




































































































































































































































ASTROPHOTOGRAPHY WITH MARK THOMPSON 

A These red (!�ft), green (centre) and blue (right) subs of NCC 7000 clearly show 

that the nebula emits more light in the red spectrum than in the blue or green. 

camera to give you the best resolution possible (having calcu lated the best camera for your  
telescope, as we d id in Chapter 1 ), but  with the beauty of  fu l l-colour images. Th i s  is achieved 
by taking mono subs through different colour fi lters and then combining them later using 
processing. The results are very impressive but patience is needed to get the end resu lt. 

An important point here is that RGB images are supposed to offer a reasonably good 
colour balance. This is not the same as being representative of the view seen by the human 
eye. The eye is actual ly a pretty poor detector for astronomical purposes and has its peak 
sensitivity when dark adapted in the green part of the spectrum. That is why deep-sky 
objects look bluey-green when looked at through a telescope, and I for one would rather 
produce g loriously coloured images that are bala nced wel l  instead of images representative 
of the view that I can see anytime. 

One of the advantages of tri-colour imaging is that you do not have to restrict yourself to 
using the standard red, green and blue fi lters to produce red, green and blue su bs. An extra 
layer ca n be added by taking a luminance sub, which boosts the level of deta i l  that can be 
seen. The fi l ters work by blocking some wavelengths of l ight whi le a l lowing others through 
- in the case of a red fi lter, for example, it wil l let red light through but block a l l  other wave­
lengths. So by taking a mono image through a red filter, a l l  the camera is doing is recording 
the red l ight from the object. By repeating this process through a blue and green fi lter, a 
fu l l-colour image can be produced. 

A An RGB combined image (leji) compared to an LRGB with the luminance 

channel adding theji.ne level o.f detail (right). 



chapter 4 DEEP-SKY I MAGES 

Standard RGB tri-colour imaging can be used on al l  deep-sky objects but there is another 
set of fi lters, cal led narrowband, which can be used to greatly enhance the detail seen in 
em ission nebulae. These na rrowband fi lters use hydrogen-a lpha (H-a lpha), oxygen-I l l  (0 I l l) 
and su lphur- I I  (S I I )  instead of the sta ndard red, green and blue, and you can get some rea l ly  
a mazing results. Other narrowband fi lters l ike hydrogen-beta (H-beta) and nitrogen-II (N I I )  
a re a lso avai lab le and these can reveal a lot of otherwise hidden deta i l .  Narrowband filters a re 
different to RGB fi lters in that they block out more l ight than the standard ones and only 
a l low through a narrow band of l ight, hence their  name. The name of the filter (for exam ple, 
hydrogen-alpha) comes from the chemical element that is responsible for emitting that 
specific wavelength of l ight - by using narrowband filters not only wi l l  you record more 
detail but, because they block out more wavelengths of l ight, they can a lso be used to great 
advantage in l ight-pol luted skies. 

The em ission nebulae that na rrowband fi lters are so great at imaging are visible only 
because the energy from nearby stars is exciting atoms with in the c loud and causing them 
to g low or emit their own l ight, in  just the same way that a neon tube g lows. The chief 
difference between using RGB fi lters and a narrowband set is that the image produced by 
RGB tries to emulate what the eye might see, should it be capable of detecti ng colour on 
such faint objects. Narrowband fi lters, on the other hand, do not try to s imulate this and 
instead produce what is often cal led a false-colour image, but in doing so they provide a 
m uch higher level of deta i l .  

We wi l l  leave narrowba nd i maging for now and concentrate on RGB fi rst. A s imple 
RGB image can be achieved by ta king a single exposure through each of the red, green and 
blue fi lters, giving you three black-and-white pictures. This  point is im portant as many people 

� 
G' 
c 
Cl/ "(j � 
Cl/ 
E B 
c 
"' 
::> 
CT 

70 

60 

50 

40 

30 

20 

1 0  

0 

Atik 3 l 4L + (ICX285AL) 

I 
I 

. I I 
I I I I I I I I I 

- -� - - - - - + - - - - - -� - - - � - - - - - � - - - - - - � - - - - - � - - - - - - � - - - - - � - - - - -- � - - - - -
' I I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
I I I I l I I I I 

I I I I I I I I I I I - 1- - - - - -r----- T- -----,------ T- - - --,-- ----r-- - - - -, - - -- -- r-- - - - -, ------ r-----
I I I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 

-- -- +- - - - - - 1- - ---- + - - - ---·- - - - - -+ - - - - - -1-- -- -+------1--- ---1-- ---- -1------1----- -
I I I I I I I t I I I 
l I l I l I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 

_ _ _ _ _  _i _ _ _ _ _ _  L _ _ _ _ _  .L _ _ _ _ _ _  1 _ _ _ _ _ _  .L _ _ _ _ _  _1 _ _ _ _ _ _  1. __ __J _ _ _ _ _ _  L _ _ _ _ _  _J _ _ _ _ _ _  L _ _ _ _  _ 
l I I I I t I I I I I 
J I I I I I I I I l 
I I I I I I I I I I 
I I I I I I I I I I I 
I I I I t t I I I I I 

- - - - - -t - - - - --1- - - - - - T- - - - - -1- - - - - - T - - - - - -1- - - - - - r- - - - - -1- - - - r------1------r-----
1 I I I I I I I I I 
I I I I I I I I I I 
I I I I I I I I I I 
I I I I I l I l I I 

_ _ _ _ _  i _ _ _ _ _ _  L-----i------'------L _ _ _ _ _  J _ _ _ _ _ _  L _ _ _ _ _  J _ _ _ _ _ _  L-----�-- -L-----
J I I I l I I I I I 
J I I I I I I I I I 
I I I I I I I I I t 
I I I I I l I I I I 
I I I I I I I I I l 

400 450 500 550 600 650 700 750 800 850 900 950 1000 

wavelength (nm) 

.._ The quantum (![ficiency graph o/ the Sony ICX285AL chip which is used inside 

the Atik 314L+ camera shows it is more sensitive at a wavelength a./ around 

530 nanometres, which is in the green part of the spectrum .  
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expect to see a red image, a blue image and a green image, but the colour only appears once 
the images are combined in image processing later. The mono pictures a re then loaded i nto 
software l i ke Maxim DL or Photoshop and are assigned to the appropriate red, green or blue 
channel of the new, combined colour image. This process is s imple and essentia l ly  involves 
tel l ing the software that you wish to use I mage 1 for the red channel, I mage 2 for the green 
channel and Image 3 for the blue channel, and will give reasonably good fu l l-colour  images. 
A modification to this approach is to fol low the same technique as we used during mono 
imagi ng, where a number of subs were taken to reduce the signa l-to-noise ratio. I f  we aim for 
perhaps five subs at the req uired exposure per colour filter, then that wi l l  resu lt  in a total of 
1 5  subs. When it comes to processing, the five red subs are combined to produce the master 
red; this is repeated with the green and blue subs, before the three master subs are com­
bined to produce the colour image. As you can see, this starts to become time-consum ing 
- for example, if you a re working at exposu res of 1 minute, then instead of a total exposure 
t ime of 3 minutes it ends up being an exposure time of 1 5  minutes. If you are exposing for 
longer with a guided system of perhaps 5-minute subs, then this equates to 75 minutes of 
imaging time - over an houri The results wi l l  be worth it, though. 

I t  is appropriate here to mention file naming briefly, because if you end up with 1 5  fi les 
(or many more) it is very easy to get confused over which is which. There is no real naming 
convention that everyone uses, so just make sure you decide on a naming system a nd stick 
to it. This wi l l  avoid you making mistakes when you start to process the subs and combine 
them al l together. 

One of the drawbacks of this approach with red, green and blue filters is that quite a 
lot of information is lost. Take a look through a telescope fi lter with an eyepiece in place 
a nd you wil l  see that the image is quite dark when compared to a normal unfi ltered view. 
With fi lters in place, less l ight reaches the CCD so the level of detail in the fina l  combined 
colour image is reduced. The solution is to use a straight mono unfi l tered image to boost the 
level of deta i l ,  producing what is known as an LRGB image, where L stands for ' luminance'. 
A great way of understand ing how this works is to think how black-and-white photographs 

.A. LRGB images can be processed without consideration of the sensitivity of the 

CCD chip but the result will be poorly colour balanced (leji). To get a true colour 

representation of NCC 7000, the colour channels were adjusted to compensate (right). 
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A Tbe luminance image (!�ft) q/M51 is a/full resolution witb 1 X 1 binning, but 

tbe resolution of tbe red image to tbe rigbt is rnucb less at 3 X 3 binning. 

were coloured before the days of colour photography. The black-and-white picture provided 
the deta i l  and the colour, appl ied over the top, turned it into a colour picture. In CCD terms, 
the mono lumi nance sub is high resolution with a l l  the detail and the colour is appl ied 
from the red, green a nd blue subs. Clear or luminance fi lters are used to get the luminance 
data, a nd while some of them may look l ike a clear piece of g lass they wi l l  often block a l ittle 
of the infrared signal that can cause the image to blur. Others block nothi ng and truly are 
clear filters, but they should sti l l  be used as leaving them out may mean you wi l l  need to 
adjust the focus very s l ightly. Most people buy a set of LRGB fi lters that a re sold as parfoca l, 
which means that as  long as the fi lter wheel is wel l  bui lt you wil l not need to adjust the focus 
when swapping between fi lters. 

I nterestingly, because the red, green and blue fi lters are denser than the lumi nance or 
clear fi lter, a lot less l ight gets passed through. The sensitivity of the CCD chip should a lso be 
taken into account, and as the graph for my camera shows (see page 1 1 5), sensitivity varies 
across the visible spectrum. This should a l l  be taken into account when thinking about 
exposure times; however, the s implest method is to take exposures of the same length 
through each of the colour fi lters. If you are interested in working out the correct exposure 
times then you need to take a look at a quantum efficiency (QE) graph for your  particu lar  
camera. If the graph is not supplied when your  camera arrives, then you wi l l  have to search 
on l ine for it. In many cases, it is easier to find the graph relevant to your  camera by searching 
for the chip rather than the camera. My Atik 3 1 4L + uses a Sony ICX285AL chip, so a q u ick 
search onl ine reveals the quantum efficiency graph.  

The majority of red filters genera l ly  transmit in the regions around 680 nm, with green 
fi lters around 530 nm and blue fi lters at about 470 nm. If you look at those wavelengths on 
the graph on page 1 1 5 then you can see that it is most sensitive in the green part of the 
spectrum with a q uantum efficiency of 65%; blue is next with a QE of 60%, fol lowed by red 
which is least sensitive at 50%. 

It is easy to see that equal  exposure times for a l l  filters would  give roughly the same 
i nformation for blue and green exposures, but 1 0% less information would be captured with 
the red fi lter. To adjust for this in my imaging, I tend to make red exposures 1 . 1 5  times longer 
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than the green exposu res, and if I wanted to be very accurate then I would also make the 
blue exposures 1 .05 times longer. It is worth noting here that to achieve a lmost perfect 
colour balance you should not only take into account the sensitivity of the CCD chip, but a lso 
the density of the fi lters a nd the distorting effect of the atmosphere. The only way of doing 
th is is to point the telescope at a moderately bright white star near the zenith, a nd take it 
s l ightly out of focus. Finding a star of the G2 class means it is the right colour, a nd one l ike 
Xi Ursa Majoris is just the right brightness at magnitude 4.9. With this star centred in the 
camera, take equa l-length exposures through each filter that a re long enough to register a 
brightness of no more than 50,000 ADU in each filter. This va lue is found by choosing the 
'information tool'  in  Maxim DL and selecting the star  with the mouse - this wi l l  bring up a 
window with its brightness, which is usual ly referenced as its ADU (analog/digital un it) value. 

You wi l l  end up with three values - for example, I get red at 22,000, green at 25,000 a nd 
blue at 23,000. From these values, we need to do a few sums to work out the correction factor 
for each fi l ter. The calculation is simply 1 divided by (star brightness va lue divided by 
maxim u m  star brightness value). As an exa mple we can look at the red fi lter for my set-up -
the calcu lation becomes: 

1 -;- (22,000 -;- 25,000) 

which gives me 1 . 1 3  for the red filter. P lugging in the values for blue I get 1 .08 a nd, of course, 
for green a va lue of 1 .00, so these are the figures that I use to work out exposure times for 
proper colour balance with my specific set of fi lters and camera. If an exposure with the 
green filter is 5 minutes, then the red filter exposure will be 5 minutes 36 seconds, with the 
blue fi lter 5 minutes 24 seconds. Some people go to the extent of applying a further correc­
tion factor due to atmospheric effects, which is dependent on the a ltitude of the star, but 
I have never found this to make a significant difference. An alternative approach to adjusting 
the exposure times at the telescope is to keep the exposure times the same for all fi lters and 
then adjust how they are processed when combining them in software, a nd we wil l  take a 
look at this in Cha pter 5. 

Whether you have worked out the correct exposure times for d ifferent fi lters or a re just 
sticking to equal exposures, it is still a good idea to expose the red, green and blue channels 
for longer than the l u minance channel so that they produce the same level of information. 
In principle, the red, green and blue images should be three times as long as  the l u m inance 
channel, but this can make your total imaging time skyrocket. For example, if you are taking 
5-minute subs and taking 5 minutes for each channel, then the luminance data wi l l  take 
25 minutes a nd the colou r channels a whopping 75 minutes! 

Fortu nately, there is a way to reduce this imaging time by lowering the resolution of 
the three colour i mages. This can be done in a process that is known as binning, which 
i s  achieved by tel l ing your  CCD camera to combine the signal from four  (2 x 2 binning) 
pixe ls  and consider them as  one. By doing this, the resol ution of the image is  decreased 
but this comes with an increase in  sensitivity of a bout four  times. Having binned the 
i mage (which is  controlled when the exposure is set up in the camera-control softwa re), 
the exposure times for colour channels wi l l  be about the same as  the l um ina nce channel 



... Making sure the colour balance is 

correct is key to getting an accurate 

representation of the object's true colour; 

like this image of the Trifid Nebula over 

5, 000 light years away. 

and wi l l record the same amount of data. 
I t  i s  more common, however, to u se 3 x 3 
b inn ing, which combines -the s ignal  from 
n ine pixels  thus i ncreasing the sensitivity 
even more, leading to exposure times for 
the colour channels  of about a th i rd of the 
lumi na nce channel .  So using the exa mple 
a bove, which had a total imaging t ime of 
1 00 min utes, we can now reduce the time 
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taken at the telescope to just 50 minutes. The only extra task that needs to be done is 
d u ri ng processing, where the colour images wi l l  need to be resized to match the size of the 
l u minance image, but the lower resol ution that this technique yields (and the colou r subs 
wi l l  look horr ib le when you look at them individual ly) is not an issue becau se the deta i l  i s  
provided by the l umina nce channel, which i s  sti l l  at fu l l  resolution. 

Th i s  might al l  sound horr ibly compl icated, but with the sequencing feature ava i lab le in 
many pieces of camera-control software it i s  pretty easy. Assuming you have i nvested 
in computerized fi lter  wheels, which I bel ieve a re essential, then you s imply i n put your 
chosen exposu res, number of subs and which fi lter is used and the com puter runs the 
whole lot for you. 

Ear l ier, we looked at the na rrowband imaging technique to get a fi ner level of deta i l  
recorded i n  the colour channels  (see page 1 1 5) .  I n  order to produce a narrowband picture, 
subs a re taken through each of three (a lthough it is possi ble to u se more) fi lters and then 
assigned to either the red, green or blue channel d u ring processi ng. I n  rea l ity it i s  not too 
important which sub is app l ied to which channel as al l  na rrowband images a re effectively 
false colour a nyway. U n l i ke LRGB imaging, there is no l u m ina nce channel u sed in narrow­
band work, so keep the exposure t imes the same for each fi l ter, take a n u m ber of exposures 
to i mprove the s igna l-to-noise ratio, and then median combine in processing software to 
produce master subs before a pplying to the channels. This technique i s  even used by the 
H u bble Space Telescope and other professional observatories to enhance d ifferent deta i ls .  
Although it does not rea l ly matter which fi lter is appl ied to which channel ,  I do tend to 
a pply fi lters to channels  depending on what types of object I am imaging;  for example, the 
l ight from pla netary nebulae comes mostly from excited oxygen atoms so I use hydrogen­
a l pha in the red channel  and 0 I l l in  both the blue and green channels .  Emission nebu lae, 
on the other hand, l ike the majority of the Orion Nebula,  are g lowing from l ight  emitted 
from hydrogen atoms, so I wi l l  use hydrogen-a lpha for the red channel ,  0 I l l  for the green 
and then hydrogen-beta for the blue channel. Try experimenting a little as  there i s  no r ight 
or wrong way of doing this, u n l ike LRGB which tr ies to s imu late rea l  colour. 



ASTROPHOTOGRAPHY WITH MARK THOMPSON 

A Narrowband imaging qf some objects like tbe Dumbbell Nebula (rigbl) can reveal 

detail that migbt not bave been seen in an LRGB image (lejt). 

Exposure t imes for narrowband subs tend to be much longer because of the lesser 
a mou nts of l ight being a l lowed through the fi lters. It is fa ir ly typical for exposures to be 
a bout ten times longer with narrowband filters, so if you were taking pictures of 5 minutes' 
exposure with LRGB then you can expect to be taking one exposure lasting 50 minutes! 
You wi l l  sti l l  need to median combine a number of subs into one master, so taking five subs 
each of 50 minutes means you wi l l  be imaging for 250 minutes for just one fi lter and a total 
of 750 minutes (or 1 2.5 hours) for a fu l l  set of su bs. Don't forget to include the usua l  dark 
frames and fiat fields as we discussed at the start of this chapter and you can see that it is not 
unusua l  to be working on one image over a nu mber of nights. 

There is one potential pitfa l l  with narrowband work but it is only relevant if you a re using 
a guide camera with an  off-axis guide u nit or if your  camera has two chips. Either of these two 
a pproaches means the guide camera is very l i kely to be imaging through the na rrowband 
fi lter too, so fi nding a g uide star can be much harder. Many people opt for us ing a separate 
g uide camera and gu ide scope so the challenge of finding a fa int gu ide star through the 
narrowband filters is removed. 

As you can see, tri-colour imaging takes a lot of time and a lot of patience but the results 
can be incredible. One-shot colour cameras can give you great a nd fast results but while it 
is possible to dabble in  na rrowband imaging with one of these cameras, it is really not ideal. 
In my opinion, the Aexibi l ity and the high level of sensitivity offered by a mono camera and 

Narrowband filters 

By using a variety of combinations of narrowband filters (H-alpha, H-beta, 0 I l l  and S 11), 
different detail wil l  be revealed so it is worth experimenting. But remember: because 

the filters let less light through, exposure times will be much greater (you should expect 

a round ten times longer). 
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a set of fi lters far outweigh the benefits of speed that one-shot colour cameras offer. Whi le 
one-shot colour CCD cameras remain the least popular option, using DSLRs seems to be 
gain ing in popul arity a l ittle. 

It is appropriate to mention briefly the drawbacks of using DSLRs for deep-sky imaging. 
The main issues are noise and the infrared blocking fi lter. Many of the astronomical CCD 
cameras have some form of cool ing as we looked at earl ier (see page 97) and by cool ing 
them you can min imize the effects of noise, but this is not an option with DSLRs so you must 
make sure you take dark frames to remove the effect. The i nfrared blocking fi lter is not so easy 
to resolve but its impact is great when it comes to trying to image the red emission nebulae. 
Most CCD ch ips, including those u sed in DSLR cameras, are sensitive in the infrared part of 
the spectrum a nd certa inly a good proportion of the l ight coming from emission nebulae is 
in the infrared. The presence of the blocking filter means that there wi l l  be a s ignificant 
impact on the amount of l ight to which the CCD is exposed, so idea l ly for i maging nebulae 
the infrared blocking fi lter should be removed. This is a specialist job and certa in ly not one 
that you wou ld  want to attack yourself if you are unfami l iar  with the workings of a camera. 
It is probably best, therefore, to get a DSLR just for use in astronomical imaging because it is 
not practical to keep removing and replacing the filter. Using a modified DSLR wi l l  give you a 
funny colour bala nce for normal daytime shots but this is avoidable by messing around with 
the white balance settings. The infrared blocking fi lter is less of an issue for ga laxy or ste l lar  
shots, however, so these can be captured without i ts  removal .  

Capturing the shots with a DSLR i s  best by setti ng the ISO to a bout 800. I fi nd this 
setting offers a good sensitivity, not too strong for stars and just a bout manageable for 
deep-sky objects. H igher ISOs a re possible but they tend to lose the colour in the brig hter 
stars so I usua l ly stick with the lower 800 setting. The apertu re setting i s  now no longer 
ava i lable as  we a re us ing a telescope in place of the lens, but the same pr inciples for 
focusing and fra ming that we d iscussed ear l ier can be used. The automatic focus ing option 
is not a lways poss ib le with DSLRs because it relies on com puter ana lysis of the image 
fol lowed by automatica l ly executing a change to the focus, and not al l  cameras  have the 
software drivers for the advanced camera-control software that offers this feature. I nstead 

• A cooled CCD image q/NGC 7000 (lejl) compared to a JO-minute exposure from 

a DSLR which was not cooled (right). 
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i t  wil l be a manua l  job using either the rel ia ble Bahti nov mask or the less rel iab le human 
eye. With the  camera focused and the  object nicely composed i n  the field of view, 
you should take a n umber of exposures a round 1 0  minutes each .  The exposure wi l l  be 
l imited for a DSLR not just by the tracking ab i l ity of the mount (if ungu ided) but a lso by 
the thermal noise bui ld ing u p  in the u ncooled camera. Exposu res of much more than 
10  minutes tend to start suffer ing with  thermal noise bui ld-up, which i s  too much to 
eradicate with  dark  frames. Take as many subs as you feel a ppropriate but t ry  start ing 
with a bout five to see what the resu l t  is l i ke. A total exposure t ime of SO minutes should be 
sufficient for most objects but you can a lways do more for fainter targets. 

Object too big? Make a mosaic 

If the image is too big for your camera-and-focal-length combination then do not worry -
you don't need to buy a s horter-focal-length telescope or a CCD with a larger chip. 
Both these options are a bit costly so instead you should try shooting a mosaic. We are a l l  
fami l iar  with mosaics from o u r  school days when we made them o u t  o f  ripped-up pieces of 
magazines to produce a new picture. Astronomical mosaics requ i re a little more planning to 
get right so that is where the process should start. The easiest way to plan for mosaic work is 
to use software that a l lows you to set up an indicator that shows the field of view of your 
camera. I use TheSky 6.0 Professional but most planeta rium software a l lows you to do this 

A This ·image qf tbe Nortb America Nebula was too large to fit on to one image so 

it is a mosaic ojfour individual images tbat were captured, calibrated, processed 

and tben combined. 
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A A simulated CCD field of view of tbe Nortb America Nebula wbicb sbows tbat 

tbe object is too large to be captured in onejiwne a./ camera and telescope witbout 

using 1nosaics. 

these days. By selecting either the type of camera or using the custom function to enter the 
d imensions of the chip, the software will calcu late how m uch of the sky this will cover with 
your particular telescope focal length. 

With this representation of your field of view you can now plan where to take the images 
and even what rotation your camera should be at to best captu re the object. While planning 
the position of your  frames, make sure you overlap each one by a good amount so that 
you can reconstruct the mosaic later in your image-processing software. Take care when 
prod ucing mosaics with very short-focal-length telescopes. These give you a very wide view 
of the night sky a nd because the sky is to a l l  intents curved, transferring that on to a flat CCD 
chip will lead to distortions. At longer focal lengths this d istortion is not noticeable, but at 
shorter focal lengths you may find there are issues with getting the frames to l ine up when 
you process them. To minimize this, stick to the longest-focal-length system you have that 
a l lows you to capture the image with as few mosaic tiles as possible. 

That pretty much covers al l the basics of getting deep-sky images through a telescope. 
Whether you have a CCD or a DSLR, capturing the raw image is only ha lf of the battle. After a n  
imaging run, you w i l l  now have lots o f  frames that need pul l ing together into t h e  fi n a l  image. 
Once you have got your  end result al l processed and looking lovely, it is q u ite fascinating to 
compare it to one of your  raw image fi les. The difference wi l l  be amazing, particularly if you 
are tri-colour imaging or using narrowband fi lters. Either way, you a re now halfway through 
producing your beautiful prized picture. The next chapter wi l l  now lead you carefu l ly through 
the field of image processing. 
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ASTRONOM ICAL I MAG E PROCESS I NG 

COMPOSING AND TAKING pictures of family, friends or scenery is usual ly enough to 
capture the moment, but when it comes to astrophotography things a re a l ittle 

d ifferent. Capturing the raw image is on ly a small part of prod ucing the fina l  picture, whi le a 
surprising a mount of time can be taken up with image processing. Regardless of whether 
you a re working with a webcam video, mono or colour CCD, or even a DSLR, you wil l 
invariably need to perform some tasks at the computer to enhance the image you have just 
captured. These can be simply adjusting the contrast or brightness levels a l l  the way through 
to complex mathematical manipu lation of the image. 

As we have a l ready seen, a digital chip is an a rray of pixels or l ight-sensitive devices which 
produce an electrical charge that is representative of the amount of l ight they received, with 
more l ig ht producing a h igher charge. Digital images are therefore essentia l ly represented in 
a computer by a grid of numbers from the charge in the individual pixels, with the number 
equivalent to the brightness of the portion of the sky that the individual pixel was imaging. 
This may sound a l ittle confusing but the principle can be s impl ified if  we imagine a pixel 
that can only detect two levels of brightness: dark and l ight (compared to modern digital 
ch ips which can record thousands of d ifferent brightness levels). I n  the computer, that pixel 
wi l l  either have a va l ue of 1 if it has detected l ight or 0 if no l ight is detected. Now imagine 
thousands of these pixels arranged i n  the grid that wi l l  produce a matrix of 1 s a nd Os 
when trying to record a fu l l  image. This is in effect al l  that an image is composed of inside a 
computer, a lthough of course the range of numbers wi l l  be much larger due to the greater 
sensitivity to different l ig ht levels. 

Having captured the raw image or images, the act of image processing is a l l  a bout 
manipu lating the numbers that represent the brightness detected by each pixel. The primary 

purpose of image processing is to enhance 
the detai l  visible in a n  image, but it can be 
used to correct some minor levels of defects 
found in images too. What it cannot do is 
perform magic and turn a rubbish picture 
into a bri l l iant one, so your raw images sti l l  
need t o  b e  o f  good qua l ity. For example, if 

.,.. A raw luminance sub ofJ\151, with 

binning set at 1 x 1 to give maximum 

resolution. There will he a number of 

defects in this uncalibrated image that 

now need to he corrected. 
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your  image has not been guided properly and there are trails, then there is no amount of 
image-processing wizardry that can get rid of this. Spend time at the telescope when the sky 
is clear and get the best possible image to give yourself the best cha nce of getting the most 
out of your  shots. I know people that rush through capturing images only to spend time 
processing later to try a nd turn them into something beautiful. I tend to spend my nights 
concentrating on capturing the images a nd only think about processing d u ring the day or 
when it is cloudy and I can not use the telescope. At the start of this process you wi l l  more 
than l ikely have dozens of frames from raw-image fi les of d ifferent colours, flat fields, dark 
frames a nd so on - al l  to produce one image. As we work through this chapter, we can fol low 
how the fina l  image evolves as we look at an example of processing one of my images of the 
Orion Nebula.  

There a re three main pieces of software that I use for my image processing: RegiStax 
for manipulation of webcam footage on planetary objects, Maxim DL for deep-sky image 
processing, and Photoshop for more general processing techniq ues of both. We have 
a l ready looked at u sing RegiStax to process a webcam video a nd transform it from a video 
into a stu nn ing planetary image in Chapter 3. Taking the image from RegiStax, it can then 
be further enhanced in Photoshop, and l ikewise with deep-sky images. Maxim DL is great 
for a number of techniques, but combining with Photoshop will open up a powerful set of 
processing tools to you. 

Cal i bration 

The first task to be done with deep-sky images that have been captured is to ca l ibrate them 
a nd this means to apply the dark fra mes, flat fields and, if appropriate, the bias frames. We 
have a l ready had a brief look at this when considering capturing them, so the fi rst and easiest 
task is to remove the dark cu rrent by su btracting the information captured in the dark frame. 
As you will recall, a dark frame is an exposure with the telescope covered up and of the same 
duration as  the raw-image file and at the same camera temperature. Load up your  i mage file 
into your  processing software (such as Maxim DL) and take a close look. You wi l l  see a very 
subtle speckled effect in the blackness of 
the sky - this is mostly from the dark current 
and is what we wi l l  now remove. Select the 
'dark subtract' function from the processing 
software and then select the file which is the 
appropriate dark frame - this can be a recent 
dark frame or one from your  l ibrary if you 

..... The dark current has been removed 

ji'om the luminance sub by subtracting 

the darkjiYtme. This will yield varying 

degrees of improvement depending on 

the dark current in your camera. 
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have bui lt one up. And that's it! You have just removed the dark cu rrent, and taking a closer 
look at the resultant image will reveal that the subtle speckled effect has now gone. You may 
be a ble to detect a l ittle variation in background blackness but this can only be removed by 
increasing the amount of signal information. Longer exposures wi l l  achieve that, of course, 
but this means g uiding needs to remain accurate for longer a nd the effects of l ight pol lution 
may start to impact the final image. It is better instead to take more frames and stack them as 
we saw in Chapter 4 to increase the signal-to-noise ratio. It is important that the dark frame 
image size is the same as  the raw-image size so that the dark cu rrent pattern matches 
exactly, so do not try and fiddle with the dark frame or raw image unti l you have completed 
image cal ibration. 

I touched on sca lable dark frames in the previous chapter and it is the use of these that 
means we should consider taking bias frames too. Having captured the ten or so frames 
about five times longer than your  expected exposu re, you a l so need to capture bias frames. 
A bias frame records the charge applied to a CCD chip so that the pixels a re primed to collect 
l ight  a nd is of zero seconds' exposure time. The bias frame must be subtracted from each 
of the ten dark frames in turn and the resu ltant file saved. You then need to head back into 
the 'process' menu where you can stack the files together and select 'median combine' to 
combine a l l  ten of the new dark frames. This gives you the master sca lable dark frame, which 
you can then a pply to your  different-length exposures. 

As before, you can bui ld up a l ibrary of these master sca lable dark frames for each of the 
temperatures at which you operate your CCD, since the noise from the dark current is 
dependent on operating temperature. With your new sca lable dark frame you can use this 
in the same way as a normal dark frame to cal ibrate your raw data images. Most pieces of 
astronomical image-processing software are clever because you s imply need to ensure that 
the software is told of the exposure duration and temperature of the different frames a nd the 
software wi l l  be able to sca le them for you automatical ly. The sca lable dark frames work wel l  
too i f  you have, for whatever reason, not got an accu rately matched dark frame for your 
image. Choose the sca lable dark frame which best matches your  raw image and u se that. 
You will need to subtract a bias frame from each image file first before then subtracting the 
sca lable darks, but that wi l l  mean you now have a partially cal ibrated image fi le. 

The fina l  task in cal ibration is to remove 
the varied sensitivity across the CCD chip 
and the effects of d ust a nd contaminants. 
Chapter 4 looked at how to capture these 
flat fields, a nd whi le some consider that the 
short exposures resu lt  in neg l igible dark 
current, the noise from bias is enough to 
warrant this extra step. Subtracting dark 
frames from flat fields wi l l  not only remove 

.. The next step is correcting the 

sensitivity across the image by 

applying the flat field. 
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Make sure that you ca l ibrate before you start to align or process the images in any other 
way. Cal ibration should be the first thing that you do to your raw image files as any move­
ment or adjustment of the signal in any way will mean calibration wil l fa i l  and the results 
wil l  be far from perfect. If you are producing a mono image, you will just need to ca l ibrate 
once or as many times as you have subs. But if you are using LRGB or perhaps narrowband 
imaging, then you must calibrate the raw images first before bringing the individual 
colours together for a l ignment and stacking. As you can see, this can take a l ittle time -
but patience is important if you want to get the best out of your images. Ca l ibration is only 
necessary for CCD images or DSLR images - you do not need to perform any calibration 
on webcam images or footage as the exposure times are short enough that you do not 
have to worry about dark frames; from experience, trying to apply flat fields is pretty 
challenging and frustrating with l ittle benefit. 

the a l most neg l ig ib le dark current but a lso the rather more impacting bias. The improve­
ments wi l l  be min imal  so do not expect an amazing transformation, but time spent here wi l l  
g ive you a bri l l i antly cal ibrated data image from which you can perform other processing 
tasks. As with dark frames for the data image, the dark frames for flat fields must match in 
terms of exposure t ime a nd CCD operating temperature, and are then subtracted from 
the flat fields to give you a cal ibrated flat field which can be appl ied to you r  data image in the 
ca l ibration function of you r  software. 

Maxim DL makes image ca l ibration easy. From the 'set cal i bration' command you can 
specify the master dark frame (and bias frame if you are using sca lab le dark fra mes) and 
flat field fi les too. The software wi l l  interrogate the individ ual  image fi les and pu l l  out the 
exposu re, temperature and other items and display them. You then need to specify which fi le  
is which and select 'OK' for the software to do the rest. There are other configuration items 
avai lable but you can leave these for basic cal ibration. The information pul led from the fi les 
a l lows Maxim DL to work out a ny sca l ing that is needed, particularly for the sca lable darks. 
There is a cal ibration wizard too if you are u nsure of the settings, so that is a good place to get 
some further help. 

Now that you have cal ibrated data files, we can move on to the more simple tasks of 
adjusting the image to d isplay better on your computer screen by 'stretching' its h istogram. 

Li near sca l ing of the h istogram 

Many computer screens only display 256 shades of grey whereas nearly al l CCD cameras wil l  
capture at least 4,096 shades, though many wil l  record up to 65,536 shades. Computers 
wi l l automatica l ly try and d isplay a picture at its best, but this usual ly results in the blacks 
becoming too bright and the bright whites, such as  stars and bright regions of ga laxies and 
nebu losity, becoming completely washed out. By stretching the histogram or sca l ing the 
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Screen Stretch 

Minimum Maximum 
2632.G:±j EJ j 661 90±j 

Manual I ..,,. I 
Update 113 

.Auto-stretch settings (not applicable)-------, 
Minimum Percentile Maximum percentile Set I 

Default I 

..... The 'screen stretcb 'function in 

Maxim DL is great for revealing 

previously bidden detail in tbe image. 

image, much more detail wil l  be displayed. 
(A histogram is a graph that shows the 
brightness of pixels against the number of 
pixels at that brightness.) 

Start by opening the ca l ibrated image 
i n  your image-process ing software and find 
the 'screen stretch' or 'h istogram stretch' 
function. You wi l l  then be presented with a 
h istogram of your  i mage. A l l  of the good 

i mage-processing software I have used usua l ly show the h istogram in broadly the same 
way with tiny markers to the lower left and the lower right, representing the b lacks and the 
whites in the image. Anything to the left of the left-hand marker wi l l  be displayed as  pure 
black with a pixel va lue of zero and a nything to the right of the right-hand marker wi l l  be 
white. The markers can be dragged to new positions to adjust which pixel va lue  is taken to 
be pure black and which is pure white. The same information is d i splayed numerica l ly i n  
t h e  va l ues i n  t h e  m i n i m u m  and maximum boxes j ust below t h e  h i stogram.  You c a n  adjust 
the 'black point' and the 'white point' by entering different values in the boxes. The back­
ground sky shou ld be black but the presence of l ight pol lution wi l l  cause the background 
to have a pixel va lue greater than zero, so to get a proper b lack sky you can adjust the 
sl ider on the left towards the right until the sky looks black, wh ich should be at the start 
of the i nformation in the h istogra m. You wi l l  now see that the value in the 'min imum' box 
has increased. 

Adjusting the left s l ider has taken account of the background sky so that it actual ly 
looks black; we now need to do something s imi lar to the r ight s l ider a nd adjust it so that 
the bright white regions a re not completely washed out. To recover the information in the 
brighter regions, the white marker needs to be adjusted further to the rig ht, which again 

can either be done by dragging the marker 
or by adjusting the number in the maximum 
box. This wil l  result in a n  increased value for 
the 'white point; bringing out more detail 
in  those regions. 

I f  you look at the h istogram, you will see 
that there are sti l l  some pixel va l ues above 
the maximum that you have just set so you 
may think it worth adjusting the right s l ider 

..,.. Extra detail is revealed ajier applying 

a simple sci-een stretcb to tbe image of 

M51, altbougb more can still be done. 
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even further to include those, but caution is needed here. Most of the information in the 
h istogram is towards the black end and this includes the majority of the information from 
the fa inter regions of the nebu losity. The few pixels that are much brighter are from just 
a few bright stars. By stretching the histogram further the really important deta i l  in the 
faint nebulosity will be spread over a smal ler range of the computer's avai lable display 
capabil ities (256 shades of grey) a nd it is better to lose a l ittle of the bright information in 
order to preserve the fainter portion. 

Log scal ing of the h istogram 

The a pproach w e  have just used is good 
but not great - it can leave some of the 
fainter information hidden in the black 
background, although there wil l  be good 
structure and deta i l  in  the brighter portions. 
A better option is to use log sca l i ng, which 
actua l ly a lters the i mage data rather than 
j ust how it is being displayed as the previous 
method does. Log sca l i ng wi l l  revea l  deta i l  
n icely in both bright and fainter portions 
of the image whi le  reta in ing a black sky. 
Sca l i ng functions, inc lud ing the l inear 
method we've just l ooked at, a re accessed 
from the 'process' menu in Maxim DL and A Log scaling makes more use of the 

then selecting 'stretch'. With the 'stretch' available data, bringing out even more 

window open, select ' log' in the permanent ii1/ormation than a simple linear or 

stretch a rea and then select 'max pixel '  in screen stretch. 

the ' in put range'. Leave the 'output range' 
as  'u n l im ited' and select 'OK'. You wi l l  be su rprised at the d ifference and can then return 
to the l inear sca l i ng method to da rken the sky further or enha nce the deta i l  a l ittle more. 

Adjusting cu rves 

Once you are happy that you have brought out as much deta i l  as possible by stretching 
the image, the next thing to do i s  to enhance specific a reas by adjusting the 'curves'. The 
curves process is essentia l ly  the same as the stretch functions, but instead of applying the 
same adjustment to the whole image, it a l lows you to set a new brightness level based on 
the orig ina l  brightness level - or, in other words, you can adjust the rea l ly  bright bits or the 
fainter bits independently of each other, making it a rea l ly  powerfu l tool. 

I n  Maxim DL you can access the cu rves fu nction from the 'process' menu; once selected, 
it w i l l  l au nch a wi ndow that shows a big black sq uare with a wh ite l ine in it to the left and 
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forlieb.IJ'es:sfl 

+ l 18 0 ®  .ii 

A Adjusting curves after pe1/orming linear stretches of an image is a great way to 

bring out detail in different parls of the image. 

a smal l  preview of you r  image to the right. Between the two wi l l  be some functions that 
a l low you to enhance the image further. The graph has no va l ues a long its axes but a l l  that 
you need to know is that the orig ina l  brightness va lue i s  represented a long the horizontal 
axis and the new va lue is represented by the vertical axis. The fi rst thing to do, though, i s  to 
reset the cu rves va l ues to their defa u lt, which is easiest to do by right-cl icking in the black 
box and selecting 'cu rves' fo l lowed by 'reset'. This wi l l  set the wh ite l ine back to its defau lt, 
which wi l l  d isp lay as a straight d iagonal l ine runn ing from lower left to upper right. It is a lso 
a good idea to check that the 'curve type' selection box is set to 'modified sp l i ne'. 

With the graph in its in itial state as a stra ight l i ne, nothing has yet been changed in 
the image as the original and final  values are the same, so what needs to be done now is to 
adjust the va lues. If you are deal ing with a colour image then the 'edit channel '  box wi l l  be 
accessible so that you can adjust the individual colour levels, or you can select ' lumina nce 
only' to adjust the overa l l  l uminance values of the image. Whether it is colour or mono, to 
adjust the cu rve click somewhere along its length (the middle is a good place to start) and 
then s imply drag i t  to a new point either up or down. A square wi l l  appea r at that  point 
on the graph a nd the l ine wil l adjust to pass through that point. If you selected a point 
roughly a long the middle of the graph and moved it upwards, then the pixels with an orig ina l  
brightness that was roughly in the middle of the range wil l  now have become brighter. I f  you 
moved it down, then they would have become fa inter but usua l ly the pu rpose is to boost the 
va l ue rather than reduce it. 

You can create as many adjustment points as you l ike along the graph but I tend to 
work with no more than about six, un less a lot of work is requ i red on an image when I may 
use as many as  ten. If you need to remove a point then you can just right-click a nd select 
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'delete point' Just how the graph responds to the d ifferent adjustment points is specified 
in the 'cu rve type' box that we looked at earl ier. I f  you select 'piecewise l inear', it si mply joins 
up the points with stra ight l ines, whereas the 'spl ine' option joins up the points using a 
smooth curve. The 'modified spl ine' is the one I use most often - it does the same as the 
'spl ine type' but also adds new points on its own to smooth out the cu rve. 

Set the 'output range' radio button to ' 1 6-bit' and choose the 'auto' tick button next to 
'fu l l  screen' - this wi l l  show you how the adjustments wi l l  look on the fu l l  image in the 
background. I f  you need to adjust further, then go back to the curves dialogue box which 
should sti l l  be visible and make more adjustments, but if al l is looking good then select 
'OK' on the cu rves box to apply the changes. 

Now go back to the stretching function that we used in  the previous section and a pply 
a l inear screen stretch to make sure the entire brightness range is being used. Head back 
into the curves dialogue box and adjust a l ittle more fo l lowing the screen stretch, and then 
(yes, againl) apply another l i near stretch and another cu rves adjustment. You may end up 
doing this a few times to bring out more data from the image but once you a re happy with 
it and have appl ied the last curve by selecting 'OK', then open up the cu rves d ia logue box 
one last time, right-click and select 'reset curve', and make very minor adjustments to the 
cu rve to bring out any remaining deta i l  before selecting 'OK'. Dea l ing with cu rves is a bit 
of a repetitive process and it will take three or four cycles of adjusting the stretches and 
the curves u nti l  you are done. 

Combi n ing i mages 

I n  the previous chapter we looked at the concept of stacking images to reduce noise. It is 
probably more accu rate to refer to this as enhancing or increasing the signal from the object 
rather than red ucing noise, a lthough this is the effect we are after. Un l i ke the s ignal  from the 
object, most of the noise in  an  image is random with the exception of the noise generated 
by the camera itself, which can largely be removed by the cal ibration techniques we looked 
at earl ier. The remaining random noise can be greatly reduced through combining images 
- the more subs that are combined, the 
greater the result a lthough there wi l l  come a 
point where adding more subs wi l l  have 
l ittle further impact. It works because the 
image data is consistent from one sub to 
the next whi le the noise is random and 
never the same from one to the next. By 
combin ing two images, the signal data is 
mathematica l ly  doubled whi le the noise is 

..,_ Stacking jive subs ofM51 increases 

the signal-to-noise ratio, effectively 

making the image data stand out more. 
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only enhanced by around 40-50%. In  the example on page 1 3 1 ,  there was a significant amount 
of noise visible in  the original image which was seen as a speckled effect across the entire 
image, but by combining five individual  subs the noise was reduced and the object enhanced. 

Combin ing a number of images is easily done in Maxim DL or other good-qua l ity 
astronomical  image-processing software, which for the most part com pletes the task a uto­
matica l ly. To access the combine commands in Maxim, select the 'process' menu fo l lowed 
by 'stack'. This process wi l l  be fa mi l iar  from the webcam work we did earl ier to stack the 
i ndividua l  frames from a webcam video (see page 77). The stack window wi l l  appear and 
from here you can select the fi les you are going to combi ne; you then have the opt ion of 
sort ing through them to weed out the rubbish ones where seeing has affected the qua l ity 
before you select the 'a l ign ment' tab, which is done automatical ly. The software wi l l  take 
care of shunting a round the images to align the stars in the field of view and a ny rotation 
that is req u i red. 

You wi l l  reca l l  that I described camera rotation marks in Chapter 4, which enabled you to 
put the camera back in the correct position for shooting the same object over a number of 
nig hts. The abi l ity of software to rotate images to a l ign them should not detract from your 
efforts to try and get rotational al ign ment roug h ly correct, so the software has less work 
to do. Choose to automatica l ly a l ign the images and then, in the 'combine' tab, choose 
'median' as the 'com bine method'. Now the exciting bit - choose 'go', for the images to be 
a l ig ned and combined to see the resu lt. 

Processing fi lters 

Now that you have a nicely combined and noise-reduced image you can a pply some 
addit ional image-processing functions to make it even better. 

If your image sti l l  looks a little 'speckly'. you can try applying a /ow pass filter. Any object 
that you have imaged wi l l  result in the va lue of pixels varying gradual ly from one to the next. 
Rarely wi l l  there be an object that wi l l  cause significant differences from one pixel to the 
next un less there is sti l l  some level of noise present. The low pass fi l ter looks at the va lue of 

every pixel, compares it to the value of the 
neig hbouring pixels, and a ny which stand 
out significantly wi l l  be noise and have 
their value adjusted to bring them more in 
l ine with their neighbour. The effect is that 
your image wi l l  be smoothed after a pplying 
this fi lter. Depending on the software that 
you are using, it may a lso be referred to as a 
blurring filter. 

� Filters like the low pass and high 

pass are great at further enhancing 

the image, but use them subtly. 



..,.. A further tweak to M51 using an 

unshaip masli brings out more detail 

that was previously hidden. 

You may find that your  image could do 
with a l ittle sharpening to bring out fi ner 
deta i l and to do that there is a fi lter that 
works in an  opposite way to the low pass 
fi l ter, which is known as the high pass filter. 

Use this function with ca ution, though, as 
too m uch sha rpening can make the image 
look overprocessed. The sharpening abi l ity 
of the h igh pass fi lter wi l l  not correct for 
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badly focused images, so make sure you get the images as sharp as you can and then use 
this function for tweaking to bring out a little more deta i l .  

A s l ig htly d ifferent yet more powerfu l version of the high pass fi lter is the unsharp mask. 

The u nsharp mask works conceptual ly by fi rst creating another more b lurred copy of the 
orig ina l  image by performing a low pass fi lter. The new, b lu rred image is then su btracted 
from the orig ina l  to reveal a fi ner level of deta i l .  This is a much more powerful tool than just 
the low and high pass filters themselves, s ince the strength of the u nsharp mask, which is 
created from the init ia l  low pass filtering, and the strength that is appl ied to the orig ina l  can 
both be varied, having a greater or lesser impact on the final resu lt. Applyi ng a m uch stronger 
low pass filter will result in a more b lu rred fi lter image, which is then su btracted to remove 
more of the large-scale features that are perhaps a l ittle too bright, thus masking deta i l .  This 
can be particu larly useful in  images of nebulosity or to help enhance the regions around the 
outer edges of the core .of a galaxy. Alternatively, a weaker low pass filter wil l  result in a less 
b lurred fi lter image that wi l l  work to enhance and sharpen fi ner deta i ls .  

It is i nteresting now to compare one of the raw image data subs against the fu l ly 
processed fina l  black-and-white result (see the images below). As you can see, the difference 
that image processing makes is s ignificant. 

.6. Comparison between the original image (lf!fl) and the fully processed image with 

low pass and high pass.filters and an unsharp mask (right). 
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Com bining colour i mages 

If you a re taking on the chal lenge of tri-colour imaging then you wi l l  have at least three 
black-a nd-white images that need to be a l igned and combined. You wi l l  reca l l  from earl ier in 
the chapter that cal ibration techniques were used to remove dark current and degradation 
due to large dust particles, and to adjust for a different level of sensitivity across the chip. 
Fol lowing this, the cal ibrated images for each colour channel were combined to increase the 
signal-to-noise ratio. Having done al l  this and been d i l igent not to have messed around with 
the image sca le or the orientation of the image, it is now time to take your individual mono 
pictures a nd combine them. Remember that if you are using red, green and blue images to 
get a colour image then you wi l l  have one image per colour channel .  You may even have a 
fourth image with luminance information. 

The process for combining these individual fi les is largely the same from one piece of 
software to the next. As with the mono images, I wi l l  describe the process with Maxim DL 
but it wi l l  not vary so significantly from other pieces of software that you would not be 
able to work it out from this description. We wi l l  look first at just combining the red, 
green and blue images without the lumi nance information. The first thing that you need to 
do is to load the individual files (note that it is a good idea to have na med the files in a way 

A The four subs making up a colour image with (a) full-resolution luminance at 

binning 1 X 1 and tbe colour images all at lower resolution witb 3 X 3 binning -

red (b), green (c) and blue (d). 



..,. The.four images are combined 

during processing, using tbefunctions 

ofMaxim DL. 

that clearly identifies which colour channel 
they represent so as  to avoid any confusion 
during processing). Remember that you 
wi l l  not see a ny colour yet - you wi l l  need 
to wait unti l  the images are combined 
before colour a lmost magica l ly appears. It 
is interesting to look at the differences 
between the individual images as you ca n 
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sometimes see qu ite significant variations between them. I mages of ga laxies tend to show 
on ly a l ittle cha nge between the red, green and blue images, but those of nebulae such as 
the Orion Nebula wi l l  show greater d ifferences between them. This is because some objects 
emit s ignificantly more l ight in certa in wavelengths. 

With the images loaded, the next step is to select the 'com bine' menu and then 
'colour combine', which wil l load the control panel to set u p  the colour combine. At the 
top of the window, you wi l l  see the option to select what type of colour combine you wish 
to perform. For a basic RGB colour combine you need to ensure the RGB option is selected, 
but, as you can see, there is a l so the option to choose LRG B and a nu mber of other different 
types. The rest are best left for now, as even narrowband images can be combined using the 
RGB option. With this option selected, you wi l l  need to select the images to be appl ied to 
each of the th ree colour channels. 

You can make things easier for yourself here when you set u p  your  colou r fi lter 
wheel and configure your  camera-control software to use it. You need to ensure that the 
software knows which fi lter i s  i n  which slot of the fi lter wheel i n  order to configure 
the software properly. You wi l l  need to do this anyway so that you can pick and choose 
wh ich fi lter you wish to u se, but make sure you labe l  them as red, green and b l ue from 
the start. When you take you r  images, the format of the fi le saved is known as  a FITS fi le, 
which sta nds for 'flexible image transport system'. These fi les wi l l  store a l ot of information 
about the set-up used for taking the picture, including any fi lter that was used. Maxim D L  
interrogates the fi les that a re open at the time the 'co lour combine' window opens t o  see 
which fi lters were used. It wi l l  try to assign images correctly to the r ight colour channel  
from the F ITS i nformation it fi nds, but you can correct any ass ignments that a re wrong. 
However, i f  you find Maxim is constantly getting the images in the wrong s lots then make 
sure you put R, G or B (or L for l umi nance) at the end of the fi lename before load ing them. 
Maxim wi l l  check the last letter of the fi lename as wel l  to work out which colour channel 
it should be app l ied to. 

Ta ke a l ook at the preview window now in the lower right of the 'co lour  combi ne' 
window. If the 'auto preview' option is selected (which I recommend you leave tu rned on) 
then you wi l l  see a colour image of some sort, but do not be worried if it looks l ike a m u lti­
colou red mush because the i mages sti l l  need to be a l igned. 
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.,... A simple RGB combined image with 

the luminance channel left out. 

I n  order to a l ign the images, the 'a l ign'  
button m ust be selected. This causes an 
a l ign dia logue box to launch a nd from here 
the images can be perfectly positioned 
with respect to each other. During RGB 
a l ign ment, the red image i s  usua l ly  a uto­
matica l ly se lected as the reference image 
against which the other images a re a l igned. 
With the a l ign dia logue box open you can 
select an a l ign ment mode and for this 

I recommend either 'auto - star matching' or 'overlay'. The fi rst of these options wil l take 
the images and recognize match ing patterns of stars across them before a l ign ing them by 
nudging the images a round, sca l ing the images and even rotating them as  appropriate. 
The 'overlay' option gives you fu l l  manua l  control to move and scale the images, and 
helps by overlaying them in d ifferent colours to make it easier. There is one fu rther option 
that requ i res a l ittle more work but is probably the most efficient of the modes: 'astrometry'. 
This mode takes information from the FITS fi le header that tel ls the software exactly which 
part of the sky the image shows. A l l  of the images must be run through a n  additional piece 
of software first, cal led 'pinpoint astrometry; which determines the exact field of view 
from the stars. With this information added to the file header, the 'astrometry' mode wi l l  
a ppropriately a l ign the images to gain an accu rate a l ignment. General ly, I stick t o  the 
'auto - star matching' mode and then use 'overlay' for any fin ish ing touches. 

The area under the a l ignment mode selection is for manua l  a l ign ment - this mode 
requ i res you to manua l ly select the same star in a l l  of your images. If you choose this option 
(which can either be to manua l ly select one star or two stars) then make sure you select 
the 'auto next' box. This wi l l  automatica l ly present you with the next image as soon as 
you select the star in the image, which saves you time in selecti ng each i ndividual  fi le  
and i ndeed min im izes the r i sk  of  missing one. The next area at the bottom i s  home to the 
'overlay' controls, which is my preferred method of manual ly moving a round the image by 

Getting the best from your imaging run 

Gathering data for astronomical images can take quite some time, pa rticu larly if narrow­

band images a re being worked upon. It is perfectly OK to capture data on different 

nights - just be sure to take all the necessary supporting dark frames and flat fields 
to calibrate the new images. Make sure you use the same optical system too, even 

though you might have a d ifferent telescope that has the same focal length and aperture 

- you may find there are subtle variations in field flatness which wi l l  make performing 

a l ignment difficult. 
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selecting the a rrows appropriately to n udge the images to a perfect a l ign ment. Selecting 
'OK' at the bottom of the d ia logue box wil l  activate the a l ign ments and return you to the 
'co lour  combi ne' dialogue box. 

On retu rn ing back to the 'co lour  combi ne' box, you should now be presented with a 
much n icer preview that is start ing to resemble your  fi na l  resu lt. The last step is to set the 
va l ues in  the table at the bottom of the window. I f  this is a s imple RGB image then the 
only s lots ava i lab le to be fi l led in  a re 'red i nput/red output', 'green i nput/green output' 
and 'bl ue input/blue output'. These a l low you to a l ter the colou r ba lance of the image 
by adjusti ng the strength of the colour appl ied based on the orig ina l  exposure t imes. 
If your three images a l l  had the same exposure then you need to enter 1 i n  each of the 
s lots, but i f  your  blue image, for example, was half the length of time as  the red and 
green then blue shou ld be set to 2 and the red and green va l ues set to 1 .  Do not be 
afra id to experiment with these settings unt i l  you get a satisfactory resu lt .  You wi l l  reca l l  
t h e  discussion a bout exposure t imes in  Chapter 4 (see page 1 1 2) so t h i s  i s  where you can 
enter your adj ustment factors. 

Com bining LRG B 

This should be sufficient to combine the red, green and b lue images and present you 
with a fu l l -co lour  reproduction of the object u nder study. We looked ear l ier at ways that 
you could ut i l ize a fourth image to record lum ina nce information and you wi l l  reca l l  that 
we discussed how to capture this extra image through a clear fi l ter. The concept is s imple :  
a fu l l-resol ution l um inance image provides the fine level of deta i l  i n  the fina l  image, and 
beca use there is no colour fi lter to reduce sensitivity, the fu l l  sens itivity of the chip i s  
used. The co lour  frames can then, if so  desired, be bin ned to reduce the i r  resol ution and 
a lso their exposure t imes, g iving us a fu l l-reso lution luminance image and three lower­
resol ution colour  images. These can then be combined in a process much the same as the 
one we've just l ooked at. 

.6. Comparison between RGB (left) and the same image with the luminance channel 

providing the higher resolution data (right). 
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To combine LRGB i mages the first thing you wil l need to do is to resize the colour  images 
(if you have bin ned them 2 x 2, then they wi l l  be half the size of the fu l l-resolution l u minance 
fi le) .  This is done by opening the three colour images and then selecting 'process'. fol lowed by 
'resize'. From the dia logue box that you are presented with, select the 'no constraint' option 
before typing in new numbers for the image dimensions. I f  you have binned 2 x 2 then s imply 
double the image size, or if 3 x 3 binning then multiply the image size by three. Select ing 
'OK' wi l l  then present you with a resized image, but it wi l l  look horri bly pixelated. No need 
to panic, though - the beauty of LRGB imaging is that the colour fi les just provide the colour 
information; the fine level of detai l  is provided by the higher resol ution l um inance fi le. You 
should now have three resized and pixelated colour images for the red, green and b lue 
channels. Now open u p  the luminance fi le and select 'combine'. fol lowed by 'colour combine'. 

I n stead of selecting the RGB colour combine mode, choose LRGB which wi l l  give you 
another file selection box to choose the lumina nce fi le. Now repeat the steps we looked 
at earlier to a l ign and then combine the four  images. I sometimes find that Maxim seems 
to struggle with image a l ignment, particularly if I have binned the colour images 3 x 3, so 
instead I tend to use the ma nua l two-star a l ignment method so that I have to choose two 
stars on each of the colour frames. 

Narrowband processing 

We looked earl ier at the use of narrowband fi lters, which are a great a lternative to us ing red, 
green and blue fi lters. When combining na rrowband images the technique is identical to 
combining RGB i mages, but with one crucial difference that you should bear in mind.  
Narrowband images make no attempt at re-creating what the human eye can see so these 
images are considered to be false-colour. Usual ly just three narrowband images a re 
combined and in doing so they are assigned to either the red channel, the green or the 
blue during processing. They are then processed in  the same ways that we looked at earl ier. 

Perhaps the most com mon method is for H-a l pha to become the red channel ,  0 I l l  to 
become the green and S II the blue channel .  Do not be afraid to experiment with the way 
that you assign these colours, though. Even NASA tends to use a different assign ment to 
take advantage of the sensitivity of the camera being used and so may assign S II to the red 
chan nel, H-a l pha to the green and 0 I l l  to the blue channel. My camera is most sensit ive in  
the green so I tend to use the H-alpha image as the green channel when imaging emission 
nebulae, as that a l lows me to exploit the sensitivity of the camera. The real beauty of narrow­
band i magery is that there is no right or wrong way of doing it, so get creative! 

Processing one-shot colour i mages 

Surprising ly, the majority of one-shot colour cameras req uire images to be processed (with 
the exception of the DSLR-style cameras). We looked at these earl ier and saw how the CCD is 
covered in an array of colour filters known as the Bayer matrix (see page 33). The image that 



CCD filters 
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The graph shows the amount of light being passed through a red, green and blue fi lter, 
but look closely to see the thin l ines buried inside those chunks of colour. These l ines 
represent the light being passed through the narrowband filters. As you can see, a lot less 
light is passed through narrowband filters and that is why exposure times need to be so 
much longer. 

Baader LRGBC CCD filters 
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comes out of a one-shot colour camera is sti l l  mono but wil l  look somewhat speckly in 
comparison to a normal  mono image from a mono camera. This  speckled effect is not 
the result of noise, a lthough of cou rse there wil l  be noise present but that can be dea lt  with 
in just the same way that we looked at earlier in the chapter. Instead, this speckled effect 
is the result of the presence of the colour filters covering the pixels, where each pixel is 
seeing either red, green or blue l ight depending on the fi lter in front of it .  To remove 
the speckl ing effect and to turn the picture into a colour one, the 'colour conversion' or 
'debayer' process m ust be completed. These are the terms used in Maxim DL but other 
software wi l l  have s imi lar  terms. This process is done automatica l ly in most DSLR cameras 
but needs to be manual ly performed in astronomical one-shot colour cameras. 

Load the image into you r  processing software and complete a l l  you r  ca l ibration tasks 
fi rst - dark frames and flat fie lds - and once this is all done you can start adding colour. 
Tha n kful ly, the software usua l ly knows how to 'colou rize' most camera models so you just  
need to select the model of your  camera and the software wi l l  do the rest. However, 
you may find that the resu l t  is pretty garish, because whi le  the software knows how to 
colou rize the image, individual cameras may require a little tweaking. This can now be done 
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in the 'convert colour' section, which a l lows you to adjust the a l ignment of the colour 
channels u nt i l  you get a good result. 

A word a bout the flat fielding which in  many cases will annoyingly strip out the 
colour i nformation in  the i mage. This happens because a flat field shou ld assu me a 
perfectly u n iform field, but of course with the Bayer matrix i n  the way there wi l l  be colour  
t ints across the fie ld ,  so applying a flat  field wi l l  remove th is .  When you a re registering your 
ca l ibration fi les  i n  Maxim, there is an  option to select 'boxcar fi lter' when s pecifying the 
flat field. This wil l ensure colour information is reta ined through the ca l ibration process. 
Once you have completed this debayering procedu re, you can then look at stacking 
m u lt ip le i mages to improve the signa l-to-noise ratio and other processing techn iques that 
we have a l ready d iscussed. 

Advanced processing techn iques 

Having com pleted a l l  you r cal ibrations, a l igned, stacked and done everything that you think 
you could  possibly ever need to do to your image, there are a couple of other more advanced 
processes that wi l l  eek out a l ittle more information - a lthough, be warned, these should 
ideally be done after cal ibration and before any other processes. There a re two particular 
techniq ues that I wa nt to look at:  the 'digital development process' and 'deconvolution'. 
Both of these have very d ifferent benefits to your beautiful new i mage, and whi le you may 
think it cannot get any better, a little more time spent processing you r picture wil l  get the 
very best you can out of it. 

The 'digital development process' or DDP (a lso known as the 'd igita l  development 
fi l ter') was developed to re-create the responsiveness of fi lm i n  a CCD-produced i mage . 

.A Image of M51 before tbe application of tbe DDP filter (left) and after (right). 

Notice bow tbe darker regions of tbe image are more enhanced but tbe lighter 

regions are barely affected. 



1111- Selection box positioned over 

tbe darker area of tbe image for 

Maxim DL to determine tbe best 

DDP settings. 

Stubborn ly, it has taken me many 
years to accept that the CCD is 
much more capable than film a nd, 
ironical ly, here we a re, now using 
techn iq ues that a l low us  to mimic 
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fi l m  response i n  a d igita l  image! ... --.. ·--·-·-� 

U n l i ke a CCD, which is equa l ly  responsive to a l l  levels of l ight from black to white, a 
photographic fi l m  tends to be more sensitive in the darker levels a round dark greys. This 
characteristic means that it was a lways easier to tweak and enhance the da rker reg ions in 
a photog raphic picture without com pletely blowing out the brighter regions. The DDP 
a l lows us to do th is  with d ig ita l  images and it is most useful when worki ng on images with 
a l a rge range of brightness across the entire image - ga laxies a re a great exa mple of th is. 

It should be noted at th is stage that the DDP should be done before combining colour 
images or stacking in a ny other way. I f  you are using one-shot colou r then it should be done 
after you have completed the debayering process to add the colour. 

With the image open that you wish to apply the DDP fi l ter to, run the mouse pointer 
over the darkest a reas of the backgrou nd to see what their va lues a re - the da rkest part wi l l  
have the lowest n umber. With this number in mind, you now need to select 'filter', followed 
by 'd igita l  development', and you wi l l  be presented with the DDP dia logue box. It wi l l  
look fami l i a r  from the fi l ters we looked at earl ier, but this t ime take a look at the bottom of 
the box and you wi l l  see a DDP section with an  'auto' tickbox underneath 'background'; 
u ncheck this to see the va lue  that has been appl ied. I t  should be s imi la r  to the value that 
you found ear l ier by running the mouse over the backg round. I f  it isn't, then adjust it -
I a lways find it overestimates this va lue by a nyth i ng from 1 00 to 200, which results i n  too 
much processing and a loss of i nformation in the fina l  image. A lternatively, choose the 
'mouse' option and select a dark part of the sky for Maxim to enter the value for you in  
the 'background '  box. J ust next to  the 'backg round' box is the 'mid-level '  section, and for 
th is I tend to leave it at automatic. 

Just above the DDP parameters section is the 'FFT hardness' section. By a pplying DDP 
there tends to be a n  overa l l  softening of the image, so the FFT section a l lows you to 
sharpen up the image to com pensate. I usual ly ignore the pre-program med 'm i ld ',  'medi um' 
and 'hard '  sett ings and use the 'custom' option with a 'cutoff' setting of a round 80%. Have a 
play with th is  figu re, though, to get a result that you are happy with. The fina l  setting is the 
'filter type' and for that I tend to fi nd the 'FFT - low-pass' option works the best, a lthoug h 
this is very much a subjective th ing so try each of them to fi nd the one that you prefer. 
However, be cautious with overprocessing, otherwise the fina l  image wi l l  look u n natural .  
Once you have chosen wh ich 'fi lter type' you wish to use, select 'OK' and the fi lter wi l l  be 
a ppl ied to the i mage. You wi l l  be amazed at the d ifference. 



1 42 ASTROPHOTOGRAPHY WITH MARK THOMPSON 

'Deconvolution' is perhaps the most powerful of the two processes that we consider 
here, and when u sed in  conjunction with DDP can transform an image. The technique was 
first used in a ngst by NASA on the troubled Hubble Space Telescope. Even after its correc­
tive optics were installed, the images sti l l  required further sharpening so the deconvo lution 
technique, which was fi rst used by radio astronomers, was employed. It remains a very u seful 
tool among astronomers who use the Hubble Space Telescope as well as being popular with 
amateu r i magers. No matter how much effort you put into focusing to make sure you get 
the sharpest possible images, deconvolution wil l be able to get them a l ittle sharper. I tend to 
fi nd that images taken through longer foca l lengths which have a smaller pixel sca le respond 
better to this process ( in other words, are less sharp) than those taken with shorter-focal­
length, wide-field scopes which are more forgiving in  getting a good focus. 

As with DDP, it is best if you run deconvolution after you have cal ibrated the images but 
before you have colour combined them. This is particular ly the case if you a re producing a n  
LRGB image, i n  which case you should try t o  apply DDP a n d  deconvolution t o  the lumina nce 
channel only before colour combining to get the best results. 

The process works by determining something called the 'point-spread function' (PSF), 
which is essentially how much the image of a star has spread across a number of pixels. 
Having ana lyzed it, the process tries to tighten up on the spread, making the image sharper 
a nd reveal ing a little more deta i l .  The image you are working on is probably sti l l  open from 
having used DDP, but if it is not, then open up the image you wish to process a nd select 'filter' 
fol lowed by 'deconvolve'. The first thing that needs to be done is to identify the level of back­
ground noise. To do this, you wil l  see a 'noise extraction tools' section at the bottom of the 
window: choose'auto-extract'for the noise levels to be automatically populated. This will ensure 
that the background level of noise is not ampl ified when the deconvolution process runs. 

Now select the 'PSF model' tab and select 'Gaussian' as the function type. This is the 
option to choose if you are removing a blur that has been caused by atmospheric seeing. 
(In the case of the Hubble Space Telescope, the 'exponential' option is usual ly chosen as it 
removes b lur  induced by the optical system instead.) Now cl ick on 'select from image' to 
the right and find a star in your image that is not completely burned out but is of average 
brig htness. Once you cl ick on the star, an information window wi l l  a ppear showing you 
the brightness va lue of the pixel - this should be no higher than about 60,000, and from this 
star Maxim DL wi l l  calculate the PSF. The calcu lated PSF wi l l  appear in  the 'PSF rad ius' box, 
which I find is always too high. Experience has shown me not to bother even running it at this 
value, otherwise the stars wi l l  end u p  looking horribly overprocessed with dark r ings a round 
the brighter ones. I usua l ly  reduce the calculated PSF by at least 50%, sometimes a l ittle more. 

We a re now nearing the end of this fina l  piece of processing so select the 'deconvolve' 
tab. This opens up the fina l  settings and from here choose the 'Lucy-Richard son' method 
of deconvolution, which wil l take the known PSF and a pply it across the entire i mage. I t  is 
a lways worth applying the process to a small portion of the image first, as it can take qu ite 
some time to deconvolve a large image. You can do this by choosing a subframe of the 
larger frame in  the 'operate on' section. There a re a range of va l ues that you can select from 
a d ropdown box but I tend to stick with a subframe of 5 1 2  x 5 1  2 .  Th is can then be d ragged 
a round the screen to choose the most interesting part of the fra me to process. I t  i s  no use 



• Final colour processed image after full processing including DDP and 

deconvolution .  A few extra tweaks baue been made in Pbotosbop to remove 

coloured pixels, wbicb were a result of various processing tecbniques, using 

tbe clone tool to copy background pixels. 

to deconvolve the background sky as you wi l l  not be a ble to tell what the fi na l  i mage looks 
l ike. Pick an  interesting a rea perhaps just away from the core of a ga laxy or near the centre 
of a g lobu lar  c luster. 

Now you can set the 'n u mber of iterations' to 1 0  and select 'go'. The process wi l l  run  
iteratively for ten  cycles. You can stop it ha lfway through but  it wi l l  on ly action the stop 
command at the end of an iteration, so if you want to a bort, select 'stop' and then wait. 
Once it com pletes, l oo k  at the a rea you selected to try it on, and if it has worked wel l  select 
'undo' and then choose 'fu l l  image' in  the'operate on' section. Then select 'go' again .  This wi l l  
take some t ime to ru n through, particu la rly i f  the image is l a rge, but be patient and wait  for 
the result. You can then save this fina l  version, and if it is part of an LRGB set, start combin­
ing - or if not,  then stack with other mono frames to reduce the s igna l-to-noise ratio. 

There a re many other processing tech n iques that have not been d i scussed in  this 
chapter. But the techn iques we've covered wi l l  get you producing some stu nn ing images, 
though there i s  of cou rse much more to learn. With t ime and the experience gai ned us ing 
the processes descri bed here, you wi l l  be ready to look at other more complex processing 
techn iq ues that can fu rther enha nce your beautiful new space i mages. 
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TH E  CHAPTERS SO FAR have given you guidance and advice on choosing equipment 
for astrophotography, describing how you can take pictures using DSLRs, smartphones, 

webcams a nd special ist astronomical CCD cameras. If you follow my directions, you wi l l  
be able to get  some great astronomical pictures - and if you spend t ime working through 
the previous chapter you wil l  be able to take those pictures and process them to within an 
i nch of their l ife to reveal stunning hidden deta i l .  There has been a lot of new i nformation 
presented to you a l ready, so this final chapter is somewhat of a summa ry to bring it a l l  
together. Everything that precedes this chapter has been based on how you get to take 
pictures us ing various d ifferent techniques and equipment, but when it comes to actually 
getting out under the stars there is a fa i r  bit of planning requ i red - not only to optimize 
your imaging time, but a lso to ensure you do not wake up the next morning with a gazi l l ion 
images of which you have no idea what they are! Bel ieve me, I've been therel 

This chapter takes a look at a typical evening with me out under the stars, so that I can 
share with you just how I go about taking pictures. A great example of this is an evening 

spent getting pictu res for this book. When 
the idea for this astrophotography title was 
discussed, I was keen that I would provide 
the majority of the pictures - however, 
despite best intentions and a l l  that, the 
timing was not great. My telescope system 
used to be set up inside an observatory 
in my back garden, but having sold my 
house to move into rented accommodation 
(pending starting to build a house - and 
observatory, of course - on a nearby plot of 
land) my equipment was usual ly only set 
up when I needed it. With the need to 
get images for this book, I decided to set it 
up semi-permanently outside, but I needed 

<lllil During tbe winter of 2013-14 tbe 

autbor stored bis entire optical system 

(minus CCD cameras) outside in the 

elements. Tbey were protected by a 

layer of insulation and a furtber 

wate1proof layer. 
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to protect it from the Norfolk weather. To 
protect it from the cold of the night, I needed 
to insu late it and so put together a huge 
cover made of cavity-wal l  insu lation acquired 
from my loca l bui lders' merchant. and then 
on top of this lot was a waterproof cover, 
When wrapped up, it was as snug as the 
proverbial 'bug in a rug'. I real ized how very 
i mpressive the insu lation material was in 
keeping the scope away from the frost when, 

cbapter 6 A TYPICAL IMAGING RUN 

on the hardest of frosty nig hts, I took the cover off to find that the scope was perfectly frost­
free and actua l ly  qu ite warm, whi le everything else I cou ld see was white with thick frost. This 
was a l l  a perfectly legitimate thing to do, although there was of course a risk to security of 
the equ ipment. In real ity, it looked more l ike a giant plant that had been covered up than an 
expensive piece of equipment. 

I set up the mount on some solid bricks to give a firm foundation a nd got the mount 
n icely polar a l igned. I used the drift a l ignment method described earlier in Chapter 4 and 
managed to achieve a pretty high level of accuracy. At 250X I had a star bang i n  the centre 
of the eyepiece for a good ten minutes before any sign of it even thinking a bout wandering 
off - and that is a good level of polar  a l ignment. Both of my telescopes were attached and 
al l electronics hooked up with exception of the CCD camera and filter wheel as these were 
genera l ly stored in the garage. 

As an interesting aside, I want to say a word or two about cable ma nagement. Whether 
you are using one or two telescopes, you will have a fa ir bundle of cables if you are i maging. 
My own set-up feels l ike it has about a mi l l ion cables sometimes, so that is why I have gone to 
some lengths to wire it a l l  up properly. I use a USB hub, which al lows me to distribute power 
to devices as well. The beauty of this is that I have one USB cable running to the telescope 
from the control PC and one power lead running from the power supply. Everything else is 
connected to the distribution hub and cable-tied in place where possible or by way of cable 
c l ips that can be opened and closed to remove for storage. I would heartily recommend 
spending some time getting your wiring all neatly routed through and fixed where possible. 
Snagging cables are the second highest cause of imaging problems, with the majority caused 
by balance problems. I f  your set-up is not permanent, it is well worth getting hold of some 
Velcro cable-ties that just wrap around anything you can find to hold your cables in place. 

With a l l  of this working so wonderfully and worth in the region of £ 1 5,000, you can 
i magine my utter horror when I returned home after a Christmas hol iday to see the whole lot 
had blown over a nd was laying flat on its s ide' To cut a very long a nd painful story short, it 
seems we had experienced winds in excess of 80 m i les per hour whi le I was away that had 
blown everything over, although the only damage was to a couple of gearboxes which cost 
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Start-up procedures 

If you have lots of accessories attached to your telescope then it is worth putting together 
a start-up procedure. I find this particularly necessary when dealing with powered USB 
hubs. With my set-up, I must start up the PC with the hub cable connected but not turned 
on, then load the hub-control software - only then should I power up the hub and finally 
choose 'connect' from the software. If I try this in a different order, invariably it wil l fai l  
to work. A start-up procedure that i s  written down will save much time and frustration 
during your own setting up. 

£60 to replacel I was not just l ucky, I was incredibly lucky - and fol lowing the whole sorry affai r 
I was actua l ly  getting a much better view through the main telescope than I was before. 
Somehow the knock had kicked the col l imation into perfect a l ignment, something that I had 
clearly fa i led to do properly before! There is a lesson here for a l l  of us - no matter how heavy 
you think your  telescope is, if strong winds are forecast then pack it away. I was lucky, you 
might not be. There is probably something to be said about making sure you achieve a good 
degree of coll imation in the optics as wel l !  

Having got it a l l  back up and running, I sti l l  had some images to take for this book, 
including sola r  shots through a white l ight fi lter with a DSLR, a long-exposure shot showing 
the way the stars move around the north celestial pole (also from a DSLR), a nd a few shots 
with the CCD to demonstrate the tri-colour imaging techniques. 

One very important point to consider about a night's imaging, particu lar ly if you need to 
set u p  your telescope having had it stored in a warm room, is to give it t ime to cool down. 
It is best to set u p  your  telescope in the afternoon, which has two benefits: firstly it is easier 
to do when i t  is l ight, and secondly it wi l l  give the optics the cha nce to cool down to the 
ambient air temperature before the risk of dew formation. I f  you were to take it stra ig ht out­
side at night, then within minutes you would have dew on the warm g lass surfaces. 

With the telescope outside and set up as much as is possible in dayl ight, it is t ime to th ink 
about exactly what you wish to image later that night. I n  my case, obviously I need to start 
with the solar work when the Sun is as high as possible, but this goes for a l l  objects - they are 
best imaged when at their highest so that atmospheric d istortion is at its least. P lanning the 
rest of the night-time imaging is a little more chal lenging as you need to think about what 
you want to achieve. 

The best place to start is to make a list of the things you want to image and what 
equipment you wil l  be using. That way you can schedule tasks so that they are manageable. 
A good example is that I wanted to take some long-exposure DSLR shots of the sky a nd also 
get some CCD images through my telescope. These clearly use d ifferent equipment so the 
two can take place at the same time. I n  fact, the only single common component in both is 
me, so I need to schedule the tasks so that I can attend to them both. The obvious sol ution 
is to kick off with the DSLR work, which needs to run for a couple of hou rs, and while it's 
running I can get on with the CCD work. When I am planning my night's work, I a lways sketch 
out how things wi l l  work based on the equipment I wil l  be using. 
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With an understanding of  the general order of  things, I can  then turn  my attention to 
what I wi l l  be doing with the equipment. There are some tasks that need to be done first; 
flat fields, for example, as they are time critical because I use the twi l ight sky to produce my 
flats. I tend to leave the dark frames unti l  the end of the observing run if the sky is clear as it 
keeps something for me to do should the clouds unexpected ly make a n  appearance. With 
the supporting frames for cal ibration scheduled in, I can start to bui ld in a schedule of events: 

1 Solar i mages through Vixen telescope using DSLR and solar fi lter. 
2. Ta ke flat fields with CCD, fi lter wheel and field flattener in place using the 

wide-field refractor. 
3. Start 2-hour DSLR star tra i l  image. 
4. CCD imaging through wide-field telescope. 
5. Finish off DSLR star tra i l  images. 
6. CCD i maging through wide-field telescope. 
7. Ta ke dark frames with CCD. 
8. End of observation run.  

I t  is a good idea to stick some rough ti mes against these events if on ly because it g ives 
you a gauge to when you wi l l  be working at imaging through the telescope, so that you 
can identify which objects should be targeted and in what order. The key t imes for a n  
observing r u n  l ike t h i s  a re t o  capture flat fields a t  t h e  onset o f  twi l ight a n d  before t h e  sky 
has da rkened sufficiently for stars to become vis ible. This is usual ly d u ring civil twi l ig ht, 
which starts when the Sun has set and ends when the centre of the Sun is 6° below the 
horizon. (The t ime for the beg inn ing and end of civi l twi l ight  can be found easily onl ine for 
your location.) With th is  t ime fra me in your  schedu le, you can start to p lan the rest. Un less 
it is midsum mer, I do not tend to start any imaging work unt i l  the end of astronomical  
twi l ig ht, when the centre of the Sun has reached 1 8° below the horizon. Only then has 
the sky become properly dark and there is no l ight scatter from it .  I f  it is the m iddle of the 
summer, then I tend to st ick to planetary or lunar  work where poss ib le or a l ternatively wait 
for the sky to get as dark as possible before 
sta rt ing.  U nfortunately, from my home in 
the U K, astronomica l  twi l ight  never actu­
a l ly  ends in  the summer so deep-sky work 
is severely l im ited. Even the wonders of 
narrowband imaging only g ive marg ina l  
benefit at th is t ime of the yea r . 

.... Unless you bave a large monitor; 

it can ojien be USf!ful to bave more than 

one computer screen so you can see all 

tbe SQftware running - but be sure to 

cover tbem in translucent red plastic 

to belp you retain dark adaptation. 
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There is one other consideration in planning your observing that might not seem 
obvious but needs a l ittle thought. Usual ly my advice is, where possible, to wait until objects 
are due south and therefore at their highest before imaging them. This means their l ight i s  
travel l ing through the smal lest amount of  the atmosphere so the image wi l l  be d istorted 
the least. However, when it comes to imaging with a German equatorial mount the position 
of the telescope must be considered. This is something that is only of consideration for the 
German equatorial style of mounts - fork mounts do not have this issue. If you point a 
fork-mounted telescope at an object on the eastern horizon, it wi l l  happily track it through 
south a l l  the way to the west. A telescope fitted to a German equatorial mount would i n  
theory track objects from east through south t o  west, but as i t  passes through t h e  meridian 
(the imaginary l ine that passes from north, overhead and to the south) the telescope wi l l  get 
lower and lower and the counterbalance bar wil l  get higher and higher. 

There is a very real risk of the telescope hitting the legs of the tripod or pier, which can 
cause damage to your motor system. This is of no real consequence during visual observing 
as you wil l see the telescope getting lower and adjust accordingly. But if you are i maging, 
you might not be so aware of the telescope's position, so you need to remember that, at 
some point within an hour after an object passes through the meridian, your  telescope wil l  
need to perform what is known as a 'meridian fiip'. I n  performing the fl ip, the telescope simply 
points at the same object but from the other side of the mount. 

When you are p lanning your observing run, you need to be aware of the location of 
the object in relation to the meridian. The best way of doing this is to take a look at a piece 
of planetar ium software and watch the object over the duration of your imaging session, 
and if it wi l l  transit the meridian at some point then you should consider sched u l ing in 
a meridian flip. If, for example, you are imaging a fa int region of nebu losity and need 
to capture five red su bs, five green subs, five blue su bs, five lumi nance subs and each one 
i s  5 minutes long (for i l l u strative pu rposes only - in reality the colour subs need to be 
longer than the l um inance sub, as we discussed earl ier in th is  book) then your  total 
imaging t ime wi l l  1 00 minutes or 1 hour 40 minutes. If you start you r  run just before the 
object is due south and therefore about to transit the meridian, then you should either 
perform a meridian fl ip after the set of green subs or, preferably, I would  perform the 
flip before sta rting so that it has a l ready moved to the other  side of the mount. It i s  
something to be aware of  and the on ly  real impact of  not doing it is that you r i sk  damage 
to you r  drives. 

Useful software 

Throughout the book we have looked at various bits of software but CCD AutoPilot is 

one of my favou rites. With this wonderful piece of software you can automate any of 

your tasks that use a computer. If you are lucky enough to have an observatory that is 

computer controlled too, then you could even prepare a script in AutoPilot that will open 

the observatory, take all the images you need, complete meridian flips at the right time, 

and then close the observatory once it has all finished! 
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A lVIost astronomical imaging software allows you to set up a sequence a_/ images. 

Tb is image o_f the Helix Nebula wasformed out of25 images (JO luminance and 

15.for the colour channels), all scheduled automatical(y. 

You may have real ized that an i mportant factor in planning your  i maging is to work out 
how many minutes you are intending to expose for which object and with which fi lter. I t  
m a y  wel l  b e  that you i mage o n e  object over a few nights beca use either you are trying to 
get loads of data or you may have been beaten by cloud. Ta ke time to plan a l l  of this, ta king 
into consideration the things we have looked at here, and you wi l l  fi nd that you can make the 
most of your  t ime at the telescope with clear skies. Eventua l ly it wi l l  become a l most second 
nature, but for now planning is time well spent With a l l  the things factored in, your imaging 
sched ule may look more l ike this now: 

1 4:00 Solar i mages through Vixen telescope using DSLR and solar fi lter. 
1 6:45 - 1 7:1 5 Take flat fields with CCD with fi lter wheel and field flattener in place 

using the wide-field refractor. 
1 9:00 Start 2-hour DSLR star tra i l  image. 
1 9:30 CCD i maging through wide-field telescope; 

22:00 

22:30 

0 1 :00 

02:00 

5 x red subs at 5 minutes (California Nebu la); 
5 x green subs at 5 min utes (CN); 
Meridian flip estimated about 20:20; 
5 x blue subs at 5 minutes (CN); 
5 x l u minance subs at 5 minutes (CN). 
Finish off DSLR star tra i l  images. 
CCD imaging through wide-field telescope. 
Ta ke dark frames with CCD. 
End of observation run. 
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I would stress again that for i l l ustrative purposes in  this schedule I have put in a meridian 
flip ha lfway through col lecting some subs of one object. In  th is  exam ple  it would be much 
better to perform the merid ian fl ip before starting, but  in  many cases that i s  not  possible so 
you have to perform it when you can. I have sometimes spent a l l  night grabbing narrowband 
images of j ust one object so a merid ian fl ip  is unavoidable. 

With the plan in  place, the time on the run up to the end of astronomical twi l ight as  the 
sky gets progressively darker gives you a great opportunity to do a few tasks l ike check focus 
and connect your computer to your various systems. The focus should be pretty wel l  OK, but 
be warned: if you have to adjust it too much then your flats wil l  need to be reshot and if you, 
l ike me, use the twil ig ht sky then you may wel l  have to wait u nti l  the morning sky to get the 
replacement ones. 

The next task is to connect up your computer system and you might think this i s  a quick 
and simple job, but as I have found out to my frustration it is a delicate operation fraught with 
things that can trip you up. You wil l  reca l l  earl ier in  this chapter that I referred to my power 
and USB distribution hub, which has software to control it. The hub  runs off a 1 2-volt supply 
and after many hours of head-scratching I found that I had to power up and connect in  a 
very specific order to make sure it worked reliably. To get everything connected, I have to 
complete tasks in a certain order: 

1 .  Start u p  PC with the USB hub cable connected to the PC but without power 
applied to it. 

2. Open up the hub software. 
3 .  Apply power t o  t h e  telescope mount. 
4. Apply power to the hub. 
5.  Select 'connect' on the hub software to connect the PC software to the h u b. 

After th is, I can then turn on or off the power to a l l  the other devices us ing the control soft­
ware and connect the various other bits of software to their devices. The procedure then 
continues: 

6. In the hub-control software I turn on the power to the Atik 3 1 4L + CCD camera 
and the motorized focuser. 
(Note that because I have two telescopes mounted next to each other and 
sometimes use them in  parallel, I actual ly have two motorized focusers. One of 
them is controlled by its own standalone control ler, which draws power from 
the hub; the other has a control ler that is integral to the hub so does not need 
external power.) 

7 .  Open TheSky software and connect it to the telescope mount. 
8. Open Maxim DL software and a lso connect it to the telescope via TheSky control 

system and then connect it to the two motorized focusers, to the filter wheel, the 
CCD camera, the guide camera. 

9. Turn on the CCD cooling system and set the operating temperature. 
1 0. Turn on the dew control systems to prevent misting up of the optics. 



IJlo- Hub-control software allows the 

author to control power to cameras and 

other devices, as well as the temperature 

of the dew straps and the.focus lo the 

Vixen VMC260L. 

I wou ld hearti ly recom mend noting down 
the order of your start-up procedure once 
you have found one that works for you. 
On a num ber of occasions I have started 
th ings up in the wrong order and found 
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that I can not connect to  somethi ng, so  to  save you time, a good start-up procedure i s  
worth i t s  weight in  gold.  

With everything started u p  and con nected, now is a good time to get your gu ide camera 
and drive cal ibrated. As you wil l recall, this is where your  guiding software wil l activate the 
telescope mount a l ittle in  al l d irections so that it can monitor the a mount of movement in 
images captured by the guide camera. This  is an  essential task so the gu ide software knows 
how m uch to nudge the telescope as it tries to keep the gu ide star centred. With the guide 
system working and with the sky nicely darkened, it is time to start i maging. 

I n  the planning scenario we looked at earl ier, you wi l l  remember that I was looking to get 
some DSLR shots of the polar region of the sky to demonstrate the way the stars moved in  
that region. Because th i s  is going to run  for 2 hours, it is a good idea to get i t  started and then 
leave it while working at the telescope. Having set up the DSLR on the tripod and attached 
the intervalometer, it m ust be configured to take 30-second-long exposures and, given that 
I 'm after 2 hours of data, this means setting u p  for 240 exposures at 30 seconds each. I usual ly 
set u p  the DSLR wel l  away from the telescope so should I need to use a torch, I can do so 
without affecting the exposures. With the DSLR snapping away, attention can then turn back 
to the telescope. 

With the telescope all connected up to the PC, it is s imply a matter of now entering the 
name of the object I will be imaging. In the case of the earlier plan the target is the Cal ifornia 
Nebula, so with it selected, the PC is told to send a command to the mount to slew over to the 
nebula. Assuming you are operating a Go To telescope, then for this automatic pointing to work 
the mount not only needs to be polar a l igned but it also needs to know where it is on Earth 
(either from GPS signal or by entering latitude and longitude), what the date and time are, and 
also the location of a couple of stars in the sky against which it can work out the position of 
other objects. This al ignment procedure needs to be done at some point before you can use 
the mount to slew to objects, but it wi l l not affect the mount's abil ity to track objects across the 
sky. Depending on the type of mount, you can usual ly perform either a one-star or a two-sta r 
a l ignment, with a two-star a l ignment being the more accurate. Once you have chosen to per­
form the two-star a l ignment, it is sim ply a case of choosing a star from a menu on the mount's 
hand control ler and then slewing the telescope manual ly to point at it, starting off with a low­
power eyepiece to identify it. Once the star is centred, confirm it on the keypad and perform a 
second star al ignment. After that, the telescope should know where everything else is. 
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If you plan to leave your  telescope set up outside for a few nig hts, then it is a good idea to 
set a 'park position'. Park positions a re used so that you save the a l ignment data a nd can turn 
the telescope on the next time you use it and it wi l l  sti l l  know where it is, as long as  it is not 
moved while turned off. When you finish your observing run, you s imply tell the computer to 
park the telescope, it wi l l  move it to the park position and then you turn it off. This wi l l  save 
t ime if you a re using the telescope again the next night, but one thing you wi l l  sti l l  have to 
do again, if you have removed the camera, is to take a new set of flats. If you do not use the 
park position then you wi l l  have to repeat a l ignment the next nig ht, but that is easier to do 
with a n  eyepiece so supporting flats wi l l  need to be done in the morning twi l ight. I t  is for this 
reason that if you have a run of clear skies coming your  way then you may want to consider 
having it set up outside semi-permanently, but protected from the elements. 

With the telescope s lewed to the object, select your clear or l u minance fi lter a nd take a 
short exposu re, perhaps 1 minute, so that you can check it is indeed centred in the field of 
view. Once the image has downloaded take a look at it, and if you cannot see your  target 
object try stretching the histogram as we did in Cha pter 5 (see page 1 27) to bring the object 
clearly into view. This step is not done with a view to using it as part of the fina l  image but 
purely to make sure it is centred in the field of view. Having checked this, it is worth thinking 
about composition at this point and making sure that the camera i s  rotated appropriately so 
that the image is ang led nicely in the field of view. For items that a re long and thin, such as 
a nu mber of edge-on galaxies, you may want to position the camera so the long axis of the 
ga laxy runs diagona l ly  across the field of view. Once it is centred and positioned wel l ,  then 
you can take a look at your  rotation marks and make a note of them so that should you wish 
to come back to i mage the same object the fol lowing night or m uch later, you can easily 
rotate the camera to roughly the right orientation before you even start. Remember flats will 
be needed at this position. 

Something I have a lways been d i l igent about is making notes of exposure t imes and 
other settings. For me, this comes from many wasted hours du ring the days of fi l m  photo­
graphy where exposures lasted many hou rs, so if you tried to return to the same object but 
had no idea what exposures worked before, then you could be wasting qu ite a few hours of 
clear skies trying to get the right exposure again. Add on to this the days it used to take to get 
pictures back from the developers (before I turned my hand to developing my own fi l m) and 
un less I had made notes, then it  was hard to know which settings worked and which did not. 
It is easier today because of the instant results of digital cameras, but it is sti l l  good practice 
to make notes of settings for future use. Just what information to captu re wi l l  depend on the 
camera being used. With a CCD camera I make a note of the fol lowing information: object, 

Date Time Obiect Telescolle camera E.xnosure Qty Bin Filter Notes 

23-Nov-13 01:15 MSl 80mm Starwave Atik314+ lOmin 5 1 Luminance Wind gusting 20mph 

23-Nov-13 02:10 MSl 80mm Starwave Atik314+ Sm in 5 2 Red 

23-Nov-13 02:40 MSl 80mm Starwave Atik314+ Sm in 5 2 Green 

23-Nov-13 03'10 MSl BOmm Starwave Atik314+ Sm in 5 2 Blue 

12-0ec-13 22:10 M42 80mm Starwave Atik314+ Sm in 20 1 H-Alpha 

12·Dec-13 23:50 M42 80mm Starwave Atik314+ Sm in 20 1 0-111 
13-Dec-13 01:30 M42 80mm Starwave Atik314+ Sm in 20 1 5-11 

A Extract.limn the author's imaging logbook, which contai11s useful in/ormalion 

about each image that will aid processing andfut11re observing sessions. 
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A Setting up a sequence q/images is easy once you /Jave tbe sqflware co1�figured 

correct�y. 

filena me, telescope aperture and focal length, filter, exposure, CCD temperature and camera 
orientation. I f  I am using a DSLR through the telescope, then the setti ngs are subtly d ifferent: 
object, filena me, telescope aperture and focal length, exposure, ISO and camera orientation. 
It is good to get into the habit of recording this information from the earliest opportunity, as 
you never know when you may want to refer back. 

Having oriented the camera and made appropriate notes as I work through the set-up, 
the computer is tasked with taking the images that I am after. I use the schedu l ing feature in 
Maxim DL to grab the pictures, which leaves me time to attend to other tasks or even gra b  
a warming m u g  of teal You wil l  reca l l  that I mentioned the merid ian A ip, s o  halfway through 
the i maging run in my schedule I have a meridian A ip p lanned and at the appropriate t ime 
I wil l  perform this. This is a manua l  task meaning that I must reposition the telescope on the 
other s ide of the mount and recentre the object. There are third-party software items which 
wi l l a l low you to fully automate your imaging run, including sequencing i n  merid ian Aips at 
the a ppropriate time, but getting a l l  of this to work well requ i res a lot of experience so it is 
best left for now. I f  you perform it manual ly, then keep an eye on your  cables and accessories 
that are attached to your  telescope to make sure they do not get trapped or hit against any 
part of the mount. However, if you have mounted everything properly and routed cables 
sensibly you should not have a ny problems. 

I have been asked many times a bout meridian A ips and whether the camera should be 
rotated fol lowing the Aip - the s imple answer is 'no'. Rotating the camera ha lfway through 
means you wi l l  need a whole new set of Aats, so keep the camera where it is and you 
can deal with the fact that half of the images are 'the other way round' when you a l ign 
them for stacking after you have cal ibrated them. It is easy to visual ize i f  you consider that 
the CCD camera a nd the i mage from the unwanted signals from d ust, dark current, etc, wil l 
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A Sunrise signals time for bed for visual observers, but for those taking astronomical 

images tbis is where tbe processing work starts and tbe hard work really begins! 

remain in the same place as long as the camera is not rotated. By performing the meridian 
fl ip, you wi l l  keep the noise in the same place with reference to the CCD - it is j ust that the 
image i s  the other way round. If you rotate the camera then you wil l  need a d ifferent set of 
cal ibration fi les to accommodate. 

At some point du ring your run, even though you d i l igently set up your dew-zapping 
solution, you may wel l  find that the conditions are worse than you real ized and dew has 
formed on the optics. Whatever you do, do not try to wipe it off. The best sol ution is to use 
a hair dryer on its lowest heat and power setting to blow warm air gently across the optics. 
This should d ispel the dew, a l lowing you to continue, but not before you have increased the 
temperature of your dew straps. 

Once you have the fi les all safely stored on your PC, all that is needed is to capture 
your dark frames. Remember to make sure that you keep the camera at the sa me operating 
temperature during this process. Also, do not forget to keep your telescope covered up whi le 
taking the exposu res as dark frames with stars on them wil l  cause you a l l  sorts of problems. 
If you have bui l t  up a l i brary of dark frames at the temperature you have been working at 
and at the appropriate exposure, then you wi l l  not necessari ly need to do this. 

Before you turn off al l  your imaging kit, there is one last important task, and that is to 
let you r  CCD warm back up again, so you wil l  find that in most control software including 
Maxim DL there is a n  option to turn off the cooler and warm up the camera back to normal 
temperature. Whatever you do, do not just unplug or turn off your  camera unti l  it has 
warmed up and i s  close to the ambient temperature, otherwise you can mechanical ly 
stress the chip and risk damaging it. With the camera warmed up, it is now safe to move the 
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telescope to its park position, disconnect a l l  devices from the computer software, turn them 
off and unplug.  I f  you are leaving your  telescope and mount outside, do not forget to remove 
as much of the equipment as you ca n, as I know from my own bitter experiencel 

There is an  im portant consideration when putting equi pment away, which can save you 
from hundreds if not thousands of pounds' worth of damage and it relates to dew and frost 
formation. If the humidity is high, you may wel l  find your equi pment dripping with dew, or i f  
the temperatures are low, it may be covered in  frost. Whi le you are keeping the formation of 
dew at bay on your  optics with dew za ppers, the rest of the system can get rea l ly  quite wet. 
Un less it is bone dry then it is very i mportant to give it a chance to dry out before you pack it 
away, and the best way of doing that is s im ply to leave it in your  house or garage, unpacked 
so that air can get to it. Leave it l ike that overnight and by the morning it should be dry 
enough to pack away. 

With a l l  that done, there is one fina l  task that I a lways perform before turning in for the 
n ight, and that is to have a check through the image fi les. This is more relevant for DSLR 
imaging where there a re many more variables, as  you wil l fi nd that throughout the evening 
you wi l l  have taken a few shots that are no good. These may have been where the focusing 
was s l ig htly off or you needed to adjust the aperture or exposure a l ittle. I usua l ly take a 
q uick scan through the images, delete the ones that are not needed, and make sure they 
a re named properly and in  sensible folders whi le the evening's activity is sti l l  fresh in  my 
mind .  Trying to sort through files a day or two later can leave you a l ittle confused, so it is 
good practice to perform housekeeping on you r fi les stra ight away after you have fi nished 
your observi ng run.  

Hopeful ly, this cha pter has g iven you a b it  of an  ins ight i nto a typical imaging run.  
In  rea l ity, th ings wi l l  occasiona l ly be very different from one imaging run to the next, 
and despite a l l  the p lann ing in the world, someti mes you have to adjust your  p lans  to su it  
the situation. You may f ind that the atmospheric conditions are too turbu lent for h igh­
resol ution planetary imaging even though the forecast was good, you m ight run into 
problems with your gu id ing that requ i res your  attention, or you may have com puter prob­
lems. Whatever happens during your n ights u nder the stars with your  ca mera, the most 
i mportant th ing is to enjoy it .  For me, and for many people, there is a real  sense of achieve­
ment in not on ly captu r ing a beautiful picture but a lso the journey to get there. You wi l l  
most defi n ite ly hit problems a long the away but  stick with it, be methodical ,  and before 
you know it you wi l l  be prod ucing stunning i mages of the night sky and be able to share 
them with your  friends and fa mi ly. Who knows, maybe your pictures wi l l  then inspire 
others to turn their gaze skywards and wonder at the Un iverse a bove them. 



1 .  Telescope not moving duri ng guiding 

I f  you find that no gu ide corrections are being made then the problem w i l l  b e  either the 
software or the hardwa re. A good way to try and narrow down the problem is simply to 
con nect telescope-control software l ike TheSky to the telescope mount without a l l  the 
compl ications of g uide cameras and additiona l  settings. 

A good proportion of telescope mounts a l low USB con nectivity, but there a re sti l l  
many, mine incl uded, which run from the serial port of a computer. U nfortu nately, most 
laptop computers no longer have serial ports so USB-to-serial-port converters a re needed. 
When the computer starts up, it assigns a Com Port number to the converter and this 
can, rather an noying ly, change with every power-up. Take a look in the 'control panel '  or 
'settings' to make sure you are trying to access the mount via the correct Com Port. Once 
you are sure that you have the correct Com Port configured, try and con nect to the telescope 
and see if  your  control software can command the telescope to move. The motors wi l l  on ly 
move by a t iny amount so you wi l l  not be able to detect it visual ly. I nstead, put you r  ear close 

to the motors and try to l isten for a change 
in noise as they speed up or slow down. If 
this sti l l  fai l s, it is very l ikely that it is the cable 
(or converter if you are using one) or the 
mount itself so try swa pping them. 

For guiding to work there is usual ly a 
cable running directly from the g uide 
camera to the mount drive system - this is 
usua l ly different to the ca ble used to control 
the mount from the computer. Now if the 
first test passed and you know the motors 
are working, try running up your i maging 
software and make some manual move­
ments of the mount from the guiding 
wi ndow. This should use the gu ide camera 
ca ble to move the mount. I f  the mount only 
moves in one of the axes or in  just one d i  rec-

.... Poorly routed and managed cables 

are one of tbe main causes of guiding 

problems. 
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tion, then it is very l ikely to be the cable at fau lt. If there is sti l l  no movement at a l l, 
it could still be the cable so check that you have the right sort. Be warned that although 
cables may have the correct plugs to fit in the sockets they may be wired up d ifferently, so 
double-check you a re us ing the right sort. Alternatively, it could be the software so make sure 
you have the software configu red correctly. 

2. U nable to find a g u ide sta r 

Before doing a nything with your gu ide camera, make sure it is focused. Un l ike the camera 
that you are imaging through, adjusting focus on your gu ide camera is not a problem 
because flat fields are not used. If you cannot find a guide star it may s imply be that your 
camera is a long way out of focus. Once you are happy it is focused, then make sure that you 
take an exposure before selecting to track. This is an important step for the software to be 
a ble to identify a gu ide star to track on - if you choose track without taking an exposure 
then the system wi l l  report 'unable to find gu ide star'. Try adjusting the exposure too -
longer if you cannot see any stars or shorter if the stars are getting overexposed. Having tried 
all of these, then there should be no issue with locating a guide star. 

3.  Guide star seems to osci l late 

You might find that the guiding corrections are being made but that the guide star seems to 
be constantly osci l lating back and forth. If this is the case then it is more than l ikely that the 
cal ibration settings are wrong. There are a number of settings in Maxim DL and other pieces 
of control software - the first to check is the cal ibration time setting. Try increasing it as that 
wil l make the mount move a greater distance across the CCD chip during cal ibration. If it 
moved only a smal l  amou nt du ring cal ibration then it may have calculated incorrect va lues 
to a l low for good guiding. 'Aggressiveness' is another setting that you should adjust - try 
reducing it to smooth out the g uiding corrections. If you make it too high, then the guider 
wil l be trying to chase perfection when in reality this is never achievable. 

4. Environmenta l issues 

Balance and ca b l ing are among the most common causes of guiding issues. A poorly 
bala nced mount wi l l  cause the motors to have to work very hard when responding to 
guiding issues, or it may be that the telescope wi l l  drift under its own weight if not balanced 
properly. You may fi nd that cabl ing will snag agai nst the mount if left to hang, so make sure 
you have routed them and have them secured where possible, leaving enough lengths for 
the telescope to move. When securing cables, move the telescope by hand when switched 
off to see if the cables get pul led tight - if so, loosen them. Resolving both cabl ing and 
balance issues can instantly improve guiding performance. 
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i l l ustrations or their captions. 98, 99, 1 22 1 09, 1 1 2, 1 1 3, 1 20, 1 27, 

Bayer matrix 33, 33 1 34 

afocal photography 69 blur fi lters 1 4  narrowband imaging 33, 

altazimuth telescope mounts Canon 1 3-1 4, 1 6, 53, 59, 82 1 1 3, 1 1 5, 1 1 9-20, 1 27 ,  

1 7- 1 8, 78 ,  90 CCD (charge-coupled 1 38 

altitude 1 7- 1 8  device) 7, 9, 1 2- 1 4, 7 2, Nikon 1 3, 1 4, 1 6  

Andromeda Galaxy 50, 1 05, 26-39, 58-9, 81 -4, 94-7, one-shot colour cameras 
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aperture 1 5- 1 6, 23, 44, 46, 54, 1 46, 1 52-4, 1 57 Canes Venatici 3 1  

57, 63, 66, 67 CMOS (complementary Canon 1 3- 1 4, 1 6, 53, 59, 82 

aperture priority mode 56 metal-oxide Cassiopeia 49, 92 

apochromatic telescopes 24 semiconductor) chips 1 3  catadioptric telescopes 23, 

Ashen Light 86 colour filter wheels 2 1 ,  32, 24, 99 
asteroids 84 34, 33-4 CCD (charge-coupled device) 
Astra Trac 48 cooling systems 97 7, 9, 1 2- 1 4, 7 2, 26-39, 

Atik cameras 27, 29, 1 03, 1 1 5 dark current 32, 1 25 58-9, 8 1 -4, 94-7, 1 00, 1 03, 

atmosphere 69-7 1 ,  74 dew shields 40 1 08-1 0, 1 1 7, 1 2 1 -3, 1 26-7, 

atmospheric dispersion of DSLR cameras 7, 1 2- 1 6, 1 40- 1 ,  1 46, 1 52-4, 1 57 

l ight 7 1  25-37, 38-4 1 , 50, 80-5, set-point cool ing 32, 97 

aurorae 54-6, 55, 56 1 2 1 ,  1 46, 1 5 1 ,  1 55 CCD AutoPilot 1 48 

AVI files 76, 83 exposure time 42-5, 46, chromatic aberration 22, 24, 7 1  

azimuth 1 7- 1 8  49, 62, 66, 67, 84, 98, civil twilight 1 47 

1 1 1 - 1 2, 1 20, 1 22 CMOS (complementary metal-
Baader AstroSolar film 63, 79 (/numbers 1 5- 1 6, 42, 44, 46, oxide semiconductor) 
Bahtinov masks 36, 36, 83, 98, 50, 54, 57, 60, 62, 66 chips 1 3  

99, 1 22 film 8-1 1 , 8  colour 6, 32-4, 1 1 3-23 

Baily's beads 66 focal length 1 2, 1 5- 1 6, 46 colour filter wheels 2 1 ,  32, 34, 

balance systems 2 1 ,  88 gu ide cameras 34-5, 95, 96, 33-4 

Barlow lenses 72-4 1 00, 1 1 2, 1 56-7 Com Port numbers 1 56 

Bayer matrix 33, 33, 1 40 heaters 40 combining images 1 3 1 -8 

bias frames 1 00-1 ,  7 02, 1 04, high ISO speed noise comets 84 

1 25, 1 26 reduction 39, 40, 56, computer systems 1 50-1 
binning 1 1 7, 1 1 8 57, 6 1  constellations 45-50 

blur fi lters 1 4  infrared blocking fi lters 1 5, cooling systems 97 

blurring fi lters 1 32 7 1 ,  7 1 ,  72, 83, 1 2 1  curved field 25 
bulb exposure setting 43, 44 lenses 1 2, 1 5- 1 6, 1 5, 40-1 ,  curves 1 29-30 

42, 58 Cygnus 50 
ca l ibration see image live view 1 4- 1 5, 43, 62, 

calibration 65, 83 Daguerre, Louis 8 

cameras 7, 1 2- 1 6, 25-37, long exposure noise dark current 32, 1 25 

38-41 reduction 39, 44, 46, 47, dark frames 3 1 , 39, 44, 46-7, 57, 

aperture 1 5- 1 6, 23, 44, 46, 57, 6 1  9 7 ,  7 02, 1 03-4, 1 22, 1 25  

54, 5 7, 63 ,  66, 67 mirror lock 40, 56, 83, 1 00 deconvolution 1 40-3 
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deep-sky photography 20, 68, gain 74, 75 log scaling 1 29 

73, 88- 1 23 Gemini  53 long exposure noise reduction 
dew 40-l Gemini system 1 9  39, 44, 46, 47, 57, 6 1  
dew heaters 4 1 ,  4 1  German equatorial mounts 2 1 ,  Losmandy G 1 1  equatorial 
dew shields 40, 4 1  24, 89, 1 48 mount 1 9, 49 
d iffraction spikes 98, 99 Go To telescope mounts 20, low pass filters 1 32 

digital development process 94, 1 08 LRGB images 1 1 6- 1 7, 1 1 9, 1 27, 
(DDP) 1 40-3 graininess 9- 1 O 1 35, 1 37-8, 1 42-3 

d igital photography 7, 1 1  gu ide cameras 34-5, 95, 96, Lucy-Richardson method of 
Draper, John William 8 1 00, 1 1 2, 1 56-7 deconvolution 142 
driven camera platforms 47-9 gu ide scopes 23, 34-5, 88, 95, luminance 1 1 4, 1 1 6- 1 7, 
DSLR cameras 7, 1 2- 1 6, 13, 96, 96, 1 00, 1 1  2, 1 20 1 1 8- 1 9  

25-37, 38-4 1 ,  50, 80-5, 1 2 1 ,  guiding systems 1 0- 1 1 ,  95-6, lunar eclipses 62 

1 46, 1 5 1 ,  1 55 1 56-7 LX200 fork mount 2 7  
Dumbbell Nebula 1 05, 105, 

120 Ha le-Bopp, Comet 84 M 1 3  globular cluster 1 06, 106 

Hel ix Nebula 149 M 1 5  globular c luster 36 
Eagle Nebula 1 07, 107 high ISO speed noise reduction M5 1  see Whirlpool Galaxy 

eclipses 39, 40, 56, 57, 6 1  M81 galaxy 1 06, 7 06 
lunar 62 high pass filters 1 33 M82 galaxy 1 06, 7 06 
solar 66-7, 66 histograms, scaling of 1 27-9 Magic Shutter 5 1  

electronic focusers 35, 35 Horsehead Nebula 1 07, 107 Mars 86, 86 
equatorial telescope mounts 1 7, hub-control software 1 5 1 Maxim DL 37, 98, 1 03, 1 1 1 , 1 1 6, 

1 8-2 1 ,  19, 20, 24, 47, 89, 90 Hubble Space Telescope 87, 1 25, 1 27-43, 1 53 

exposure time 42-5, 46, 49, 1 1 9, 1 42 Meade LX200 fork-mounted 
62, 66, 67, 84, 98, 1 1 1 - 1 2, hypersensitization 9, 1 O telescope 2 1 ,  9 3 
1 20, 1 22 median combining 1 1 2 

eye 6, 1 1 4 i l l uminated reticule eyepiece 92 Mercury 85-6, 85 
cones 6 image cal ibration 1 00-4, 1 25-7 meridian flips 1 48-50, 1 53-4 
rods 6 image composition 1 08 meteors 45, 52-4, 52, 53 

eyepieces 20- 1 ,  22, 25, 28, 47, infrared blocking filters 1 5, 7 1 ,  microns 29 
69, 8 1 -2, 88-9, 9 1 ,  92, 93, 94, 7 1 ,  72, 83, 1 2 1  Mi lky Way 38, 48, 50, 97 
98, 1 00 iNova PLA-C2 camera 72 mirror lock 40, 56, 83, 1 00 
eyepiece projection 8 1 -2 I nternational Space Station ( ISS) mono cameras 2 1 ,  26, 32-3, 

50-2, 50, 5 1  1 09, 1 1 2, 1 1 3, 1 20, 1 27, 1 34 
{/numbers 1 5- 1 6, 42, 44, 46, 50, intervalometer 44 Moon 8, 1 2, 29, 54, 58-63, 58, 

54, 57, 60, 62, 66 iOptron Sky Tracker 1 7, 48 59, 60, 6 1 , 68, 68, 69, 79, 8 1 ,  

field derotators 1 8  ISO speed 39, 40, 43, 45, 46, 82, 82, 85' 85 
field fiatteners 25 50, 54, 56,  57, 60, 6 1 , 62, 63, mosaics 59, 1 09, 1 22-3, 122 
film photography 8-1 1 65, 1 2 1  Mylar 63, 79 
finder scopes 80, 90, 9 1  
FITS (fiexible image transport JPEG format 38-40 narrowband imaging 33, 1 1 3, 

system) files 1 35 Jupiter 47, 68, 72, 73, 75, 86-7, 1 1 5, 1 1 9-20, 1 27, 1 38 
fiat fields 1 0 1 -2, 102, 1 04, 1 25 ,  87 NASA 50, 1 38, 1 42 

1 26-7, 1 47 Neptune 87 
flip-mirror eyepiece holder 1 08 Lagoon Nebula 704 NGC 7000 see North America 
focal length 1 2, 1 5- 1 6, 23, lenses 1 2, 1 5- 1 6, 1 5, 40-1 ,  Nebula 

29-30, 39, 46, 58-60, 64, 42, 58 NGC 89 1 galaxy 1 06, 106 
68-9, 72, 82, 96, 1 09 Leo 53 Nikon 1 3, 1 4, 1 6  

focal ratio 1 5, 24 l ight pollution 44-5, 54, 1 26 noctilucent clouds 56-8, 57 
focusing 35, 35, 75, 97- 1 00 l inear scaling 1 27-8 noise 1 3- 1 4, 3 1 -3, 39, 40, 44, 
frame rate 75 live view 1 4- 1 5, 43, 62, 62, 46, 47, 56, 57, 6 1 ,  1 03, 1 3 1 ,  
framing 1 09 65, 83 1 42 
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North America Nebula polar scopes 48, 49, 49, 92 curved field 2S 
(NGC 7000) 1 13, 1 14, 1 16, Polaris 1 7, 1 9, 42, 43, 45, 48, equatorial telescope 
12 1 ,  122, 123 49, 91  mounts 1 7, 1 8-2 1 ,  1 9, 

Ponzo i l l usion 1 2, S8 20, 24, 47, 89, 90 

off-axis system 96 eyepieces 20- 1 ,  22, 2S, 28, 

one-shot colour cameras 26, quantum efficiency (QE) graphs 47, 69, 8 1 -2, 88-9, 9 1 ,  

32-3, 7 1 ,  1 1 2, 1 1 3 ,  1 20, 1 l S, 1 1 7  92, 93, 94, 98, 1 00 

1 38-9 field Aatteners 2S 

Orion 46, 47, SO RAW format 38-40 focal length 23, 29-30, 68, 

Orion Nebula 6, 7, 7 0 7 ,  l OS, 705, rear-cell focusers 99 96, 1 09 

1 09, 1 1 9, 1 2S, 1 3S reciprocity fai lure 9 focal ratio 24 

reAecting telescopes 22, 24, 99 fork mounts 2 1  
park position 1 S2 refracting telescopes 22, 99 German equatorial mounts 
Pegasus 36 RegiStax 37, 37, 70, 76-9, 83, 2 1 ,  24, 89, 1 48 

Pelican Nebula 9 1 2S Go To telescope mounts 20, 

periodic error correction RGB images 1 1  S, 1 3S, 136, 1 37 94, 1 08 

systems 93 park position l S2  

Perseus S3 satellites SO reAecting telescopes 22, 

Phi l ips ToUcam Pro 28, 72 Saturn 87, 87 24, 99 
photography scalable dark frames 1 26 refracting telescopes 22, 99 

aperture 1 S - 1 6, 23, 44, 46, seeing 70, 74 wide-field refractor 
S4, S7, 63, 66, 67 set-point cooling 32, 97 telescopes 24, 3 1 ,  8 1  

daguerreotypes 8 SharpCap 37, 74 TheSky (sohware) 1 10, 1 22 

digital photography 7, 1 1  signal-to-noise ratio (SNR) 1 1 3, ToUcam Pro see Phil ips ToUcam 

exposure time 42-S, 46, 1 34 Pro 

49, 62, 66, 67, 84, 98, skyglow 4S, SO tracking systems 1 7, 48 

1 1 1 -1 2, 1 20, 1 22 smartphones S0-2, 5 1 ,  68, tri-colour imaging 1 1 3-23 

film photography 8-1 1 69-70, 69 Trifid Nebula 1 7 9 
focal length 1 2, l S-1 6, 23, solar eclipses 66-7, 66 tripods 1 6- 1 7, 16, SO, 6 1 , 84, 

29-30, 39, 46, S8-60, 64, Solar System photography 1 48 

68-9, 72, 82, 96, 1 09 68-87 twilight see civil twil ight 
focal ratio 1 S, 24 solar wind S4 

focusing 3S, 35, 7S, 97- 1 00 Sombrero Galaxy 1 07, 707 unsharp filters 1 33 
graininess 9- 1 0  Sony ICX285AL chips 1 1  S, 1 1 7  Uranus 87, 87 

guiding 1 0- 1 1 speed see focal ratio Ursa Major 42, 43, 48, 49, 9 1  

hypersensitization 9 ,  1 O sporadic events 52 

image calibration 1 00-4, star al ignment 94 Vega 9 1  

1 25-7 star trai ls 42-5 Venus 86, 86 
image composition 1 08 Sun 54, 63-7, 64, 65, 66, 69, Vixen VMC260L telescope 23, 
image processing 1 24-43 79-80, 82, 83, 8S, 85 73, 92, 15 1  
reciprocity failure 9 sunspots 54, 64, 83 
'wet collodion' process 8 weather conditions 69-7 1 ,  74 

Photoshop 37, 47, SO, 1 1 6, 1 2S T-adapters 25, 7 1  webcams 28, 28, 70-80, 70, 
photosphere 6S-6 telescopes 1 2, 1 6, 1 7-25, S9, 7 1 ,  83 

pinpoint astrometry 1 36 68-9, 7 1 ,  72, 88-94, 1 46-8, 'wet collodion' process 8 

pixels 29, 7 1 ,  1 03, 1 1 8- 1 9, 1 24 1 S6-7 Whirlpool Galaxy (M5 1 )  1 1 , 3 1 ,  

planetarium software 1 08, 1 09, altazimuth telescope 1 09, 1 12, 1 1 7, 124, 128, 1 3 1 ,  

1 22, 1 48 mounts 1 7- 1 8, 78, 90 132, 133, 134, 140, 1 4 1 ,  143 
Pleiades Cluster 1 07, 107 aperture 23 wide-angle lens 42, S3, 56 

Plough see Ursa Major apochromatic telescopes 24 wide-field refractor telescopes 
point-spread function (PSF) 1 42 balance systems 2 1 ,  88 24, 3 1 , 8 1 

polar a l ignment 1 7, 1 9-20, 42, catadioptric telescopes 23, 

48-9, 74, 90-4, 1 1 2 24, 99 Xi Ursa Majoris 1 1 8 
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