons; j ust choosethefl esandl et t he process
run. Theout put i s anot her set of fl es, w t hnanes begi nni ngw thecon_witten
intothe sane fol der.
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Load
darks

Load
eat
darks

Load
eats

Load
lights

F gure 12. 7.Nebul osi tg/bat ch preprocessi ngtool (only | eft portionof w ndowi s shown).
Notethat fats calibrateagai nst Dark 2 (fat darks), andarenot bi nned, whilelightscalibrate
agai nst Dark 1and H at 1.

12. 3. 5hoosi ng | nages t 0 S ack

Choose F le, PreviewH les, inorder toload and viewa nunier of i nmages in
successi on. You can go back and fort ht hrough t he seri es of i nages and del et e
or renane i nages as you encount er t hem

It isconvenient todothat, at this step, wthewonfles and renane or
del eteany t hat youdonot want touse. Actual | y, you can open and previ ewany
set of fles thisway. You nay need to adj ust the screen stretchto see nore of
what you have.

The fl es are | oaded one by one, so you cannot “blink” or fipthroughfles
instantly; | oading a DELRi mage typi cal |y takes two or three seconds. That is
gener al | y good enough.
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You canal soneasurethequal i tyof i mages. Choose Bat ch, G ade | nage Qual -
ity, andNebul osi tyl | pronpt youtoopenthei nagefl es youwant t oeval uate.
It will then nake copies of all the fles wth designati ons such@50_ and
@73 _prefxedtotheir names. The nunber is the star i nage radi us (as full -
W dt h-hal f-naxi num PWA) in hundredths of pixels, so @73 neans 2. 73
pi xel s. Smal | er nunbers are better. Wen al phabeti zedinafledial og box, the
fl e nanes of the better i nages conefrst.

12. 3. 6A i gni ngand S acki ng | nages

I nNebul osi tal,i gnnent and st acki ng can be done t oget her or i ntwo separate
steps. If you do alignnent and st acki ng t oget her, you can only average t he
franes, whichisnot ideal, but itisaquickwaytoget aprelimnaryresult.

F gure 12. 8 shows the Batch, Aign and Conbi ne | nages t ool w ndow To
alignyour inages for | ater stacking, choose “Save each fle,” or if you want
an averaged i nage i rmedi at el y, choose “Save stack.” Then choose the type
of alignnent youwant —translation (shifting), or translationplusrotation, or

Save stack

if stacking, or
save each sle
if only aligning

None if stacking
already-aligned
eles; otherwise
translation or
trans. + rotation.

Choices other
than Average
are available
only if stacking
already aligned
images.

Std. Dev. 1.5

is usually good.

Figure12.8. |Ihebul osi tal,i gnment and st acki ng can be done t oget her or i ntwo separ at e
st eps.

218



12. 3Nebul osi ty

eventransl ationplusrotationplusscaling Thefrst isusually goodenoughfor
wel | -tracked i nages t akenw th an equat ori al nount.

Wienyouclick G you' || bepronptedtoopenthefl esyou regoi ngtostack
(ther econfl esfromt hedeBayeri zati onst ep, or asubset of t hen). Then, oneach
i rage, Nebul osi rgqui resyoutofndtheal i gnnent stars nanual |y, cli cki ngon
thesane star ineachinmage—onestar if rotationisnot invol ved, twostarsif it

is. Thisisnot asdiffcult asit sounds; H gure 12. 9 shows t he process i n acti on.

You nust al so check one of thei nages as thereferenceinage, i ndi catedby the
checkbox next t o one f | e nane.

I f you' ve savedt he st ack as onei nage, you' redone. | f you' ve saved separ at e
fles, the next stepistoopenthe sane tool agai n (Batch, Align and Conbi ne

F gure12.9. (hoosi ngal i gnnent stars nanual | y i Nebul osi tG.i ck ont he sane st ar as each
inageispresented. Notethat onei nage has been chosen as ref erence (“Ref”).
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F gure 12. 10.Nebul osi t yesel stool hasthe“nmiddl €’ slider onthebottom Mveit tothe
| eft t o gamma- correct ani nage.

I mages) and stack the aligned fles that you just created (thei r names begi n
wthaligr. hoose “None” as the type of alignnent, sincethey are al ready
aligned, and choose asuitablerejectioncriterion (| suggest “Sd. Dev. 1.5") to
rej ect deviant pixels. dick K andtheinagesw || be stacked.

12. 3. 7S retching

To per f ormst ret chi ng i Mebul osi tghoose | nage, Level s/ Power Sretch. This
tool works very muchlikethe Level s tool ifPhot oshofSection 4. 3) except t hat
the “mddl e” slider is actually displayed at the bottomof the tool w ndow
(Hgurel2.10). Beforeusingit, youshoul dturnscreenstretchoff.

Wiat youw || doisnovetheniddl e (i.e., bottom slider alongwaytothe
l eft; novetheother slidersas necessary.

Aternatively, seni-autonatic stretchingis provided under Inage, Ogital
Devel opnent Processing (COP) (see Section 11.7.2). It is controlled by three
sl i derswhose ef fect i s best under st ood by t ryi ng t hemout .

You cannot stretchthethree col or channel s (R G and B) separatel y. | nst ead,
therei sanot her tool , | nage, Adj ust ol or Scal i ng, whi chl et syouscal ethecol ors
separat el y; it shows you hi st ograns for t het hree channel s, and you nove sl i d-
erstonakethemnatch. After doingthis, youcanreturnto Level s for further
adj ustnent. Thereis al soauseful Auto Gl or Bal ancet ool .

Theresult i safnishedinage, whi chyoushoul dsaveas H TS(topreserveal |
i nformation) and canal sosaveas Tl F, JPEG or PNGf or vi ew ngand pri nti ng.

12. 4 MNaxl mCL

MaxI mDL, fromOffractionLimted (wwdiffractionlimted. con), isatine-
honored, noderatel y ful | -feat ured i nage processi ng syst emw t h an enphasi s
onscientifcrigor. It al soincludes el aborate canera control, tel escope contral,
and aut ogui di ng (not covered here). Al ot of know edge about cangeras i s bui l t
insothat correct settings are nade autonatically. Dfferently priced editions
givedifferent | evel sof functionality.
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Bxt ensi ve docunent ati on for MaxI mDL is avail abl e at the nanufacturer’s
website, includingvideotutorialsanda 700- page onl i ne nanual .

12. 4. 1ser I nterface

Qveral | Approach

Theuser i nt erfaceolax| mDL i sdesi gnedt ogui deyoutothetool syouactual |y
needw t hout bewi | deri ngyouw t ht oonany choi ces. The nenus arewel | orga-

ni zed and r esenbl e ot her graphi c arts sof t ware. Though of conpl et el y separat e
ori gin(andol der)Vaxl mDL ' suser i nterfaceissinilar enougiNebul osi t kiat
novi ng fromone t ot he ot her shoul d be easy.

Uhdo and Redo

H gure 12. 11 shows the tool bar at the upper | eft of the screen, including the
undoandredobuttons, aswel | asthebuttonsthat toggl evisibilityof theScreen
Sretchand I nformati on w ndows. The undo f eat ure onl y goes one st ep back,
followedbytheabilitytoredowhat was undone.

ScreenSretch

Screenstretchilaxl mDL (FH gurel12. 12) i snornal | y aut onati c; youcanchoose
low nedium or highlevels of stretching, as well as several other options.
It swtches to manual autonatical |y when you nove either of the sliders. To

di sabl e screen stretch, set it toMmnual and pull thesliderstothe extrene | eft
andright.

Open Save Undo Redo Displayed image size

Hide/show
Screen Stretch

Fgurel12. 11. Inportant tool bar itens Maxl mDL.

Amount of
auto stretch
(or Manual)

Sliders

Hidden
panel

F gure 12. 12.MaxI mDL Screen Sret ch w ndow

221



222

Vr kfloww t h Speci fic Sof t war e

H dden Panel s

Many Maxl mDL w ndows have a but t on nar ked that reveal s an addi ti onal
panel . Thereisanexanpl ei nFH gure 12. 12; there, thebutt ondi spl ays setti ngs
tolet youdefnethescreenstretchinterns of percentiles.

12. 4. 2BasicFil eEliting

Qoeni ngExi stingH | es

MaxI mDL "spreferredfleformat i s Fl TS(extensi.dry. It al soopens and saves
TIFR PNG BWR and JPEGf | es, as wel | as nany canerarawfornats (but not

X SF). Just choose F | e, Qpenont he nenu.

peni ng DBLRRawH | es
Max| mDL opens DELRrawf| es un- deBayered. To deBayer afl e after open-
ingit, use Gl or, Gnvert (ol or, and choose t he nake and nodel of canera.
You can speci fy scal efactors for red, green, and bl ueif the defaul t ones are not
satisfactory.

The def aul t | nage si ze i s 100%( one screen pi xel per i nage pi xel ), soyouw | |
seeonly part of thepictureuntil youreduceit w ththe ninus zoombuttonon
t he t ool bar.

Q oppi ngand S zi ng
I mage resi zing i s under Process, Resize (wWth Half S ze and Doubl e S ze as
shortcuts). SeealsotheBn22andBn3 3buttons under Eit.

Qopping is under Edit, Gop, and al l ows you to drawa rectangl e on t he
pi ct ure by draggi ngt he nouse cursor, al thoughthisisn't obvious.

12. 4. 3hoosi ng | nages t o X ack

Max| mDL does not have aB ink tool for fippingrapid ythroughinages, but
youcaneasi | yopenanunber of i rages at t hesaneti neandvi ewt hemw t ht he
sane screen stretch. You canj udge tracki ng and overal | i mage qual i ty w t hout
deBayeri ng t hem

You canal soneasurethequal ity of i mages usingtheQualitytabinthe S ack
tool (descri bed bel ow).

12. 4. 4Gl i brationand S acki ng

SettingUtheGalibration

Gl ibrationandstacki ngi Maxl mDL are doneintwostepsthat donot corre-

spondtothe stepsinother software. Thefrst stepistoset upthecalibration

by choosi ngthe cal i brati onfranes and ot her paraneters. The secondstepisto

per f or mt he st acki ng, aut onati cal | y preceded by cal i brati on and deBayer i ng.
Wiat we'regoingtouseis Method1(Sectionl1l.2.6), wthonegroupof fats

and t wo groups of darks (theregul ar darks andthe fat darks).
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Type of next group
that will be added Groups

Files in the
selected group

F gure12. 13.MaxI mDL Set Gal i brati onw ndowi s wher e you creat e groups of fats and
darks.

Toset upthecalibration, open Process, Set Galibration(F gure12. 13). Geate
two groups of dar ks andone group of fats. Thenyouput theregul ar darksinto
one group of darks, thefat darksintotheother, andthefatsinto (of course)
the group of fats. Sncethere are no bias franes, dark frane scalingw || be
unavai | abl e and grayed out. Noticethat thereisnogroupfor |ights.

Qick andyou vefnishedthisstep. Noconput at i onhappens yet because
al |l you' vedonei snmakesettings. Notethat Set Galibrationw || retainitssettings
after youcl oseit andevent henext tineyouruiaxl mDL —t hey aresavedunti |
you change t hem

S acki ng | nages
Nowchoose Process, Sack, andi nthew ndowt hat opens, click AddFi | es and
choose your |ight franes (F gure 12. 14). Don't pani ¢ whelbxl mDL reports
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F gure 12. 14.MaxI mDL S ack wi ndow showi ngt he Sel ect, Ali gn, and Conbi ne t abs.
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that it is“processing” them—what it’s doingis scanni ngthemand naki ng a
group. The group wi || probabl y be | abel ed “No GBIECT, " whi ch onl y neans
that your rawfles do not say what cel estial object you were phot ographi ng
(H TSfl es fromacaneracontrol programnight i ncludethisinfornation).

I f youwant to choose areferenceinage, |eft-click ononeof theinagefles
toselect it, andthenright-clickandcheck Ref erence |l nage. Qherw sethefrst
imageinthelist wll beusedasthereferenceinage.

Then check sone nenu set ti ngs:

* nthe Select tab, nake sure Auto Galibrate and Auto Qonvert Qolor are
checked;

e« ntheAigntab, sel ect howyouwant tonatchstar i nages. Thisis normal |y
Auto — Sar Matching, but you can match stars manual Iy i f you want (whi ch
woul drequi reclickingonthesane star i neveryinage);

e nthe onbi ne tab, choose S gnma dip asthe net hod of conbi ni ng; for the
ot her settings, thedefaultsaregeneral |y correct.

Fnally, onthe Gonbinetab, click G, andcalibrationandstackingw || begin.
Theresult wi Il bedispl ayed as an openi mage i ivax| mDL .

12. 4. 53 ret chi ng

The easi est way to do stretching and gamnma correction inMaxI mDL isto
use Process, Level s (Figure 12.15). The Level s tool works very nuch |i ke the
cl assi ¢ one i fPhot oshopSection 4.3) and i s previ ened on the screen as you

Figure 12. 15.MaxI mDL Level stool . Mvendd eslider tol eft toganma-correct. Besureto
choose 16- bi t out put .
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nmake adj ustnents. Be sure to select 16-bit output. Screen stretch autonati -
cal |y switches of f wvhenyouusethistool sothat youcanseetheeffect of your
corrections.

Gamacorrectionisdonenostlybynovingthenmdd eslider totheleft; itis
best todothisinseveral snal| operationsrather thanal |l at once. Youcan adj ust
red, green, and bl ue separat el y or t oget her.

A xI nsi ght

Pi xI nsi glftwww pi xi nsi ght . con) is designed for serious experinenters and
researchers. It isunusual ly full-featured; its Process nenu contai ns nore than
100 tool s, there are a coupl e of dozen nore tool s under Scripts, and you can
creat e your own by programming i n Javascript. Qiiteafewof thetool s refect
alternati vetheories of howtodothesanething. Theintent i stoincludeevery
i mage processi hgt ool that coul d possi bl y be useful, evenif thereis controversy
about whet her it shoul d be used. Sonetines the sane tool is accessibl e from
nenus as many as four di fferent ways.

The drawback of Pi xI nsi ghs that, | ooki ng at t hose dozens of nenu choi ces,
it isfar fromobvi ous howto process an inage. To get started, don't try to
| earn everything at once. The gaps i n the expl anation that |’ mabout to give
aredeliberate; |11 ignorenuchof what isthereinorder toget youtothe nost-
used f eat ures qui ckly. Further tutorial sRirxl nsi gate abundant, online and
eveninthe formof semnars and training courses. | particul arly recommend
t he book | nsi de Pi xI nsi ghtviirren A Kel l er (Springer, 2016); arguably its
376 pages still only scratchthe surface, but they scratchit nuch nore deeply
than| do.

12. 5. 1ser I nterface

Qveral | Approach
Al thefeatures oPi xI nsi ghte on nenus, sone of t hemreachabl e fromnore
t hanone pl ace. Many feat ures areal soontool bars acrossthetopanddownthe
| eft side of thescreen. WsingMew Tool Bars, you can control whi chtool bars
arevisible.

To gi ve you nor e screen space, Pi xI nsi gptovi des f our “wor kspaces” (desk-
tops), whi ch are chosen by cli cki ng on squares at the | eft bottomof the screen
(oftennot vi si bl e wherPi x| nsi ghs naxi n zed) .

Undo and Redo

Pi xI nsi glean undo every step of your processing, thenredoit againif you
choose. The undo and redo i cons are on t he | nage nenu and are al so on the

tool bar at the upper left corner of the screen (F gure 12.16) and al so on the
| nage nenu.
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Undo Redo

F gure 12. 16.Pi xI nsi gbén undo every st ep of a processi ng sessi on, thenredothestepsin
order i f you choose.

Toggle Set
screen stretch (initialize)
on and off screen
(once set) stretch

F gure 12. 17.Pi xI nsi ghtreenstretchicons areonatool bar and al sot he | nage nenu.

ScreenSretch

ScreenstretchiRi xI nsi ghs cal | ed ScreenTransf er Functi on (STF) andi st urned
onandoff withtheicons showni nH gure12. 17. |f t he Screen Transf er Functi ons
tool bar isnot visibleat thetopof your screen, gotoM ew Tool Bars, and acti -
vateit. Theseicons are al soreachabl e ont he | nage nenu ( sone of t hemunder
Screen Transfer Functions) and through Process, |ntensityTransfornations,
ScreenTr ansf er Funct i on.

Wsi hg Tool Wndows

Across t he bottomof many of Pi x| nsi dgisttool w ndows are t he conponent s
showninH gure12. 18. The appl y andreset butt ons are of cour sei ndi spensabl e.
The appl y buttonissquareif it worksonthecurrently sel ectedi nage, or round
ifitworksonaset of i mages chosenw thinthetool.

The arrowat theright side of thefgure shows a panel that can be col | apsed
(hi dden) or expanded. Many wi ndows consi st of several such panel s, andthe
screeni s not bi genoughtoexpandal | the panel s at once. Youw || oftenhaveto
col | apse sone panel sinorder tosee ot hers.

The instance triangl e is one d® xI nsi gt nost unusual features. Basically,
itisarepresentationof thetool wndow(wthitscurrent settings) whichyou
candragaround. If youdragtheinstancetriangl e ontoanopeninage, thetool
Wil beappliedtothat inage. If youdragit ontothe desktop, you create an
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Open
hidden
panel

Instance Apply Real-time Reset to
triangle (doitl) preview defaults

Instance created by dragging
instance triangle onto desktop

F gure 12. 18.Pi xI nsi ghool w ndows of t eni ncl ude t hese conponent s.

“i nstance, ” whi ch can be dragged ont o ani nage, or opened up as anot her copy
of thetool w ndow or usedtotransfer settingsintoanother tool i nvari ousways.

12. 5. 2BasicFileHditing

peni ng Exi stingH | es

Athoughit prefersX SPi x| nsi gatceptsflesinagreat varietyof flefornats,

oftenwithagreater varietyof bit depthsthanother sof t ware packages support .
If youopenaflewthFle, Q(pen, andthensaveit inthe sanefornat, your

original flewll beoverwitten. If, honever, youuseF | e, QpenaCopy, t henyou

canonly Save As(that i s, giveit anewnane), andthat i swhat | recomnmend, to

elimnatetheriskof destroyingtheoriginal.

Projects

Besi des openi ng and savi ng fl es, you can save and | cad pr oj et ghi ch are
records of everythi ngyou’ vedoneinaPi xI nsi ghéssi on, i ncludi ngal | versi ons
of theprocessedi nages. Theoperati onsarerecordedonan XM.fl ew t h ext en-
sion. xosmand theinages are stored (inaninternal format) inafolder with
ext ensi on. dat.aYou can open a proj ect and resune wor ki ng ri ght where you

left off, includingtheabilitytoundoprevious steps.

Qpeni ng DELRRawH | es

Decodi ng of DELRrawfl esiscontrol |l ed by thesettinginMew Expl orer Wn-
dows, Format Expl orer (usual ly al so accessible fromatabontheleft edge of
the screen). Doubl e-cl i ck on DELR RAM o nake settings. Wsual |y, ei ther “Pure
Raw’ or “de- Bayer REB’ i swhat youwant. Thefrst of t heseomts deBayeri za-

tion; thesecondperfornsit usirderawSection2.2.4). If youdon't | i ket hecol or
bal ance you are getting, you canscal ered, green, and bl ue i ndi vi dual | y by f ac-
torsother thanthe default 1. 0. These settings are renenier ed fromsessi onto
sessi on.
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Qoppi ngand S zi ng
Tool s to zoomi nand out ontheinage are i nthe M ewnenu and on t he Zoom
tool bar, whichisactivatedbydefaul t.

Tocropaninage, useeither Process, Geonetry, Grop (totypeinthe nunbper
of pi xel s youwant taken of f each edge) or Process, Geonetry, DynanmicQop (to
croptheinage by draggi ngthe corners of abox); | prefer thelatter.

Tool s for resizing and rotation are al so under Process, Geonetry. The | nte-
ger Resanpl e reduces or enl arges an i nage by awhol e- nunber factor; it isfast
and accurate. The regul ar Resanpl e tool resizes by any factor. Anal ogously,
the Fast Rotationtool only rotates 90r 180, by rearrangi ng pi xel s w t hout
anyinterpol ation, andtheregul ar Rotati ontool canrotatethroughany angl e at
sone ri sk of | osi hg shar pness.

12. 5. 3thoosi ng | nages t 0 S ack

To previ ewyour i nages qui ckl y, use Process, | nagel nspection, Bink. Thi st ool
| et s you open a nunber of rawfl es and vi ewt hemi n a si ngl e i mage w ndow
swtchinginstantly fromone to another. They are di spl ayed with autonatic
screen stret ch, and you can zoomt he w ndowi n t he usual way to get a cl ose

| ook at t he star i nages.

To eval uate the star i nages quantitatively, choose Script, Batch Processi ng,
Subf raneSel ect or, choosethei nagefles, clickMasure, andyouw || seeatabl e
of the star i nage si ze and roundness for each i nage, al ong with ot her nea-
surenent s, incl udi ngwei ghts that can be usedto gi ve the better i nages nore
i nf uence when st acki ng.

Fromt here, you can ei t her nanual | y t ake not e of whi chi nages youwant t o
use, or | et SubfraneSel ect or hel p. Lhcheckt hei nages youdon’' t want t oi ncl ude
inthestack and openthe Qut put tab. Thereyouw Il fndthat youcancopy t he
sel ectedi magestoafol der, andthe copi esw || beannot at edw t hwei ght s usi ng
an Xl SFor FH TS keyword that you supply (1 suggest “wei ght”). The st acki ng
(I'magel ntegrati on) t ool canreadt hesewei ght sanduset hem hceyou’ ve nade
your choi ces, click“Qutput subfranes” andthe copyi ngw || be done.

12. 5. 4rRawor A TS?

Pi xI nsi glean stack FITSfles increnental | y, savi hg nenory, but due to the
addi ti onal decodi ng needed, it hastohol drawfl esin nenory separat el y and
w Il runout of nenory when stacki ngl arge sets. You can convert rawflesto

FI TSinbul k usi ng Scri pt, Batch Processi ng, Bat chFor mat Gonver si on.

12. 5. 5Gl i brati onand S acki ng

The Bat chPr epr ocessi ng cri pt
Galibration and stacking i ®i xI nsi glesan be anintricate, hi ghly custonized
process, but the qui ckest way todoit is to choose Sript, Batch Processing,
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Bat chPr epr ocessi ng and usethetool showninH gure 12.19. It i nvol ves cl i cki ng
four buttonsinsuccessi onandsel ectingfour types of fles.

heachof thetabs (B as, Darks, Hats, Lights) youhave further options, such
as howt o conbi net hei nages for naster cal i brati onfranes (usual |y si gnaclip-
pingisappropriate) andwhat todow ththelights (intheexanpl e, theyareto
be deBayered, aligned, and stacked). Mister bias franes, darks, and fats are
nade aut onat i cal | y and used as soon as t hey becone avai | abl e.

Howal | of this appliestoaDSLRis not al ways obvi ous. There are several
appr oaches.

Lights, Darks, Hats, andH at Darks

The si npl est way to proceed i s showninFgure 12.19. Put inthe lights and
fatsintheusual way. Put both ki nds of darks —regul ar darks and fat darks —
as darks; Pi xI nsi ghtl| keep t hemseparat e by exposure tine and wi | | dark-
subtract lightsandfats eachwiththeright set of darks. Mike sure “(oti nize
dark franes” i s not checked.

ThisisMethodlfromSectionll. 2. 6. | f youhavenofatsandfat darks, sinply
| eave t hemout, and you’ re doi ng Met hod O (Section 11.2.5).

Youw | | besurprisedhownuchtineanddi sk spacearerequiredfor calibra-
tionPi xI nsi glstdocunent at i onsuggest sthat after cli cki ngRun, youshoul d go
get acupof tea. Anorder-of-nagni tudeesti natei stoexpect toprocess4franes
per mnute, countingthelightsandall thecalibrationfranes. Fast CPUs, | ot's of
RAM and sol i d-st at e di sks speedt hi s up.

Youw || get awarni ng nessagethat i nageintegration (stacki ng) shoul d not
be doneinthis script andthat your resultsw |l only be prelinnary. Actually,
though, theresul ts are quite good; you canignore the warni ng and check t he
box t hat says not t o showit agai n.

I f you get war ni ngs about t he net hods of conbi ni ngi nages (e. g., that youdo
not have enough i nages f or si gmacli ppi ng), readthemand heedthei r advi ce,
but do not fear catastrophePi xI nsi ghbrks wel | even when setti ngs are not
optinal .

Wient he processi sfnished, theout put fol der wll containal ot of fl es. There
wll befour directories, one for 1 ogs, one for master fles, one for registered
(aligned) i nages, andone for cal i bratedi nages.

Thefni shed, cal i brat ed, andstackedpi ctureisthe“naster light” i nthe"nas-
ter” directory. It still needs stretching and ot her processing, of course. You
can delete the “regi stered” and “cal i brated” fol ders unl ess you are going to
experi nent w t hre-doi ngthe stacki ng nanual | y.

Wsi ngB as and Scal i ng

Pi xI nsi gltan automatical ly scal e dark franes in an intelligent and usef ul
way. |f you check “Qptinmize dark franes,” the darks w Il be scal ed to nat ch
the actual noi se | evel of the correspondinglights. Thisis nmore accurate than
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F gure 12. 20.Pi xI nsi ghtri pt Bat chPreprocessi ngFD, f romvww dsl rbook. com adds t he
abilitytousethesanefranes as bi as andfat darks w thout anextrastep.

tryingtopredict theeffect of changesinexposuretineandtenperature. S nce
t he t enper at ur e of a DSLRsensor can change appr eci abl y duri ng t he cour se of
asession, | recormend doi ngt hi s.

Scal ingthe darks requi res that bi as f ranes be present. S nce D8LRfat darks
areindi stingui shabl e frombi as franes, al | we havetodoi s Rl nsi gho use
them(Method 3in Section11.2.8; notethat all the calibration franes nust be
takenat the same | SOsettingasthelights).

Therearetwowaystoproceed. (nei st onake asecond copy of thefat darks,
wthdifferent flenanesor inadifferent fol der, and put i n one copy as darks
and t he ot her copy as bi as franes.Pi xI nsi ghwon’' t | et you put the saneflein
nor e t han one group, hencet he need f or t he second copy.

The ot her i s to downl oad t he Bat chPreprocessi ngFDscri pt fromthi s book’ s
web si te (waw dsl rbook. com) or possi bl y fromot her sources. It is anodifed
ver si on of Bat chPreprocessi ngt hat gi ves you one nor e checkbox (H gur e 12. 20)
sothat youcantell it that youhaveput i nthefat darks as bi asfranes. Thent he
(so-cal l ed) bi as franes are used not only for bi as but al so for dark-subtracting
thefats.

Addi ng Gosneti c Gorrecti on
Particul arly when usi ng “Qpti m ze dark franes, "Pi x| nsi distcal i brati on pro-
cessisnot good at getting ridof hot pixels (thosethat al ways read t he nax-
imumval ue). For that, cosnetic correction (autonmatic hot pixel detection)
i s needed. You can conbi ne cosnetic correction wth Bat chPreprocessi ng or
Bat chPr epr ocessi ngFD, but thewayit’ sdoneisslightly surprising.

Qucially, you can't open or adjust the cosnetic correction tool while the
Bat chPr eprocessi ng scri pt i s running; scripts prevent you fromtouchi ng any-
t hi ng out si de t hensel ves. Wiat you do i s choose Process, | nageCalibrati on,
Qosneti cCorrection and open up the cosnetic correction tool beforehand
(FHgurel2. 21). Wthinit, don't choose any fl es, but check “CFA " t hen open up
t he hi dden “Use aut o det ect” panel and check t he boxes for det ecti ng hot and
col d pi xel s (or maybe j ust hot pixel s). The defaul t si gna val ues are general | y
good.
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Drag instance onto desktop
after making settings

F gure 12. 21.Pi xI nsi gbbsneti c correcti ontool canbeusedasinput tothe
Bat chPreprocessi ng script. Noneedt o sel ect fl es when doi ng so; you arej ust naki ng
settingstobecomuni catedtothescript.

After doing so, drag the instance triangle onto the desktop, creating an
i nstance, andtakenoteof itsnane, or renaneit i f youwant.

Then |aunch BatchPreprocessing or BatchPreprocessi ngFD and check
“Appl y" inthe Gosneti c Gorrection panel . Uhder “Tenpl at e i con” choose t he
i nstance that you j ust created onthe desktop. That i nstancew || be appliedto
your i nages.
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Nowt herew | | beaffth output subfol der contai ni ng cosneti cal |y correct ed
imagefles, createdafter calibrationbut beforeregistration. You need not keep
it after the stacki ng has been done.

I n Bat chPr epr ocessi ngFD(t he scri pt you can downl oad f romt hi s book’ s web
site), youhave analternative: sinply check “Appl y" and choose<def aul ="

i nst ead of t he nane of ani nstance. Youw | | get si npl edet ecti onof hot andcol d
pixel swthdefault settingslikethoseinHgure12.21. Youdon't havetocreate
ani nstance yoursel f.

12. 5. 6 acking (I ntegration) as aSeparate S ep

The stacked (“master light”) inage produced by BatchPreprocessing or
Bat chPr epr ocessi ngFDi s usual | y sati sfactory but not al ways t he best you can
achi eve. Many Pi x| nsi ghder s choosetostacktheregi steredi nagesagai n, with
different settings.

That i s done by choosi ng Process, | nagel ntegration, | nagel ntegration. The
tool w ndowhas nore tabs than thereis roomto open at once. H gures 12. 22
and 12. 23 showt hei nport ant ones. H rst chooseyour fl es (fronthe“regi st ered”
fol der) and choose howt o wei ght t hem( nor nal | y by noi se eval uati on).

Then cl ose t he | nput | nages and | nage | nt egrati on t abs so you can opent he
frst two P xel Rejectiontabs. There, choose an al gorithmtoreject devi ant pix-
els (normal Iy Wnsori zed S gma A i ppi ng) and adj ust threshol ds i f you need
to(nornal lythedefaultsarefne). Fnally, runtheintegrationandl ook at the
results.

Note that the default settings are likely to beidentical towhat you get if
you st ack w t hi n t he Bat chPreprocessi ng script. In both cases the i nmages are
wei ght ed by eval uatingtheir noi selevel sand giving prioritytotheless noi sy
i mages. That hel ps correct for changes of t enper at ureduri ngal ongsessi onand
ot her factorsthat mght causethe noi sel evel to change.

The out put consi sts of threeinages onthe screen. nei s the stacked astro-
nonmi cal i nage. The ot her two are pi xel rej ectionmaps, show ngwher e devi ant
pi xel s were rejected. They are nornal |y al nost al | bl ack, but you nay see
airplanetrailsinthem or other evi dence of substantial changes.

12. 5. 7S ret chi ng

The nost strai ghtf orwardway t odo stretchingirPi xI nsi ghs$ by choosi ng Pro-
cess, IntensityTransformations, H stogranmiransformation (FH gure 12.24). This
works very nmuch |i ke the famliar Phot oshopevel s tool (Section 4.3); what
you' regoingtodoisnovethenidd eslider alongwaytothel eft. Bef oredoi ng
so, be suretochoosetheinagetoworkon,turnoff screen st{wt chwoul d
showyou a bl ank whi t e w ndow ), and activatereal -ti ne previ ew

Sretchingis best doneinseveral steps (at | east three; youwon't be ableto
doful | gamma correctionaccuratelyinonestep). After appl yi ng each change,



12. 5A xI nsi ght

Your registered ¢les

H gure 12. 22.Pi xI nsi ghtragel nt egr at i on (st acki ng) tool (upper part). | nages are nornal | y
vei ght ed by noi se eval uation. d ose sonetabsinthisw ndowto be abl eto see ot hers.
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F gure 12. 23.Pi x| nsi ghtagel nt egr at i on (st acki ng) tool (| ower part). Thisis whereyou
speci fy rej ectionof devi ant pi xel s, nornal 'y by si gnacl i ppi ng.

immediately hit thereset buttonat thelower right corner of thetool w ndow
sothat thenext correctionw || start fromscratch. GQherw sereal -ti ne previ ew
w | | assuneyou’ reabout toappl y t he sane change agai n, whi chi s not t he case.

I f theinage has acol or cast, adjust thered, green, and bl uel ayers separat el y
tobringtheir threehunpsintoabout thesane position.

12. 5. 8R xI nsi ghtar kflowSurmar y

To keep things sinpl e, | have i ntroduced sone of the easier steps frst, even
t hough t hey are not done frst. The full workfow to get froma stack of raw
CeLRflestoafnishedimgein Pixl nsi glits,as fol | owns:
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Histogram
aafter®
(red, green, blue)

Transformation
curve

Histogram
apefore®

Sliders

Chosen
image

Work on all
colors together

Apply Real-time preview Reset to defaults

F gure 12. 24.Pi x| nsi ghtretchingtool i straditional but el aborate; it shows you a hi st ogram
bef ore and af t er t he proposed adj ust nent .

Wse Process, |nagel nspection, Bink, or perhaps Script, Batch Processing,
Subf raneSel ect or, t o deci de whi chi nages you ar e goi ngt o st ack.

If the nunber of raw fles to be converted is large, consider convert-
ing themall to FITS (to save nenory) using Script, Batch Processing,

Bat chFor nat Gonver si on.
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(pen Process, ImageCalibration, GosneticCorrection, nake settings as in

H gure 12. 21, and drag ani nst ance ont o t he deskt op.

Qpen <cri pt, Batch Processi ng, Bat chPreprocessi ngFD (or Bat chPreprocessi ng)

and proceedasinF gure 12. 19, but:

e Check“B asfranesarefat darks.” (1f youdon' t have Bat chPr epr ocessi ngFD,
and hence don’t have thi s checkbox, proceed as described under “Mre
accuratecalibration” above.)

e Lhder “Gosnetic correction’ check “Apply,” and under “Tenpl ate i con”
choose t he Gosnet i cCorrecti oni nst ance you creat ed on t he deskt op.

Runt he script.

otionally, re-stack the images wth nore adjustnents using Process,

I magel ntegrati on, | nagel ntegrati on.

Per f or mst ret chi ng (hi st ogramadj ust nent ).

Qopandresize your i nage as desired and save it inafornat you can use for

ot her purposes (TI F-or, for the Vb, JPEG.



Chapt er 13
Mbr e | nage Processi ng Techni ques

Beyond t he basi cs of i nage cal i brati on, stacki ng, and ganma correction, nany
ot her techni ques are al so used t o i nprove astrononical inages. Thi s chapter
qui ckl y surveys sone of the nost inportant. But one inportant technique,
mul ti scal e sharpeni ng, i s socloselyconnectedwithplanetaryinagingthat I'm
savingit for the next chapter.
Several of the techni ques inthis chapter borrowa principlefromartifcial
i ntel i genceandnachi nevi sion: | f hunanbei ngs cansee sonet hi ngi nani nage,
i t shoul d be possi bl et o programa conput er to“see” t he sanethi ng. For exam
ple, if ahunman being can see that the bottomof Fgure 13.1istoolight, a
conput er shoul dbe abl eto“see” thesanething, andcorrect it.
Thereisafnelinethat wenust becareful not tocross. | bal kat t echni quest hat
anount toretouchi ngor paintingontheinage. | thinkinages shoul d be pro-
cessed by al gori thns. The human arti st shoul d suppl y paraneters, but wthin
those paranet ers, the conput er shoul dtreat sinlar pi xel s andi nage f eat ures
alike. It won't do to “enhance” one part of a nebul a and suppress anot her,
unl ess youcl ear | y expl ai nwhy you di d so and your reasoni s convi nci ng. Wen
you start changi ngthe content of aninage, you' re doi ng f ant asy space art, not
ast r ophot ogr aphy. The t echni ques i ntroduced i nthi s chapt er do not run af oul
of that guideline.

13.1 Hatteningthe Background
13. 1. IThe Gncept

Evenafter fat-fel di ng, many ast rononical i nages cont ai nunwant ed gr adi ent s
suchastheoneinH gure 13. 1, or slight uncorrected vignetting. Further, sone
i mages need to be fat -fel ded, but t he correspondi ng f at - f el d exposures were
not t aken.

To see whet her your i nage needs t hi s correcti on, you nay needt o use strong
screenstretch. It al sohel psif youreducethe size of theinageto considerably
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Fgurel3.1. (Top:) Bvenafter fat-felding, thisimagestill islighter at thebottomandat the
upper right than el sewher e because of citylights. (Bottom) Background fatt eni ng renoves
the gradi ents.
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13.1. H atteni ngt he Background

snal | er than t he whol e screen so t hat di screpanci es bet ween one si de and t he
ot her are obvi ous.

Fortunately, thereare al gorithns to fatten the background of an i nage by
constructing and appl yi ng asynt het i ¢ ftased on anal ysi s of the bri ght ness
range and especi al | ythedark areas betweent he stars. Asthefgure shows, such
al gorithns canbevery effective.

13. 1. 2ubtract or DO vi de?

You have t o choose whet her to subtract the syntheticfat or dividebyit. Sub-
tractionis appropriate when the gradi ent cones fromexternal |ight, such as
city lights near the horizon or even anp gl owin the sensor (although dark
franmes shoul dtake care of thelatter). Dvisionis appropriatefor dealingwth
vignetting, dust specks, or anythingel sethat renoves afractionof thelight in
t he af f ect ed ar eas.

13. 1. 3Li near or Ganma- cor r ect ed?

Theoretical |y, background f atteni ng shoul d be done on ali near, non-gama-
corrected inage; likefat-feldingitsel f, both subtracti on and divi si on shoul d
onlywork correctlyonalinear i mage.

In practice, although working on linear i nages i s better, background fat -
tening of a nonlinearly stretched i nage is often successful. Experinent to
det er ni ne whet her to subtract or divide, andif necessary, do nore than one
iteration.

13. 1. 4Nebul osi ty

I nNebul osi thackground f att eni ng i s done by choosi ng | nage, Synt hetic H at
Helder. The instruction nmanual explains this tool very well. Default settings
usual |y workwel I .

The nunber of sanpl e poi ntsthat youspecifyisinadditiontothen ni num
of one point; for exanpl e, if you select 3 (the default), therew || be 4 sanpl e
poi nts al ong eachaxi s, makinga4 4grid, suchthat thereis no sanpl e poi nt
inthecenter. If you had chosen 2 or 4, t he deep-sky obj ect i nthe center of the
pi cture mght be m st aken f or backgr ound.

Nebul osi'tysynthetic fat fel der al so corrects any strong col or cast that the
background nay have. It does this by fat-fel ding the three col or channel s
(R G and B) separatel y.

13. 1. SwvaxI moL

I nMax1 mDL, thet hree nenuchoi ces f or background f at t eni ng use a pi ct ur e of
afatironastheiricon TheyareontheH Iter nenu.
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H at t en Backgr ound pronpt s you t o choose wher e you’ d | i ke t he backgr ound
to be sanpl ed, and to nake ot her choices; thisis very useful if your picture
contai nsal argenebul aor ot her real detail that coul dbe nistakenfor extraneous
light.

Auto Hatten Background perforns fattening automatically, usually very
vel |, Auto Renove Gadient issinmlar but confnesitself toaone-di nensional
gradient andislesslikelytonistakeinagefeaturesfor unwantedlight.

Lhl i ke Nebul osi tapd Pi x| nsi ghtaxl mDL * s background f at t ener does not
renove col or casts. There is another tool, Renove Background Gol or on the
@l or nenu, that converts the darkest parts of the picture to nonochrone
w thout af fectingbrighter areas.

13. 1. 6P xI nsi ght

Pi xI nsi glias two background fatteners, both under Process, Background-
Mbdel i zati on. The Aut onmat i cBackgroundExtractor (Fgure13.2) is, asits nane
inplies, largely autonati c. The Dynam cBackgroundExtraction tool |ets you
sel ect where t he background i s to be anal yzed. Both gi ve you a pl et hora of
settings that can al nost al ways be | eft at the default val ues. Nekeil osity
Pi xI nsi ghenoves col or cast s when f at t eni ng t he backgr ound.

13. 2 Renovi ng Nbi se
13. 2. 1The Goncept

Looki ngat ani magew t hyour eyes, youusual | y havenotroubl edi sti ngui shi ng
noi se (grai n) fromgenui ne i nage detail (F gure 13.3, top). The conputer can
usual | y nake t he sane di stinction. Noi se consists nostly of randomvari ation
bet weeni ndi vi dual pi xel s, whi | e genui ne f eat ures of t he i nage span nor e t han
one pi xel i nasystenatic way.

The sinpl est way to denocise aninmageis sinplytoblurit, but it is nuch
better torecogni ze the characteri stics that separate noi se fromgenui ne detail .
Agorithnstodothisarenot infallible, andif denoisingis overdone, or if an
al gorit hmsi npl y guesses wong, you can end up w th broad sw rl s and not -
tl esthroughout theinmage. Agoodrul eof thunbistodoslightly!lessdenoi sing
t han seens t 0 be needed.

13. 2. 2Luni nance vs. Chr onmi hance

hasensor wthaBayer matrix, adj acent pi xel srepresent di fferent col ors, and

pi xel -t o-pi xel variationresultsinspeckl esof col or, not just speckl es of varying
brightness. l or fuctuationis cal l&drom nance noiasedi stinct fromum -

nance noi s€f the two, chroninance noi seis usual | y nuch nore bot her sone,

and reduci ngit aggressi vel y does not | oseinmage detail. Accordingly, | usually
tell thesoftwaretocut chroninance noi se norethan| uni nance noi se.



13. 2. Renovi ng Noi se

F gure 13. 2.Pi x| nsi ghéckground-fatteni ngtool (oneof twy). Default settings usual |y
vork wel | ; arrows poi nt out settings you nust nake.

13. 2. 3Li near or Garma- cor r ect ed?

Theoretical |y, noi sereducti onal gorithns shoul d be used onunst ret ched, | i near
i mages, but in practice, | performnoi se reduction on the fnished, stretched,
gamma-corrected i nage. The reason is that before stretching, in a typical
deep-sky i nage, the pixel val ues are nuch | ower than the noi se reduction
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F gure 13.3. Noi sereductionrenoves grai nfromi magew thout | osi ngi nage detail .

al gorithmexpects, andresultsareerratic. The noi se nay betheoretical | y nod-
eledfor alinear inage, but it is not nathematically wel | -behaved inthe frst
pl ace, and gamma st ret chi ng does not real |y nake it any harder tocorrect.

13. 2. 4Nebul osity

Two noi se reduction tool s are on the | nage nenu. Adaptive Medi an Noi se
Reduct i on si npl y bl urs t he darker areas of theinmagewhileleavingthelighter
ar eas unchanged; you choose t he t hreshol d. | n ny experience, onlarge DELR
images, it oftenhaslittleeffect.



13. 2. Renovi ng Noi se

Theot her t ool , GREYGst orat i on, has nany par angt er s, whi ch you canadj ust,

but the defaults often work well. It is described in detail

inthe instruction
nanual .

13. 2. S5MaxI moL

At frst sight thereseenstobenonoi sereductiontool Maxl mDL, but actual |y,
noi sereductionbynul ti scal ei nageanal ysi s(Section?2. 6. 4) i seasytodo. Choose
FHlter, Vdvel et Flter, and novetheslidersfor W and naybe V2 (t he snal | est

inmage features) all theway totheleft. This flters out single-pixel variations
whi | e preservi ng everythingl arger.

13. 2. 6P xI nsi ght

Pi xI nsi glpt ovi des si x noi se reduction tool s under Process, Noi seReducti on.
The one | usual |y use i s TG/Denoi se (for Total Generalized \ariation), with
settings roughly as shown in FHgure 13.4. | h*a*bnode (whi ch separat es

Figure13.4. Thesesettings fBr x| nsi gt TG/Denoi setool oftenwork wel | withDELR
i mages. Notethat chroninance noi sei s to bereduced nuch nor e t han | um nance noi se.
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| umi nance fromecol or), you can process chroninance noi se separately from
| unmi nance noi seandreduceit noredrastical |y. Local Support neanstorenove
nor e noi se fromdar ker areas t han froml i ght er ones.

13.3 lor Saturation
13. 3. 1The Goncept

@l or saturationistheanount of differencebetweencol ors. Toi ncreasethe sat -
urationof ani nagei stonaketheredsredder, the greens greener, andt he bl ues
bluer —that i s, toincreasethedifferencebetweenthe R G and Bval ues of each
pi xel .

I ncreasi ng the col or saturati onoften hel ps bring out yel | ow shdust | anesin
gal axi es andthedi stinctionbetweendifferent nineral s onthe noon. Reduci ng
the col or saturationis one way to reduce col or casts and chroni nance noi se;
takenall theway, it turnsacol or i nagei nto bl ack-and-whi te.

13. 3. 2Li near or Ganma- cor r ect ed?

Adj ustnent of col or saturationis al ways done onthe fnal, stretched i nage,
since stretchingitsel f changes col or saturation. Uhstretched i nages are often
di sconcertingly col orl ess.

13. 3. 3Nebul osity

Unhder | nage, choose Adj ust Hie/ Saturation. That givesyouatool withthree
slidersfor hue, saturation, andlightness (HSL). MvetheSslider totheright to
i ncrease saturation. The L slider changes the overal | bright ness of the i nage,
and the Hslider can sonetines be useful if you need to correct a strong

col or cast.

13. 3. 4MaxI mDL

(hoose ol or, Adjust Saturation, and sel ect the desi red saturationnunerical ly
(e.g., 150%f or aboost, 75%f or acut). Ahi ddenpanel | etsyourestrict t hechange
topixel sinacertai nbrightnessrange, sothat, for exanpl e, youcanreducethe
sat urationof thedarkest areastoconbat chroninance noi se.

13. 3. 5P xI nsi ght

The Pi x| nsi gbol or saturati ontool i sunder Process, | ntensityTransfornations,
andi s conpl ex enought orequi re sone expl ai ni ng (H gure 13.5). You can adj ust

the saturation of different col ors separately, whichis al nost never desirabl e.
(DO screpanci es bet ween col or s shoul dbe at t ackedt hr ought he hi st ogr amadj ust -
nentsfor R G andB.) Toadj ust thesaturati onof al |l col orstoget her, you nust



13.4

13.4. Masks

Grab line
by left end
and drag up
or type in
desired
saturation

Figure13.5. @l or saturationPhxl nsi ghs adj ust ed by novi ngahori zontal |ineupand
down; “Range” settingdetermnes howfar youcannoveit. Analternativeistotypeinthe
desiredsaturation(relativetoOfor nochange, positivetoboost, negativetocut).

usethenousetograbtheendof thehorizontal lineandpul | it upwardor down-
ward, keepi ngit horizontal ; grabbingitinthemddl ew !l bendit. Alternatively,

you cantypeinthe desired saturation (initially O; positiveto boost, negative

tocut).

Masks

G tenyou nay want toprocess the brighter parts of apictured fferently than
the darker parts. An exanpl e is increasingthe color saturationinthe bright
parts of agal axy, but not inthe dark background, where it woul d only bring
out chroni nance noi se.

Misks are a Pi xI nsi gheat uret hat naket hi s easy (not provi dediNebul osity
or MaxI mDL ). Anaskis aninage, the sane sizeasapicture, that bl ocks pro-
cessingof part of thepicture. I nthenask, white neans yes and bl ack neans no;
that i s, thewhite parts of the nask al | owt he processi ngto proceed ful |y, and
t he bl ack part s bl ock processi ng.

Here is an exanpl e of howto use a nask to confne a col or saturation
adjustnent tothebright parts of ani nage:

(pent he i nage you want t o process.
Mike a copy of it. Todothis, right-click ontheinage and choose Dupli cate.
Nowyou have anot her copy of thei nage, openinadifferent w ndow
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3. Gonvert the new inage to nonochrone (Inage, ol or Spaces, onvert to
G ayscal €) .

4, H stogramstretchthe newinage sothat it isjust black andwhite, withlittle
or no gray i n between, white inthe areas where you want to rai se the col or
sat urationand bl ack el sewhere (FH gure 13.6).

F gure13.6. Hgh-contrast copyw || serve as nask t o conf ne processingtolight areas of
original inmage Pi xI nsi ght
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5. Nowsel ect theori gi nal i nage agai n. Choose Mask, Sel ect Mask, and chooset he
st ret ched nonochr one i nage (t he nask) tobethe nask for the ori gi nal i nage.

6. At thispoint the nasked parts of theinage, where processingi s bl ocked, turn
bright red. You canturn off the red col ori ng by choosi ng Mask, Show Mask
(whi chtoggl es onand of f) .

7. Sill wththeoriginal inage sel ected, performthe col or saturation adj ust nent .
I't takes effect onlywherethe nask pernmitsit.

8. Choose Mask, Renove Mask.

Thi s particul ar adj ust nent woul d nornal | y be donetoaninagethat i s al ready
gamma- correct ed, but nasks can be used at any st age of t he processi ng.

13.5 Wio Mved? The D Cer ence bet ween Two P ct ur es
13. 5. 1The Goncept

The di fference between two i nages i s often of interest. F gure 13. 7 shows the
di fferencebet weentwoi nagesi nonepi cture, naki ngthenoti onof theasteroid
I ri s obvious.

You night guess that the differenceis conputed by subtraction, and you' d
be right, except that pure subtraction doesn't dothe job —there are no nega-
tivenunbersinpixel arithnetic. Further, subtracti onwoul dnaket he nat chi ng
partsof thei nages di sappear, but i nfact, wewant themtorenai nfai ntlyvisible
sothat we can see wherethings are.

Accordingly, what i swantedisaninagethat i s about 60%of thefrst i nage
m nus 40%of t he second i mage. To avoi d negat i ve nunbers, after subtracting
the second i nage, we w || add i ts naxi rumval ue back i n (40%of naxi num
white). Specifcal ly, wewant each pi xel valueinthefnal inmageto be:

Newi nage =
0:6 Frstimge 04 Secondimage + 0:4 Mixi mumpi xel val ue :

P xel val ues may range fromOto 1, Oto 255, 0to 65535, or sonething el se
dependi ng on howt he ari thneti ci s done.

13. 5. 2Prepari ngt he | nages

Bef ore bei ng conti nedinthisway, theinagesw || nornally already be fully
gamma- correct ed and st ret ched sot hat t hey span anornal bri ght ness range.

They nust of course be al i gned. | nages t aken duri ng t he sane sessi on and
gui ded on t he sane st ar nay al ready be al i gned wel | enough. If thereareonly
two, youcanalignthemi n Phot oshopy pasti ng a copy of the secondi nage on
acopy of thefrst, naki ng the newl ayer partly transparent, nudgi ngit pixel
by pi xel until it ispositionedperfectly, andthennmakingit conpl etel y opaque.
Bot h MaxlI mDL and Pi xI nsi gb&in out put al i gned (regi stered) star fel di nages
W thout, or inadditionto, stackingthem
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Fgurel13.7. Topandnmddl e: Twoi nages of theasteroi dlristaken90 mnutes apart. Bottom
b fferencei nage show ngits two positions, one white andone bl ack.

13. 5. 3R xI nsi ght

Inthis case | wll tackle the software packages in reverse order because
Pi xI nsi gl i npl enentati on of pixel arithnetic is, perhaps surprisingly, the
easi est to understand. Uhder Process, F xel Mith, P xel Mathis thetool shown
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F gure 13. 8.Pi xI nsi gRtxel Mt ht ool | ets youtype expressions for conput ationstobe
perforned. P xel valuesaretreatedasrangingfromOtolregard ess of bit depth. Note
settingstocreateanewi magerat her t han nodi fy an exi sting one.

inFgure 13.8. Wth bot hi nages open, si nply typeinthe expressionfor what
toconpute. The expressioneditor, availableat theclick of abutton, wll hel p
you conf rmt he nanes of the i mages and t he avai | abl e operat ors, but you can
typeor edit theformil aw thout usingit.

251



252

Mor e | nage Pr ocessi ng Techni ques

Figure13.9. R xel arithneticNaxl mDL isexpressedas nenusettings. Thisisequival ent
toF gure13.8; thenunber 102is@ 255.

13. 5. 4MaxI mDL

Maxl mDL perforns t he sane conput ati on, but i nstead of aformul a, the com
putationisexpressedasaset of settingsinatool (FHgurel3.9). Thefrst i nagei s
scal ed 60% t he secondi nagei s scal ed 40%and subt r act ed, andt he const ant 102

i s added (whi chi s 40%0of 255, t he maxi numpi xel val ueinthese 8-bit i nages).

The out put repl aces the frst i nage.

13. 5. 5N\ebul osi ty

F xel arithnetic i Nebul ositiys broken up into even nore steps, but the
calculationcanstill bedone. Thisis how

1 Qrenthefrst i nage.
2. Choose | nage, Scal elntensity, MiltiplybyX O.6.
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10.

13. 6. H gh Dynani ¢ Range (HCR

Savethefrst i mage, whi ch has been scal ed.

(pent he second i nage.

Choose | nage, Scal elntensity, Invert.

Choose | nage, Scal elntensity, Miltiplyby X 0.4.

Save t he second i nage.

Choose Bat ch, Ali gnand Gonbi ne | nages. Miket hesettings: Savestack, Ai gn-
nent net hod: None, Stacking function: Average, and uncheck H ne-tune star
| ocati on.

Choosethetwo fl es you saved. Savetheresul ting stacked i nage.

Sretchthe stackedi nage because it was aver aged r at her t han sunmed.

To avoid the stretching step, you night want to nultiply by 1.0 and 0.8
respectively (not 1.2and0. 8, toavoi d goi ngout of range).

13. 5. 6Phot oshop

13.6

Fnally, this kindof i rage conbi ni ng happens to be easy to do i iPhot oshop
Invert the second inage, copy it, and paste it over the frst i nage wth 40%
opacity. Youcanevenfne-tunethealignnent at the sanetine, nudgingit so
that thestarsthat showi nbothinmages are perfectly aligned.

H gh Dynam ¢ Range (HOR

Many di gi tal i nages cover agreater bright ness range t han a conput er screen

or printer can properly display. The usual way to nake themdi spl ayabl e i s
toreducethereal lylarge-scal edifferencesinbrightness —thelargedifferences
betweenpartsof thepicturethat arefar apart —whil e preservingthesnal | -scal e
differences. Artists’ paintingsworkthat way; thelocal contrast i s normal but
thelarge-scal econtrast ismuchlessthaninthereal scene.

A hi gh- dynani c-range i nage may be a singl e picture froma canerawth
good dynani ¢ range, or it may be a st ack of exposures of different | engths. In
terrestria HDRphotography, thelatter i snornmal practice.

To nake a hi gh- dynanmi c- r ange i nage vi ewabl e, performmul ti scal e process-
ing(Section2.6.4) wthenoughl ayersthat soneof t hemcover quitel argescal es,
and t hen reduce t he resi due conponent, asinF gure2. 12 (right). Wat’'sleftis
avi enabl e HORi mage. UWsi ng MI2, whi chi s astrononers’ favorite HDRtarget,

H gure 13. 10 shows what HDRpr ocessi ng achi eves.

Any software that offers multiscal e i nage processing can do this, but
Pi xI nsi gleHoRMUI ti scal eTr ansf or nt ool (under Process, Mil ti scal eProcessi ng)
isparticularlyeffectiveandeasytouse; it isal nost sel f-expl anat ory.
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Mor e | nage Pr ocessi ng Techni ques

F gure 13.10. H gh-dynamic-range (HOR) inmagerel i es onmul tiscal e processi ngto bring out
detail inlight areasthat woul d ot herw se nerge w t h naxi numwhi t e.

The i mage nust, of course, actual |y containthedetail youwant tobringout.
That neans it nust not have beenst ret chedt oonuch. Nonet hel ess, | get t he best
resul tsif theinmage has beenstretched enought hat it | ooks goodwi t hout screen
stretch. Theeffect of HDORMIl ti scal eTransformonadark, unstretchedinagei s
likelytobetooextrene.



14.1

Chapt er 14
Sun, Mon, Ecli pses, and H anet s

O gital technol ogy has revol uti oni zed sol ar, | unar, and pl anet ary i nagi ng even
nor et han deep- sky wor k. Amat eur swit hport abl et el escopesdon’'t just rival the
best wor k done by obser vat ori es 50 year s ago, they surpassit. Thankstovi deo

i magi ng, weget pl anet aryi nages bet t er t hananyt hi ngt hat had beent akenfrom
eart h bef ore 1985 or so.

Accordingly, this chapter addresses —at | ast —the sun, noon, and pl anets.
The appl i cabl e t echni ques are such avital part of astrophot ography t hat t hey
deserve coverage evenif a DELRi s not al ways theideal canerafor practicing
t hem

Tobe preci se, vi deo ast r ocaner as (such as your aut ogui di hg caner @) arei deal
for high-resol uti onlunar andpl anetarywork; DBLRsvaryinsuitabilityfor this,
al t hough sone cone cl ose. For ful | -face sun and noon shots, DSLRs are i deal
onlyif theyhaveelectronicfrst-curtainshutter. Gher D8LRs are at sonet hi ng
of adi sadvant age.

Nonet hel ess, | et’ stakeal ook at what DHLRs can acconpl i sh. Becauset he art
of high-resol utioninagi ng coul dfll another book t he size of this one, | shall
havetobe bri ef .

Rul | - face Lunar and Sol ar | nages

Ful | - facei mages of t he sunand noon, i ncl udi ng ecl i pses, arenorel i kedayti ne
phot ogr aphy t han any ot her ki nd of astrononical i magi ng. The canerai s not
pushedtoitslimts; the JPEGfl efromthe canerarequires|ittleor no process-
i ng; andthechal | engei s mai nl yinchoosi ngasuitabl eoptical systemandt aki ng
pi ctures w thout vi brationfromtheshutter.

14. 1. 1OpticsandF el dof M ew

The sun and noon happen t o have t he sane apparent di aneter, about 0.5
Mor e preci sely, the nooni s al ways | ess than 0. 57(0. 01 radi an), dependi ng on
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itspositioninitsorbit, andthe sunis al ways | ess t han.0Teat neans t he
di aneter of the inage of the sun or noon on the sensor is slightly |less than
1/100of thefocal | engthof thelens or tel escope.

It followsthat thefull faceof thesunor moonw Il ft onafull-frane sensor
vwhenthefocal |engthislessthan 2400 nm and on an APS- Csensor whenit is
| ess t han about 1500 nm To avoi d an excessi vel y tight ft, inpracticel recom
nend naxi numf ocal | engt hs of 2000 and 1250 nmr espect i vel y. Focal | engt hs
as short as 300 nmgi ve pl easi ng i nages.

The optical system then, can be anything fromalongtel ephotolens (F g-
urel14.1) toanedi umsi zedtel escope (FHgure14.2). Heldfatnessisinportant,
andfel d-fatteni ngfocal reducersarebenefcial . Wththetypical fel dcurvature
of anf/ 10 Schmi dt —Cassegrai n, it i s best tofocus onapoi nt about twot hi rds of
the way f romt he cent er of thesunor noontothel i nb.

It canal sohel ptostopthetel escope down. Youdonot needtheful | aperture
of an8-inch(20-cm) tel escopetoget asharpful | -facepictureof thesunor noon.
Soppingit downto2inches (5cn) off-axisw |l inprovefel dfatnessandal so
reducet heeffect of unsteady ai r. Tel ephot ol enses, al so, are of t enshar pest when
not w de open.

For a sol ar eclipsewththe corona, of course, youw || want a nuch w der
feld, andthat i npliesafocal | engthof 300 nmor evenl ess.

14. 1. 2Exposur e

Exposures of the sunand noonare easytoeval uatebytrial anderror, but for a
t abl e of suggest ed exposures, see Appendi x B

The nai nchal | engei s overcomngshutter andmrror vibration. Al thetricks
inSections 3.5.2-3.5.5are applicable. If all elsefails, areally short exposure
(/500 0r faster) may gi ve sati sfactoryresul ts by “stoppi ng” the vi bration.

14. 1. 3Tracki ng

Mbst sol ar and | unar exposure tines are so short that the tel escope need
not track the sky, but wth total solar and | unar eclipses, tracking may be
necessary.

Indetail: Therotationof theearthis one arc-second per 1/ 15 second of ti ne,
and one arc-secondis closetothe practical limt of resolution. It fol |l ows t hat
even t he hi ghest -resol uti oni nagi ng does not require trackingif the exposure
isl/15secondor | ess. Wthrel ativel y nodest t el escopes and t el ephot o | enses,
you can go appreci abl y | onger; typical |y, a300-nmt el ephotol ensw || not show
any notion bl ur i nal/4-second exposureonafxedtri pod.

Phot ogr aphi ng atotal sol ar eclipse, you nay need t o expose a f ewseconds,
and phot ographi ngatotal |unar eclipse, aslongasaninuteor nore. | nthose
situations, tracki ngbeconesinportant. Thesunisof coursebest trackedat sol ar
rate, anoptiononnost conput eri zed nounts, but sidereal rateis cl ose enough
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F gure14.1. 1980s-era Q ynpus 600- nml ens gi ves pl easi ng i nage of t he noon at
f/ 11. S ngl e 1/ 250- second exposur e at | SO500, Canon 60Dg, t aken f romcaner a as JPEGT | e,
unshar p nasked and cropped i n  Phot oshopAnewer - t echnol ogy | ens woul d be shar per.

tonmake nodi fference. Lunar ecl i pse exposures | onger t han a coupl e of seconds
requi rel unar-ratetracki ng, but eventhat i sn’t perfect becauset henoon’ sorbital
notionis not uniformand thereis adeclination conponent. Nowyou know

why real |y sharppictures of thetotal | yeclipsednnoonarerare.
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Figurel4.2. Celestron8EdgerDw thfat-feldf/ 7focal reducer givescriticallysharp
image of thefull faceof thenoon, aperture8inches (20cn), focal | ength 1400 nm
S ngl e 1/ 320- second exposur e at |1 SO400, Canon 60D, processed|ike H gure 14. 1.

14. 1. 43 acking

Ful | -face I unar and sol ar i mages can be st acked t o reduce grai Aut oSt akkert
(Sectionl4. 2. 4) doesagoodj obw t hJPEGf I es strai ght front hecaneraor Tl F-s
convert ed f romr awi nages.

14. 1. 5The Mbon

The noon’ s surface has two peculiarities worth noting. Frst, because of its
porous structure, it tendstorefect light inthedirectionfromwhichit cang,
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14.1. Rul'l -face Lunar and Sol ar | nages

likeahighlyrefectiveroadsign. Asaresult, thesurfacebrightness of thequar-
ter noonis appreciably | ess thanthat of the full noon. The exposuretablein
Appendi x B. 2takes thi s i ntoaccount.

Second, there are col ors, though they are subtle. Increasingthe col or satu-
rationof alunar i mage (Section 13.3) oftenreveal sthat Mire Tranquillitatisis
bl ui shand t he ot her nari a ar e br owni sh.

I nages of the noon | end t hensel ves very wel | to unsharp naski ng. The
underlying detai |l is very crisp, and the nagnifcation of atypical |unar pho-
tographis|owenoughthat processingartifactsarenot aprobl em

14. 1. 6The Sun

Saf ei nagi ngof thesunrequiresaflter of suitabl edensi tyf ront of thetel escope
sothat direct sunlight never entersthe optical system Densities are neasured

| ogarithnmical |y, sothat=P5. 0neansthelight i scut byafactor of5: 100000,

and D =6.0neans 1000000. It isnot safetol ook at the sunthroughflters not
desi gned for sol ar work; inparticular, Watten 96 neutral density flters, even
when stackedtogi veahi ghdensity, transmt toonuchinfraredtobesafe. The
sanei s true of photographi cdyefltersandcrossedpol ari zers.

The flter material in eclipse glasses is fne for photographic use; you can
nount it i nal arger pi eceof cardboardandattachit tothefront of your tel ephoto
I ens. (The openi ng need not beround, nor aslargeasthelensitself.) Sunflters
for tel escopes are nmade by Thousand Caks (waw t housandoaksopt i cal . con),

Baader (www baader - pl anet ari umcon), and ot hers.

Wien phot ogr aphi ng t he sun through a flter, you nay need t o cover the
eyepi ece of your caneratokeepunwanted!ight fromentering(Section3.4).

Thousand Gaks sol ar flters gi ve an orange-col ored i mage, and when pho-
tographing throughthem it isinportant to check the hi stograns of all three
colors(red, green, bl ue), sincethereisariskof overexposi ngtheredl ayer of the
i mage, causingloss of detail, whilegettingapicturethat | ooks nornal . BEr on
t he si de of under exposure.

Fgure 14.3 is asharp i mage of the sunw th sunspots, takenwth a5-inch
(12.5-cm tel escope and Thousand Caks flter. The surface of the sunis granu-
| ated, and sol ar granul ationis sonetines hardtodistinguishfromgraininthe
image. Thegranul ati onyouseeinthepictureis genuine (see H gure14. 4).

14. 1. 7&cl i pses, Sol ar and Lunar

Parti al eclipses of t he sunand noon are phot ogr aphedt he saneway asi f t here
wer e no ecl i pse goi ng on, except that duri ng anecli pse of t he noon, the noon
di ns appreci abl y whil e i n the penunbra, before we see the earth’ s shadow
fallingonit, sotheexposure needstobel onger.

Total eclipses arenore of achall enge. Total |unar eclipses are unpredi ctably
dark; sonetines the noonis easy tosee, and sonetinesit issodarkthat it
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F gure14.3. Sunspots, granul ati on, and facul ae. 5-i nch (12. 5¢ 86)Schm dt —Cassegr ai n

t el escope w t h Thousand Caks RG 6000 flter (D =5.0, orange). S x 1/ 1000- second exposur es
at 1 SO100 wer e t aken f romt he caner a as JPEGT | es, stacked w t h Aut oSt akkerand unshar p
nmasked and croppedw th  Phot oshop

Figurel4.4. Center of Figurel14.3enl arged. Sol ar granul ationisclearly visible.
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Figure14.5. Total | unar ecli pse of 2008 February 20 wi t h noon very unevenl y
illumnated. Seetext for details.

cannot be seen evenwith atel escope, dependi ng on hownuch l'i ght i s reach-
ingit edgew sethroughthe earth’s at nosphere. Gtentheillunnation across
theface of thetotally eclipsed noonis uneven. Accordingly, the exposuresin
Appendi x B. 2 are approxi nat e. You nay have t o expose as | ong as for a star

feld. Infact, atotal |unar eclipseis your only opportunity to photograph the
noon sur rounded by st ars.

Fgure 14.5is an exanple. During this total |unar eclipse, the noon was
very unevenly il lumnated. | pi ggybacked t he canera and | ens on at el escope
for tracki ng. The setup consi st ed of a Canon 300-nmf/ 4 tel ephoto | ens, 1.4
converter, and Ganon 40D canera, set for an effective aperture &f 6.3 and
 SO200. | took 1-, 2-, and 4-second “hat trick” exposures and st acked t he JPG
flesw thRegi st &0 get greater dynam c range, then post processedtheresul t-

i ngi magew t h Phot oshdm adj ust bri ght ness and cont rast and per f or munshar p
naski ng.

Total sol ar ecli pses are al ways hi gh- dynam c- range subj ect s; the vast bri ght -
ness range of the sol ar coronai s as chal | engi ng as any nebul a. To phot ogr aph
the ecl i pse of 2017 August 21 (F gure 14. 6), | used t he sane Canon 300- nmf/ 4
lens, thistinewthout aconverter, wth a Ganon 60Da canera and Cel estron
A/Xnount trackingat sol ar rate (and nonetoowel | pol ar-al i gned; doi ngthe
drift nethodonthesuninthedaytinewasted ous). FH gure 14. 7 shows asi ngl e
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Fgure14.6. Sol ar eclipse of 2017 August 21, partial phasebeforetotality. N kon 810,
N kon 300-nm f/4lens atf/5.6, 1/ 200 second at |1 SO250 wi t h Thousand Qaks sun
flter; pi cturecroppedand post processed iAdobe Li ght roofi®l | ford Ti | | er)

Figurel4.7. Solar eclipseof 2017 August 21i nH awassee, Georgi a, as t he pi ct ure cane out
of the canera. Canon300-mm f/ 41 ens atf/ 10, Ganon 60Dg, 1/ 80 second at | SO800.
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Figure14.8. Sack of three exposures | i ke F gure 14. 7, opened as rawf | es, stacked
wi th Pi xI nsi ghprocessedw thmul tiscal e nedi antransform andfnal |y
ganma- cor rect ed and st r et ched.

JPEGfleas it cane out of the canerawi thmininal stretching. FHgure14.8is
theresul t of stackingthreeidentical exposures (toreducegrai n) andthenusing
the Ml ti scal e Medi an Transf or mt ool i nPi xI nsi gho weaken t he resi due | ayer
(Sections 2.6.4and 13.6), bringi ngout dranaticdetail inthe corona.

14.2 Hgh-resol uti onM deo: Howit's Done
14. 2. 10ver vi ewof t he Process

H gh-resol uti on vi deo i magi ng consi st s of taki ng t housands of i mages succes-
sively (as franes of a novie), then aligning, stacking, and sharpening. The
resul ts are spectacul arly better than fl mphot ography or singl edigital i nages.
FHgureld. 9isanexanpl e. Thisisastackof thebest 75%of 5430 vi deoi mages
taken with a Ganon 60Da i n Mvi e Grop node (using the full resol ution of a
snal | part of the sensor) with an 8-inch (20-cnm) Cel estron EdgeHDt el escope
anda 2extender, givingafocal |engthof about 4000 rm The exposur e was
1/ 160 second at | SO1600, and vi deo was recor ded f or 90 seconds at 60 f r anes
per second. Thei mageswereenl arged 1. 5and st acked usi ngAut oSt akket hen
shar penedw th Regi St ax
The i mage onthe | eft, w thout sharpening, woul d have been consi dered a
good i mage during the flmera; the one onthe right shows theresult of the
digital nagic. Inwhat follows, I'Il frst tell youquicklyhowal | of thisis done,
and t hen cone back t o sone t echni cal i ssues.
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F gure14.9. Jupiter throughan 8-inch (20-cn) tel escope; seetext for details. Left: Sack of
videoinages. R ght: Sane, after mul ti scal e shar peni ng.

14. 2. 2/cqui ri ngt he | nages

(A
(B

(Q

(D

A anetary i magi ng general | y wor ks best with afocal | ength between 2000 and
6000 Mm apoi nt towhi chwew || return. That general |l yneansusing 2or 3
negative projectionw ththetypical portabletel escope. That, inturn, iseasyto
do—just put thecanerainthe eyepi ecetube, wthaBarlowlensortelecentric
ext ender ahead of it. Youcaneven| eavethedi agonal i nplaceif you nmake sure
tofiptheinagelater tocorrect themrror-image effect.

There are four ways torecordt he novi e:

Use avi deo ast r ocaner a (such as your aut ogui di ng caner a) w t h sof t war e such
as Fi reCapt uenw f recapt ure. de) .

Wseyour DALRi nits normal novi e node. Thi s gi ves you downsanpl ed vi deo,
usinglessthanthefull resol utionof the sensor, because st andard vi deoi nages
arenolarger than 1920 1080 pixel s (“Full H), "), and t he caner a resanpl es
thei nmages downtothi s si ze whil e recordi ng.

Wse your DSLRin a digital zoomnode that gives higher resol ution while
using only the central part of the sensor. “Mvie Gop” onthe Ganon 60Di s
ideal; it usesthe central 64@80 pi xel s at full resol uti on and seens t o have
been desi gned for scientifcwork. Qnother caneras, if adigital zoommodeis
avai | abl e, experinentationnay be neededtofndthe ef fecti ve pi xel size.
Wseaconput er torecordt heLi ve M ewi nage of t he pl anet at naxi numnagni -
fcation. Thi s canbe donew t hBackyar dNI KONand ot her sof t ware. The caner a
doesn't knowit’s taking apicture; the conputer is recordingthe preview A
variationonthis nethod uses the HOM video i nterface rather thanthe USB

i nterfacetorecei vetheinagefromthe canera.

Met hod Ai s general |y the best because it gi ves you unconpressed vi deo and
full control of the canera, but it does not involve a DBLR The canera can



14.2. Hgh-resol uti onM deo: Hwit's Done

be col or or nonochrone. Mbnochr one caneras wi th deep red or | R pass fl -
tersoftengivesurprisinglysharpinages becausetheair issteadier inredand
i nfraredthan over therest of thevisibl espectrum

The bi g advant age of net hods Band Ci s t hat you can use a DELRwi t hout
even bri ngi ngaconput er al ong. Anot her advant age of t he DELRi st hat you can
useitslargesensor andw defel dtol ocateandcent er the pl anet, evenif youare
goingtoswtchintodigital zoomnodetodotherecordi ng. That i s nuch easi er
thancenteringapl anet onatiny sensor onwhichit barelyfts. It i swhy | have
ended up doi ng nost of ny pl anet ary wor k wi t h a Canon 60Da and Met hod C
rat her t han a vi deo ast r ocaner a.

Wien t he DELR does t he recordi ng, the vi deo fl es undergo | ossy conpr es-
si on, but | have hadnot roubl e naki ngupfor t hel oss by si npl y recor di ng nore
frames. Note that your exposureislinmtedbythefranerate; if yourecord 60
franes per second and your exposure i s 1/40 second, youw || get dupli cated
frames —whichisbetter thannovideoat all, but far fromi deal . Newer DELRS
al soal  owyoutosel ect 24 franes per second.

Usi ng nati ve vi deo node, Met hod B, makes the canerawork asif the pi xel s
were much | arger than they actual |y are. By experinenting, | found that the
N kon 6300 downsanpl esitsinages by afactor of 3.1; thisistypical, and on
theDB300t heeffect i sthat i nsteadof their real sizen@. @l s, thepi xel s have
an effective size of 12n large enoughtorequire along focal |ength (naybe
12000 nm) for hi gh-resol uti oni nages of pl anet s.

(ne advant age of Method Bis that it can cover the full face of the noon
or sun, giving you away to overcone vibrationif youcan't dosoinastill
picture. It is al sovery good for w de fel ds of the noon (F gure 14. 10). Good
pl anet i mages are nore of achal | enge, but withcare, worthwhil eresul ts canbe
obt ai ned (K gure 14. 11).

Met hod C uses the pixel s at, or near, their real size (FHgures 14.9, 14.12).
Noti ce that you nust use a di gital zoomnode, one that expands the mddl e
of thefeldtofll the picture. Merely sel ecting a snal | er nunier of pixel s for
thefull felddoesn't dowhat i s needed; it just downsanpl estheoriginal i nage
further.

Met hod Dseens t obet hewor st of bot hworl ds, but actual ly, it canworkquite
wel | . It nay or may not i el d unconpr essed vi deo, dependi ng on t he caner a.
Howwel | you can use Met hod D depends on whet her your canera |l ets you
control the effective exposurewhileinLiveMew Sone caneras al waystryto
aut o-expose i n Li ve M ew regardl ess of the nanual exposure settings. That is
general lyfnefor | unar work but frustrati ngw thsnal | bright pl anetsonal arge
bl ack backgr ound.

14. 2. 3+bwLongt o Expose

Suggest ed exposur es f or t he noon and pl anets arein Appendi x B. |1 f, i nst ead of
alD8LR youareusi ngavideoastrocanerathat doesn’t have | SOsettings, start
W t ht he exposur es suggest ed f or | SO1600.
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F gure 14. 10. Regionof thel unar crater Tycho. 8-i nch (20-#f0tel escopewvith 3

ext ender, givingafocal | engthof 6000 nmaf/ 30. N kon 363001 n1920 1080 vi deo node,
best 75%of 1800 f ranes, each exposed 1/ 80 second at | SO400, convertedw t hPlI PR, st acked
w th Aut oSt akkerand shar penedwi th Regi st ax

Fgureld.11. Left toright, lo, BEuropa, and Jupiter. Sane opti cs as H gure 14. 10, same caner a
and vi deo node, best 75%of 1800 f r anes, each exposed 1/ 80 second at | SO1600, converted
wi th Pl PP, st acked wi t hAut oSt akkerand shar pened wi th Regi st ax

WthaD8LR you nust, of course, record vi deow th nanual exposure set -
tings; withsone N kons, youw || needto enabl e “nanual novi e settings” in
anenu, and thendisabl eit agai n when you go back t o conventi onal deep- sky
i magi ng (see Section3.2.1).
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Fgure14.12. Marsand Saturnw than8-i nch (20-cn)/ 10t el escope, 2 extender (givinga
focal | engthof 4000 nmat f/ 20), and Canon 60Dai n Mvi e O op node. Mars: best 75%of

5534 f ranes exposed 1/ 400 second at | SO1600. Saturn: best 75%of 7149 f r anes exposed
1/60 second at | SO1600. nvertedw th Pl PR, st acked wi t hAut oSt akkerand shar pened

w th Regi st ax

Your t el escope shoul dtrackthesky, but perfect tracki ngisnot necessary; peri -
odicerror andslight drift can be hel pf ul because t hey nove t he pl anet i nage
around ont he sensor and reduce t he ef f ect of dust specks and def ecti ve pi xel s.

Therotationof thepl anet |initshow ongyoucanrecordvi deo. Jupiter rotates
arounditsaxisinslightlylessthan 10 hours. Qoviously, if you recorded vi deo
frames of Jupiter for anhour, andt hen st ackedthem your i mage of t he surface
of Jupi t er woul dbevery snearedbytherotati on. Event enni nut eswoul dbet oo
I ong. To cal cul at e howl ong you canrecordw t hout snearing, usethe forml a:

Max. recordi ngti ne (m nut es)
60 Rot ationperiodof planet (hours)
Appar ent di anet er of pl anet )

= Accept abl e snear (¥)

For exanpl e, i f you deci de you cant ol erat e 0™%f sneari ng (whi chis near the
limt of earth-based resol ution), and Jupiter is near nini numdi stance from
the earth, with an apparent di aneter of 50 then you can record for up to
1.9mnutes. That isnot astrictlimt, so2mnutesisareasonablelimt for Jupiter
and Saturn. Wth Mars, you canrecordfor at | east 9 mnutes (usual |y | onger),
andw t ht he noon, as | ong as you want .

Intheformul a thefactor of 60convertshoursintoninutes, andccountsfor
thefact that the planet rotates aroundits whol ecircunferenceinonerotation,
and hence t he speed at the center of the di sk seens to be one circunference
per the gi ven nunber of hours. The apparent di anet er and accept abl e snear,

t hough neasured i n arc- seconds, are angul ar si zes as seen fromt he earth, not
relatedtotheplanet’ srotation.
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14. 2. 4Preparati onand S acki ng

Inwhat follows, | shall concentrate on w dely used free software, though
rel atedfunctions areal soavail abl ei ncommerci al sof t war e packages. Presently,
free software | eads t he wave of innovation, and conmerci al softwaretriesto
keep up.

Mbst astrononical software does not accept the MOV and MP4 vi deo fl es
that DBLRs produce; the fles need to be converted to AA1. Several video
editors can do the conversion, but the handi est B PP (A anetary | nagi ng
PreProcessor, freeware fromhttps://sites. googl e. conisite/ astropi )PP
not onl y changest hefl ef ormat but canal sostabilizethei nage (toreduce nove-
nent) and, nost i nportant!ly, cropthe picturetonake snall er videoflesthat
do not requi re as nuch nenory f or subsequent processi ng. The out put shoul d
be saved as unconpr essed A1 for naxi numconpat i bilityw thother sof tware.

Thi s does not renove any | osses caused by earl i er | ossy conpr essi on, but it does
prevent further | oss. The free command- i ne util iFnpeg (waw f f npeg. or g)
canal sodothefornat conversion, but not croppi ng.

Once the fles are converted, they nust be stacked. That can be done in
Regi st gt owhi chwe' Il returnshortly), but amoreful | -feat ured stacki ng pack-
age i s Bl Kraai kanp’ s Aut oSt akke(freeware f romwawv aut ost akkert . com
donat i ons accept ed) Aut oSt akkeconeswi t hdet ai | edi nstructi ons whi ch space
precl udes repeating here. Suffceit to say that in order to stack i mages, you
have to specify al i gnnent points, which you can pick individually or have
Aut ost akkesttoose aut omat i cal | y.

14. 2. 5Mil ti scal e Shar peni ng

Nowfor mul tiscal e sharpeni ng. For the theory, see Section 2.6.4. \Wat we're

goingtodois enphasi ze feat ures of sizesthat contai nthe nost detail, but not
noi se; usual |y, thi sneans nost of theenphasisw || beat aflter radi us of about

lor 2pixels.

The sof t war e package t hat i nt roduced nul ti scal e sharpeningtotheworld—
al ongw th pl anet ary vi deo st acki ng —iBegi st a)H gure 14. 13), freeware from
wiw ast ronomie. be/ regi stax, still quiteusable, althoughas | witethisit has
under gone no naj or devel opnent for several years. Smlar functionalityis
of feredi rPi xI nsi gaimd Maxl mDL, anong ot her s; t he cor respondi ngPi x1 nsi ght
tool i sshowninH gure14. 14.

To start sharpeni ng an i mage, you have t o choose t he scal e of t he wavel et s
(theflter radii): dyadic (1, 2, 4, 8, 16), linear (1, 2, 3, 4, 5), or sonething el se
(evenl, 1, 1, 1, 1lisofferedRegi st aand has i ts uses). | suggest startingwth
thetraditional dyadi c spaci ng.

Then you enphasi zet hei ndi vi dual | ayersbytrial anderror; Regi stahisis
asinpl ematter of novingslidersandl ooki ngat what happens. Usual | y, one of
two t hi ngs happens. B ther | ayer 1 needs al ot of enphasi s, or el sel ayer 1 con-
tains all the noi se and | ayer 2 needs al ot of enphasis. For pl anetary i nagi ng,
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14.2. Hgh-resol uti onM deo: Hwit's Done

How to scale wavelets (lter radii)

Press to see what is in each layer

Per-layer denoising and sharpening

Slider: How much to emphasize layer
Whether to include layer

Figure 14.13. Ml ti scal e shar peni ng adj ust nent s Regi st akhe cl assi ¢ sof t war e package f or
t hi s pur pose.

thereisrarely any needto enphasi ze any of thelayerswithlarger flter radii.
However, mul tiplelayerswtharadi us of 1canbe useful; they arenot redun-
dant, because each one wor ks ont he resi due fromt he previ ous one, and quite
often, thefrst onetraps al nost al | thenoi se. That i s Ragi st aat | ows youto
speci fyastartingradi us of 1andanincrenent of O.

Al ongt heway, youcandenoi seand/ or shar peni ndi vi dual | ayers. | rRegi st ax,
besuretopressDoA | after nakingthesettings, sotheyw || beappliedal | over
the i nage.
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How to scale
wavelets
(elter radii)

Choose layer
to make
settings for

Whether to
include this
layer, how much
to emphasize it

Preview

F gure 14. 14.Pi x| nsi gt mul ti scal e shar peni ngt ool is sinpl eandstrai ght f orward.

14. 2. 6R3BA i gnnent

Shar peni ng an i nage of t en reveal s bl ue and or ange f ri nges on opposi t e si des,
or occasi onal | y ot her col ors. These ar e caused by at nospheri c refracti on, whi ch
spreads light out into a spectrumlike a prism and al so by asymmetries in
deBayeri ng and i nage processi ng al gorithns. You can correct the fringes and
shar pent he whol e i nage by novi ngt hered, green, and bl uel ayers of t he com
pletedinagerel ati vetoeachother. Thisishandl edbythe RBA ignbuttonin
Regi st amhi chcanesti nat et he needed correcti onfor you, after whi chyoucan
continuetonudgethecol or layersinanydirectionuntil they reperfect.
Asinlar functionisprovidedi NaxI mDL as Gl or, Real ign M anes. A tine
of witing, thereisnothingdirect!yanal ogoufi rl nsi ghtucanal sodo RB
al i gnnent duri ng st acki ngw t hAut oSt akker t
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14.3 Hgh-resol uti onM deo: Techni cal Matters
14. 3. 1nat ching Focal LengthtoPi xel S ze

Howbi g does t he i nage ont he sensor needtobeinorder for t he canerat o pi ck

upall theplanetarydetail that thetel escope canresol ve? The bi gger t he better?
No—renenter t hat enl argi ngt hei nage makes it di mer, soyouwant t o nake

it bi genough, but not bi gger. The opti numdepends on t he pi xel si ze of your
caner a.

Invery steady ai r, anat eur-si zet el escopes (anywhere from8to 24 i nches [ 20
to60cnj inaperture) canrecorddetai | sonewhat snal | er t han™across. This
limtisset partlybydiffractionandpartly bythe at nosphere.

Accordingly, the pixel sinthecaneraneedtobe appreci abl y snal | er t haf.1
nt heoreti cal grounds many of usinitial | yadopt edapixel sizeof®.hichis
still fneif youneedarel ativelybright inmage(e.g., for Saturn), but experi enced
pl anet ary phot ogr apher s have f ound advant ages t o goi ngsnal | er, downto0. &
or evenO. 1°.

I't happens that if you adopt 0.2as the desired pixel size, the formlafor
calculatingfocal lengthisveryeasytorenenber:

Recormended focal length =1000mMm R xel size () :

For exanpl e, acaneraw th4- mpi xel s needs afocal | engt h around 4000 m

for opti numpl anetary work. This is not aval ue you have to hit exactly, just

a rough gui de. Anyt hi ng fromhal f t o doubl e t he conput ed focal [ength wll

work. @ for thel owend of therange when the obj ect bei ng phot ogr aphed i s

not bright (e.g., Saturn), thetel escopeissnall, or theair isnot extrenely st eady.
Gonversel y, gotowardt he hi gher endi f your caner a out put s conpr essed vi deo
(losingabit of resol ution), atnospheric conditions are especial |y good, or the
tel escopeis|arge.

The focal | ength of any but thelargest tel escopew || be shorter thanideal,
sowhat youdois use negative or positive projectiontoenlargetheinage. A
common 8-i nch (20-cm) /10 Schmi dt —Cassegr ai n t el escope has a focal | ength
of 2000mMm abit short for typi cal caneras, but addi nga?2 ext ender changesit
t 04000 M whi chisanpl e. Gonversely, wtharelativelylargetel escope (such
as a 24-inch [ 60-cnjf/ 15 i n an observat ory), you may have nore focal |ength
thanthefornulacall sfor; it does noharm but your i nages nay | ook better if
you reducetheir size after processi ngthem

14. 3. 2Wy H gh-resol uti onM deo Vir ks

The way video i nagi ng works its nagic is largely nmisunderstood. It is not

“l ucky i magi ng” —sel ecti ngt he f ewshar pest franes f romal ongrecor di ng. That

i s howvi sual pl anet observersoperate; theystareat thepl anet, waitingfor what
Percival Lowel | call ed“revel ation peeps,” nonents of unusual | y steady air in
vhi chthe bl ur nonentarily cl ears up.
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Point
source of
light

Atmospheric turbulence

Randomly
blurred
images

Average of 1000

Gaussian
blur

Fi gure14.15. M deopl anetary i magi ngworks its magi c because t he aver age of al arge
nuniber of randombl urs i s approxi nat el y a Gaussi an bl ur, whi ch can be shar pened. G aphs
showhownany phot ons fal | on each of asi mul at ed rowof ni ne pi xel s.

But i f that were howvi deo i nagi ng wor ked, best resul ts woul d cone from
st acki ngonl y af ewof t hebest i nages andt hrowi ngaway t herest. Sof t waresuch
asRegi st adoesratetheinages f or sharpness, and| agreethat egregi ousl y bad
ones shoul d bethrownout, but i nfact, stacki ngthe best 75%of theinagesina
recordingi s al nost al ways better thanthe best 10% That shows t hat sonet hi ng
i s goi ngon ot her than“l ucky i magi ng. ”

Theway t he nagi cwor ksi s showni nH gure 14. 15. The sumof al ar ge nunber
of randombl urs i s approxi mat el y a Gaussi an bl ur, and Gaussi an bl urs can be
undone. The f gure shows a conput er sinul ati on of the way thelight froma
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poi nt source (astar, or asingl epoint onaplanet) wouldfall onarowof nine

pi xel s. Al of theindividual i mages are bl urredrandonty, but whenat housand

of themare averaged, theintensitiesaredistributedal ongabel | curve. Ineffect,
we' ve t ur ned an unknown bl ur i nt oaknown bl ur of atypeonwhi chmil tiscal e
enhancenent wor ks very wel | . Asurpri si ng anount of theinage detai | canbe

br ought back by si npl y st rengt heni ngt he wavel et si zes t hat wer e weakened by

t he Gaussi an bl ur.
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Chapt er 15
Sensor Per f or nance

The i nage sensor i s the heart of the canera. The two t hi ngs we nost want to
knowabout sensors are whet her one canerai s better than anot her, and what

| SOset ti ngwor ks best w thagi ven canera. The qui ck answer s arethat you can

j udge caner as by publ i shedtest resul ts, andt hat t hebest | SOf or deep- sky wor k
isusually200to400for newer (I SOinvariant or “1 SO ess”) D8 .Rsensor s and
800t 0 1600 f or ol der ones.

Thi s chapter andthe next wi Il expl ore sensor perfornanceindetail. Let ne
start, though, with acautionary note. You don’t have to have t he best possi -
bl e sensor to get good pi ctures. Both second- generation and thi rd-generation
CHRs take excel | ent astrophotos. |f acanerais servingyouwell, it wll not
becone obsol et e when a sl i ghtly better sensor becones avai | abl'e.

Gener at | ons of DALRS

Roughl y, we candi vide DBLRs intothree generations. Frst-generation DELRs
have rel ati vel y noi sy sensors and i ncl ude t he Ganon EC5 10D, 20D, 20Dg, and
300D (D gital Rebel), N kon D60, and N kon [80. They were i ntheir heyday
whenthe frst editionof this bookwas witten, andwe got surprisingly good
ast rophot os wi t h t hem

Second- gener ati on DELRs have appreci abl y | ess noi se and usual | y have a
nore nat ure set of features, includinglive focusing; theseincludethe Canon
EC5 40D, 60D, 60Da, and N kon DB00. Their noi se | evel depends onthe | SO
setting; i ndeep-sky work, these caneras usual |y work best at | SO800 t o 1600
t o0 over cone noi se.

Thi rd- gener at i on DELRs have even | ower noi se, and t he noi se | evel i ESO
i nvariaot (touseterns|ess precisely) “1 SQess.” That neans t he noi se | evel ,
neasuredinel ectrons, isel ati véhgt perfectly) i ndependent of | SOsetti ng.

1 Inthischapter andthenext, | amparticul arlyindebtedtoWl!liamJ. daff, waw Phot ons
ToPhot os. net, for hel pful suggestions andi nfornation.
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That, i nturn, neans you can under expose a phot ogr aph, thenbrightenit up
wthdigital postprocessing, andget thesaneresult asif youhad set the | SO
hi gher i nt he canera, except that you' rel esslikel ytooverexposethehighlights.
Dayt i ne phot ogr aphers notice this because it al | ows t hemt o adj ust exposure
after takingthe pi cture, rather than before. | nastrophot ography, it neans you
cant ake deep- sky i nages at | SO400 or even 200 f or great er dynamic r ange.

Initially theselSGinvariant sensors were a Sony breakt hrough. Caner as of
thi stypeincl udethe Sony A7R(nirrorl ess) andt he N kon 06300 and B810( A) ,
al | of whi ch use Sony sensors. (Because of itsunusual anplifers, the Sony A7S
does not actual lyqualifyas|SOinvariant, thoughit perfornsbetter t han nany
that do.) Canon, whi chnakesitsownsensors, enteredthethirdgenerati onwth
the80D 9.2(200D, 5DMark 1\, andl at er product s (not, however, t he 6DMr k
Il, anexcellent canerathat isthelast of theol dbreed). The Pentax Kx, withits
Sansung sensor, al so bel ongstothis cl ass.

The divisioninto generations is not sharp, of course. You shoul d eval uat e
each caneraonits neritsrather thanjust what generationit bel ongsto. And
do not assunethat al | of amanufacturer’s products enter a newgenerati on at
thesanetine. It isquitecomonfor different nodel stohavedifferent sensors,
evenw thsimlar negapi xel counts.

15. 2 HowSensor s Wir k
15. 2. 1Phot oel ect rons

H ectroni ¢ i nage sensors wor k because | i ght can di spl ace el ectrons insilicon.
BEvery capt ured phot on causes a val ence el ectrontojunpinto t he conducti on
band; when t hat happens, we cal | it aphot oel ect Hort.hat state, theel ectronis
freetonove around, andthei nage sensor trapsit i nacapacitivecell.

The nunier of el ectronsinthecell, and hence the voltageonit, is an accu-
rateindicationof hownany photons arrived duri ngthe exposure. That is, the
response tolight is al nost perfectly linear, whi ch makes subtraction (e.g., of
dar ks froml i ght s) possi bl e and accur at e.

Phot ogr aphi ¢ fl1 mwor ks t he sane way, except that the photoel ectrons are
col l ectedinsilveriodidecrystal s, wheretheycauseal at ent chemi cal changet hat
nakes the crystal s react w th devel oper | ater. The processis rather unreliabl e,
and nany of the photoel ectrons | eak anay. That is why fl m“forgets” nany
of the photons inalong exposure, aphenonenon knownas reciprocityfailure
and a 5-mnut e exposure may only record tw ce as nuch light as al-mnute
exposure. Also, fimsresponsetolight |evelsisexquisitely nonlinear —every
conbi nati on of fl mand devel oper has a different nonlinear response curve,
givingit adistinctivel ook.

The best digital i nage sensors achi eve guant umef f ci enwf| above 50%
vhi ch neans they capture an el ectron for nearly every photonthat hitsthem
The hi ghest quant umef f ci ency achi eved wi t h fI mwas about 10%



15. 2. HowSensor s Vr k

LIGHT

INPUT

OUTPUT
(IF ANY)

F gure 15.1. Charge-coupl ed devi ce (D) consi sts of cel I s (pixel s) i nwhich el ectrons can be
stored, thenshiftedfromcell tocell andretrieved. Li ght nakes el ectrons enter the cel | s and
sl ow y rai se the vol t age duri ng an exposure. (Fromst r ophot ogr aphy f or t he Anjat eur.

15. 2. 2GDand QB Sensor s

Today, there is no systematic difference in perfornmance between QD and
QVssensor s, and DELRmakersaresteadi | y sw tchingtothel atter. QDt ech-
nol ogy was devel oped earl i er, but QM35 has caught up. CGanon has devot ed a

| ot of effort tonaki ngandperfectingitsow QUBsensors; many ot her caner a
naker s use @Dand QM5 sensor s nade by Sony, Toshi ba, and Sansung.

The di f f er ence bet ween GCDand QM5 sensor s has t o dowi t h howt he el ec-
trons are read out CCD stands forchar ge- coupl ed dewmiotecui t i nwhichthe
el ectrons are shifted fromcell tocell one by one until they arrive at the out -
put (Fgures15.1, 15.2); thenthevoltageisanplifed, digitized, andsent tothe
conputer. Thedigital readout i s not theel ectroncount, of course, but i sexactly
proportional toit.

Qvssensorsdonot shift theel ectronsfromcel | tocel | . | nstead, eachcel | has
itsownsnal | anplifer, al ongw t hrow by- col unm connecti ons sot hat eachcel |
canbereadout i ndi vi dual | y. Therei s of courseanai nanpl i fer al ongw t hot her
control circuitryat the out put .

15. 2. 3wat Ve Don' t Know

LA R nanufact urers do not rel ease detail ed specifcations of their sensors.
A nost ever yt hi ng we t hi nk we knowabout t hemref ect s a certai n anount of
guesswor k.

Wiat’ s nore, the “raw inage recorded by a DELRis not truly raw Sone
i mage processi ng i s al ways perforned i nsi de t he canera — but manuf act urers
areextrenel y tight-1ipped about what i s done. For exanpl e, nost DELRs add
apositivebiastoeverydigital val ue, and soneearly N kon DSLRs (60, DrO,

2 ThetermCMXS neans conpl ement ary net al - oxi de seni coamtlidésur i bes t he way t he
integratedcircuit i snade, not thewaytheinage sensor works. Mbst nodern | Gs are QVO5,
regardl ess of their function.
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IMAGING
AREA

DAC

BUFFER

DATA OUT AMPLIFIER

Fgure15.2. QDarray shiftsthecontents of eachcel |, oneafter anot her, through ot her
cellstotheoutput for readout. QMCBarrays have ananpl i fer for each pi xel, with
rowand col unm connect i ons t o read each pi xel directly. (Fromstrophot ography f or

t he Anat euy.

[80) had parti cul arl y heavy- handed preprocessi ng of rawi nages, i ncl udi ng a
not ori ous “star eater” speckl e-renovi ng al gorithm

V& can hopethat inthefuture, CBLRsw || conew ththe equi val ent of flm
dat asheet s, givingthespectral responseandvarious characteristiccurves. Until
that happens, we havetorelyonthird-partytests.

For pioneering investigations of astronomcal DSLR perfornance, see the
web sites of Christian Buil (wwvastrosurf.combuil) and Roger N dark
(wawv cl arkvi sion. con). Buil focuses on astrononical perfornance and spec-
tral response, while Qark sets out to neasure sensor paraneters such
as full-well electron capacity and signal -to-noise ¥abhothe technical
perfornmance of DSLR sensors in general, see especially the thorough set
of web pages maintai ned by BEml Mrtinec at the Lhiversity of Chicago
(v Phot onsToPhot os. net / Emi| 920Mar t i nec/ noi se. ht nh) .

3 darkisalsotheauthor off sual Astronony of the Deel@iojori dge Lhi versity Press, 1990,
nowout of print), agroundbreaki ngstudy of thefactorsthat determnethevisibilityof faint
deep- sky obj ect s t o t he hunan eye.
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Technically oriented sensor tests of newer caneras are published regu-
larly byDxQrar k (wwvdxonark.con), and DxQrark’'s data are regul arly
reanal yzed froma nore techni cal point of viewat ww sensorgen.info and
waw Phot onsToPhot os. net, whi chal sopresentstests of its own.

Another way to test a DBLRis to ignore the internal details and use
wel | -establ i shed neasures of picture quality, such as dynamic range and
color fdelity. This is the approach taken b gital Photography Review
(wwwv dpr evi ew con) and ot her phot ogr aphy websi t es and nagazi nes.

Al of thesetestspoint tooneinportant result: DBLRs arei nprovi ng steadi | y
and rapidly. The latest nodel s have nore dynanic range and | ess noi se
than t hose even two years ol der, and al | current DELRs performmuch bett er
thanflm

15. 3 Sensor Per f or nance Basi cs
15. 3. 1A xel S ze

The pi xel s ina DALRsensor are nuch | arger than those i n a conpact digital
caneraor snart phone. That’ s why DHLRs per f ormsonuch better. Typically, a

O Rpi xel i s3to6 msquareandcanaccunul at e over 40000e€l ect rons. Besi des
thedesiredsignal, afewel ectrons al ways | eakintothe cel | accidental ly at ran-
dom but each of themw Il constituteonly 1/40000 of thetotal voltage. Inthe
snal | er pi xel s of aconpact digital canera, the sane el ectrons woul d do nuch

nor e har m

15. 3. 2Quant i zat i on and DN\s ( ADLS)

Each cel | has tocontai nanintegral nunber of el ectrons. You can have 23624
el ectrons or 23625, but not 23 G%Abecauset here’ snosuchthingas hal f anel ec-
tron. Thisiswhy the caneracannot distingui shaninfnitenunber of different
brightness|evel s. But then, neither canlight itself; there’ s nosuchthingas half
aphot on, either.

Anuch coar ser ki nd of quanti zation takes pl ace at t he out put of the anpli -
fer, wvherethecell voltageisturnedintoadigital signal. God DSLRs perform
14-bit digitization, neaning that each cell voltage is rendered into a whol e
nuniber between 0 (bl ack) and2 ¥ 1=16383 (white).

These 14-bit nunbers are often calledNs (digital nunibers) orADUs
(anal og-to-digital units). Theycanbestoredinal6-bit TIF-fle, wherethey do
not use t he whol e avai | abl erange. Suchafle, vieweddirectly, | ooks very dark
until itis“stretched” by multiplyingall theval ues by aconstant. Eventhen, it
wll still | ook dark becauseit needs gamma correcti on.

Sone caneras record only 12-hit digital nunbersintheir rawfles. Those
12-bit nunbers range only fromO to 4095, | osing nuch-needed di stincti ons
bet ween bri ght ness | evel s i n underexposedi nages. Inthefuture, wew || have
CELRs t hat record 16- bi t nunier s.
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Not e t hat stacki ng nul ti pl e i nages over cones quanti zati on. The aver age of
several franes can perfectly well correspond to 236§4el ectrons i f the | ast
el ectron was present inhalf of them The DN\s i n a stacked i nage are ei t her
foati ng-poi nt nunbers, or at theveryl east, integerswthnoresignifcant digits
t han t hose del i ver ed by t he caner a.

15. 3. 3B as (Oset), Dark d i ppi ng, and Gonpr essi on

The starting val ue of the DNscaleis not O, for two reasons: you can't get al |
the el ectrons out of the sensor bef oretaki ng an exposure, sothe el ectroncounts
won't start at O, and many DSLRs add a constant tothe DNs to rul e out the
possi bi l ity of negative nunbers. For exanpl e, nany Canons add 2048. | f, due
torandomnoi seintheanplifer, aparticul ar pi xel shows anegativevoltage, it
w Il not beclippedat zero; instead, it wll coneout slightlylessthan?2048, and
subsequent i nage processingal gorithnsw | handl eit correctly.

Srictly speaki ndpi ass theinability of the sensor todeliver exactly Ovolts,
andt he nunber added i n post processi ngi s an of f set pedest.atbwever, inthi s
book | usetheternsbi agnd of f sént er changeabl y.

Theact ual situationisevennoreconplicated. Beforeaddi ngaconstant of f set,
sone caner as subtract anesti nmateof thereal bias, whi chi s exposur e- dependent
and can be estinated by statistical anal ysis or by neasuri ng speci al pi xel s at
the edge of the sensor that are not exposedtolight. That i s why the bias of a
dedi cat ed ast rononical canera goes up i nlonger exposures but the artifcial
bi as of a D8_.Rdoes not .

Sone N kons conpresstherawfleinaslightlylossyway. | nsteadof storing
14-bit nunbers fromOto 16383, they st ore nore conci se codes t hat represent
nunber s t hroughout that range but cannot actual | y hit every nunber exact|y.
Sone exact val ues are unavai | abl e (for i nstance, theremght bearepresentation
for 9584 but not 9585). Thisisnot as di sastrousasit sounds because val ues were
al ready bei ng ski pped duet ot he di scret eness of phot oel ect rons. To under st and
why, i nagi ne ani deal sensor w th no bi as or noi se, whose out put i s 3 DNper
el ectron(whichistypical). Qoviously, suchasensor coul dout put 2100, whi chi s
amultipleof 3, but not 2101 and 2102, whi chare not. I nany case, | osses of this
type are overcone i nmedi at el y and accur at el y by st acki ng mul ti pl e i nages.

Thebottomlineisthat rawflesarealinear representationof theinage, but
they arenot t heactual nunier st hat cane out of t heanal og-to-digital converter.
Avari ety of transfornati ons nay have been appl i edtothem

15. 3. 4Linearity

Linearityisonethingwe don't havetoworry about. The di gital nunier t hat
cones out of eachpi xel i sal nost exact|y proportional tothenunber of photons
that went in, except for bias and other neasurabl e errors. This is one of the
best things about digital sensors. It nakes calibration and nany ot her ki nds

282



15. 3. Sensor Per f or nance Basi ¢cs

of i mage processi ng possi bl e. Even uneven sky fog gradi ents fromstreetlights
can be subt ract ed out of thei nage.

To be preci se, digital inage sensors arelinear towthin1%or better, except
for af ewspeci al sensorsdesi gnedf or enor mous bri ght nessranges. Nonli nearity
duetodistortioninthe anplifersis sonethi ng sensor manuf act urers have to
worry about, but wedon't.

F | mphot ographers are famliar wth flms nonlinear responsetolight. Its
response i s only roughl y proportional tothe anount of Iight reachingit, and
different fl ns havedifferent “curveshapes” | eadingtodifferent artisticeffects.
That i snot aconcernwithdigital i nagi ng.

15. 3. 51 SOSpeed Adj ust nent

Toprovi deadj ust abl el SOspeed, thecaneral et syouanpl i fythevol t ages ahead

of thethedigitizationprocess. That i s, youdon't havetousethefull capacity
of thecells. Suppose your cel l's hol d 50000 el ectrons. Youcanmltiply all the
out put vol tages by 2, and then 25000 el ectrons w | | be rendered as naxi num
white(andsow | | anyt hi ngover 25000) . Thi s neans you need onl y hal f as nuch

light, but theinagew || be noisier because every unwant ed el ect ron nowhas

tw ce as much ef fect .

I nsone caner as, “whol e-stop” | SOsetti ngs (100, 200, 400, 800, etc.) arei npl e-
nent ed one way, and t he “i n-between” val ues (125, 160, 250, 320, 500, 640)
areinplemented adifferent way. Thisis evident because their dynan c-range
cur ves bob up and down bet ween t he whol e- st op setti ngs. An educat ed guess
i sthat thewhol e-stopsettingsareinpl enent ed by changi ngt he anpl i fer gai n,
and the i n-between settings, by digital postprocessing. Accordingly, | usually
use only t he whol e-stop settings. Sone published tests of second-generation
CGanons, ont he ot her hand, showbetter dynami c range at 640t hanat eit her 800
or 400 (v Phot onsToPhot 0s. net). I nany case, thedifferenceisveryslight.

Further, theveryl owest | SOsetti ngs nay not be genui ne. For exanpl e, ont he
Canon ECB5DMar k ', t est s showt hat | SO50 behaves | i ke | SO100w t h1stop
of adj ust nent i n post processi ng. Such| SOsettings are cal | ed“extended. ” Bear -
inginnmndthat other canerasmay trythesanetrick, you probabl y shoul d not
j udge t he per f or mance of a caneraat settings bel owl SO200. The very hi ghest
| Osettings are of t en “ext ended” t oo.

15. 3. 6Giin

The nuniber of el ect rons cor respondi ngt oeachdi gi t al nunber (ON canbe nea-
sured (see Section15.5.3). Thisneasurenent i straditional |y giveninoneof tw
ways, either:

Dgital nunbers per electror=DN =e =AU =e ;
or el se:

Hectronsper digital nunbe=e =DN =e =ADJ :
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Gventhefrst way, gainislessthanlat thelower | SOsettings and i ncreases
wth1SQ dventhesecondway, it isgreater thanl1lat thelower | SOsettings
and decreases with1SQ Youw || see bothin publishedreviews, but this book
w Il always usethefrst one

At noderatel y high1 S, thegaininDNe isgreater thanl, whichneans
every si ngl e phot oel ectronshows upintheresultingDN It usedt o be t hought
that “unitygain” or “unity 1 SO (thel SOsettingthat gi ves onedigital nunber
per el ectron) was i deal becauseit guarant ees youwon't mss any el ectrons, but
i nfact sone caner as beneft froma hi gher 1 SOsettingto overcone read noi se.
The choi ce of 1 S0setting shoul d be based on neasur ed caner a per f or nance,
not gainbyitself.

15. 3. 7l or Bal ance (Wi t e Bal ance)

The rawi nage f | erecords your col or bal ance setti ngs but does not appl y t hem
@l or bal ancei sappl i edwhent herawf| ei s convertedi nt oaJPEGI mage (i nsi de
thecaneraor | ater) or whentherawfl eis deBayered by the softwarethat w |
processit. Sonesoftwarepaysattenti ontothesettings nadeinthe canera, but
ot her software, particul arly of ascientifcnature, ignoresthem

Thered, green, andbl ue pi xel shavetobetreateddi fferentlybecausethelight
sensitivity of the sensor i sinherently uneven, stronger inredthaningreen or
bl ue, andthisinbal anceisonlypartlycorrectedbytheinfrared-bl ockingflter
i nthe canera. | nsone sof t war e packages, such advaxl mDL, youget tospecify
multiplicationfactorsfor red, green, andbl ue yoursel f.

| f caneracol or bal ance setti ngs have aneffect onyour processedi nage —and
t hey nay or nay not, dependi ng onyour sof t ware—t hent he obvi ousl y cor rect
choi cesareei ther dayl i ght bal ance, toget thesanecol or rendi tional | thetine, or
aut onati c white bal ance, totrytoavoi dastrongoverall col or cast, particul arly
wthaflter-nodifedcanera.

15. 3. 8TheAnti-aliasingFl ter

Abi gdi fferencebetweenfl manddi gi tal phot ographyisthat |ight spreads si de-
ways inflmbut not ondigital sensors. If |ight falls onone point ona piece of
flmitwll alwaysdiffusesonewhat i ntothesurroundi ngregi on. Wthadigital
sensor, however, you can havel i ght onone pi xel and conpl et e dar kness ont he
next one.

The | ack of spreadi ng causes two probl ens indigital photography. Frst, the
Bayer matri x assunes t hat the bright nesses and col ors of adj acent pixels are

4 Myrational eisthat, throughout el ectronics, gainis al ways out put divided by input. Herethe
DNi s obviouslytheoutput. Inpartsof theel ectro-optics professi on, though, the other defnition
of gainissolidlyentrenched.
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simlar, tonmakeinterpol ati onpossi bl e. Second, when you phot ographast ri ped

obj ect, such as adistant zebra, adigital sensor can produce noiré effects (illu-
sory stripes andbands) asthestripes of thezebrainteract wththevertica and
horizontal rows of pixels. Miréeffectsinart areinstances of what is called
al i asi ngsi gnal processi ng.

To prevent these probl ens, nost DBLRs i ncl ude an anti-aliasing flter that
blurstheinmageslightly, right infront of thesensor. Your frst i npressi on n ght
betowant theflter takenout, but | donot recoomend renovingit; it’'sthere
for good reasons. Nonet hel ess, sone newer DELRs, such as the N kon D6300
and [810(A), donot useananti-aliasingflter; theyrelyonthefact that sensor
pi xel sarenowsosnal | that nolensis sharpenoughtohit themoneat atine.
Ineffect, thelens providestheanti-aliasing.

15.4 InageH ans
15. 4. 1BadPi xel s

Even a good sensor can have afewfaws. Hot pi xelase pi xel sthat al ways read
out as an excessi vel y hi gh nunber due to excessive el ectrical | eakage (dark
current) or ot her faws,dead pi xedlsnays read out as zero.

0 thetwo, hot pi xel s arenoreof aprobl em You can seet hemby naki nga5-

m nut e exposurew t hthel ens capon. Mbst of thehot pi xel sw Il | ook bright red,
green, or bl ue becausethey hit onl y one spot i nthe Bayer col or natri x. | ndeed,
vividly col ored st ars i na DSLRphot ogr aph shoul d be vi ened w t h suspi ci on;
they may not bestarsat all .

Ingeneral, thehot pi xel si nasensor arereproduci bl e; theyw || bethesanei f
you t ake anot her exposur e soon af t erward. That’ s why dar k-f rane subt ract i on
iseffectiveat elininati ngthem They canal sobe del et ed si npl y by recogni zi ng
extrene val ues i nindividual pixels. Thisis doneinternally in sone caneras,
and al soi ninage processi ngsoftware. It iscal loebnetic correction.

Hot pi xel s and dead pi xel s are nuch | ess common i nt oday’ s caner as t han
t hey wereadecadeago. Thi si s partlybecausesensorshavei nprovedandpart!|y
because of cosnetic correctiontakingplaceinthecanerabeforetherawfleis
wittenout.

15. 4. 2R xel I nequality

Evenanong t he pi xel st hat are not hot or dead, thereisinequality. Notwopix-

el shaveexactl ythesanesensitivitytolight, thesanel eakage, or t he sane bi as.
These three eff ect s t oget her consti tiked- patt er n nonddei nage. Theterm
PRNU (pi xel response non-uni fornity) is al so soneti nes used. F xed-pattern
noi se i s nostly randomgrain, but in sone caneras, it may have a striped

or tartan-1ike pattern due to inequalities between whol e rows and col unms
(Fgurels. 3).
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F gure 15. 3. Rowand col unm unevenness i n a Canon 300Dbi as frane, nade vi si bl e by
extrene contrast stretching. Sonetinesthiskindof “bandi ng” i ntrudesintoahighly
stretched pi cture, especial lyif fat darkswerenot i ncl udedinthecalibration.

Wet her striped or random fxed-pattern noiseis, to agreat extent, cor-
rectablebycalibrationw thdarkfranes, fat fel ds, andfat darks, especial |l ythe
latter two. To deal specifcal ly wth bandi ng, sone newer sensors have addi -
tional pixels at the edges that are never exposedto |ight sothat the canera
can neasure and correct t he bi as of each rowor col um. Bandi hg can al so be
reduced by post processi ng; Pi x| nsi ghhcl udes a “ Canon bandi ng reduct i on”
script.

Bandi ng shoul d be visible only on i nages whose contrast was greatly
enhanced, and thenit shoul d be nore or | ess randomy scattered al | over the
pi cture. |f asensor has afewproninent streaks, those are defects, not nornal
bandi ng.

Dust not es and ot her cont ami hat i onont he sensor, andal sovi gnettingbythe
| ens, produce pi xel inequalitiesjust |ikethosejust nentioned, except that they
aren't thefaul t of the sensor.

15. 4. 38 ooni ng

B ooming (F gure 15. 4) i s aphenonenont hat nakes an over exposed st ar i nage
stretch out intoalong streak (mainly injust one direction, not two or four
nat ched spi kes due to diffraction). It i s uncommon w t h DELRs t hough com
nonw t h ol der ast rononmi cal GDs. B ooni ng occur s when el ectrons spi | | over
fromone cell intoits neighbors or whenthecircuitry for arowor columis
overwhel ned by astrongsignal . It isusually positive (expandingthestar into
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F gure 15. 4. Negati ve bl ooni ng dar kens t he col unms t hat cont ai n hi ghl y over exposed st ar s
inthisinagetakenw thaCanon 1100D The f our spi kes around each star ar e caused by
diffraction, not bl ooning. (@ anl uca Bel grado)

a streak) but sonetines negative (darkening a rowor col unm as t he canera
over conpensat es) .

15. 4. 4 Apl i fier G ow(H ect rol uni nescence)

The mai nanpl i fer for the QDor QM5 sensor i s | ocat ed at one edge of the
chip, and, |i ke any ot her wor ki ng seniconductor, it enmits soneinfraredlight.
Sone sensor s pi ck up a substanti al anount of “anp gl ow’ i n al ong exposure
(Fgurel5.5). Dark-frane subtracti onrenovesit.

Pesky gl ows si nill ar tot hi s cansoneti nes cone fromadi spl ayi nt he canera
that isconstantlyilluninated (perhaps eveninsidethe eyepi ece) or |ight | eak-
ageintothe eyepi ece (e.g., whiletakingdark franes inabright roon). These
probl ens arei nf requent but wort h know ng about .

15. 4. 5Gsni ¢ Rays

Evenif the sensor is perfect, pixelswl| occasionally behit by ionizingparti-
cl es fromout er space. These oftenconetwoor three at atine, byproducts of
collisions of theoriginal particlewithatonsintheair (Hgure 15.6). Like hot
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Fgure15.5. Anplifer glow(arrownarsthisinageof the Rosette Nebul a. S ngl e
10- mi nut e exposur e at | SO800, unnodi fed N kon D60, 14-cm(5. 5-inch) f/ 7 TEC
apochromati crefractor. Dark-frame subtracti onwas | ater usedtorenovethe anp gl ow
(WI'l'iamJ. Shaheen)

F gure15.6. Qosnicrayinpactsinasinglefranmeof awebcamvi deorecordi ngof Saturn.

Al threeparticlesarrivedduringthe sane 1/ 30- second exposure, indicatingtheir originin
asinglecosmcray. WthDELRs, theeffect of cosmcraysisusuallynuchless noticeabl e
thanthis.
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pi xel s, cosmc ray hits are likely to be vividly col ored because of the Bayer
natrix.

Gosnic rays are a source of non-reproduci bl e hot pi xel s. They are al so the
reason you shoul d not bel i eve jusonedigital inageif it seenstoshowa nova
or supernova. Wtien conducting a search for newstars, take every picture at
| east tw ce.

15. 4. 6Degradati onw t h Age

It iswdelyreportedthat GIDand QM5 sensors sl ow y degrade wi t h age,
sufferinganincreaseindarkcurrent andpi xel i nequal ity, but noticeabl e degra-
dation nornal |y takes years. Sone of the postul ated agi ng nechani sns are
proportional toexposuretolight or el ectricity, andsone, sinplytoage.
Theeffectsof agingaresnal I, andcurrent thinkingi sthat it nayt ake decades
for a canerato degrade noticeably. Don't keep using calibration franes t hat
yout ook two or three years ago, but don’'t turndown a secondhand 5-year-ol d
canerathat seens t o beworki ngwel | j ust because youthinkit nay have aged.
You can use t he sensor tests describedlater inthis chapter toconfrmthat itis
wor ki ng as speci f ed.

15.5 Noise, inDetail
15. 5. IWat Noisels

If the sane amount of |ight reaches al | parts of the sensor, every pi xel ought to
regi ster thesanedi gi tal nuniber. For vari ous reasons, thi s does not happen; the
i magel ooks grai ny, andtheerror i scal | edi séurt her cl assi f ed dsxed- pattern
noi sef it recursinthe sane pi xel s eachti ne andndomnoi s it doesn’t. This
crosscut s several ot her cl assi f cati ons of noi se basedonits causes.

15. 5. 29 gnal -t 0- noi se Rati o (S\R

dven an inage of a perfectly snooth, uniformobject, in which every pixel
shoul d gi ve t he sane di gi t al nunber, noi se can be neasured by conpari ngt he
variationinthedigita nunberswththeir average val ue:

) . | evel
Sgnal-to-noiseratio( SN %
Aver age pi xel val ue

- S andar d devi at i on of pixel val ués
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Thi s i s sonet i nes expressedi ndeci be(dB), whicharelogarithmcunits:

S gnal | evel

Sgnal-to-noiseratio(S\R (dB) 201 ogmm

— 20l Aver age pi xel val ue )
B Yo S andar d devi ati on of pi xel val ues

Here6dBis equival ent todoublingtheratio, and20dBi s equival ent tomul ti -
plyingit by 10. Here RvBneans st andar d devi ati on, j ust asi nt he neasur enent
of other varyingsignals(Section9.3.1).

Caut i or\bt everyone agr ees about t hefact or of 20i nt hese f or mul ae. Accor d-
ingtothe defnition of the decibel, it should be 20if the signal represents a
guantitylikevoltage, but 10if thesignal represents power (wattage). The D\Ns
of adigital caneradorepresent vol tage—whi chrepresents | uninousintensity,
whi ch i s power. You can see why thereis no consensus! I nthis book | use 20,
but it is probably better toavoi dthe use of decibel s al t oget her because of the
conf usi on.

S gnal -to-noi serati o can be neasured wi t h any sof tware t hat supports pi xel
statistics. WthalDA.R besuretoisol at e oneof t he Bayer col or channel s (pref er-
abl y green) because the red, green, and bl ue pi xel s are obvi ously goi ng to be
different, andthedi ff erence bet ween col or s shoul d not be ni st akenfor noi sein
theinage. More about thisin Section 16. 6.

Wiat all thisnmeansinpracticeisthat animagew th S\R> 100 (that is, 40
dB) | ooks fne; at S\NR10(20dB), sone grainisvisible, andat S\R4 (12 dB),
thegrainisoverwhel mng, thoughtheinageisstill easytosee. Notethat S\R
cangodowntol. 0 (whichis0dB) andevenlower; at S\R1. Othesignal equal s
the noi se. BEvenaninagew th SNRO. 1 (whichis 20 dB) can be recogni zabl e
under t he noi se.

15. 5. 3shot Noi se

The nost f undanent al cause of noi sei nunder exposedi magesi sthat thereisno
suchthingaspart of aphoton. Youcanonly capt urewhol e nunber s of phot ons.
Li kew se, thereisnosuchthingaspart of aphotoel ectron.

Nbi se ari singfromthesefactsis cal lsdtbt noi deagi ne havi ng an ar ny of
rifenenpelt thesi deof abarnw thbul | ets. Becauset heri f enenshoot i ndepen-
dently, therateof i npactsisvariabl e, andinst ead of anexact |y f xed nunber of
bul | et s per second, t he barnrecei ves asonmewhat di fferent nunier of i npactsin
each 1-second i nterval . Shot noi se i s t he sane phenonenon, but w t h phot ons
or phot oel ectrons.

What thi sneanstousisthat | owlight | evelar enoi sy, nomatter what we do
about them and no nat t er howgood t he sensor. G ai nl essi nagi ngat | owl i ght
level swill never happen. Naturally, it isbetter topickupnoreof the photons;
anore effcient sensor i s|ess harned by shot noi se because, fromits point of
view thelight | evel i snot quitesolow
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Thisis al sowhy the darker (| ess exposed) parts of apicture are noi sier than
thebrighter parts —andthat, inturn, i swhy nunerous processi ng t echni ques
relyonlight ness naski ngor onal gorithns whose effect isdifferent at different
bri ght ness | evel s.

The one good t hi ng about shot noi seisthat it nakesit possibl etocount pho-
toel ectrons. By nature, shot noi se has a Poi ssondi stri bution, whi ch neans t hat
the square of its standard deviationisthe saneasits nean. Thedigital num
bersthat coneout of thesensor arenct thesaneastheel ectroncounts, but t hey
areproportional tothem Know ngthat their distributionisaPoissondistribu-
tionmiltipliedbyaconstant, youcanfndtheconstant, whi chisthegai nof the
anplifer. Specifcal ly:

(Shot noi seinDN)?.
S gnal level inDN’
wher et he shot noi sei s expressed as a st andar d devi ati on.

Thi s assunes you can di sti ngui sh shot noi sefromal | ot her ki nds of noi se. V&
Wl returntothispointinSectionl6.7. 3.

Gai n (DNper el ectron) =

15. 5. 4Read Noi se

Read noi se i s randommess i n the signal that i s not due to photon shot noi se.
It iscalledreadnoi se becauseit arisesinthe process of readingthe val ues of
t he sensor pi xel s and del i veri ngthemas digital nunbers. Sone writers def ne
read noi se nore broadl ytoi ncl ude f xed- pat t er n noi se (Secti on15. 4. 2) and dar k
current (seenext section), but | donot.

Read noi se ori gi nates i nthe sensor, inthe pi xel anplifers of the QvO5chip,

i nthe subsequent mai nanpl i fer, andintheanal og-to-digital converter (ADQ.

Therel ati onbetweenreadnoi seand| SOsettingreveal sal ot about t he sensor.
Upst reamead noi se ori gi nat es bef ore the anpl i fer at whichthe | SOsettingis
appl i ed, anddownst reamoi se originates after it. Turning up the | SOsetting
anpl i fes upstreamnoi se (alongwi th the signal ) but overcones downst ream
noi se.

Downst reamnoi se canoriginateincircuitry outsidethe sensor itself. Thisis
apparent | yt he casew t ht he Ganon 750Dand 800D, f or exanpl e; t hetwonodel s
appar ent | y have t he sane sensor, but thel atter has | ess downst reamnoi se due
toi nprovenent s el sewhere.

Thi rd-generation sensors are | SOinvari ant because they have littl e down-
streamnoi se. Thei r noi se ori gi nat es when t he phot ons are bei ng sensed, not
whenthe signal is being anplifed. That’s why you don’t have to use a very
hi gh 1 SOset ti ngt o over cone noi se.

Fguring all this out frompublished neasurenents of read noi se can be
conf usi ng. Measur ed i n DNupst reamnoi se goes up w t h hi gher 1 SOsettings
but downstreamnoi se i s constant. However, sone testers report read noi se
neasured i n el ect (enk. Measured that way, upstreamnoi se i s unaffected
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by 1SQ but downstreamnoi se goes up at |ower SO settings because the
sane | evel of noiseis equival ent tonore unanplifed el ectrons. For exanpl es
see Tabl e 16. 1.

15. 5. SDark Qurrent ( Ther nal Noi se)

Leakage of el ectronsintothe pi xel sis caldladk curreandis!|argelyafxed-
pat t er n phenonenon — sone pi xel s are af f ect ed nore t han ot hers — t hough i t

al so has arandomconponent . | f not hi ng el se, thefowof di screte el ectrons has
i ts ownshot noi se, i ntroduci ng sone r andonmess.

Dark current is af fected by tenperature; that’s why dedi cat ed ast ronon cal
caner as have t hernoel ectric cool ers or at | east | arge heat sinks. It’s al sowhy
dar k f ranmes shoul dal ways bet akenat t he sanet enper at ureast hei nages from
vwhichthey w Il be subtracted. Even ordi nary DELRs are noti ceabl y | ess noi sy
inthew nter thaninthe summer. Notethat sensors war mup duri ng use, since
they are di ssi patingel ectri c power.

Theoretically, thedarkcurrent of asiliconQDsensor doubl es for ever 3
(15 P riseintenperatur@Thisrel ationshi pis af f ect ed by t he way t he sensor
isfabricated, and | have not investigated whether it is accurate for thelatest
C8LRsensors. Wiat isdefniteisthat there’ slessnoiseinthew nter thaninthe
sunmer.

15. 5. 6r oni nance Nbi se

Any ki nd of randomor i rregul ar noi se, conbi nedw t haBayer nat ri X, produces
randomor i rregul ar col ors. Thisis cal ldar onmi nance noeséi s not adi stinct

ki nd of noi se, but nerel y theinteracti onof any noi sew ththe Bayer natrix. It
i sdistingui shedfromum nance noi(sriationinbri ght ness) by noi se renoval

al gorithns that operate after deBayering, such as t hoseRirxl nsi ght

15. 5. 7HEct of S acki ng, B nni ng, and Downsanpl i ng

Recal | t hat when you st ackN i mages, t he randomnoi se goes down by a f act or
of ~ N. That neans t he SNRinproves by thisfactor; it doubl es (that is, it gains
6 dB) every tine you quadr upl et he nunber of i mages st acked.

Thus a st ack of 64 bar el y-usabl ei nages wi t h SNR2. 0 &6 dB) nakes a good
stackedi mage wi t h S\NR16. 0 ( =24 dB) whi ch can be denoi sedf urt her by i nage
processi ngtorenove grain.

5 Extrapol ating fromt he curve onp. 47 of Seve B. Howel | Handbook of CCDAst r onongnd ed.
(Canfor i dge Lhi versity Press, 2006), tonornal DELRcaneratenperatures. At | owner
t enper at ures t he change per degreeisgreater. Seeal sotheforml aonp. 202.
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Thisisthe sane principl ethat nmakes | onger exposures have | ess shot noi se
than shorter exposures. Noiserises |ess rapidlythansignal |evel. Recall that
shot noi sesquar eis proportional tosignal | evel. That neans shot noiseitselfis
proportional tothe squareroot of thesignal |evel. Quadrupl ethe signal |evel,
ei t her by stacki ng four i nages or by quadrupl i ng t he exposure, and you have
4tines as much signal but only 2tines as nuch noi se. The saneistrueof the
randomconponent of read noi se. Wen st acki ng i nages, we usual | y aver age
t hemr at her t han add t hem t hus we see t he noi se goi ng down rat her t han t he
signal gettingstronger, but the principleisthesane.

B nni ng (conbi ni ng adj acent pi xel s) is equival ent to stacking;, when you
group every N pixelsintoone, youinprove the S\Rby afactor of N. In
caner as that incl ude a Bayer natrix, bi nni ng can i ntroduce unexpect ed col or
fringes on objects that hit the edge of a “bin” and mght activate, say, ared
pi xel but not the adj acent greens and bl ues. It is better toreduce such i nages
by downsanpl i ng, whi chis al so equival ent to stacking. Noi seis reducedthe
sane way, andthe effect canbe dranati c. For exanpl e, a 24- negapi xel i nage,
re%lced to 1 negapi xel for di spl ay onaconputer screen, gai ns SN\NRby afact or

24=4:9=13:8dB.

Note that the bigger your sensor, the nore you wll bin or downsanpl e.
Because of the N function, a 24-negapi xel sensor can play the role of a
6- negapi xel sensor wth hal f as nuch noi se and one stop greater dynanic
range. Mre negapi xel s buy you nor e per f or nance.
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16.1

Chapt er 16
Testing Sensor s

Thi s chapt er descri bes howto interpret publishedtests of DELRsensors and
howt ot est your own. Ve start by focusi ngon publ i shedtests. Bythetineyou
readthis, thecanerastestedherew || not bethelatest onthe narket, but t hey
ar e good exanpl es.

At | east outsidethe manuf acturers’ ownl abs, theart of DBLRsensor testing
isinitsinfancy. Warestill | earni ngwhat net hods gi ve val i d resul t s and what
assunpt i ons canand cannot be nade. Becauserawi nageflesarenot trul yraw
not every | aboratory procedure for testing sensorsis validwhenthe sensor is
insideaDSLR Accordingly, youw || seesubstantiallydifferent publishedtest
resul ts fromt he sane ki nd of caneratestedby slightlydifferent nethods, even
whent he par anet er s bei ng neasur ed ar et he sane. You may even see publ i shed
test resul tsthat are denonst rabl y wong.

W al sodon’ t knowhownuchvari ati ontherei s betweenindi vi dual caneras
of the sane nake and nodel , especially if they were nade sone ti ne apart.

Not onl y do sensor s vary, but nmanuf act urers caneveni ntroduce i nprovenent s
W t hout announci ngt hem

Accordingly, theonlytestsyoucanreal |y conparearetests of different cam
eras done by t he sane peopl e usi ng t he sane net hods. Test s done separ at el y
by di ff erent peopl e are not conpar abl e.

I'tisal sow setorenenier t hat phot ographyisal ogarithnical lyscal edenter-
prise, andafactor-of-1.50r evenfactor-of -2changei nnost paranetershaslittle
phot ogr aphi c effect. Back inthe fl mera, the | SOspeed of different batches of
Kodak Ekt achrone 200 Pr of essi onal fl mranged from160to 240. Presunabl y
sodi dthe anat eur versi onof thesaneflm but noonenoti ced.

| Ol nvari ance

Aqui ck and si npl e test that di stingui shes second- fromt hi rd-generati on sen-
sorsistotake identically exposed pictures of a daytine subject at different



16.2

16.3

16. 3. Dynani c Range

| Osettings (all wth the sane shutter speed and f-stop), postprocess them
digitally sothey are all equally bright, then conpare noi se | evels. Third-
generation (1 SGinvariant) sensors produce approxi nat el y nat chi ng pi ct ures;
W t hsecond- and frst-generationsensors, theunderexposed pi ct ures are much
grainier.

Thi stest i sroutinel ydonel®i gi t al Phot ogr aphy Rewiwewdpr evi ew con),
and you can also doit yourself. Be suretowork with rawinage fles, not
JPEGs.

True | SOSpeed

Tests of true | SOspeed are publ i shed byDxQrar k (wwv dxonar k. con) and
other reviewers. Thistest requiresacalibrated!ight sourceandisnot ado-it-
your sel f opti onDxQrar k def nes t he | SOspeed of a sensor as 78=H where H
i s the exposureinl ux-seconds t hat produces animage j ust short of saturation
(maxi numwhi te) .
True | SOspeed neasur enent s ar e usef ul toconfrmthat acanera’ sful | range
of 1 SOsettings works as advertised. But bear innindthat “just short of satu-
ration” i snot apreci sely def ned concept. | f youapplytheeF8formul atothe
actual saturationlevel, but the manufacturer appliedit toinages hal f astop
short of saturation, thenyour testswll showthat all thetruel S are hal f a
stoplow That i snot far fromwhat we actual | y seeinpublishedtests.
Mretothepoint, truel SOspeedi s not aneasure of caneraqual ity or even
sensitivitytolight. Suppose two caneras, both set to | SO400, have true | SO
speeds of 300and500respectively. Al thisshowsisthat theeffect of thel SOset -
tingupontheanplifer gainisslightlydifferent. The caneras coul d even have
identical sensorswthdifferent anplifers. Theyjust needto be set differently
t o produce mat chi ngresul ts.

Dynam ¢ Range

The dynami c rangef a sensor is the range of brightness levels that it can
distinguishinarawinage fle. JPEGfles output by the canera have had
their dynamc range reduced after ganma correction and ot her autonatic

adj ustnents; onlytherawflehasthefull dynam c range.

Dynanmicrangei s neasuredin st opsyhere(asinall phot ography) ‘N st ops”
means aratioof 2 to1l Stops are al socal | ed EV (exposure val ues). Dynam c
rangei nstops canbenogreater thanthebit depthof therawfl e, whichiswhyl
expect that wew || soonhave 16-bit DELRs. Qurrent DELRs have near | y 14 st ops
of dynanicrange, whichneansthat their 14-bit flefornmat w || soonbunpint o
alimt.

However, the real linmt on dynamc range cones fromnoi se rather than
bit depth. Uhderexposed pictures becone too grainy before they becone
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Canon EOS 60D

Bent down at
low ISO due
to read noise

Dynamic Range (EV)

Copyright | 2008-2015 DxO Labs
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Nikon D5300

Dynamic Range (EV)

Copyright ! 2008-2015 DxO Labs
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F gure16.1. Dynam crange versus | SOsetting of second-generationandthird-generation
DALRs. (Ganon’ s third-generation200Dissimlar totheN kontestedhere.) P ots copyri ght
2015 xQ I nc., and reproduced by per nissi on (redrawn); arrowand expl anat ory not e

added.

extrenel y, i rrecoverabl y dark. Dynanic rangei s t he range bet ween naxi num
whiteandt he“noi sefoor.” Accordi ngly, anytest of dynanicrangerequiresthe
test er t o deci de hownuch noi seinaninageisacceptabl e, anddifferent testers
nay nake di ff erent assunpti ons.

Threefactsfol |l owfromthefact that dynamicrangeis!inited by noi se:

Dynamic rangei s reduced by dark current i nl ong exposur es.

Dynamic rangei s i ncreased, soneti nes dramatical |y, by stacki ngandcalibrat-
i ngi mages, si ncedoi ngsol owers the noi sefaoor.

Measur ed dynani ¢ r ange depends on hownuch noi se you consi der t ol erabl e.



16. 4

16. 4. Nboi se Anal ysi s

Thethirdfact i sveryinportant whenyou conparetestsof canerasw thdif-
ferent sensor si zes, evenif t hey aredone under i denti cal conditions. Gonmonl y,
revi ener s downsanpl e al | pi ctures tothe sane si ze when t hey conpar e noi se
(grain). Thisneans api cturetakenwi thaful | -si ze sensor w | | be downsanpl ed
nore t han an APS Csensor and w || showbetter dynanic range, evenif the
sensor perfornanceisidentical . Sonetinesyouw | | seet he sane caner at est ed
bot hways for better conparability. Thetest procedurein Section16.7.1 avoi ds
downsanpl i ng.

F gure 16. 1 shows a graph of dynani c range ver sus | SOset ti ng as publ i shed
by DxQrar k. (OhDxQrark’ ssite, besuretochoose“Screen” rather than“Print”
data so you' || see the canera’ s native dynanic range, not a sonewhat con-
troversia adjustnent intended to account for the noi se reduction produced
by downsanpl i ng.) Publ i shed caneratests fromot her sources ofteni ncl ude a
sinilar graph.

If thesensor isthird-generation(lSGinvariant), thedynanicrangeis hi ghest
at thelowest | Osetting; fromthere, it goes down one stop for every st op of
| SO Wthasecond-generationor earlier sensor, however, thedynamcrangeis
the sane at several of thelowest | SOsettings, where downst reamread noi sei s
doni nant .

In Fgure 16.1, the upper graph shows a second-generation sensor. The
dynani ¢ range sl opes down i n t he expect ed fashi on onthe right, but onthe
left, it level s off. The best 1 SOsetting for deep-sky work i s the | onest one at
vwhi chthe graphi s sl opi ngdowward at thefull rate—inthis case, either 800
or 1600.

The | ower graph shows athird-generationl| SOinvariant sensor. Its dynamc
r ange sl opes downwar d acr oss t he whol e graph. Wththat canera, you can do
deep- sky work at 1 SO400 or even 200 ( per haps not 100, wher et he sl ope seens
abit reduced).

Nbi se Anal ysi s

DxQrar k publishes afull anal ysis of signal -to-noiseratiothat tells you even
nor e about t he canera (FH gure 16. 2). nthischart, aperfect sensor (wthnoth-

i ng but shot noi se) woul d produce a set of equal | y spaced di agonal |ines, all

sl opi ng upwar d 10 dBper factor-of -10i ncreasei nbri ght ness.

The act ual graph consi stsof curvesthat arebent downslightlyat theright by
fxed-patternnoi seandat thel eft by read noi se. I nfrst- and second- generati on
sensors, they are not only bent but al so conpressed together at the | ower | eft
by downst reanmread noi se. | f thesensor islSOinvariant, thecurvesw | renai n
wel | separated at the | ower | eft, even though bent. Thi s does not necessarily
appl ytothevery | onest and hi ghest |1 SOsetti ngs, whi ch nay not be produced
t he sane way as t he ot hers.
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Fgure16.2. The DxO“full S\R' graph shows several aspects of DSLRsensor perf or nance
at al | 1 SOsettings. (Ganon’ sthird-generati on200Dissimlar totheN kontestedhere.)
@G aphs for nost popul ar caner as are avai | abl e at wwv dxonar k. com R ot s copyri ght 2015
DxQ Inc., andreproduced by per nissi on (redrawn); arrows and expl anati ons added.

16.5 Quant umE_ti ency and Q her Par anet er s

The data gathered by DxQrark are reanal yzed by an anonynous group of
experts at ww sensorgen.info and al so by WIliamJ. daff at wwv Phot ons
ToPhotos. net. The latter is nore thorough and up-to-date and al so i ncl udes
sone of the aut hor’ s own neasurenents. M. d aff i s al ways gl adtohear from
owners of caneras he has not yet tested who woul d |ike to collaborate on
testingthem

By quant i fyi ngt he shape and posi ti onof eactibxQrar k curve, or conpar abl e
neasurenents, it i s possibletodeducetherel ation between DNs and el ect ron
counts, theel ectroncapacity of each pi xel , theread noi se neasuredi nel ectrons
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16.6. (bt ai ni ng Dat af romYour Oan Sensor

(e ), and, nost i nportant |y, thequantumeffci ency (thefractionof photonst hat
pr oduce phot oel ectrons).

Quant umef f ci ency () i sof great i nt erest t oast rophot ogr aphers; obvi ousl y,
the hi gher the better. For tworeasons, though, it isnot asinportant angeasure
of sensor qual ity as you night thi nk.

Frst, the hi ghest possibl e quantumeffciency, 100% is | ess than one stop
hi gher than the val ues we are al ready getting wth good sensors. There is
not much roomfor growt h, and the difference bet ween 50%and 100%i s not
dranati c.

Second, we don't know howaccuratel y QEis being neasured, especially
sinceit isanunoffcia quantity not published byQrark. Qcasionally the
twositesthat reanal yzBxOvark datareport w del y di fferingconcl usi ons. V&
al so don’ t knowhownuch di f f er ence t her e woul d be bet ween t wo caner as of
t he sane nake and nodel , or event he sane caneratestedtw ce. Accordi ngly,
don’ t j udge caneras onsnal | differencesintheir neasured (E

16. 6 bt ai ni ng Dat afromYour Oan Sensor
16. 6. 1Qvervi ew

A do-it-yourself test for 1SOinvariance has al ready been described (Sec-
tion16.1). Apart fromthat, sensor testsareusual | yanal yses of fat fel dsand/ or
fat darks. Wseful tests canbe donew thinages, fats, andfat darks that you
al ready have on hand f romast r ophot ogr aphy.

(nce you have the i mages, you wi | | need software that canread out |inear
pi xel val ues nuneri cal | yPhot oshops not suit abl e because it does not process
un- deBayer ed, non- ganma- corrected rawi nage data. My exanpl es w I | use
Pi xI nsi gabnd Max| mDL .

Dependi ng on whi ch test you are perforning, the process of “taking the
nunber s” wi | | i ncl ude roughl y t hese st eps:

1 pent herawi nage fl ew t hout deBayeringit.

2. Mewtheinagewth strong screenstretch. If it’safat feldor dark frang, it
w || | ookawf ulbecause i nsi gni fcant vari ati ons are bei ng anpl i f ed and nade
vi si bl e; don’t pani c.

3. Qopit or select anareathat isuniformyillunmnatedandfree of dust specks.
A400- pi xel -squareregi oninthenmddl ei s bi g enough.

4, For teststhat i nvol veexposuretol i ght, younust extract j ust oneof t hef our com
ponent s of t he Bayer natri x soyou’ re not conparing pi xel s of different col ors.
Geenisreconmended becauseit i susual lythebrightest.

5. Sone tests requireyoutosubtract onei nage fromanot her. Wienthi si s done,
you nust add aconst @siich as 3000) because negat i ve nuniber s arenot avai | abl e
andwoul dbecl i ppedat zero, givingveryincorrect resul ts. Addi ngt he const ant
does not changet he st andard devi ati onthat you are goi ngt o neasur e next.
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Depending on the test you' re doing, neasure the average (or, preferably

nedi an) andt he standard devi ati onof the pi xel valuesintheareaof interest.

H nd out whet her your software scal ed the pi xel values up (e.g., froml4 to
16 bits), becauseif so, theresults of the neasurenent nust be di vi ded by the
appropriatefactor.

16. 6. 2P xI nsi ght

Tosplit acanerarawi nageintothe four conponents of the Bayer natrix (red,
green, the other green, and bl ue), use Process, Preprocessing, SplitFA Sel ect
the fl e and speci fy where t he out put shoul d go. Theresultsw || be four X SF

i mage fl es. Wt hnost DELRs, the second and t hi rd ones (CFAL and GFA2, t he
brightest) aregreen; useeither onefor further analysis.

(pen the fle you want to anal yze. Turn on screen stretch in the nornal
nanner so you can see what you have.

Goptheinmagetoabout 500 500 or 1000 1000 pi xel s. The easi est way t 0
croptheinageiswthProcess, Gonetry, DynamicQop. Analternativeisto
sel ect theinage, press At-N and defne a portionof it as a“preview” then
sel ect that previ ewas t he vi ewt o0 be anal yzed.

To subtract inages that are open on the screen, use Process, B xel Math,

F xel Mat h. Wsing the nanes of the i nages, construct an expression such as

I M2394 +3000 |M=2396andspecifywheretoput theoutput (usual lyCeate
newi nage). (Here 3000i st he const ant added t o avoi d negat i ve nunbers.) The
Expressi on edi tor button enabl es youto construct the expressi oninteractively,
pi cki ng nanes and syniol s f romnenus.

FHnally, use Process, |magelnspection, Satistics to read the nunbers
(Fgure16.3). They pertaintothewhol einage. Notethat youw || not seethe
standard devi ation (stdDev) until you have clicked on t he wench i con and
enabl edit. Gher neasures of di spersion(MDandavgDev) are not t he sane.

M experienceisthat, withthesettingsinH gurel®i3l nsi gtibes not scal e
the rawdi gital nunbers. To confrmthis, open aninage that contains bright
stars, which are naxi numwhi te, and confrmthat (for a 14-bit rawfle) the
naxi mumval ue is 16383 or slightly less. Puristsw il want todothistest on
the greenl ayer usi ng Spl i t GFAas above, but si nceyou’ rel ooki ngfor theoveral |
naxi mum ashortcut i stosinpl y opent hei nage un- deBayer edand exanineits
statistics. To g@itxl nsi gho open rawfl es wi t hout deBayeri ngthem choose
M ew Expl orer Wndows, Fornat Expl orer, then doubl e-click on DELR RAW
and cl i ck Pure Raw

1 aurrently, abuginSplitCRArequires thei mage hei ght and wi dt ht o be even nunbers. |f yours
are odd nunber s, opent he i nage un- deBayered (M ew Expl orer Wndows, Fornat Expl orer,
doubl e-cl i ck DELR RAW and cl i ck Pure Raw), cropit slightly (Process, Geonetry, G op), saveit
as X S5 andthenuse Spl it CFAonit.



16.7. Soeci fic Test s

Important Click here
settings and enable
standard
deviation

Figure16.3. Measuringinagestatisti csPinkl nsi ghSeetext.

16. 6. 3 MaxI moL

Taki ng nunbers in Maxl mDL is appreci ably easi er. By defaul t, rawfl es open
un- deBayered, wthscreenstretchon, andthedi gital nunbersarenot stretched.

To pi ck out the green pi xel s, choose @l or, Split Bayer A ane, and (for nost
caneras) choose pl ane 2. Thi s nakes t he i nage hal f as bi g i n each di nensi on.
(Besuretoundothi sheforetryingadifferent pl ane, or el sethesoftwarew || t ake
your al ready-reducedinage andreduceit further,  eadingtoincorrect results.)

To subtract i mages that are open onthe screen, choose Process, F xel Mt h.
Choose one i nage as | nage A the ot her as | nage B, and Subt ract as t he oper -
ation, wthscal efactor 100%and an added const ant of 3000 (t o avoi d negati ve
nunbers). Theresul t repl aces | nage A

Toreadt he nunbers, usethe | nfornati onw ndow(H gure 18.8) but wththe
nodeset toArearat her thanAperture. Thecal i brati onpart of t hew ndowi s not
used. Dragthe nousetosel ect auniforniyillum nated areaabout 500t o 1000
pi xel s square near themdd e of theinmage, anditsstatisticsw | bedispl ayed.

16. 7 Speci fic Test s
16. 7. 1Dynam c Range f romne Li ght Frane and One A at Dark

You can neasur e t he dynani ¢ range of your caneraw t hnot hi ng nore t han a
rawi nage of anast rophot ot hat cont ai ns sat ur at ed ( naxi numwhi te) stars and
asinglefat dark or bias frane taken at the sane | SOsetting. In place of the
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ast rophot 0, you can use an over exposed dayt i ne phot ot hat reaches naxi num
vhite.

Afat dark or bias franeis usedrather than al ong-exposure dark franein
order toavoiddarkcurrent. (haDELR abiasfraneandafat dark are essen-
tiallythe sanething; any dark frane w t h an exposure | ess t han 1/ 10 second
w il do.) Thelight franei s usedonl ytodeterninetheval ue of maxi numwhi te
(whichmay not bequiteashighasthebit depthal l ows), andits exposuretine
isirrel evant.

Srictly speaki ng, you do not havetoi sol at e one of the Bayer colorsfor this
test, since naxi numwhi tei s the sane ever ywher e ont he sensor, andt he dar k
frane has not been exposedtolight (of any color). For strict conparabilityto
ot her tests, however, you nay w sht o do so.

Recal | that dynamicrangeis!imtedbytherangeof avail abl edigital nunbers
(maxi numdi gi tal nunber m nus bi as) and by t ot al canera noi se (not j ust read
noi se). Fol l ow ndxQOrark’slead, | takethelimt tobethelevel where signal
equal s noi se. Then:

Maxi mumECN B as,

Dynani ¢ range (st ops) =1 og, AVERo Se

I'f your cal cul ator does not providelggusetherel ationlog 3:310g,x. The
nunber s t hat you need arethe fol | ow ng:

Maxi mumDN = the hi ghest DNi nthe astrophotothat i ncl udes stars
B as= the average (or preferably nedi an) of t he dark frare
RVBnoi se  thestandarddeviationof thefat dark

Thiscal cul ationl eaves out the part of thefxed-patternnoi sethat i sduetopixel
response non-uni formty (PRNJ, but theresultingerrorissnall.

Test i ng bot h a Canon 60Da and a N kon 06300t hi s way, | got dynani c range
neasurenent s w t hi n about 0.5 stop of DxQrar k' s, whi chis reasonabl y good
agreenent gi ven that the testing conditions are not the sane. You shoul d, of
course, dothistest withjust the greenpixel s, as descri bed above, andrepeat it
for every | SOsettingthat youareinterestedin.

16. 7. 2Read Noi se i n DNf romTwo H at Darks or B as Fr anes

Asinglefat dark (or bias frane) contains al | the sensor’s read noi se and hi as,
i ncl udi ngthe portionof thefxed-patternnoisethat residesinthebias.

The di ff erence between two fat dar ks cont ai gs none of the bi as, but still has
nore noi se than asingl e frane, by afactor of 2, because t he randomvari a-
tionsintwo franes have been conbi ned. (Subtractionworks just |ikeaddition
inthisrespect, whenthe quantities bei ng added or subt ract ed ar e r andomand
uncorrel ated.)



16.7. Soeci fic Test s

Again, thereisnoneedtoisol ate one of the Bayer col ors because nei t her of
the i nages was exposedtolight, but for strict conparabilitytoother tests, you
nay W sht o do so.

Accordi ngl y, read noi se canbe neasur ed by subt r acti ng anat ched pai r of fat
darks. (pen two such i nages, subtract (renenberingtoaddaconstant), and
readt he st andard devi ati on. Then:

Read noi se (DN =0:7 Sandarddeviationof differenceof 2fat darks

where 0:7 1:p2.

16. 7. 3GininDN e fromaPair of Generously ExposedH at's

As al ready nenti oned, gai ni nDNper el ect ron can be det er m ned by conpar i ng
shot noi sewithsignal | evel . The probl emi s howt oi sol at e shot noi se fromot her
ki nds of noi se.

Asolutionis tousethe sensor under conditions where shot noi se i s nuch
great er than noi se fromot her sources. Fortunately, that i s exactly what we do
whenwet ake anor nal | y exposedfat fel dat anedi uml SOset ti ng (ar ound 400
t01600), especial lyif thefat i s generously exposed ( perhaps t hr ee st ops above
m d- gray). The randomnoi sei s then al nost entirel y shot noi se.

To separ at e t he randomnoi se fromt he f xed- patt ern noi se, we can use the
sane net hod t hat was usedtoisol ateread noiseinthe previoustest: takethe
difference of two fat fel ds that were exposed i n i nmedi at e successi on wi th
the sane settings. Then:

Shot noise (DN 0:7 Sandarddeviationof differenceof 2fats
. (Shot noi se i n DN)?
Gain (DN = - —:
n(Ne ) Sgnal level inDN B as

Bear inmndthat wearesubtractingapair of nornal |y or generousl y exposed
fats, not fat darks. Thesignal | evel i nDNi stheaverageor nedi anof oneof t he
fat fel ds, neasured near the center of thefel d. The noi seis neasuredonthe
resul t of subtractingoneinagefromt heother (renenberi ngtoaddaconstant).
The bi as i st he average or nedi an of afat dark, asinthe previoustest.

For thistest, it isinportant toisol ate one of the Bayer col ors sothat youare
not conpari ng pi xel s exposed di fferent!y.

Doyouneedtotest thisat norethanonel SOsetting? No, because, by def -
nition, gaininONe isproportional tolSQ A |1S0400, ny Canon 60Da has a
gainof 1.68, and ny N kon 6300, 1.85. It’ s sonet hi ng of acoi nci dencethat the
gainsaresosinmlar; theN konhas snmal | er pi xel s but al so hi gher quant umeff -
ciency, andthetwofactorsbal anceout. | al soneasuredt hegai nof bot hcaner as
at 1301600, andi neachcaseit was exactly 4tines as nuch as at 1 SO400.

During these tests | discovered thain Canons, the “H ghlight Tone Priority”
nenu setting cuts the gain ih hatifal ways assuned it only affected the
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Testi ng Sensor s

Tabl e 16. 1Resul t s fromt he aut hor ' s t est s of hi s caneras. Gai nwas
measured at 1 SO400 and | SO1600 and i nterpol ated | i nearly; read
noi se was measured at all thel SOsetti ngs shown.

Readnoise Gin Read noi se

Caner a 1ISO (DN (DNe ) (e)
Canon EC5600a 200 6.5 0.84 7.7
400 7.7 1.68 4.6

800 10.3 3.36 3.1

1600 16.4 6.72 2.4

3200 29.1 13.44 2.2

N kon D5300 200 2.3 0.93 2.5
400 4.0 1.85 2.2

800 6.8 3.70 1.8

1600 11.1 7.40 1.5

3200 19.6 14. 80 1.3

exposure neter and/ or the creation of JPGfles. Not so! Reportedly, N kon's
“Active D Lighting” nenu option al so affects the gai n under sone ci rcum
stances, but | have not found any di fference between Active D Lighting “Cf”
and “ Aut 0” whent aki ng pi ctures i nmanual (M node.

16. 7. 4 Read Noi se Measuredi nH ect rons

16. 8

Nowt hat you knowt he read noi sei nDNandgai ni nDN\ e , youcancal cul ate
what you real |y wanted —the read noise in el ectrons, whichtells youinthe
nost strai ght f orward way possi bl e whet her your sensor is I SOinvariant. The
conversi onis of course:

Read noi seine _ ReadnoiseinN .
GininDNe

Tabl e 16. 1 shows the resul t s of ny tests on ny own caneras. You can see t hat
theN konis|SOinvariant andthe Ganoni s not, but bot hperformverywell in
ast r ophot ogr aphy.

Goi ng Fur t her

Toreal | y put asensor t hroughi t s paces, youcanneasureandpl ot your ownver -
si onof abxQrar k noi sestudy (Figurel16.2). Al youneedtodoi s exposeaw de
variety of fat feldsat avariety of 1 SOsettings andbri ght nesses, rangi ng from
m ni numbl ack t o naxi numwhi te. You don't need to control the exposures,

j ust have aw de variety of them Ohthehorizontal axis, plot the average pi xel



16. 8. i ng Furt her

valueonalogarithmc scal e; onthe vertical axis, the S\NRof each i ndi vi dual
i mage, indeci bel s (differential pairsarenot invol ved).

Acl osel y rel at ed approach i s t he Phot on Transf er Qurve (PTQ descri bed by
Janes R Janesi ck i nPhot on Transfer: DN (Bel | i ngham Vesh.: SP E Press,
2007). APTCi sapl ot of average pi xel val ueonthehori zontal axi s andstandard
deviationonthevertical axis, bothscal eslogarithnic. Fromit, youcaneval uat e
gai n, read noi se, and fxed-patternnoi se. It requi res aw derange of exposures,
but not acalibratedlight sourceor any ot her f ormof exposurecontrol, sincethe
average pi xel valueitself isusedastheneasureof light intensity.

For copi ous i nf ornati on about howsensors actual | y work and fact ors t hat
affect their perfornance, seeage Sensors and Si gnal Processingfor Digital Still
Caneras,a col | ection of state-of-the-art articles edited by Junichi Nakamura
(BocaRaton, Horida: Tayl or &Franci s, 2006).

305



306

17.1

Chapt er 17
Soectral Responseand H | t er Mbdi ficat i on

Velvel ength of |ight concerns astrophotographers for several reasons. Hrst,
wavel engt h expl ai ns t he col ors of cel estial obj ects i nphot ographs — bl ue, pi nk,
or red em ssi on nebul ae, bl ui sh or yel | ow sh refection nebul ae, and greeni sh
Cconet s.

Second, nebul ae enit |ight at specifc wavel engths, and so do streetlights.
Appropriateflterscanfavor oneandreject the other.

Third, nmany astrophot ographers use DSLRs that have been nodifed to
extendtheir responsetothedeepredendof thespectrum That nakesit easi er
t o phot ogr aph t hi n eni ssi on nebul ae and, withthe additionof other flters, to
penetratelight pollutionfromcitylights.

CELRSpect ral Response

F gurel7. 1sunsupal ot of i nfornati onabout t hewavel engt hs of |i ght t owhi ch
caner as respond. Readi ngfromthetop, thefrst thingyou |l noticeisthat col or
flmhas agapinitsresponse bet ween greenandbl ue, and DSLRs don’ t. Thisis
i nport ant becauset he st rong hydr ogen- bet aand oxygen- 111 | i nesfromeni ssi on
nebul ae fall inthat gap. That’s one reason nebul ae t hat | ook red on fl moften
cone out purplishwthaDE.R Because of the sane gap, conets, whi ch have
astrong emssi onat 516 nmfromdi at oni ¢ car bon, | ook greeni n DELRi nages
but neutral onflm

O Rmaker s don’ t publ i shspectral response curves, sothecurves at thetop
of Figurel17. lareestimated fromQlDdat a sheet s pl us a nunber of publ i shed
tests and ny own experi nents. The DSLRnornal | y has an i nf rar ed- bl ocki ng
flter infront of the sensor. V& knowthat withthisflter renoved, the sensor
has st rong response out t o 700 nmor furt her.



17.2. R lter Mdification

Fgurel7.1. Thevisiblespectrumasit relatestocaneras, flters, cel estial objects, and sources
of l1ight pol | ution. Dataareapproxi nate; consult actual specifcati on sheet s when possi bl e.

17.2 HFlter Mdificati on
17. 2. IWat F | t er Mbdi ficat i on Achi eves

Many ast r ophot ogr apher s use DBLRs t hat have been nodi fed to extend thei r
responsetothedeepredend of thespectrum Thi s serves two purposes. Qnei s
that it enabl es the canerat o pi ck upt he strong hydrogen- al pha (H en ssi on
fromnebul aeat 656. 3nm Theot her i sthat worki ngi ndeepredlight, wthflters
bl ocki ng out therest of thespectrum i s agoodway to overcone skygl owfrom
citylights.

CGanon’ s EC5 200a and BG5S 60Da and N kon's [B10A as wel | as sone
Fuji DALRs, have been manuf actured w th extended red response. Wsual |y,
t hough, ast rophot ographersrelyonthirdpartiestonodifytheir caneras. Rep-
ut abl e purveyor s of t hi s servi cei ncl ude Hit ech (waw hut ech. conm), HapGiffn
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(waw hapg. org), andLi feR xel (waw i fepixel . com). For t hose who have conf -
denceintheir abilitytowrkondelicate precisioninstrunents, there are al so
nodi fcationinstructions publishedonthe Internet and flters avail abl e from
vari ous suppl i ers.

The sinpl est nodi fcationisjust torenovethe flter. This has three draw
backs. neisthat theredresponsei ncreases sonuchthat t he caneranol onger
producesreal i sticcol or i nages; redal ways predoni nat es. The second dr anback
isthat the canera no | onger focuses in the sane pl ane; neither the aut of ocus
nechani smnor t he SLRvi ewf nder gi ves acorrect i ndi cati onof focus. The cam
eracanonl y befocusedusi ngLi ve M ewor sof tware. Thet hi rddrawbacki sthat,

W th such acanera, caneral enses nay nol onger reachinfnityfocusat all.

It’sbetter toreplacetheflter wthapieceof glass natchedinoptical thick-
ness (not physi cal thickness) totheflter that wastakenout. Thent he f ocusi ng
process wor ks t he sane as before. Better yet, replacetheflter wthadifferent
flter. Hrns that nodify caneras offer aselectionof flterswthdifferent cut-
of f wavel engths. My preferenceistocut off at about 700 nmsothat the i nage
qualityisnot affectedbyinfraredlight that i snot accurately focused by | enses
achromatizedfor visiblelight.

Hwnuch nore H response doyouget ? Ani ncreaseof 2.5 to5 , depend-

i ng on hownuch H [ight was bl ocked by the original flter andwhether the
newflter isfullytransparent at thewavel ength. Theoriginal | R blockingflter
al vays has nearly full transm ssionat 600 nmand nearly zero transm ssi on at
700 nm

Any flter repl acenent, evenif done by a prof essi onal , i ntroduces sone ri sk
of trappi ngdust under t he newflter, whereit cannot be cl eaned of f. Such dust
nornal | y has no seri ous phot ographi c effect, since fat-fel di ng conpensat es
forit.

17. 2. 21sF | ter Mdificati on Necessar y?

| consi der extended red response hel pful but not essential. The nodi f cati on
nakes caner as | ess sui tabl e for dayti ne phot ogr aphy, can bringout chronatic
aberrationi nsonel enses, andislittleor nohel pwhenphot ographi ngstars, star
clusters, gal axi es, or refectionnebul ae.

Wt hem ssi onnebul ae, it does hel p, but, often, not spectacul arly. FH gure17.2
shows an exanpl e. Inthis case, the nodifed canera i s a Canon EC5 60D»,
whose sensitivityat Hisabout 4tinesthat of the unnodifed version.

The pi ct ure shows anareai n Qi on where bot h em ssi on and r ef ect i on neb-
ulae are present. Inthe picture, the nebul a extendi ng downward across t he
center, W t ht he hor sehead- shapednot chinit, i sanemn ssi onnebul a; t hebri ght er
nebul aat the upper | eft i s arefectionnebul a.

Wiat is strikingis howwell theunnodi fed canera works. Yes, the nodi -
fcationhel ps —but it’s not i ndi spensabl e. The unnodi f ed caner a shows t he
nebul areasonabl y wel | .
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Figurel7.2. Flter nodifcationishel pful but not dramatief.tunnodi f ed

Canon 40D R ght Canon 60Da wi t h ext ended hydr ogen- al pha sensi tivity. Eachis
astack of 19 or 20 1- minut e exposures wi th a 6. 5- crit 6. 5 apochronat i c ref ract or
(Astronom cs AT65EDQ, processedw th Pi xi nsi ght gi ve simi| ar col or bal ance
and overal | contrast. Seethe back cover of thi s book for the sane pi ctures
incolor.

Tounder standwhy t hi sisso, renenber that H isnot theonlywavel engt hat
whi chnebul ae emt |ight. There are al sostrongHand Ol I | eni ssi ons, whi ch
col or fI mdid not pick up, |eadingthe previ ous generation of astrophot ogra-
pherstothink only about H . Dependi ngonthe type of nebul a there nay be
norethanthat. As Tabl e 17. 1 shows, the\ei | Nebul ai sactual | ybrightest i nbl ue
and near - ul travi ol et wavel engt hs, not hydr ogen-al pha.

For that nmatter, a4 differenceinH sensitivityis not gigantic. |In photo-
graphicterns, it isadifferenceof twostops, nonorethanaquarter of t heusabl e
dynanmic range of the i mage. The canera woul d pi ck up sone H W t hout
nodi f cat i on.

Mbst inportantly, deep red sensitivity matters only when you are pho-

t ogr aphi ng emi ssi on nebul ae or usingadeepredflter tooverconelight pol | u-
tion. BEvenfor nebul ae, anodi fed DELRi s not strictly necessary (FH gure 17. 3).
Wien phot ogr aphi ng gal axi es, star clusters, or refecti onnebul ae, nodi f edand
unnodi fed DELRswi | | certainly givethesaneresul ts.
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Table 17. 11 ntensi ti es of mai n spectral |ines fromem ssi on nebul ae (as percent ac
Hp f romt he same nebul a) .

Mi2 M6 N3C6995 Theoreti cal
Vlvel engt h (Qion (Eagl e (\&il thinHII region

Li ne (nm Nebul a) Nebul a) Nebul a) (2500K)

oll 372.6+372. 8 119 157 1488 —

Nelll 386.9 13 2 118 —

H 434.0 41 36 44 44

Oolll 436. 3 — — 47 —

H 486. 1 100 100 100 100

Oolll 495.9 102 29 258 —

Oolll 500. 7 310 88 831 —

NI 654. 8 26 104 124 —

H 656. 3 363 615 385 342

NI 658. 3 77 327 381 —

SIl 671.7+673.1 9 116 68 —

Oll, Olll, etc., denoteioni zati onstatesof el enents, each of whi chenits norethan
onewavel ength. TheH , H, andH linesof hydrogenareal | fromHII.

M2 is a dense, strongly photoionized HIl region; neasurenents were taken
just north of the Trapezium very closetotheilluninatingstars. DatafromD E
Gsterbrock, H D Tran, and S \&i | | eux (1992)st r ophysi cal JouB8%aB05-324.

M6 i s aphotoi oni zed HI'l regi onl ess dense t han Mi2 and consi der abl y r eddened
byinterstellar dust. DatafromJ. Garcia- Roj as, C Esteban, M Pei niedr &)(.2006) ,
Mont hl'y Not i ces of t he Royal Astronom ca368025312y9.

N3C6995 ispart of the \eil Nebul a or Gygnus Loop, a supernova remmant, and

i s ionized by the expandi ng shock wave fromt he supernova, rather than by |i ght
fromnearby stars. Each val ue shown in the table is the nean of the authors’
reported fuxes fromfve positions inthe brightest part of the nebul a. Data from
J. C Raynond, J. J. Hester, D Qx»et al(.1988) Ast r ophysi cal JoB24aB69-892.

Theoretical values for athin, weakly excited region of pure hydrogen are from
D E Gterbrockand G J. Ferl andAst r ophysi cs of Gaseous Nebul ae and Acti ve Gal actic
Nucl ei(Sausalito, Galif.: Uhiversity Sci ence Books, 2006), p. 72.

17.3 FHlterstoQut Light Pol |l ution
17. 3. 1+bwlLi ght Pol | uti on can be Renoved

Nowl ook at themiddl epart of FH gurel7.1, show ngthetransnissi onof vari ous
flters. Soneof themarequiteeffectiveat cuttingthroughthegl owof citylights.
The key i deai s t ot ake advant age of di fferencesinthewavel engt hs enitted by
different |ight sources.

Bvenwithout aflter, digital inagi ng has a huge advant age over flm |ight

pol | uti oncanbesubtractedout. S nply by adj usti ngt he hi st ogramof t hei nage
310
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F gure 17. 3. The Hor sehead and ot her fai nt nebul ae capt ured under |i ght - pol | ut ed ski es 10
mles (16 kn) fromcentral Londonw ththeai dof abroadband nebul aflter. Sack of 20

3- i nut e exposur es and 23 2- i nut e exposur es w t h unnodi f ed Canon BG5S 30Dcaner a,

10- cm(4- i nch)f/ 8 Takahashi apochromati c refractor, and Astronomk AQ_Sflter. (Ml col m
Park, London, WK )
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F gure 17. 4. Addi ng a br oadband nebul aflter darkens t he background and bri ngs out
nebul osity. North Aneri ca Nebul a (N3C7000), Canon 60Dg, si ngl e 30- second exposur e at
1S01600w th S gna 105-mm /2. 81 ens, Astrononmik A_Sflter addedi nsecond pi cture.

fl e, wecant hrowaway any const ant gl owt hat coversthepicture, if itisnottoo
strong. By stacki ng nany short exposures, we can keep gat hering light from
deep- sky obj ect s wi t hout over exposi ngthei nage. BEvennoonl i ght i s nuchl| ess

of anobstacl ethanit usedtobe; wecansubtract it out.

Bven so, flterscanstill hel pif they can distinguishonekindof |ight from
anot her. | ncandescent |ights, includi ngcar headl i ghts, shineat al | visi bl e vave-
lengths, and so do stars, gal axi es, and refection nebul ae. Accordingly, flters
cannot favor one over theother. But i f your |ight pol | uti oncones fromsodi um
or nercury-vapor streetlights, whichemt onlyalinitedrange of wavel engt hs,
you' reinluck. Broadband nebul aflters or di dymumgl ass flters cancut the
['ight pol lutionwhilenot cuttingthestarlight as nuch (H gure 17. 4).

Aternatively, if you are photographi ng en ssi on nebul ae, which enit only
a fewwavel engths, but thelight pol I ution covers thewhol e spectrum aflter
canbl ock sone of thelight pollutionwhiletransmttingall of thelight fromthe
nebul ae. Broadband nebul aflters and di dymiumgl ass dothistoo, as wel | as
t he narrowband f| t er s di scussedi nthe next secti on.

The best situationis, of course, when you are phot ogr aphi ng em ssi on neb-
ul ae and your streetlights are | ow pressure sodi umvapor. Inthat situation, a
flter caneasilytransmt nearlyall thenebul alight whileblockingnearlyall the
light fromthestreetlights.

Unfortunately, that situationis beconing |ess coomon as LEDstreetlights
take over. Innylocation, LEDstreetlights have been a mi xed bl essi ng. They
shi ne downwar dr at her t han si deways, somuch |l ess of their |ight goesintothe
air. Mtow (Athens, Georgi a) hasresistedthetenptationtonakethemextra-
bright; they arethe sanebri ght ness asthe ol der streetlightstheyreplace. (This
isinportant becauseif streetlightsaretoobright, peopledrivingcarswll | ose
their partial dark adaptati onand not be abl eto see very wel | whenthey drive
out of thebrightlylit area.) Because of the LEDconversion, the M|l ky Vely i s
agai nvi si bl e fromny house after al apse of nearly twenty years.
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Theprobl em sthat LEDstreet!| i ghtsenmt aconti nuous spect rumw t hahunp
around 450 nm(see FH gure 17. 1). That hunp can be reduced wi th a #8 yel | ow
flter, but therest of the LEDspectrumi s not di stingui shabl efromstarlight.

Al of theseflters givethe pictureacol or cast, inpair the rendering of the
colors of stars, and require the histograns of thethree colors (R G B) to be
adj ust ed separ at el y sot hat t hey end up nat chi ng.

17. 3. 2F I terst o Favor Nebul ae

Ifyoucan't flter out thelight pollution, theal ternativei st afthé aebul ae—
that is, transmt thelight fromthe nebul ae but not nuch el se. Thi s onl y wor ks
w t h emi ssi on nebul ae, whi chenit at speci f c wavel engths, not with stars and
gal axi es.

Even near cities, thereis conparativelylittlelight pollutionat wavel engt hs
| onger than 620 nm but nebul ae are bright at hydrogen-al pha (H, 656 nn).
Accordingly, i f youusedeepredlight al one, youcant ake good pi ct ures of fai nt
nebul ae under abri ght citysky. BEvenif your target i s not enissi onnebul ae, you
nay choose to use a narrowband at the red end of the spectruminorder to
overcone stronglight pol | ution.

Anodi fed DSLRi s hel pful but not absol utely necessary. Wat is i npor-
tant istheright flter, either aninterference flter that passes a narrow band
around H or adyeflter that cuts off wavel engths shorter than 620 nmor
so. The common Watten 25 (A) or Hoya R60 red flter is not red enough; it
transmt s sone of t he eni ssi ons fromsodi umvapor streetlights. Better choi ces
are the BFW091, Hiya R62, Schott R3630, and t he Lumi con Hydr ogen- Al pha
flter.

Narrowband inmaging requires surprisingly long exposures (such as
10 mnutes at f/4) andis astiff test of tracki ng and gui di ng. Resul ts are gen-
eral ly good i f you process t he narrowband i nage | i ke a nornal col or picture
and then convert it tograyscal e at thelast step. However, w th pictures taken
indeepredlight, thenoiselevel isslightlylessif youisolatejust theredpixels
fromt he Bayer matri x, aswas donew th H gures 17. 5and 17. 6.

\ari ous sof t war e packages provi de di fferent ways toisol ate the red pi xel s.

In Nebul osi tgpen the rawfl e and choose Bat ch, Batch (he- Shot Caner a,

R®B Gl or, Extract R InMaxI mDL, openthe rawfl e, choose (ol or, Extract

Bayer Plane, andredis usually plane 1. (Unfortunately, you nust dothis on
eachrawfl eseparatel y.) 1B xI nsi ghtisethe Spl i t GFAprocedur e descri bedin
Section16.6.2; redisusually plane 0. If youaresplittingaheavilyred-fltered
inmage, it will beobviouswhichplaneistheright one.

Theresult will beaset of flescontai ningonlytheredcol or pl ane, whi chyou
canthen calibrate and st ack as bl ack-and-white i nages. Naturally, adifferent
narrowband flter mght usethegreenor bl uepi xel srather thanred. Theideais
tothrowaway t he Bayer pi xel sthat are defnitely not used, sincethey contain
onl y noi se. Ohseparatingcol or | ayers, see al so Section 16. 6. 1.
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F gurel17.5. Thispictureof nebul aeinQionusedanod fed DBLRand adeepredflter to
cut throughlight pol | uti onand moonlight; the gi bbous noonwas only 30 away. S ack of
ffty 1-minut e exposures wi t ha Canon 60Da at | SO1600, a S gna 105-nml ensat /2.8, anda
B*W091 flter onani Qotron SkyTracker.

Anespecially interestingtechniqueistotakethree narrowand pi ctures at
di fferent wavel engt hs, t hen conbi nethemasif they werered, green, and bl ue
to nmake a fal se-col or i mage. The Hiubbl e Space Tel escope commonl y uses red
for sulfur (SI1, 672nm, greenfor Hwhichis of courseredinreal life), and
bluefor Olll (the“Hibbl epal ette”).

Sone nar rowband i mager s nodi fy thei r DSLRs by renovi ng not only t he
IRblockingflter but al sothe Bayer natrix. Thenall the pixel srespondto all
colors of light. However, the caneranol onger functions as anornal DAR it
does not take pi cturesincol or, nor focus correctlythroughthe view nder; and
it mght best be descri bed as a dedi cat ed ast r ocaner a made out of a DELR

17. 3. 3The M ddl e G ound

Sone flters are narrower than the typi cal broadband nebul a flter, but broad
enoughtogive arelatively bright i rage and take i n nore t han one spectral
line. Anexanpl ei sthe Astronom k UHG whi cht ransnit swavel engt hs ar ound
450-500 nm(H and Ol I1) and 650-700 nm(H ). Usi ng one, B ake Estes t ook
t he spect acul ar nebul apictureinF gure 6.4, fromcentral Los Angel es.
Picturestakenwthsuchaflter areprocessed|ike nornal full-col or i nages,
but w t h sone adj ust nent of the hi st ograns of thethree col orstoachi eve good
col or bal ance.



17.4. HowFR | ters Are Made

Figurel17.6. Dramatic vi ewof the Rosette Nebul aand ot her fai nt nebul ae and star cl ouds i n
Monocer os. S ack of 15 3- i nut e exposures wi t h sane setup as F gure 17.5, at the sane si te,
intow, wthsubstantial Iight pollution, but without the nooninthe sky.

17.4 towH | ters Are Made
17.4. 1DjeFi I ters

Dye flters are nade by addi ng dyes to gl ass or plastic. As H gure 17. 1 shows,
thered, yell ow and orange are good at cutting of f wavel engt hs shorter than a
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threshol d. B ue, green, and nagenta dye flters, not shown onthe graph, are
nmuch nore unevenintheir perfornance.

There are several systens of dye-flter nonencl ature, includingtraditional
Kodak Wat ten nunbers and | etters (#25 or A, Gernan desi gnations starting
w th O (suchas 091), Japanese desi gnations startingw thletters (L39, Y43, R62,
where the digits are the cutoff wavel ength intens of nanoneters), and ot h-
ers. For nore about flters andtheir nonencl at ure, séest r ophot ogr aphy f or t he
Amat eur.

17. 4. 2InterferenceF I ters

Interferenceflters are made, not by addi ng dye or inpuritiestoglass, but by
depositingmiltiple thin, partly refective coatings onthe surface. The thi ck-
ness and spaci ng of t he coati ngs resonat e w t h parti cul ar wavel engt hs of |i ght.
Inthisway it is possibleto select whichparts of the spectrumtotransmt or
bl ock. “Nebul aflters” arenornal lyinterferenceflters. They are easily recog-
ni zed becausetheyl ook al nost |ikenirrors, refectingrat her t hanabsorbi ngt he
light that they donot transmt.

T™wo of the nost respected vendors of interference flters are Lunicon
(ww f ar poi nt ast ro. con) and Ast rononi k (v ast rononi k. com) . Bothoffer a
w devarietyof flters. The Astrononi k A_Sbroadband nebul aflter i sespecial ly
popul ar and useful . G her flters pi ck out specifc spectral |ines of nebul ae.

Interferenceflters arenot always availableinsizestoft infront of canera
| enses. Instead, they are sizedto f%— iinch and 2-i nch eyepi ece barrel s. Those
threaded f or 2-i ncheyepi ecesw || ft 48-nmcanera-lensflter rings; thethread
pitchis not the sane, and only one thread wi |l engage, but that is enough.
Astronomik hasintroducedalineof fltersthat ft i nsi de sone canera bodi es,
behindthelens (F gure 17.7); besidesrejectinglight pollution, theflter keeps
dust out of t he canera.

17. 4. 30 dyniuma ass

netypeof col oredgl ass act s nuchl i ke abroadband nebul aflter but i s cheaper
and nore readi |y available in large dianeters. It is di dymumgl ass, which
bl ocks t he bri ght est eni ssi ons of sodi um vapor (orange) streetlights.

O dym umgl ass | ooks bl ui sh by dayl i ght and purplish by tungsten |ight.

It contains a mxture of praseodyni umand neodym um @ assbl owers | ook
t hrough di dymi umgl ass t o vi ewgl ass nel ti ngi nsi de a sodi umri ch f ane.

Today, di dymiumgl assis sold as “col or enhancing” or “intensifer” flters.
Nat ure phot ographersinitial lyusedit tobrightencol ors becauseit bl ocks out
aregion of the spectrumwherethe sensitivities of theredand greenl ayers of
col or fl mover| ap.

e wdely available didymumflter is the Hoya Red Intensifer (for-
nerly just Intensifer). | recommend that you avoi d Hoya' s B ue I ntensifer



17.4. HowFR | ters Are Made

Figurel7.7. Astronomk“Qip-Flters” ft insi de sone canerabodies, behi ndthel ens.
Thi s one, for APS CCanons, occupi es t he ext ra space reser ved f or B~ Sl enses;
B-lenses and T-rings ft thel ens nount nornal |y, ahead of theflter.

and Geen Intensifer, which areless transparent at the desired wavel engt hs.
Hoya’ s Portrait flter i s aweaker kind of di dynmiumgl ass w thless bl ockage of
t he unwant ed wavel engt hs.

17. 4. 4P ecauti ons

Refections fromflters are nore of aprobl emw thDELRs thanw thfl mcam
eras because the sensor inthe DA Ris itself shiny and refective. The sensor
andaflter parallel wthit canconspiretoproducenmultipl erefectionsof bright
stars. Therefectionrisk seens to be nuch greater when the flter isinfront
of thelensthanwhenit isintheconverginglight path between tel escope and
canera body. Dye flters can and shoul d be mul ti-coat edtoreduce ref ecti ons.
Interferencefltersareinherent!ly shiny.

Interference flters are affected by the angle at which light enters them
Aw de-angl eor evennedi umtel ephotol ensusual | yw || not get theful | beneft
of theinterferenceflter acrosstheentirefel d, evenif theflterisnountedinsi de
t he caner a body. The synpt omi s t hat t he corners of t he pi cture are di scol ored
relativetothecenter. D dynmi umgl ass does not havet hi s probl em

(nel ast note: not everyflterthat workswel | onaneyepi ecew | | workequal |y
wel | whenpl acedinfront of al ongl ens. Thel ongl ens nagni fes opti cal def ects.
| have only had problens with the optical quality of aflter once, but it’'s
def ni t el y sonet hi ngt o be awar e of .
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Chapt er 18
Tool s for Astronom cal Resear ch

Dgital inaging has narrowed the gap between professional and anateur
astronony. It i s nowadays common for amateurs to phot ograph obj ects t hat
arenot verywel I knowntosci ence. VEarenol onger confnedtoj ust af ewhun-

dred prom nent t arget s di scovered cent uri es ago. Accordi ngly, we needt o open

up the prof essional astrononers’ kit of tools for identifying and researchi ng
cel estial objects. Thenost i nportant datasourcesarefreeonthelnternet.

S ar Maps

You can’ t do ast ronony w t hout star naps, whi ch nowadays are | argel y com
puterized. The ti ne- honored commercial sof t ware packages of this type are
TheSky(waw bi sque. com) and St arry N glitww st arryni ght . con).

Recent |y, t hough, afree, open-sourceconpetitor hastakenthel eddel | ari um
(wwvstellariumorg). Availabl e for Wndows, Linux, and nacCs, Stel |l ari um
produces very real i stic pictures of thesky (it i s evenusedin planetariumpro-
jectors) and, wth downl cadabl e catal ogs, covers stars all the way down to
18t h magni tude, as well as a mul titude of deep-sky objects; it even connects
automatical |y t & nbadtofndobjectsthat arenot inits catal ogs.

Stel | ari umhandy for pl anni ng phot ogr aphs because it can cal cul at e and
di spl ay thefel dof viewgi venthe sensor sizeandfocal |ength(H gure18.1).

A sonoteworthyisCartes du G @lreewarefromww ap-i. net for Wndows,

Li nux, and nacCs), whichis nore ori ent ed t oward produci ng pri nt abl e naps
for ast rononer s pl anni ng obser vi ng sessi ongCar t es du G @ln connect directly
totheD gitized Sky Sur¢ess, http://archive. eso. org/ dss) and downl oad an
observat ory i nage cor respondi ng t o what you' re seei ng on the nap (see al so
Al adi mnthe next section).

BothStellariand Cartes duG@swel | asall their nai nconpetitors) com
put e pl anet, conet, and ast eroi d posi tions, downl oadi ngorbital datafromthe
Mnor FA anet Center for the purpose, and can control conputerizedtel escope
nount s.



18.1. Star Maps

Figure18.1. A anningaphotographw thStel | ari ufrel d of viewi s autonatical |y cal cul ated
fromsensor si zeand | ens focal | ength.
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Qe printed star atlas remains very useful for astrophotographers. It is
the Interstel |l arum Deep Sky Apy d&onald Soyan and S ephan Schurig
(Canbri dge Lhi versity Press, 2015; ww deepskyat | as. com al so availabl e in
German) . Desi gned for serious t el escopi ¢ deep-sky observers, thisatlasclearly
i ndi catestherel ativevisual proninence of objects. Not onl ydoesitidentifydis-
tant gal axies and fai nt nebul ae, it alsotells youwhichonesarenorelikelyto
showup i nyour pi ctures.

S nbbad, A adi rand M zi eR

Si nbad, Al adiand M zi eRrethree conponent s of a huge dat abase f or prof es-
sional astrononersthat i s naintai nedat the Gentre de données ast r ononi ques
de Srasbourg (B) in France. The nanes are fromthe Arabi an N ght(sith
French spel | i ng) and are al so acronyns, but obscure ones; the docunent ation
doesn’'t saywhy thefnal Rof M zi eRRs capi tal i zed.

Si nbad s anonl i nel ookup servi ce for obj ects out si dethe Sol ar System rang-
ing fromstars and cl usters to gal axi es and quasars. Access is free of charge
throughthe b at http://sinbad. u-strasbg. fr. Typeinthedesi gnati onor posi -
tion of an obj ect, and you get a sunmary of all avail abl e i nf ornati on about
it,includinglinkstoresearchliterature (K gure18.2). If you knowt he posi ti on
onl y appr oxi mat el y, you can“query around” toget al | obj ectsw thinaspecifed
di stance of that position.

Al adi fH gure 18. 3) i s afree programt hat you run onyour own conput er to
retrievei magesandi nformati onthroughtheVeb. It i sfundanental | yanal | - sky
nmap nade of i mages fromthe Digitized Sky Suramyot her surveys, toget her
wthlinkstdi nmbadf or i nfornation about t he obj ect s.

The third conponent, M zieRjs a conbination of catalogs and is easily
accessed t hrough Si mbad.For exanpl e, if you' re | ooki ng at a doubl e star and
want toseeitsentryinthéashi ngt on Doubl e St ar Cat @ER), j ust click on
itsVIBlinkonthe Si nbadoage, and M zi eRi | | showyou exact | y what t he cat -
al og says about it. Not confned just to na or catal ogsl zi eRri ngs t oget her
thousands of |ists of objects and observational data published by working
ast rononer s.

Case S udy: An Lhnaned Nebul ai n Mbnocer os

Inthe center of Hgure 18.4 is a patch of em ssion nebul osity that caught ny
eye when | was exanining a pi cture of N3C2259, the star cluster totheleft
of center inthe pi cture. The unnaned nebul ais not showninSt el | ari amt he
I nterstel |l arumbDeep Sky &td dges not have an NaCor | Cnunier.

Because the nebul aturned upinpictures of aknownfeld, | had notroubl e
determiningits position—1 just opened up aviewi$tellarithat nat ched
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Type name or position of object

F gure 18. 3. Al adi muns on your conput er, retrieves sky i mages t hroughthe I nternet, and
gi ves you i nst ant access t8 nbad The poi nt er w t hSi mbadaccess has t o be enabl ed under
“Tool .”

the pi cture, novedthe cursor tothe positionof the nebul a, clickedonthe sky
background, and read of f t he coordi nat es.

But what, if anything, i s known about the nebul athat pi qued ny i nterest?
Tofndout, | went to Al adi rand ent ered t he coordi nat es | had obt ai ned f rom
Stel | ari umndi spl ayed a DSSpi ct ure show ngt he nebul a. Therewasnolinkto
anaobj ect preci sel ycenteredonit, but thebest nat ch, towarditswestwardedge,
was anobj ect knownto Si mbadas GAL 201. 6+01. 6, descri bedasanHI | (i oni zed)
regi on.

That’ s preci sel y what an emission nebulais —so | can count ny obj ect as
tracked down. It has, however, no catal og designati on at all; GAL 201. 6+01. 6
i sapositional designationbasedongal actic coordi nates.

The posi tion gi ven by S nibad was det er mined by radi o observation, andit
tellsus that the thickest part of the nebulais partly obscured by dark nebu-
losity inthe foreground. (Dust doesn’'t bl ock radi o waves.) Thi s nebul a does
not seemto have been noticed as a visual object at all. Athoughit is easy
to photograph, | have no idea howlarge a tel escope woul d be needed to
viewit.



18. 4

18.4. P ateSol vingfor Identificati onand Position

Figure18.4. Inthecenter of thepictureis anunnaned nebul ai n Mnoceros at RA06: 36: 36,
decl i nati orr10 46° (2000.0). Sack of 15 1- i nut e exposur es, Canon 60Da at | SO3200,
Canon 300-nm  f/ 41 ens, pi cture consi derabl y cropped.

A ateSol vingfor | denti ficati onand Posi tion

I ndays of yore, when phot ogr aphs wer e t aken on gl ass pl at es,pl at e sol virag
the task of fguring out exactly what part of the sky a pi cture covered, wth
what scal e and ori entati on. Nowt hat we have conput ers and di gi tal i nages,
pl at e sol vi ng can be done aut onat i cal | y.

The cl assi c nethod of plate solvingissinmlar toinage stacking. |nstead of
conbi ni ng two di gi tal phot ographs withrotationand stretchi ng, you conbi ne
a phot ographw t h aroughl y nat chi ng chart nade by pl otti ng dat afroma st ar
cat al og. Theout put of t he st acki ngprocesstel | syouhowt hechart andt hei nage
['i ne up.

That assunes you al ready have apret t y good guess of what t hei nage covers.
A nmuch nore power ful techni que is bei ng pi oneered at ww ast ronet ry. net
w t hNSF, NASA, and Canadi ansupport . Usi ng net hods adapt ed f r onachi ne
vision, their plate solver canusually identify pictures of any star feldinthe
sky, regardl ess of feldof view nagnitudelinit, or evenwhether thepictureis
upsi de down or mirrored.

The Astronetry. pkatesol ver isfreefor anateurs aswel | as professional sto
use. Al youdoisgotothewebsite, upl oad your picture, wait afewninutes,
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F gure18.5.Astronet ry. mefent i f es st ars and deep- sky obj ect s i nany pi ct ure you upl oadt o
it. Noteincorrectlyreportedorientation, acommon probl emw thJPEGfles; northis
actual lyupinthispicture.

and downl ocad t he resul t's, whi ch consi st not onl y of an annot at ed i nage (FH g-
ure 18.5) but al soinformation about the right ascensi on, declination, feld of
view orientation, scal e, andevenpol ynonmal stoaccount for di stortion. Youcan
downl oad a H TSfl et hat cont ai ns your upl oaded i nage wi ththat i nfornation
added t ot he header.
The Astronetry. regftware can al so be downl oaded to run on your own
conput er —current!y only under LN X Linux, or nacCs
Alimtationworthnotingisthastrometry. mees not i dentify asteroids or
ot her Sol ar Systemobj ects. Nor will it tell youif your pi cturecontai nsanovaor
ot her unexpect ed obj ect .

Case S udy: Havel O scoveredaS ar A uster?

H gure 18. 6 shows two star fel ds. ne of themi s t he wel | -known Tau Gani s
My oris star cluster (N3 2362), asprinkle of stars around a bright star that
al nost hi des t hemfromvi ewin the tel escope. The other is a sinilar-I ooking
group of starsthat | foundinMrgo while testing an autoguider. Isit astar
cluster?

S ncel hadn’ t beenpayi ngattenti ont owhat | was phot ogr aphi ng—j ust choos-
ing guide stars at random- t he second pi cture was a j ob forAst romet ry. pet



18. 6

18.6. Variabl e-star Photonetry

F gure 18. 6.Lef tThe Tau Cani s Myj ori s star cl uster (N3C2362). S ack of 5 2-second
exposures, Cel estron 8 EdgeHD, /10, Canon 60Dg, | SO3200. Ri ghttsthisal soastar cluster?
Sarsaround H P61212i nMrgo. Sack of three 2-m nut e exposures, Cel estron 8 EdgetHD,

f/ 7 conpr essor, Canon 60Da, | SO1600.

whi ch quickly told ne that the central star was HP 61212 i n t he H ppar cos
catalog. | looked up that star i$tellariwnd found no cluster plotted.

Then | went to Al adi rand cal | ed up t he sane regi on of the sky. I norder to see
anyt hing, | hadtozoomout quiteahbit.

By cl i cki ngonthemi nAl adi nl, | ooked up hal f adozen of t he (apparent) cl us-
ter starsiBi nbad.f thestarswerereal ly acluster, they shoul d be about t he
sane di stance fromt he earth. Unhfortunat el \&i nbaddi d not |i st di stance nea-
surenent s for these stars (nobody has ever neasuredthen). It didlist proper
noti ons for them(thanks tothe Tycho-2 catal og), andthey were al| different.
Sncethestarsinacluster shoul d have si mlar proper notions, | thinkwecan
decl arethe casecl osed—thisisnot astar cluster.

Vari abl e-star Phot onet ry

ADBLRi safneinstrunent for neasuri ngt hebri ght ness of stars. The Averi can
Associ ationof \ariabl e S ar (bservers (AA/SQ ww aavso. org) i sintensi vel y
devel opi ng net hods f or doi ngthi s, andl refer yout®he AAVSODSLRCbser v-

i ng Manual pn that web site, for conpl ete and up-to-date instructions. Here,
however, | canat | east tell youenoughtowhet your appetite andequipyouto
take anal yzabl e i nages i f you happen upon a nova or ot her di scovery whose
brightnessw || needt o be neasured.
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18. 6. 1Acqui ri ng | nages

Photonetric DSLR i mages are different fromthose needed for taking good
pi ctures. The key requi renents are;

The stars of interestust not reach maxi numwhi(toe naxi numred, green, or

bl ue) inany of their pixels. (Aquarter tohal f of naxi numbri ght nessi s good. )
The i nage shoul d be slightly out of faxtbat stars are about ten pixelsin
di anet er (about fve pi xel s FWHV). This spreads the li ght over nul ti pl e pi x-
els, reducingirregularity, and al so nakes it easi er to avoi d hitting naxi num
bri ght ness. You need di sks, not doughnuts, sodon’t defocustoofar.

Thei nage nust be nonochr om@&and shoul d be dar k- f r ame cor r déctrenhove hot
pixels. Hat-feldcorrection, i f done, i nproves accuracy.

The i nrage nust be |ineam th no histogramadj ust nent or gamma correc-

tion, sothat the pixel val ues are proporti onal tothe nunber of phot cel ectrons
capt ur ed.

It ishest touseal owl SOsetting (400o0r | ess) for greater dynamc range. Expo-
sures are surprisingly short, andtracki ng need not be perfect; sone peopl e are
doi ng good vari abl e- st ar phot onet ry w t h 50- nml enses and f xed t ri pods.
Soectral responsei s anissue. The standahdflter usedinvisible-light pho-
tonet ry cover s nost but not al | of thevi sibl espectrum-norethanthe Gpi xel s
inaDALR s Bayer natri x, but not as nuchas R G and Bt oget her. The AA/SO
i s devel opi ng net hods t o conbi nethe R G and Bpi xel si nappropri at e propor -
tionstosinuate & flter. Analternativeis sinplytousethe Gpixel s al one;
t hey ar et w ce as nuner ous as Rand B, andt he Gspectral responsei s about t he
sane whet her or not t he caner a has been nodi f ed f or ext ended red r esponse.
Inthelongrun, “DELRG may becone a newphot onet ri ¢ st andar d.
An even cruder approach t hat works surprisingly well isto nake neasure-
nent s ont he un- deBayer ed r awi nage f romt he caner a, af t er doi ng dar k- f rane
subtraction in the canera (1 ong exposure noi se reduction). Ineffect, you are
neasuri ng R + 2G + Bbecause there aretwo G i n every group of four pixel s,
andtheoveral | responsei s reasonabl y sinil ar to phot onet v c

18. 6. 2 Apert ure Phot onet ry

Measur enent s are nade by conparingthepixelsinacircle (theapertuyeith
adoughnut - shaped regi on aroundt hem(t he annul usH gure 18. 7). The annul us
provi des away t o subtract sky background (whi ch may even i ncl ude nebul os-
ity or the gal axy contai ni ng a supernova), givingalinear neasurenent of the
bri ght ness of thestar.

ne qui ck way to do aperture photonetry is to use the I nfornati on w n-
dowof MaxI mDL (includingeditionsthat donot i ncludethePhotonetrytool).
H gure 18. 8 shows howt hi si s done. Youcanal soreadtheintensity of eachpi xel
(t onake suret he maxi nunval uei s never reached), thestar i nagesi ze (PWHV



18.6. Variabl e-star Photonetry

F gure18.7. For photonetric neasurenent, bright ness of astar i nagei s conpared
toanannul us, whi chdoes not contai nstars. | mage nust bel i near and not reach
nmaxi numbr i ght ness.

full-wdth hal f-naxi nun), and the signal -to-noi seratio (S\NR the higher the
better). The accuracy of t heresul t s depends onhowwel | youcenter eachstar in
t he apert ure and whet her t her e ar e background st ars i nt he annul us.

18. 6. 3Phot onet ry Sof t ware

Nbnet hel ess, thel nfornati onw ndow or itsequival ent i nother sof t ware pack-
ages, isnot really the right tool for serious photonetry. Accuracy depends
on howaccurately you hit the stars with the nouse, the anal ysis al gorithm
is not the nost sophisticated, and anal yzing large sets of observations is
tedi ous.

What you want is softwarethat wll process mul tipleinages autonatical ly
onceyou veidentifedthestarsinoneinage, fndingthecentroidof each star
i rage aut onati cal ly. I n advanced edi ti ons ofvaxl mDL , the Phot onetry t ool
does this, andit can calibrate your i nages (wth dark franes, fats, and fat
darks) as yougo. Results canbe plotted as |ight curves and exported as CSV
datafles. Detail edstep-by-stepinstructions conew ththesoftware.
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F gure 18. 8. Aperture phot onet ry can be per f or ned nanual |y i nt he | nf or nat i on w ndow
of MaxI mDL, includingeditionsthat donot i ncl udethe Photonetry tool . Adj ust si ze of
aperturebyright-clickingonit.

\ery simlar functionality is provided by the freeware packaddini wi n
(http://c-nuni pack. sour cef orge. net), by Davi d Mt | andcol | eagues at Masar yk
Lhi versity, Brno, Czech Republic. It is avail abl e conpil ed for Wndows and as
sourcecodefor LN X-|i keoperatingsystens. It, too, i ncl udes good st ep- by- st ep
i nstructions.

Li ke areal photoneter but unlikevaxl mDL , Muni wi noutputs only differ-
ential nagnitudes (thedifferencebetweenthevariabl estar andt he conpari son
star), not actual nagnitudes. Ahandy feature dfuniwinisthat it tries sev-
eral aperturesizesandl| ets yousel ect theonethat gi vesthebest signal -to-noi se
ratio. Ahint foMuni wi nusers: |f youwork wth defocused star i nages, set
thei r approxi nat e si ze (FWV under Project, Edit project ssbthagshe
star nat cher wil | recogni ze t hem

Devel opnent inthisareais proceedingrapidy, and! urgeyouto checkthe
AA/SO s web sitefor updat ed recormendat i ons.

18. 6. 4 Exanpl e: Li ght Qurve of BHLI brae

H gure 18.9 shows an exanpl e of what can be done. EHLibrae is a short-
period, | owanplitudevariabl estar wthaperiodof about two hours. | took 24
15-second exposures of it at fve-nminuteinterval susi nga300-nfind| ens atf/ 5
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18.7. Asteroidor Nova?

EH Librae
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F gure18.9. Light curvebased onaseries of 15-second exposures w t h a 300- nml ens &t 5,
def ocused, and a Canon 60Da. Ref erence star was H P 73276, nagni t ude 10. 23.

on a Canon 60Da body set to | SO400 and Gal est ron A/Xnount. The caner a

was del i beratel y out of focus to give star i nages about 10 pi xel s i n di aneter,
and | verifed, usingthe Infornati onw ndowinMaxl mDL , that they did not
reach or approach naxi numbri ght ness. Dark-frane subtractionwas donein

t he caner a.

Then | used Max|I mDL to deBayer all the rawinage fles usingits defaul t
settingsfor t heCanon60Da, convert al | t hei nagest ononochrong, and process
themwi tht he Phot onetryt ool . Asaconpari sonstar | usedH P73276, takingits
vi sual nmagni tude to be 10. 23 as gi veni rsi mbad A t hough Maxl mDL can pl ot
light curves, | exportedthedatain CSVfornat and drewa nore cust onized
graphwiththe Rstatistical softwarepackage. For good neasure, | anal yzedthe
sane dataw th Mini wi nand got very nuch t he sane resul ts. Both sof tware
packages hel pful | y convertedthe canera’ stinestanpsintoJuliandates.

18. 7 Asteroi dor Nova?

Lhexpected starsthat i ntrudeintoyour deep-sky i mages arelikelytobeaster-
oids (mnor planets). If you knowwhat asteroid you re |l ooking for, you can
download its orbital data usi ngt el | ari omot her sky-charting sof t ware and
pl ot itsposition. But what i f you' vefoundanapparent ast eroi danddon’t know
whichoneit is?
Inthat case, theservicetouseM*hecker, avai |l abl e by V@b f romt he M nor
A anet Genter (waw mi nor pl anet cent er. net) under “Chservers.” Gveit aright
ascensi on, declination, anddate, andit wll tell youall theknownasteroi dst hat
arew thi naspeci feddi stance of that poi nt, downtonagnitude 18or fainter.
There was a ti ne when anmat eur s coul d easi | y di scover asteroi ds —a bri ef
gol den age fromabout 1995 t 0 2010 when anat eur QD caner as coul d reach
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17t hnagni t ude or better but nost of theasteroi dsw t hi nthei r reach hadnot yet
been di scover ed. Nowadays, gover nent - f unded sur veys f or near - eart h obj ect s
(NEGs) catchpractically all theasteroids, sothat opportunityis gone, but we
mght still needto knowwhet her an unexpected star i s an asteroi d or a nova.
Gonpoundi ng t he probl em unl i ke t he observat ori es of the fl mand-pl ate era,

We use exposures so short that the notion of anasteroidinasingl eexposure

W Il not | eave astreak. Thus t he need f dWPChecker.

The M nor A anet Center al so provi des epheneri des of ast eroi ds and conet s
inthe traditional format, conputed for your |ocation and date. Another
treasure-trove of ephenerides is Gl Sy, wwwv cal sky. com whi ch perforns a
w derange of cal cul ati ons and predi ctions of i nterest t oastronomnical observers.

Research Li terat ure OnLi ne

Fnally, theworlds greatest astronony library is nowfree on the Vigb. A
http://adsabs. harvard.edu is the online library of the SAQ NASA Astro-

physi cs Dat a Syst em( ADS) . Besi des a sear chabl e dat abase of resear ch papers, it

al socontai nsfull -text scans of naj or ast ronony j ournal s goi ngbacktotheearly
1800s, observatory publ i cations, and sel ect ed hi stori cal books. Recent i ssues of
journal s are not included —if they were gi ven anay free, the journal s woul d
have no sour ce of i ncone —but abstracts of recently publishedjournal articles
of tenincl udear Xi v e-pri mrscharepreprintsprovidedindigital formbythe

aut hor.

ADSi s, of course, whereSi nbadusual |'y sends you when you | ook up paper s
about cel estial objects. It isalsoenjoyabletobronwse. Nolonger nust anmat eurs
rely onthird-hand account s of the di scovery of nebul ae and gal axi es —we can
readt hedi scoverers’ accounts for oursel ves, and per haps eveni nvesti gat el ong-
st andi ng puzzl es.

If you re |l ooki ng for al ong-standi ng puzzl e, go and read about Baxendel |’ s
Uhphot ogr aphabl e Nebul a (N3C7088, not in S nbadbecauseit isthought not
toexist). Thestorystartsw thBaxendel |’ s arti &bat hl y Noti ces of t he Royal
Astronomi cal Sociétyp. 48 (1881), wth followup hal f a century | ater by
J. G Hageninthe sane journal Q0, pp. 331-333, 1930) and a possi bly fnal
wap-up (inGrman, wthauseful nap) by W Srohneier and A Qittler in
Ast ronom sche Nachri cBB8enpp. 254258 (1950). Strohnei er andQittl er t hi nk
thenebulaisanoptical illusion—alackof bright starsinpart of thefel dnakes
t he sky backgr ound seenbri ght er t here. But hast henysteryreal | y beensol ved?
ADBLRw th extended red response is theideal instrunent for i nvestigating
further. Wileyou reat it, | ook for recent researchon“gal acticcirrus” or “inte-
gratedfux nebul osity” (IFN, thethinnebul ositythat i s nowknownto extend
al | over our gal axy.
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Appendi x A
D gital Processi ngof H | ml nages

You can, of course, process fl minmages with the sane software that you use
for DELRi nages. Nbi setakest he formof randomgrai nonly; thereis nofxed-
patternnoi se. Sackingmultipleinages buildscontrast and reduces grain.

F rst you have to get the fl mi nages (slides or negatives) intodigital form
Ther e are nany net hods. The best i s afl mscanner witharesol uti onof at | east
2400 dpi (about 100 pi xel s/mm). That is enough to do justice to al nost any
fI mi mage, even thoughit corresponds to | ess than 9 negapi xel s for the full
frame. Sone scanners can det ect and el ectroni cal | y renove dust and scr at ches,
whi ch ar e di sti ngui shabl e fromt he dyes i n col or fl mbecause t hey ar e opaque
toinfraredlight.

Prof essi onal - qual i ty f| mscanner s have been abundant si nce t he 1990s (act u-
al | ybeforetheheyday of di gital caneras), andl useavi nt ageN konQool scanl | |
LS 30, whi chgi ves excel l ent results. Uhfortunately, drivers for cl assi c scanners
are not necessarily avail abl e for the newest operating systens. The sof t ware
package MueScan(wawv hanti ck. com) support s scanners ol d and neww t hout
drivers, and| rely oniYuescargi ves you an excepti onal | evel of control over
the scanner, includingtheabilitytoscanrepeated yandconbi netheresultsfor
al ower-noi se i nage.

Many f at bed scanners al soscanfl m M/ resul t sw t ht hemhave been ni xed.

Sone fat bed scanners rival fl mscanners, providedthe glassis kept scrupu-

| ousl y cl ean; ot hers obvi ousl y acquirearather bl urredi mageandthen“fakeit”
by appl yi ngast rongsharpeni ngflter. That i snot as good as scanni ngt hei nage
faithfullyinthefrst pl ace.

You can use your DELRto digitize fl mi nages. Any slide duplicator attach-
nent that ftsaflmSLRw Il alsowork wth a DBLR except that it may not
cover thewhol e sl i de becauset he DBLRsensor i ssnal | er thanafl mfrane. The
alternativeistousethe DS Rwithanacrol ensandlight box, andsi npl y pho-
tographtheslideor negative (FH gure A 1). To get the canera perpendi cul ar to
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FigureAl. (hegoodwaytodigitizecolor slidesistousealD8LRwthanacrolensand
|ight box. Virk i nadarkenedroom

theslide, put amrror wheretheslideisgoingtobe, andai mthecaneraat its
ownrefection.

Ocetheinages aredigitized, proceedasw thDS_LRor QDi nages, except
that ganma correction is not needed. Hgure A 2 shows an exanpl e. Three
Ekt achrone sl i des were scanned. Each was scanned tw ce, once nornal |y and
oncew ththeslidereversedendtoend, toreducet heeffect of any fxed-pattern
noi se that mght exi st i nthe scanner. That gave atotal of six inages, three of
whi ch were upsi de down, and not al | were exactly t he sane si ze because of
VueScan s aut onati ¢ croppi ngtonargi ns. | use®i xI nsi ght cropthemtothe
sane sizeandturntheinvertedinmages right side up, then stackedthemw th
DeepSkySt ackand went back to Pi xI nsi ghb fatten the background, adj ust
contrast, andreduce noi se.



D gital Processi ngof H | ml nages

FgureA 2. Efect of stacki ngand processi ngfl mi magesef tihebul al C4628i n Scor pi us;
central part of single7-mnuteexposureonKodak Hite Chrone 200 fI mwi th N kon F3 and
300-mm f/41ens.R ght Resul t of stacki ngthree exposures w tbeepSky St ackand
processi ngi nPi x| nsi ght .
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Appendi x B
Exposur e Tabl es

The fol | owi ngtabl es gi ve suggest ed exposureti nes for aw devari ety of cel es-
tial objects. Your own trial and error shoul d al ways take precedence over
publ i shed exposures, but thesetabl esw || gi veyouagoodi ndi cati oni nadvance
of what settings nmght work.

N

m® 10 f/4 f/8 fl16  f/32

Sun, uneclipsedor partial eclipse, 6.0Dfilter400 1/2000s 1/500s 1/125s 1/30s
Sun, unecl i psedor partial eclipse, 5 0Dfil ter400 — 1/4000s 1/1000s 1/250s

un, total eclipse, proni nences 4,8 1600 1/4000s 1/1000s 1/250s 1/60s
un, total eclipse, i nner cor onéigl3) 7.5 1600 1/500s 1/125s 1/30s 1/8s
un, total eclipse, outer coronaffdd) 9.0 1600 1/125s 1/30s 1/8s 12s

Mbon

m® 10 f/4 /8 fl16 /32

Mbon, t hi ncrescent
Mbon, w de crescent
Mbon, quarter phase
Mbon, gi bbous

Mbon, full

400 1/250s 1/60s 1/15s 1/4s
400 1/500s 1/125s 1/30s 18s
400 1/1000s 1/250s 1/60s 1/15s
400 1/2000s 1/500s 1/125s 1/30s
400 1/4000s 1/1000s 1/250s 1/60s

w oo o
A BADNON

cont i nued over



Exposur e Tabl es

Mbon, dintylit featuresonterninator 5.9 1600 1/2000s 1/500s 1/125s 1/30s
Moon, brightlylit featuresontermnator 5.2 1600 1/4000s 1/1000s 1/250s 1/60s

Mbon, earthshi neonunlit portion 13.5 1600 1/2s 3s — —
Mbon, ecl i pse, parti al 4.4 400 1/2000s 1/500s 1/125s 1/30s
Mbon, ecl i pse, unirat penunbr a 10.5 1600 1/30s 1/8s 12s —
Mbon, eclipse, total, relativelylight12.2 1600 1/4s 1s 3s —
Mbon, eclipse, total, relativelydark 14.8 1600 2s 8s 35s —
A anets

m® SO fl4 f/8 f/16 f/32
Mer cury 4.0 400 1/2000s 1/500s 1/125s 1/30s
\enus 15 400 — — 1/2000s 1/500s
M s 4.0 400 1/2000s 1/500s 1/ 125s 1/30s
Jupi ter 5.3 400 1/1000s 1/250s 1/60s 1/15s
Mer cury 4.0 1600 — 1/2000s 1/500s 1/125s
\enus 1.5 1600 — — — 1/2000s
Mar s 4.0 1600 — 1/2000s 1/500s 1/125s
Jupi ter 5.3 1600 — 1/1000s 1/250s 1/60s
Saturn 6.7 1600 1/1000s 1/250s 1/60s 1/15s
U anus 8.6 1600 1/125s 1/30s 1/8s 1/2s
Nept une 9.3 1600 1/60s 1/15s 14s 1s

Deep- sky (pj ect s

No | SOsettingis specifed for deep-sky obj ects because deep-sky work i s so
di fferent fromdayti ne phot ography; pi ctures are nornal | y under exposed ( by
dayti ne standards) and strongly stretched i n processi ng. The | SOval ue used

i nthe cal cul ati ons was 1600, but sone caner as perfor mbest at settings as | ow
as 200.

m® fl4 f/8 f/16 f132

General deep- sky i nagi ng 18(typ.) 40s 3nin 12mn —

Nebul ae, bri ght est cores (M2, M7, M) 16 6s 25s 2nmn 7mn
Nebul ae, fai nt (Galifornia, Hrsehead) 20 4mn 15mn — —
Gl axi es, bright cores 18 40s 3nin 12nmn —
Gl axi es, outer regi ons 20 4mn 15mn — —
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HowExposur es ar e Gal cul at ed

The surface bri ght ness of cel estial objectsis neasuredas nagni t ude per square
arc-second M), where 1m¥ i s equi val ent tothelight of astar of nagnitude 1.0
spread out over one squar e ar c- second of sky, andj ust asw thstar nagni t udes,

hi gher nunber s i ndi catefai nter obj ects. O course, nost obj ects donot havet he
sane bri ght ness over their entire surface, soaverages are used. Exposures are
cal cul at ed by t he f or nul a:

f2
| 2:5120 m%)’
where tisexposuretinefisthef-ratiolisthelSOspeed, 2.512i s the base of
t he nagni t ude syst em and 9 account s f or t he di f f er ence bet weent he nagni t ude
scal eandt he bri ght ness scal e used wi t h | SOf | mspeeds.

The exposures are rounded to standard shutter speeds and are i nherently
approxi nate; eventw ce or hal f as nuch exposure nakes only a snal | differ-
ence. Inparticul ar, deep-sky work i s so unlike daytine phot ography that the
| SOspeed does not haveitsusual neani ng; i nage bri ght nessi s est abl i shed dur -

i ng post processi ng, and the canera’ sjobis sinplytocapture photons. Inthat
situation, anl SOval ueof 1600i sagoodstartingpoint for cal cul ati onsevenw th
canerasthat work better at al ower setting, still capturingthe sane nunber of
phot ons.

I nstead of MY, you nay sonetines see bright nesses of faint objects given
as nmagni t ude per square arc-mnut e (m’). Those are 8. 89 nagni t udes bri ght er
(lover), sothat, for exanpl e, = 18. 89m™.

{0 course, wthdigital sensors, unlikeflm noadjustnent for reciprocityfail -
urei s needed. Anot her differencebetweendigital andfl mphot ographyi st hat
sky foglimts are nore generous; the sky background does not havet o be dark
becauseit w |l besubtractedout.

t=
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atrous wavel et transf or n40
AS]Q 325
aberrations57, 103, 113
chromati c, 103, 113, 124, 137
ACFt el escopes, 89
adapt i ve honogenei t y-di rect ed (AHD)
deBayeri zat i on,203
ADMaccessori es, 147
Adobe Phot oshagpee Phot oshop
Adorana, 14
af ocal coupl i ng9, 95, 96
A-DdeBayeri zation, 203
Al adi n320
al i gnnent
i mages, 206
t el escope mount s, 149-152
Al-Sar Polar Aignnent 151
al pha channel , 23
al tazi mut h nount s, 139, 140
anat eur vs. prof essi onal
ast r ophot ogr aphy,
19-20
anpglow 287
anper e- hour s, 183
anperes, 183, 185
anal og-to-di gital converter (ADR91
Androneda Gal axy (MB1), 3,4
aperture,16, 101
apert ur e phot onet ry, 326-327
ASCMpl atform 165
aspect rati o}8
star i nages,176

ast er oi ds249-250, 329-330
Astro Pi xel Proceddor
ast r ocaner as, 7-9
Astronet ry. ng23-324
Astronomk LHG 314
Ast rophysi cs Dat a Syst em 330
Astrotracer]l, 12-13
at nospheri c refracti orl57
auroraboreal i s71
aut orot at e47
aut of ocus, 44
aut ogui der s,164
al gorithns, 171
calibratiori70
caner as, 166
communi cati onw thnount, 165
gui descopes, 166-167
gui di ng graphinterpretatiorl72
gui di ng qual i tyl71
periodi cerror correcti onandy4
settings281
sof t war e, 164
subpi xel accur acy,164
Aut oSt akker263, 268

BH 14

backl ash, 161

Backyar dEOS190
Backyar dNI KO\190, 264
Baht i nov nask, 58

Bar | owl enses, 96, 97

bar n-door t r acker 142
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bat t eri esl82-184
car e and st or age,187, 188
l'ifel83
| owt enper at ur e oper at i on,191
Baxendel |’ s unphot ogr aphabl e nebul a,330
Bayer matri x, 25, 27-28
decodi ng (deBayeri zat i on) 202-203, 216
Bel grado, @ anl uca,287
bi as,24, 197, 230, 282
bi as f r anes, 13, 70, 83, 86-87, 302
bi nni ng, 32, 293
bi t dept h,21-22, 47
bl oom ng, 286-287
bl ur,see al sbhar peni ng
Gaussi an, 40, 272
bokeh114
bri ght ness32-34, 101, see al sbret chi ng
cel estial obj ecB88
dynam c range, 253-254
Buil, Christia280

calibration(of i nages32-87, 195-230
4 net hods
|'i ghts and dar ks,199
lights, darks, fats, andfat darks,
199-200
lights, darks, fats, and bi @880

lights, darks, fat, fat darks, andbi as,

200-201
bi as f r anes,86-87
dark f ranes, 46, 49, 79
fat darks, 86, 301, 302
fat fel ds,10, 83, 198
sof t ware
DeepSky St acke11-212
Max| mDL , 222-223
Nebul osi t316
Pi x| nsi gf29-230
caner a hardware, sed)XSL.Rcaner as
caner a settings and oper ati on
calibrati onfranes32
dar k f rane aut onat i on, 46
di t heri ng82
exposuretines, 43
f ocusi ng,44-45, 57
| SOspeed, 45
nenu set ti ngs, 47

shutter tri ppi ngg2-57
sof t war e, 188
Canon caner as
ECSsystem 10
feat ures
Angl e A nder, 11
aut o- exposur e, 10
bul btiner,43
exposur e net er, 10
mrror | ock,55
fleformats,25
| enses,10, 45, 117
adapt er s,120
nodel s
20Ds, 10, 11, 29
300 11
40D, 42
60Dg, 10, 29, 109, 125, 257
80D 106
2000 11
300, 11
300D 4
3500 6
400D, 44, 51
750D 291
800D 291
80, 11
nonencl ature, 11
Rebel , 11
ot her nanuf act urer s and, 10-11
Cartes du G, 8ll8
QDsensors, 279
Gl estron
nounts, 17, 149, 164
t el escopes90, 98
chromati c aberrati on57, 113, 124
diffractiveopti ds7
chroni nance noi se, 292
aaff, WIliamR98
Qark, Roger N 280
Qear Xy Chart, 178
aQuVBsensors, 279
QwKcol or, 23
col or,27-30, 129
col or bal ance/ whi t e bal ance,
30, 48, 284
encodi ng, 23
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ganmut, 30
sat ur at i on246-247
spectral response306
color flter array (GFA)27
decodi ng, 202-203, 216
conets, 71,73
conpr essi on
of fles.24, 26
| ossy vs. | ossl es}
L2W 26
N kon caner as, 282
of focal | engt 95
conput ers, 15-16, 189
el ectri c power 186
constel | ati ongl
oke and Sons, 465
cosmcrays, striki ngsensd287-289
count erwei ght s, 148
coupl i ng (caneratot el escope) 987
adapt ers, 97
af ocal 9, 95, 96
conpr essi on, 95
di rect 95
negat i ve proj ect i or§5-96
pi ggybacki ng, 91, 95
posi ti ve proj ecti 084-96
Qovi ngt on, Sharon, 49
croppi ng, 222, 229
crosshai rs127-129, 150
cur ve shape, 33

dark cl i ppi ng,282
dark current ,46, 191, 197, 200, 289, 292
dark fats (fat darks) 86, 301, 302
dark franes, 83, 198, 230
aut onat i ¢, 46, 49, 79
gui de caner as, 169
nast er darks, 198
scal i ng201-202
dat abases, 320
dcr aw25
dead pi xel s,285
debayeri zat i on202-203, 216
deconvol ution,41-42, 179
Deep Sace Product s, 178
DeepSkySt ackdi3, 210-214, 211, 334
calibratiorll

set up, 211
stret chi ng13-214
user i nterfacell
di dymumfl ters, 316-317
di f f erenci ngg49-253
Max! mDL , 252
Nebul osi 1362-253
Phot osho253
Pi xI nsi gras0-251
di ffracti onspi ke$27-129
diffractive opti d85-137
D gital Devel opnent Processi ng (COP),
207
digital flesedles
digital i nagessee nage properties
digital nunbers (DN\s), 281
di odes, 185
di spl ays,34
distortiorll4
DNGConvert et 25
Dokkum P et er van, 108
dot s per i nch (dpi )31
doubl e Gauss | enses, 131, 133-134
dovetai | hardvare, 146-148
downsanpl i ng, 31, 178-179, 292
downst reamnoi se, 291
Dragonfy Proj ect, 108
drift net hod, 154-155
drizzleal gorithn32
DeLRcaneras, 4-5
choosi ng a nodel , 10
nanuf act ur er, 10-11
shoppi ng st rat egy,13
coupl i ngtotel escope4-97
Cross-secti ol
el ectroni c frst-curtai nshut ié12
eyepi ece di opt er 50-51
flter nodi f cati ons29, 307
generati ons.277
LDdi spl ays
fip-out,11
limtinglight em ssi o6l
vi ew ng, 49-50
LiveMew 11
per f or mance, 279
strap and eyepi ece cover 51
dust (on sensor) 6062
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DxQnar k , 297 TIFF 23,26

noi se anal ysi s304-305 X SF 27
dyeflters315-316 si ze,24, 25
dynam ¢ range, 295-297, 296, 301, 305 conpr essi on, 24

nenu set ti ngs, 48

eccentricity (of ellip&@p, f 1 mphot ogr aphy, 9-10

ecl i pses73, 259-263 digita processing33-334
edge enhancenent, 35 light diffusios
el ectri c pover182-188 nonl i neari ty9
vol t age,185 phot oel ect r rons278
el ect rol um nescence287 resol uti onl6
el ectroni c frst-curtai nshut é12 shar pness, 113-114

entropy, naxi mum 41
Envi ronnent Canada, 178

fl mscanners, 333

. flters
equat orial nounts di dymium 316-317
fork,141 di dym umgl ass, 316-317
Gernan (@BAW), 143 dye, 315
har dware, 146-148 hydr ogen- al pha, 307-308
Er nemann Ernost ar, 132 i nt erf erenced18
Estes, B ake92, 314 light pol | uti 0®10-313
et hi cs19 nebul a- f avori ng313-314
EX Fnet adat a, 47, 62 ref ect i ons317
EXI FLOG, 62 Fi r eCapt uras4
exposur e set ti ngs43, 80-81 A TSfl es,26
cal cul ati or838 f xed- ens caner as, 8-9
fat felds,85 f xed- pat t er n noi se285
| unar phot ogr aphy, 63, 336 fat darks (dark fat s) 86, 301, 302
pl anet 5,337 fat fel ds,10, 83, 198
sol ar phot ogr aphy, 256, 336 acqui si ti org5
star clusters, nebul ae and gal axi es, bi nni ng vs snwot hi ng, 198
80, 337 dark fats,41, 86

vi deo i nagi ng, 265 dust on sensor and, 61
eyepi ece,50-51, 107 Pi xI nsi gia30

eyepi ece di opt er (on caner a) 50-51 synt het i c241

fexure, 141, 155, 156, 157, 162, 175
focal | ength100
500- nmopt i num 16
f-ratioandl02
vi deo pl anet ary i nagi ng, 271
f ocusi ng,44-45

f-ratid01-102, 112

Fast ar,90

fel dof view
| enses,103-104, 110
sol ar and | unar phot ogr aphy, 255-256
t el escopes103-104

fel drotationy3, 75, 126, 140, 156 conput er - ai ded, 58
fles stars;/0
EX Fnet adat a, 47, 62 t el escopes59

fornat s and t ypes fork mount, 141

F TS, 26, 216, 222 Fot odii gx, 120
JPEG 23,25 Four Thi rds syst em 105, 116

NG 26 franes, 23
raw 1,23 Fresnel , Jear]35
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gal acti c ci rrus30 et hical i ssued9
gal axi es gamma correction, 22, 34
exposuretines, 80 see al soretching

M7, 42 nasks, 247-249

MB1, 3,4 post pr ocessi ng,208

MB3, 109 shar peni ng, 35-36

M4, 179 deconval uti on, 4142, 179

ganma cor rection, 22, 34, 206-207
col or saturati on and246 wavel et transform37
di gital devel opnent processi ng207 st acki ng,74, 79, 203, 258
gamut, 30 stret chi ng22, 34, 6668, 213-214, 220
@EM(Grnanequatoria nount), 143 i nage si ze, 31-32

mul ti scal e processi n37—41

ad M, 15,67

grai n,59-60, see al $0i se

ground | oops, 187

gui de caner as, 166, 175
hot pi xel s]169

gui descopes, 166-167

gui di ng
gui descope, 166-167
of f - axi s167-168
on- axi s,168

Har t nann mask, 58
hat tri ck56
hi gh-resol uti onvi deseevi deo
i nagi ng
highlight toneprioritysetting
(Ganon), 47
hi st ogr ans, 32-33, 81
equal i zati on33
Hor sehead nebul a, 311
hot pi xel s46, 285
i ngui de carer a, 169
star eat er §0
human eye, 3
hydr ogen- al pha sensi ti vi t 29, 309
hyst eresi s171

i nage arithnetic,195
di ff erenci ng49
nean, 205
nedi an, 205-206
sunmng, 204

i nage processi ng, see al sal i brati on

background f at t eni ng, 239-242
bi nni ng, 32, 293

di ff erenci ngR49-253

downsanpl i ng, 28, 178-179, 292

dot s per i nch,31
nenu set ti ngs, 48
| mages Pl ug4
aut onat i ¢ f ocusi ng,58
| magi ngSource DK, 166
I nnovat i ons For esi ght 168
i nt egr at ed f ux nebul osi t y330
i ntegrati or203
interferenceflter3l8
i nterpol ati org7
I nt erst el | arumbDeep Sky, 82Das
i Qpt ron SkyTracker, 142, 144
| Oset ti ngs4d
naxi oumrating, 13
sensor adj ust nent ,283
sof t war e net hods and, 209-210
true | SOspeed, 295
I SO i nvari ance277, 294-295, 299

Jaki el , R char@3
Janesi ck, Janes R 305
Jessop’' s14
JPEGf| es, 25
col or bal ance30
ganma cor recti on, 23, 34
stret chi ng and68
Jupi t er 264, 266, 267

KEH 14
Kodak, 105

Laband L a b color,23
| ateral i mage shi f59
| enses,see al $eratio, fel dof view
focal I ength
adapt er s,120
M2 1 ens nount, 121
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| enses ¢ont).
anti-refectioncoati ngs33
aperture,sed-ratio/f-ratio
aperturering, absent onsone | enses]20
astignati sm127
bokeh114
Ganon caneras, 10, 45, 117
choosi ng, 16-17
constructionqual i t{16-117
desi gn evol ution,129-130, 131
diffractive opti &85-137
distortiorll4
doubl e Gauss, 131, 133-134
fsheye, 71
nacro, 134
mrror,134-135
MF curves, 114-116
N kon caneras, 10, 45, 117-119
qual i ty113-114
si ze,110
supporting and nounti ng, 122
tel ecentri ci 6
t el ephot 0,16, 131, 134
| unar phot ogr aphy, 63-64
testingl24
limtations of desigi24
triplet faml 31, 132
vi brati on-reduci ng;7, 135
vi gnet ti ng,107, 124
zoom 108-109, 112-113
I'i ght accumul ati on3
|'i ght boxesB85
light franes198, 230, 301
light pol | uti 0810-313
Li ve M ew 5, 11-13, 45, 57, 70
| ow pass fl tering28
Lowel |, Percival 271
LR®Bi nages, 23
| uni nance, 22-23, 34
| unar phot ogr aphy, seéwon

Mobj ect s, seegal axi es; nebul ae; star cl usters

M2, seddionNebul a

Mi2 | ens nount, 121

nagni f cati on (of api cture)106-107
Mai tani, Yoshi hi sal32

Maksut ov- Cassegr ai n't el escopes59, 90

Mrs, 267
Mrtinec, Bml,280
Max| mDL , 14, 26, 220-226
aut ogui di ng, 166
background f at t eni ng, 241-242
cal i brati or§22-223
col or ali gnnent ,270
col or saturati o246
deconvol ution, 41
di f f erenci ngg52
fleediting222
i mage anal ysi s,58
sensor testingB0l
stret chi ngg7, 225-226
user i nterface&21
naxi numentropy, 41
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Digital SLR Astrophotography

Praise for the First Edition:

“You never stop learning about this vast topic, so it’s
greatwhen a book comes along that’s loaded with tips
to take your imaging further. ... Covington conveys the
information in such a relaxed style that even the technical
stuffis pleasantto read. Everything about DSLRs you can
think of is covered here and the text is complemented by
clearand informative line drawings and black and white
photos. lllustrations showing you how to couple a
cameraand atelescope are particularly good and very
helpful for beginners. The textis littered with common-
sense practical advice and useful tips ... every DLSR
astrophotographer should have a copy of this great
book.”

BBC Sky at Night

“[This] is a book that could get an amateur from beinga
complete astrophotography novice to an advanced DSLR
imager ... For someone starting out on the road to DSLR
astro-imaging it is well worth having.”

Astronomy Now

“1found this book to be very useful [to] solve some of the
difficulties | was having, and can thoroughly recommend
it.Itis avaluable addition to the astro-imagers
bookshelf.”

F.A.S. Newsletter

“The book is well written and contains a wealth of
practical advice, from someone who's obviously
writing from experience. ... If you're the least bit
interested in amateur astronomy or digital imaging
techniques, you will learn a lot from its pages.”
Mark williamson, Satellite Evolution Group

Back cover: Images of the Horsehead Nebula field with a conventional DSLR (Canon
40D, left) and one with extended red sensitivity (Canon 60Da, right).

Front cover: Andromeda Galaxy (M31). Stack of six 3-minute exposures, 6.5-cm /6.5
AT65EDQ refractor, Nikon D5300 at1S0 200, Celestron AVX mount, autoguided with

guidescope and PHD2 software.

DYC

ISBN 978-1 —31 6-63993-1




	Contents
	Preface
	Part I DSLRs for Astrophotography
	1 Welcome to DSLR Astrophotography

	Part II Equipment and Techniques
	Part III Image Processing
	Part IV Advanced Topics
	15 Sensor Performance

	Part V Appendices
	A Digital Processing of Film Images
	B Exposure Tables
	B.1 Sun


	Index

