





















































































































































































































































































































































ASTROPHOTOGRAPHY WITH MARK THOMPSON

A These red (left), green (centre) and blue (right) subs of NGC 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 calculated the best camera for your
telescope, aswe did in Chapter 1), but with the beauty of full-colour images. This is achieved
by taking mono subs through different colour filters and then combining them later using
processing. The results are very impressive but patience is needed to get the end result.

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 actually 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 | for one would rather
produce gloriously coloured images that are balanced well instead of images representative
of the view that | can see anytime.

One of the advantages of tri-colour imaging is that you do not have torestrict yourself to
using the standard red, green and blue filters to produce red, green and blue subs. An extra
layer can be added by taking a luminance sub, which boosts the level of detail that can be
seen. The filters work by blocking some wavelengths of light while allowing others through
- in the case of a red filter, for example, it will let red light through but block all other wave-
lengths. So by taking a mono image through a red filter, all the camera is doing is recording
the red light from the object. By repeating this process through a blue and green filter, a
full-colour image can be produced.

An RGB combined image (left) compared to an LRGB with the luminance
channel adding the fine level of detail (right).



chapter 4 DEEP-SKY IMAGES

Standard RGB tri-colour imaging can be used on all deep-sky objects but there is another
set of filters, called narrowband, which can be used to greatly enhance the detail seen in
emission nebulae. These narrowband filters use hydrogen-alpha (H-alpha), oxygen-Iil (O Ill)
and sulphur-il (S II) instead of the standard red, green and blue, and you can get some really
amazing results. Other narrowband filters like hydrogen-beta (H-beta) and nitrogen-Il (N 1)
are also available and these can reveal a lot of otherwise hidden detail. Narrowband filters are
different to RGB filters in that they block out more light than the standard ones and only
allow through a narrow band of light, hence their name. The name of the filter (for example,
hydrogen-alpha) comes from the chemical element that is responsible for emitting that
specific wavelength of light — by using narrowband fiters not only will you record more
detail but, because they block out more wavelengths of light, they can also be used to great
advantage in light-polluted skies.

The emission nebulae that narrowband filters are so great at imaging are visible only
because the energy from nearby stars is exciting atoms within the cloud and causing them
to glow or emit their own light, in just the same way that a neon tube glows. The chief
difference between using RGB filters and a narrowband set is that the image produced by
RGB tries to emulate what the eye might see, should it be capable of detecting colour on
such faint objects. Narrowband filters, on the other hand, do not try to simulate this and
instead produce what is often called a false-colour image, but in doing so they provide a
much higher level of detail.

We will leave narrowband imaging for now and concentrate on RGB first. A simple
RGB image can be achieved by taking a single exposure through each of the red, green and
blue filters, giving you three black-and-white pictures.This point is important as many people
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A The quantum efficiency graph of the Sony ICX285AL chip which is used insicde
the Atik 314L+ camera shows it is more sensitive at a wavelength of around
530 nanometres, which is in the green part of the spectrium.



ASTROPHOTOGRAPHY WITH MARK THOMPSON

expect to see aredimage, a blue image and a green image, but the colour only appears once
the images are combined in image processing later. The mono pictures are then loaded into
software like Maxim DL or Photoshop and are assigned to the appropriate red, green or blue
channel of the new, combined colourimage. This process is simple and essentially involves
telling the software that you wish to use Image 1 for the red channel, Image 2 for the green
channel and image 3 for the blue channel, and will give reasonably good full-colour images.
A modification to this approach is to follow the same technique as we used during mono
imaging, where a number of subs were taken to reduce the signal-to-noise ratio. If we aim for
perhaps five subs at the required exposure per colour filter, then that will result in a total of
15 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-consuming
- forexample, if you are working at exposures of 1 minute, then instead of a total exposure
time of 3 minutes it ends up being an exposure time of 15 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 hour! The results will be worth it, though.

It is appropriate here to mention file naming briefly, because if you end up with 15 files
(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 and stick
to it. This will avoid you making mistakes when you start to process the subs and combine
them all 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 filter with an eyepiece in place
and you will see that the image is quite dark when compared to a normal unfiltered view.
With filters in place, less light reaches the CCD so the level of detail in the final combined
colourimage is reduced. The solution is to use a straight mono unfiltered image to boost the
level of detail, producing what is known as an LRGB image, where L stands for luminance’
A great way of understanding 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 (left). To get a true colour
representation of NGC 7000, the colour channels were adjusted to com pensate (right).
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Theluminance image (left) of M51 is at full resolution with 1 X 1 binning, but

the resolution of the red image to the right is much less at 3 X 3 binning.

were coloured before the days of colour photography. The black-and-white picture provided
the detail and the colour, applied over the top, turned it into a colour picture. In CCD terms,
the mono luminance sub is high resolution with all the detail and the colour is applied
from the red, green and blue subs. Clear or luminance filters are used to get the luminance
data, and while some of them may look like a clear piece of glass they will often block a little
of the infrared signal that can cause the image to blur. Others block nothing and truly are
clear filters, but they should still be used as leaving them out may mean you will need to
adjust the focus very slightly. Most people buy a set of LRGB filters that are sold as parfocal,
which means that as long as the filter wheel is well built you will not need to adjust the focus
when swapping between filters.

Interestingly, because the red, green and blue filters are denser than the luminance or
clear filter, a lot less light gets passed through. The sensitivity of the CCD chip should also be
taken into account, and as the graph for my camera shows (see page 115), sensitivity varies
across the visible spectrum. This should all be taken into account when thinking about
exposure times; however, the simplest method is to take exposures of the same length
through each of the colour filters. 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 particular
camera. If the graph is not supplied when your camera arrives, thenyou will have to search
online forit. 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 314L+ uses a Sony ICX285AL chip, so a quick
search online reveals the quantum efficiency graph

The majority of red filters generally transmit in the regions around 680 nm, with green
filters around 530 nm and blue filters at about 470 nm. If you look at those wavelengths on
the graph on page 115 then you can see that it is most sensitive in the green part of the
spectrum with a quantum efficiency of 65%; blue is next with a QE of 60%, followed by red
which is least sensitive at 50%.

It is easy to see that equal exposure times for all filters would give roughly the same
information for blue and green exposures, but 10% less information would be captured with
the red filter. To adjust for this in my imaging, | tend to make red exposures 1.15 times longer
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than the green exposures, and if | wanted to be very accurate then | would also make the
blue exposures 1.05 times longer. It is worth noting here that to achieve almost perfect
colour balance you should not only take into account the sensitivity of the CCD chip, but also
the density of the filters and the distorting effect of the atmosphere. The only way of doing
this is to point the telescope at a moderately bright white star near the zenith, and take it
slightly out of focus. Finding a star of the G2 class means it is the right colour, and one like
Xi Ursa Majoris is just the right brightness at magnitude 49. With this star centred in the
camera, take equal-length exposures through each filter that are long enough to register a
brightness of no more than 50,000 ADU in each filter. This value is found by choosing the
‘information tool'in Maxim DL and selecting the star with the mouse - this will bring up a
window with its brightness, which is usually referenced as its ADU (analog/digital unit) value.

You will end up with three values - for example, | get red at 22,000, green at 25,000 and
blue at 23,000. From these values, we need to do a few sums to work out the correction factor
for each filter. The calculation is simply 1 divided by (star brightness value divided by
maximum star brightness value). As an example we can look at the red filter for my set-up —
the calculation becomes:

1+ (22,000 - 25,000)

which gives me 1.13 for the red filter. Plugging in the values for blue | get 1.08 and, of course,
for green a value of 1.00, so these are the figures that | use to work out exposure times for
proper colour balance with my specific set of filters 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 filter 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 altitude 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 filters and
then adjust how they are processed when combining them in software, and we will take a
look at this in Chapter 5.

Whether you have worked out the correct exposure times for different filters or are just
sticking to equal exposures, it is still a good idea to expose the red, green and blue channels
for longer than the luminance 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 luminance
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 will take
25 minutes and the colour channels a whopping 75 minutes!

Fortunately, there is a way to reduce this imaging time by lowering the resolution of
the three colour images. This can be done in a process that is known as binning, which
is achieved by telling your CCD camera to combine the signal from four (2 X 2 binning)
pixels and consider them as one. By doing this, the resolution of the image is decreased
but this comes with an increase in sensitivity of about four times. Having binned the
image (which is controlled when the exposure is set up in the camera-control software),
the exposure times for colour channels will be about the same as the luminance channel
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Making sure the colour balance is
correct is key o getting an accurate
representation of the objects true colour,
like this image of the Trifid Nebula over
5,000 light years away.

and will record the same amount of data.
It is more common, however, to use 3 X 3
binning, which combines-the signal from
nine pixels thus increasing the sensitivity
even more, leading to exposure times for
the colour channels of about a third of the
luminance channel. So using the example
above, which had a total imaging time of

100 minutes, we can now reduce the time
taken at the telescope to just 50 minutes. The only extra task that needs to be done is
during processing, where the colour images will need to be resized to match the size of the
luminance image, but the lower resolution that this technique yields (and the colour subs
will look horrible when you look at them individually) is not an issue because the detail is
provided by the luminance channel, which is still at full resolution.

This might all sound horribly complicated, but with the sequencing feature available in
many pieces of camera-control software it is pretty easy. Assuming you have invested
in computerized filter wheels, which | believe are essential, then you simply input your
chosen exposures, number of subs and which filter is used and the computer runs the
whole lot for you.

Earlier, we looked at the narrowband imaging technique to get a finer level of detail
recorded in the colour channels (see page 115). In order to produce a narrowband picture,
subs are taken through each of three (although it is possible to use more) filters and then
assigned to either the red, green or blue channel during processing. In reality it is not too
important which sub is applied to which channel as all narrowband images are effectively
false colour anyway. Unlike LRGB imaging, there is no luminance channel used in narrow-
band work, so keep the exposure times the same for each filter, take a number of exposures
to improve the signal-to-noise ratio, and then median combine in processing software to
produce master subs before applying to the channels. This technique is even used by the
Hubble Space Telescope and other professional observatories to enhance different details.
Although it does not really matter which filter is applied to which channel, | do tend to
apply filters to channels depending on what types of object | am imaging; for example, the
light from planetary nebulae comes mostly from excited oxygen atoms so | use hydrogen-
alpha in the red channel and O Il in both the blue and green channels. Emission nebulae,
on the other hand, like the majority of the Orion Nebula, are glowing from light emitted
from hydrogen atoms, so | will use hydrogen-alpha for the red channel, O Ill for the green
and then hydrogen-beta for the blue channel. Try experimenting a little as there is no right
or wrong way of doing this, unlike LRGB which tries to simulate real colour.
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Narrowband imaging o[ some objects like the Dumbbell Nebula (right) can reveal
detail that might not have been seen in an LRGB image (left).

Exposure times for narrowband subs tend to be much longer because of the lesser
amounts of light being allowed through the filters. It is fairly typical for exposures to be
about 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 will still need to median combine a number of subs into one master, so taking five subs
each of 50 minutes means you will be imaging for 250 minutes for just one filter and a total
of 750 minutes (or 12.5 hours) for a full set of subs. Don't forget to include the usual dark
frames and flat fields as we discussed at the startof this chapter and you can see that it is not
unusual to be working on one image over a number of nights.

There is one potential pitfall with narrowband work but it is only relevant if you are using
a guide camerawith an off-axis guide unit or if your camera has two chips. Either of these two
approaches means the guide camera is very likely to be imaging through the narrowband
filter too, so finding a guide star can be much harder. Many people opt for using a separate
guide camera and guide scope so the challenge of finding a faint guide 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 and fast results but while it
is possible to dabble in narrowband imaging with one of these cameras, it is really not ideal.
In my opinion, the flexibility 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, O IIt and S i),
different detail will 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
around ten times longer).
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a set of filters far outweigh the benefits of speed that one-shot colour cameras offer. While
one-shot colour CCD cameras remain the least popular option, using DSLRs seems to be
gaining in popularity a little.

It is appropriate to mention briefly the drawbacks of using DSLRs for deep-sky imaging.
The main issues are noise and the infrared blocking filter. Many of the astronomical CCD
cameras have some form of cooling as we looked at earlier (see page 97) and by cooling
them you can minimize 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 infrared blocking filter is not so easy
to resolve but its impact is great when it comes to trying to image the red emission nebulae.
Most CCD chips, including those used in DSLR cameras, are sensitive in the infrared part of
the spectrum and certainly a good proportion of the light coming from emission nebulae is
in the infrared. The presence of the blocking filter means that there will be a significant
impact on the amount of light to which the CCD is exposed, so ideally forimaging nebulae
the infrared blocking filter should be removed. This is a specialist job and certainly not one
that you would want to attack yourself if you are unfamiliar 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 will give you a
funny colour balance for normal daytime shots but this is avoidable by messing around with
the white balance settings. The infrared blocking filter is less of an issue for galaxy or stellar
shots, however, so these can be captured without its removal.

Capturing the shots with a DSLR is best by setting the ISO to about 800. | find this
setting offers a good sensitivity, not too strong for stars and just about manageable for
deep-sky objects. Higher ISOs are possible but they tend to lose the colour in the brighter
stars so | usually stick with the lower 800 setting. The aperture setting is now no longer
available as we are using a telescope in place of the lens, but the same principles for
focusing and framing that we discussed earlier can be used. The automatic focusing option
is not always possible with DSLRs because it relies on computer analysis of the image
followed by automatically executing a change to the focus, and not all cameras have the
software drivers for the advanced camera-control software that offers this feature. Instead

A A cooled CCD image of NGC 7000 (left) compared to a 10-minute exposure from
a DSLR which was not cooled (right).
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it will be a manual job using either the reliable Bahtinov mask or the less reliable human
eye. With the camera focused and the object nicely composed in the field of view,
you should take a number of exposures around 10 minutes each. The exposure will be
limited for a DSLR not just by the tracking ability of the mount (if unguided) but also by
the thermal noise building up in the uncooled camera. Exposures of much more than
10 minutes tend to start suffering with thermal noise build-up, which is too much to
eradicate with dark frames. Take as many subs as you feel appropriate but try starting
with about five to see what the result is like. A total exposure time of 50 minutes should be
sufficient for most objects but you can always 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 shorter-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 all
familiar with mosaics from our school days when we made them out of ripped-up pieces of
magazines to produce a new picture. Astronomical mosaics require 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 allows you to set up an indicator that shows the field of view of your
camera. | use TheSky 6.0 Professional but most planetarium software allows you to do this

This imcage of the North America Nebua was too large to fit on to one imcage so

it is a mosaic of four individual images that were captured, calibrated, processecl
and then combined.
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A simulated CCD field of view of the North America Nebula which shows that

the ohject is too large to he captured in one frame of camera and telescope without
1using mosdics.

these days. By selecting either the type of camera or using the custom function to enter the
dimensions of the chip, the software will calculate how much 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 capture 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
producing mosaics with very short-focal-length telescopes. These give you a very wide view
of the night sky and because the sky is to all intents curved, transferring that on to a flat CCD
chip will lead to distortions. At longer focal lengths this distortion is not noticeable, but at
shorter focal lengths you may find there are issues with getting the frames to line up when
you process them. To minimize this, stick to the longest-focal-length system you have that
allows you to capture the image with as few mosaic tiles as possible.

That pretty much covers all the basics of getting deep-sky images through a telescope.
Whether you have a CCD or a DSLR, capturing the raw image is only half of the battle. Afteran
imaging run, you willnow have lots of frames that need pulling together into thefinalimage.
Once you have got your end result all processed and looking lovely, it is quite fascinating to
compare it to one of your raw image files. The difference will be amazing, particularly if you
are tri-colour imaging or using narrowband filters. Either way, you are now halfway through
producingyour beautiful prized picture. The next chapter willnowleadyou carefully through
the field of image processing.



OMPOSING AND TAKING pictures of family, friends or scenery is usually enough to
capture the moment, but when it comes to astrophotography things are a little

different. Capturing the raw image is only a small part of producing the final picture, while a
surprising amount of time can be taken up with image processing. Regardless of whether
you are working with a webcam video, mono or colour CCD, or even a DSLR, you will
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 all the way through
to complex mathematical manipulation of the image.

As we have already seen, a digital chip is an array of pixels or light-sensitive devices which
produce an electrical charge that is representative of the amount of light they received, with
more light producing a higher charge. Digital images are therefore essentially 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 little confusing but the principle can be simplified if we imagine a pixel
that can only detect two levels of brightness: dark and light (compared to modern digital
chips which can record thousands of different brightness levels). In the computer, that pixel
will either have a value of 1 if it has detected light or O if no light is detected. Now imagine
thousands of these pixels arranged in the grid that will produce a matrix of 1s and 0s
when trying to record a full image. This is in effect all that an image is composed of inside a
computer, although of course the range of numbers will be much larger due to the greater
sensitivity to different light levels.

Having captured the raw image or images, the act of image processing is all about
manipulating the numbers that represent the brightness detected by each pixel. The primary
purpose of image processing is to enhance
the detail visible in an image, but it can be
usedto correct some minor levels of defects
found in images too. What it cannot do is
perform magic and turn a rubbish picture
into a brilliant one, so your raw images still
need to be of good quality. For example, if

<€ A raw luminance sub of M51, with
bhinning set at 1 X 1 to give maximum
resolution. There will be a number of
defects in this uncalibrated image that

now need to be 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 chance of getting the most
out of your shots. | know people that rush through capturing images only to spend time
processing later to try and turn them into something beautiful. | tend to spend my nights
concentrating on capturing the images and only think about processing during the day or
when it is cloudy and | cannot use the telescope. At the start of this process you will more
than likely have dozens of frames from raw-image files of different colours, flat fields, dark
frames and so on — all to produce one image. As we work through this chapter, we can follow
how the final image evolves as we look at an example of processing one of my images of the
Orion Nebula.

There are three main pieces of software that | 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 techniques of both. We have
already looked at using RegiStax to process a webcam video and transform it from a video
into a stunning planetary image in Chapter 3. Taking the image from RegiStax, it can then
be further enhanced in Photoshop, and likewise 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

Calibration

The first task to be done with deep-sky images that have been captured is to calibrate them
and this means to apply the dark frames, flat fields and, if appropriate, the bias frames. We
have already had a brief look at this when considering capturing them, so the first and easiest
task is toremove the dark current by subtracting 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 image file
into your processing software (such as Maxim DL) and take a close look. You will see a very
subtle speckled effect in the blackness of
the sky — this is mostly from the dark current
and is what we will 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 library if you

The dark current bas heen removed
Srom the luminance sub by subtiacting
the dark frcme. This will yield varying
degrees of improvement depending on

the dark current in your camera.
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have built one up. And that's it! You have just removed the dark current, and taking a closer
look at the resultant image will reveal that the subtle speckled effect has now gone.You may
be able to detect a little variation in background blackness but this can only be removed by
increasing the amount of signal information. Longer exposures will achieve that, of course,
but this means guiding needs to remain accurate for longer and the effects of light pollution
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 current pattern matches
exactly, so do not try and fiddle with the dark frame or raw image until you have completed
image calibration.

I touched on scalable 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 exposure, you also need to capture bias frames.
A bias frame records the charge applied to a CCD chip so that the pixels are primed to collect
light and is of zero seconds’ exposure time. The bias frame must be subtracted from each
of the ten dark frames in turn and the resultant 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 all ten of the new dark frames. This gives you the master scalable dark frame, which
you can then apply to your different-length exposures.

As before, you can build up a library of these master scalable 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 scalable dark frame you can use this
in the same way as a normal dark frame to calibrate your raw data images. Most pieces of
astronomical image-processing software are clever because you simply need to ensure that
the software is told of the exposure duration and temperature of the different frames and the
software will be able to scale them for you automatically. The scalable dark frames work well
too if you have, for whatever reason, not got an accurately matched dark frame for your
image. Choose the scalable dark frame which best matches your raw image and use that.
You will need to subtract a bias frame from each image file first before then subtracting the
scalable darks, but that will mean you now have a partially calibrated image file.

The final task in calibration is to remove
the varied sensitivity across the CCD chip
and the effects of dust and contaminants.
Chapter 4 looked at how to capture these
flat fields, and while some consider that the
short exposures result in negligible dark
current, the noise from bias is enough to
warrant this extra step. Subtracting dark
frames from flat fields will not only remove

The next step is correcting the
sensitivity across the imcage by
applying the flat field.
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the almost negligible dark current but also the rather more impacting bias. The improve-
ments will be minimal so do not expect an amazing transformation, but time spent here will
give you a brilliantly calibrated 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 time and CCD operating temperature, and are then subtracted from
the flat fields to give you a calibrated flat field which can be applied to your data image in the
calibration function of your software.

Maxim DL makes image calibration easy. From the ‘set calibration’ command you can
specify the master dark frame (and bias frame if you are using scalable dark frames) and
flat field files too. The software will interrogate the individual image files and pull out the
exposure, temperature and other items and display them. You then need to specify which file
is which and select ‘OK'’ for the software to do the rest. There are other configuration items
available but you can leave these for basic calibration. The information pulled from the files
allows Maxim DL to work out any scaling that is needed, particularly for the scalable darks.
Thereis a calibration wizard tooif you are unsure of the settings, so that is a good place to get
some further help.

Now that you have calibrated data files, we can move on to the more simple tasks of
adjusting the image to display better on your computer screen by ‘stretching'its histogram.

Linear scaling of the histogram

Many computerscreens only display 256 shades of grey whereas nearly all CCD cameras will
capture at least 4,096 shades, though many will record up to 65,536 shades. Computers
will automatically try and display a picture at its best, but this usually results in the blacks
becoming too bright and the bright whites, such as stars and bright regions of galaxies and
nebulosity, becoming completely washed out. By stretching the histogram or scaling the
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The ‘screen stretch’ function in

Screen Stretch

Maxim DL is great for revealing
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image, much more detail will be displayed.
(A histogram is a graph that shows the
brightness of pixels against the number of
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histogram of your image. All of the good
image-processing software | have used usually show the histogram in broadly the same

way with tiny markers to the lower left and the lower right, representing the blacks and the
whites in the image. Anything to the left of the left-hand marker will be displayed as pure
black with a pixel value of zero and anything to the right of the right-hand marker will be
white. The markers can be dragged to new positions to adjust which pixel value is taken to
be pure black and which is pure white. The same information is displayed numerically in
the values in the minimum and maximum boxes just below the histogram. You can adjust
the 'black point’and the ‘white point’ by entering different values in the boxes. The back-
ground sky should be black but the presence of light pollution will cause the background
to have a pixel value greater than zero, so to get a proper black sky you can adjust the
slider on the left towards the right until the sky looks black, which should be at the start
of the information in the histogram. You will now see that the value in the ‘minimum’box
has increased.

Adjusting the left slider has taken account of the background sky so that it actually
looks black; we now need to do something similar to the right slider and adjust it so that
the bright white regions are not completely washed out.To recover the information in the
brighter regions, the white marker needs to be adjusted further to the right, which again
can either be done by dragging the marker
or by adjusting the number in the maximum
box. This will result in an increased value for
the ‘white point; bringing out more detail
in those regions.

If you look at the histogram, you will see
that there are still some pixel values above
the maximum that you have just set so you
may think it worth adjusting the right slider

Extra detail is revealed after applying
a simple screen stretch to the image of

M51, although 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
histogram is towards the black end and this includes the majority of the information from
the fainter regions of the nebulosity. The few pixels that are much brighter are from just
a few bright stars. By stretching the histogram further the really important detail in the
faint nebulosity will be spread over a smaller range of the computer's available display
capabilities (256 shades of grey) and it is better to lose a little of the bright information in
order to preserve the fainter portion.

Log scaling of the histogram

The approach we have just used is good
but not great - it can leave some of the
fainter information hidden in the black
background, although there will be good
structure and detail in the brighter portions.
A better option is to use log scaling, which
actually alters the image data rather than
just how it is being displayed as the previous
method does. Log scaling will reveal detail
nicely in both bright and fainter portions
of the image while retaining a black sky.
Scaling functions, including the linear
method we've just looked at, are accessed
from the ‘process’ menu in Maxim DL and Log scaling makes more use of the

then selecting ‘stretch! With the ‘stretch’ available data, bringing out even more
window open, selectlog’in the permanent  information than a simple linear or
stretch area and then select ‘max pixel' in  screen stretch.

the ‘input range’ Leave the ‘output range’

as ‘'unlimited’ and select ‘OK’ You will be surprised at the difference and can then return
to the linear scaling method to darken the sky further or enhance the detail a little more.

Adjusting curves

Once you are happy that you have brought out as much detail as possible by stretching
the image, the next thing to do is to enhance specific areas by adjusting the ‘curves’ The
curves process is essentially the same as the stretch functions, but instead of applying the
same adjustment to the whole image, it allows you to set a new brightness level based on
the original brightness level — or, in other words, you can adjust the really bright bits or the
fainter bits independently of each other, making it a really powerful tool.

In Maxim DL you can access the curves function from the ‘process’menu; once selected,
it will launch a window that shows a big black square with a white line in it to the left and
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Adjusting curves after performing linear stretches of an image is a great way to

bring out detail in different parts of the image.

a small preview of your image to the right. Between the two will be some functions that
allow you to enhance the image further. The graph has no values along its axes but all that
you need to know is that the original brightness value is represented along the horizontal
axis and the new value is represented by the vertical axis. The first thing to do, though, is to
reset the curves values to their default, which is easiest to do by right-clicking in the black
box and selecting ‘curves’ followed by 'reset’ This will set the white line back to its default,
which will display as a straight diagonal line running from lower left to upper right. It is also
agoodideatocheck that the ‘curve type'selection box is set to'modified spline’

With the graph in its initial state as a straight line, 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 values. If you are dealing with a colour image then the ‘edit channel’ box will be
accessible so that you can adjust the individual colour levels, or you can select ‘luminance
only’ to adjust the overall luminance values of the image. Whether it is colour or mono, to
adjust the curve click somewhere along its length (the middle is a good place to start) and
then simply drag it to a new point either up or down. A square will appear at that point
on the graph and the line will adjust to pass through that point. If you selected a point
roughly along the middle of the graph and moved it upwards, then the pixels with an original
brightness thatwas roughly in the middle of the range willnow have become brighter. If you
moved it down, then they would have become fainter but usually the purpose is to boost the
value rather than reduceit.

You can create as many adjustment points as you like along the graph but | tend to
work with no more than about six, unless a lot of work is required on an image when | may
use as many as ten. If you need to remove a point then you can just right-click and select
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‘delete point’ Just how the graph responds to the different adjustment points is specified
in the ‘curve type'box that we looked at earlier. If you select ‘piecewise linear’ it simply joins
up the points with straight lines, whereas the 'spline’ option joins up the points using a
smooth curve. The ‘modified spline’is the one | use most often — it does the same as the
‘spline type'but also adds new points on its own to smooth out the curve.

Set the ‘output range’ radio button to '16-bit’ and choose the ‘auto’ tick button next to
full screen’ - this will show you how the adjustments will ook on the full image in the
background. If you need to adjust further, then go back to the curves dialogue box which
should still be visible and make more adjustments, but if all is looking good then select
‘OK'on the curves box to apply the changes.

Now go back to the stretching function that we used in the previous section and apply
a linear screen stretch to make sure the entire brightness range is being used. Head back
into the curves dialogue box and adjust a little more following the screen stretch, and then
(ves, again!) apply another linear stretch and another curves adjustment. You may end up
doing this a few times to bring out more data from the image but once you are happy with
it and have applied the last curve by selecting ‘OK; then open up the curves dialogue box
one last time, right-click and select reset curve;, and make very minor adjustments to the
curve to bring out any remaining detail before selecting '‘OK’ Dealing with curves is a bit
of a repetitive process and it will take three or four cycles of adjusting the stretches and
the curves until you are done.

Combining images

In the previous chapter we looked at the concept of stacking images to reduce noise. It is
probably more accurate to refer to this as enhancing or increasing the signal from the object
rather than reducing noise, although this is the effect we are after. Unlike the signal 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 calibration technigues we looked
at earlier. The remaining random noise can be greatly reduced through combining images
— the more subs that are combined, the
greater the result although there will come a
point where adding more subs will have
little further impact. It works because the
image data is consistent from one sub to
the next while the noise is random and
never the same from one to the next. By
combining two images, the signal data is
mathematically doubled while the noise is

Stacking five subs of M51 increases
the signal-to-noise ratio, effectively

making the image data stand oul more.
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only enhanced by around 40-50%. In the example on page 131, 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.

Combining a number of images is easily done in Maxim DL or other good-quality
astronomical image-processing software, which for the most part completes the task auto-
matically. To access the combine commands in Maxim, select the ‘process’ menu followed
by ‘stack’. This process will be familiar from the webcam work we did earlier to stack the
individual frames from a webcam video (see page 77). The stack window will appear and
from here you can select the files you are going to combine; you then have the option of
sorting through them to weed out the rubbish ones where seeing has affected the quality
before you select the ‘alignment’ tab, which is done automatically. The software will take
care of shunting around the images to align the stars in the field of view and any rotation
that is required.

You will recall that | 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
nights. The ability of software to rotate images to align them should not detract from your
efforts to try and get rotational alignment roughly correct, so the software has less work
to do. Choose to automatically align the images and then, in the ‘combine’ tab, choose
‘median’ as the ‘combine method’ Now the exciting bit — choose ‘go; for the images to be
aligned and combined to see the result.

Processing filters

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

If your image still looks a little 'speckly, you can try applying a low pass filter. Any object
that you have imaged will result in the value of pixels varying gradually from one to the next.
Rarely will there be an object that will cause significant differences from one pixel to the
next unless there is still some level of noise present. The low pass filter looks at the value of
every pixel, compares it to the value of the
neighbouring pixels, and any which stand
out significantly will be noise and have
their value adjusted to bring them more in
line with their neighbour. The effect is that
your image will be smoothed after applying
this filter. Depending on the software that
youare using, it may also be referred to as a
blurring filter.

Filters like the low pass and high
pass are greal at further enhancing

the image, but use them subtly.
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A further tweak to M51 using an
unsharp mask brings out more detail
that was previously hidden.

You may find that your image could do
with a little sharpening to bring out finer
detail and to do that there is a filter that
works in an opposite way to the low pass
filter, which is known as the high pass filter.
Use this function with caution, though, as
too much sharpening can make the image
look overprocessed. The sharpening ability

of the high pass filter will not correct for
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 detail.

A slightly different yet more powerful version of the high pass filter is the unsharp mask.
The unsharp mask works conceptually by first creating another more blurred copy of the
original image by performing a low pass filter. The new, blurred image is then subtracted
from the original to reveal a finer level of detail. This is a much more powerful tool than just
the low and high pass filters themselves, since the strength of the unsharp mask, which is
created from the initial low pass filtering, and the strength that is applied to the original can
both be varied, having a greater or lesser impact on the final result. Applying a much stronger
low pass filter will result in a more blurred filter image, which is then subtracted to remove
more of the large-scale features that are perhaps a little too bright, thus masking detail. This
can be particularly 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 will result in a less
blurred filter image that will work to enhance and sharpen finer details.

It is interesting now to compare one of the raw image data subs against the fully
processed final black-and-white result (see the images below). As you can see, the difference

that image processing makes is significant.

Comparison between the original image (left) and the fully processed imcge with
low pass and high pass filters and an unsharp mask (right).
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Combining colour images

If you are taking on the challenge of tri-colour imaging then you will have at least three
black-and-white images that need to be aligned and combined. You will recall from earlier in
the chapter that calibration 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.
Following this, the calibrated images for each colour channel were combined to increase the
signal-to-noise ratio. Having done all this and been diligent not to have messed around with
the image scale or the orientation of the image, it is now time to take your individual mono
pictures and combine them. Remember that if you are using red, green and blue images to
get a colour image then you will have one image per colour channel. You may even have a
fourth image with luminance information.

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

The four subs making up a colour image with (a) full-resolution luminance at
binning 1 X 1 and the colour images all at lower resolution with 3 X 3 binning —
red (b), green (c) and blue (d).
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The fourimages are comhined
during processing, using the functions
of Maxim DL.

that clearly identifies which colour channel
they represent so as to avoid any confusion
during processing). Remember that you
will not see any colour yet — you will need
to wait until the images are combined
before colour almost magically appears. It
is interesting to look at the differences i
between the individual images as you can  wwn ==
sometimes see quite significant variations between them. Images of galaxies tend to show
only a little change between the red, green and blue images, but those of nebulae such as
the Orion Nebula will show greater differences between them. This is because some objects
emit significantly more light in certain wavelengths.

With the images loaded, the next step is to select the ‘combine’ menu and then

‘colour combine, which will load the control panel to set up the colour combine. At the
top of the window, you will 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 also the option to choose LRGB and a number 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 will need to select the images to be applied to
each of the three colour channels.

You can make things easier for yourself here when you set up your colour filter
wheel and configure your camera-control software to use it. You need to ensure that the
software knows which filter is in which slot of the filter wheel in order to configure
the software properly. You will need to do this anyway so that you can pick and choose
which filter you wish to use, but make sure you label them as red, green and blue from
the start. When you take your images, the format of the file saved is known as a FITS file,
which stands for flexible image transport system’ These files will store a lot of information
about the set-up used for taking the picture, including any filter that was used. Maxim DL
interrogates the files that are open at the time the ‘colour combine’ window opens to see
which filters were used. It will try to assign images correctly to the right colour channel
from the FITS information it finds, but you can correct any assignments that are wrong.
However, if you find Maxim is constantly getting the images in the wrong slots then make
sure you put R, G or B (or L for luminance) at the end of the filename before loading them.
Maxim will check the last letter of the filename as well to work out which colour channel
it should be applied to.

Take a look at the preview window now in the lower right of the ‘colour combine’
window. If the ‘auto preview' option is selected (which | recommend you leave turned on)
then you will see a colour image of some sort, but do not be worried if it looks like a multi-
coloured mush because the images still need to be aligned.
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A simple RGB combined image with
the luminance channel left ow.

In order to align the images, the ‘align’
button must be selected. This causes an
align dialogue box to launch and from here
the images can be perfectly positioned
with respect to each other. During RGB
alignment, the red image is usually auto-
matically selected as the reference image
against which the otherimages are aligned.
With the align dialogue box open you can
select an alignment mode and for this
| recommend either 'auto - star matching' or ‘overlay’. The first of these options will take
the images and recognize matching patterns of stars across them before aligning them by

nudging the images around, scaling the images and even rotating them as appropriate.
The ‘overlay’ option gives you full manual control to move and scale the images, and
helps by overlaying them in different colours to make it easier. There is one further option
that requires a little more work but is probably the most efficient of the modes:‘astrometry’
This mode takes information from the FITS file header that tells the software exactly which
partof the sky the image shows. All of the images must be run through an additional piece
of software first, called ‘pinpoint astrometry; which determines the exact field of view
from the stars. With this information added to the file header, the "astrometry’ mode will
appropriately align the images to gain an accurate alignment. Generally, | stick to the
‘auto - star matching’mode and then use ‘overlay’for any finishing touches.

The area under the alignment mode selection is for manual alignment - this mode
requires you to manually select the same star in all of your images. If you choose this option
(which can either be to manually select one star or two stars) then make sure you select
the 'auto next’ box. This will automatically present you with the next image as soon as
you select the star in the image, which saves you time in selecting each individual file
and indeed minimizes the risk of missing one. The next area at the bottom is home to the
‘overlay’controls, which is my preferred method of manually moving around the image by

Getting the best from yourimaging run

Gathering data for astronomical images can take quite some time, particularly if narrow-
band images are 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 different telescope that has the same focal length and aperture
- you may find there are subtle variations in field flatness which will make performing
alignment difficult.
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selecting the arrows appropriately to nudge the images to a perfect alignment. Selecting
'‘OK’at the bottom of the dialogue box will activate the alignments and return you to the
‘colour combine’ dialogue box.

On returning back to the ‘colour combine’ box, you should now be presented with a
much nicer preview that is starting to resemble your final result. The last step is to set the
values in the table at the bottom of the window. If this is a simple RGB image then the
only slots available to be filled in are red input/red output;, ‘green input/green output’
and ‘blue input/blue output’ These allow you to alter the colour balance of the image
by adjusting the strength of the colour applied based on the original exposure times.
If your three images all had the same exposure then you need to enter 1 in each of the
slots, but if your blue image, for example, was half the length of time as the red and
green then blue should be set to 2 and the red and green values set to 1. Do not be
afraid to experiment with these settings until you get a satisfactory result. You will recall
the discussion about exposure times in Chapter 4 (see page 112) so thisis where you can
enter your adjustment factors.

Combining LRGB

This should be sufficient to combine the red, green and blue images and present you
with a full-colour reproduction of the object under study. We looked earlier at ways that
you could utilize a fourth image to record luminance information and you will recall that
we discussed how to capture this extra image through a clear filter. The concept is simple:
a full-resolution luminance image provides the fine level of detail in the final image, and
because there is no colour filter to reduce sensitivity, the full sensitivity of the chip is
used. The colour frames can then, if so desired, be binned to reduce their resolution and
also their exposure times, giving us a full-resolution luminance image and three lower-
resolution colour images. These can then be combined in a process much the same as the
one we've just looked at.

Comparison between RGB (left) and the same imcage with the luminance channel

providing the higher resolution data (right).
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To combine LRGB images the first thing you will need to do is to resize the colour images
(ifyouhave binned them 2 X 2, then they will be half the size of the full-resolution luminance
file). This is done by opening the three colour images and then selecting‘process, followed by
'resize’. From the dialogue box that you are presented with, select the 'no constraint’ option
before typing in new numbers for the image dimensions. If you have binned 2 X 2 then simply
double the image size, or if 3 X 3 binning then multiply the image size by three. Selecting
'OK" will then present you with a resized image, but it will look horribly pixelated. No need
to panic, though — the beauty of LRGB imaging is that the colour files just provide the colour
information; the fine level of detail is provided by the higher resolution luminance file. You
should now have three resized and pixelated colour images for the red, green and blue
channels. Nowopen up the luminance file and select ‘combine; followed by ‘colour combine’

Instead of selecting the RGB colour combine mode, choose LRGB which will give you
another fille selection box to choose the luminance file. Now repeat the steps we looked
at earlier to align and then combine the four images. | sometimes find that Maxim seems
to struggle with image alignment, particularly if | have binned the colour images 3 X 3, so
instead | tend to use the manual two-star alignment method so that | have to choose two
stars on each of the colour frames.

Narrowband processing

We looked earlier at the use of narrowband filters, which are a great alternative to using red,
green and blue filters. When combining narrowband images the technique is identical to
combining RGB images, 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. Usually just three narrowband images are
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 earlier.

Perhaps the most common method is for H-alpha to become the red channel, O Ill to
become the green and S I 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 assignment to
take advantage of the sensitivity of the camera being used and so may assign S Il to the red
channel, H-alpha to the green and O Ill to the blue channel. My camera is most sensitive in
the green so | tend to use the H-alpha image as the green channel when imaging emission
nebulae, as that allows me to exploit the sensitivity of the camera. The real beauty of narrow-
band imagery is that there is no right or wrong way of doing it, so get creative!

Processing one-shot colour images

Surprisingly, the majority of one-shot colour cameras require images to be processed (with
the exception of the DSLR-style cameras). We looked at these earlier and saw how the CCD is
covered in an array of colour filters known as the Bayer matrix (see page 33). The image that
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comes out of a one-shot colour camera is still mono but will look somewhat speckly in
comparison to a normal mono image from a mono camera. This speckled effect is not
the result of noise, although of course there will be noise present but that can be dealt 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 light depending on the filter in front of it. To remove
the speckling effect and to turn the picture into a colour one, the ‘colour conversion’ or
‘debayer’ process must be completed. These are the terms used in Maxim DL but other
software will have similar terms. This process is done automatically in most DSLR cameras
but needs to be manually performed in astronomical one-shot colour cameras.

Load the image into your processing software and complete all your calibration tasks
first - dark frames and flat fields - and once this is all done you can start adding colour.
Thankfully, the software usually knows how to‘colourize’ most camera models so you just
need to select the model of your camera and the software will do the rest. However,
you may find that the result is pretty garish, because while the software knows how to
colourize the image, individual cameras may require a little tweaking. This can now be done
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in the ‘convert colour’ section, which allows you to adjust the alignment of the colour
channels until you get a good result.

A word about the flat fielding which in many cases will annoyingly strip out the
colour information in the image. This happens because a flat field should assume a
perfectly uniform field, but of course with the Bayer matrix in the way there will be colour
tints across the field, so applying a flat field will remove this. When you are registering your
calibration files in Maxim, there is an option to select ‘boxcar filter' when specifying the
flat field. This will ensure colour information is retained through the calibration process.
Once you have completed this debayering procedure, you can then look at stacking
multiple images to improve the signal-to-noise ratio and other processing techniques that
we have already discussed.

Advanced processing techniques

Having completed all your calibrations, aligned, stacked and done everything thatyou think
you could possibly ever need to dotoyourimage, there are a couple of other more advanced
processes that will eek out a little more information - although, be warned, these should
ideally be done after calibration and before any other processes. There are two particular
techniques that | want to look at: the 'digital development process' and ‘deconvolution.
Both of these have very different benefits to your beautiful new image, and while you may
think it cannot get any better, a little more time spent processing your picture will get the
verybest you can out of it.

The 'digital development process’ or DDP (also known as the ‘digital development
filter') was developed to re-create the responsiveness of film in a CCD-produced image.

Image of M51 before the application of the DDP filter (left) and after (right).
Notice how the darker regions of the image are more enbanced but the lighter

regions are barely affected.
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Stubbornly, it has taken me many
years to accept that the CCD is
much more capable than film and,
ironically, here we are, now using
techniques that allow us to mimic
film response in a digital image!
Unlike a CCD, which is equally responsive to all levels of light from black to white, a
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photographic film tends to be more sensitive in the darker levels around dark greys. This
characteristic means that it was always easier to tweak and enhance the darker regions in
a photographic picture without completely blowing out the brighter regions. The DDP
allows us to do this with digital images and it is most useful when working on images with
a large range of brightness across the entire image — galaxies are a great example of this.

It should be noted at this stage that the DDP should be done before combining colour
images or stacking in any other way. If you are using one-shot colour 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 filter to, run the mouse pointer
over the darkest areas of the background to see what their values are — the darkest part will
have the lowest number.With this number in mind, younow need to select filter, followed
by ‘digital development’, and you will be presented with the DDP dialogue box. It will
look familiar from the filters we looked at earlier, but this time take a look at the bottom of
the box and you will see a DDP section with an ‘auto’ tickbox underneath ‘background;
uncheck this to see the value that has been applied. It should be similar to the value that
you found earlier by running the mouse over the background. If it isn't, then adjust it -
I always find it overestimates this value by anything from 100 to 200, which results in too
much processing and a loss of information in the final image. Alternatively, choose the
‘'mouse’ option and select a dark part of the sky for Maxim to enter the value for you in
the 'background’ box. Just next to the 'background’ box is the 'mid-level’ section, and for
this | tend to leave it at automatic.

Just above the DDP parameters section is the ‘FFT hardness' section. By applying DDP
there tends to be an overall softening of the image, so the FFT section allows you to
sharpen up the image to compensate. | usually ignore the pre-programmed 'mild;'medium’
and 'hard’settings and use the ‘custom’option with a ‘cutoff' setting of around 80%. Have a
play with this figure, though, to get a result that you are happy with. The final setting is the
"filter type’and for that | tend to find the 'FFT — low-pass’ option works the best, although
this is very much a subjective thing so try each of them to find the one that you prefer.
However, be cautious with overprocessing, otherwise the final image will look unnatural.
Once you have chosen which ‘filter type'you wish to use, select 'OK"and the filter will be
applied to the image.You will be amazed at the difference.
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'‘Deconvolution’ is perhaps the most powerful of the two processes that we consider
here, and when used in conjunction with DDP can transform an image. The technique was
first used in angst by NASA on the troubled Hubble Space Telescope. Even after its correc-
tive optics were installed, the images still required further sharpening so the deconvolution
technique, which was first used by radio astronomers, was employed. It remains a very useful
tool among astronomers who use the Hubble Space Telescope as well as being popular with
amateur imagers. No matter how much effort you put into focusing to make sure you get
the sharpest possible images, deconvolution will be able to get them a little sharper. | tend to
find that images taken through longer focal lengths which have a smaller pixel scale 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 DDR it is best if you run deconvolution after you have calibrated the images but
before you have colour combined them. This is particularly the case if you are producing an
LRGB image, in which case you should try toapply DDP and deconvolution to the luminance
channel only before colour combining to get the best resullts.

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 analyzed it, the process tries to tighten up on the spread, making the image sharper
and revealing a little more detail. The image you are working on is probably still open from
having used DDP, but if it is not, then open up the image you wish to process and select ‘filter’
followed by ‘deconvolve’ The first thing that needs to be done is to identify the level of back-
ground noise. To do this, you will 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 amplified 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 usually chosen as it
removes blur induced by the optical system instead.) Now click on ‘select from image’ to
the right and find a star in your image that is not completely burned out but is of average
brightness. Once you click on the star, an information window will appear showing you
the brightness value of the pixel - this should be no higher than about 60,000, and from this
star Maxim DL will calculate the PSF. The calculated PSF will appear in the 'PSF radius’ box,
which 1t find is always too high. Experience has shown me not to bother even running it at this
value, otherwise the stars will end up looking horribly overprocessed with dark rings around
the brighter ones.  usually reduce the calculated PSF by at least 50%, sometimes a little more.

We are now nearing the end of this final piece of processing so select the ‘deconvolve’
tab. This opens up the final settings and from here choose the ‘Lucy-Richardson’ method
of deconvolution, which will take the known PSF and apply it across the entire image. It is
always worth applying the process to a small portion of the image first, as it can take quite
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 are a range of values that you can select from
adropdown box but I tend to stick with a subframe of 512 X 512.This can then be dragged
around the screen to choose the most interesting part of the frame to process. It is no use
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coloured pixels, which were a result of various processing techniques, using
the clone tool to copy background pixels.

to deconvolve the background sky as you will not be able to tell what the final image looks
like. Pick an interesting area perhaps just away from the core of a galaxy or near the centre
of a globular cluster.

Now you can set the 'number of iterations' to 10 and select ‘go’. The process will run
iteratively for ten cycles. You can stop it halfway through but it will only action the stop
command at the end of an iteration, so if you want to abort, select'stop’and then wait.
Once it completes, look at the area you selected to try it on, and if it has worked well select
‘undo’and then choose ‘full image'in the'‘operate on’section. Then select’'go’again. This will
take some time to run through, particularly iftheimage s large, but be patient and wait for
the result. You can then save this final version, and if it is part of an LRGB set, start combin-
ing - orif not, then stack with other mono frames to reduce the signal-to-noise ratio.

There are many other processing techniques that have not been discussed in this
chapter. But the techniques we've covered will get you producing some stunning images,
though there is of course much more to learn. With time and the experience gained using
the processes described here, you will be ready tolook at other more complex processing
techniques that can further enhance your beautiful new space images.



HE CHAPTERS SO FAR have given you guidance and advice on choosing equipment

for astrophotography, describing how you can take pictures using DSLRs, smartphones,
webcams and specialist astronomical CCD cameras. If you follow my directions, you will
be able to get some great astronomical pictures — and if you spend time working through
the previous chapter you will be able to take those pictures and process them to within an
inch of their life to reveal stunning hidden detail. There has been a lot of new information
presented to you already, so this final chapter is somewhat of a summary to bring it all
together. Everything that precedes this chapter has been based on how you get to take
pictures using various different techniques and equipment, but when it comes to actually
getting out under the stars there is a fair bit of planning required - not only to optimize
your imaging time, but also to ensure you do not wake up the next morning with a gazillion
images of which you have no idea what they are! Believe me, I've been there!

This chapter takes a look at a typical evening with me out under the stars, so that | can
share with you just how | go about taking pictures. A great example of this is an evening
spent getting pictures for this book. When
the idea for this astrophotography title was
discussed, | was keen that | would provide
the majority of the pictures — however,
despite best intentions and all 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 usually only set
up when | needed it. With the need to
get images for this book, | decided to set it
up semi-permanently outside, but | needed

< During the winter of 2013-14 the
author stored his entire optical system
(minus CCD cameras) outside in the
elements. They were protected by a
layer of inswlation and a further

waterproof layer.
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The authors cable management
systeni using the Hitecastro bub, which
keeps trailing cables to a niininiim.

to protect it from the Norfolk weather. To
protect it from the cold of the night, | needed
to insulate it and so put together a huge
cover made of cavity-wall insulation acquired
from my local builders’ 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' | realized how very
impressive the insulation material was in

keeping the scope away from the frost when,

on the hardest of frosty nights, | took the cover off to find that the scope was perfectly frost-
free and actually quite warm, while everything else | could see was white with thick frost. This
was all a perfectly legitimate thing to do, although there was of course a risk to security of
the equipment. In reality, it looked more like 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 and got the mount
nicely polar aligned. | used the drift alignment method described earlier in Chapter 4 and
managed to achieve a pretty high level of accuracy. At 250X | had a star bang in the centre
of the eyepiece for a good ten minutes before any sign of it even thinking about wandering
off - and that is a good level of polar alignment. Both of my telescopes were attached and
all electronics hooked up with exception of the CCD camera and filter wheel as these were
generally stored in the garage.

As an interesting aside, | want to say a word or two about cable management. Whether
you are using one or two telescopes, you will have a fair bundle of cables if you are imaging.
My own set-up feels like it has about a million cables sometimes, so that is why | have gone to
some lengths to wire it all up properly. | use a USB hub, which allows me to distribute power
to devices as well. The beauty of this is that | 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
clips that can be opened and closed to remove for storage. | 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. If 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 all of this working so wonderfully and worth in the region of £15,000, you can
imagine my utter horror when | returned home after a Christmas holiday to see the whole lot
had blown over and was laying flat on its side! To cut a very long and painful story short, it
seems we had experienced winds in excess of 80 miles per hour while | was away that had
blown everything over, although the only damage was to a couple of gearboxes which cost
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£60 to replace! | was not just lucky, | was incredibly lucky — and following the whole sorry affair
I ' was actually getting a much better view through the main telescope than | was before.
Somehow the knock had kicked the collimation into perfect alignment, something that | had
clearly failed to do properly before! There is alesson here for all of us — no matter how heavy
you think your telescope s, if strong winds are forecast then pack it away. | was lucky, you
might not be. There is probably something to be said about making sure you achieve a good
degree of collimation in the optics as well!

Having got it all back up and running, | still had some images to take for this book,
including solar shots through a white light filter with a DSLR, a long-exposure shot showing
the way the stars move around the north celestial pole (also from a DSLR), and a few shots
with the CCD to demonstrate the tri-colour imaging techniques.

One veryimportant point to consider about a night's imaging, particularly if you need to
set up your telescope having had it stored in a warm room, is to give it time to cool down.
Itis best to set up your telescope in the afternoon, which has two benefits: firstly it is easier
to do when it is light, and secondly it will give the optics the chance to cool down to the
ambient air temperature before the risk of dew formation. If you were to take it straight out-
side at night, then within minutes you would have dew on the warm glass surfaces.

With the telescope outside and set up as much as is possible in daylight, it is time to think
about exactly what you wish to image later that night. In my case, obviously | need to start
with the solar work when the Sun is as high as possible, but this goesfor all objects - they are
best imaged when at their highest so that atmospheric distortion is at its least. Planning the
rest of the night-time imaging is a little more challenging 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 will be using. That way you can schedule tasks so that they are manageable.
A good example is that | wanted to take some long-exposure DSLR shots of the sky and also
get some CCD images through my telescope. These clearly use different equipment so the
two can take place at the same time. In fact, the only single common component in both is
me, so | need to schedule the tasks so that | can attend to them both. The obvious solution
is to kick off with the DSLR work, which needs to run for a couple of hours, and while it's
running | can get on with the CCD work. When | am planning my night's work, | always sketch
out how things will work based on the equipment I will be using.
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With an understanding of the general order of things, | can then turn my attention to
what | will 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 | use the twilight sky to produce my
flats. | tend to leave the dark frames until the end of the observing run if the sky is clear as it
keeps something for me to do should the clouds unexpectedly make an appearance. With
the supporting frames for calibration scheduled in, | can start to build in a schedule of events:

1. Solarimages through Vixen telescope using DSLR and solar filter.

2. Take flat fields with CCD, filter wheel and field flattener in place using the
wide-field refractor.

Start 2-hour DSLR star trail image.

CCD imaging through wide-field telescope.

Finish of f DSLR star trail images.

CCD imaging through wide-field telescope

Take dark frames with CCD.

End of observation run.

© N O LA w

It is a good idea to stick some rough times against these events if only because it gives
you a gauge to when you will be working at imaging through the telescope, so that you
can identify which objects should be targeted and in what order. The key times for an
observing run like this are to capture flat fields at the onset of twilight and before the sky
has darkened sufficiently for stars to become visible. This is usually during civil twilight,
which starts when the Sun has set and ends when the centre of the Sun is 6° below the
horizon. (The time for the beginning and end of civil twilight can be found easily online for
your location.) With this time frame in your schedule, you can start to plan the rest. Unless
it is midsummer, | do not tend to start any imaging work until the end of astronomical
twilight, when the centre of the Sun has reached 18° below the horizon. Only then has
the sky become properly dark and there is no light scatter from it. If it is the middle of the
summer, then | tend to stick to planetary or lunar work where possible or alternatively wait
for the sky to get as dark as possible before
starting. Unfortunately, from my home in
the UK, astronomical twilight never actu-
ally ends in the summer so deep-sky work
is severely limited. Even the wonders of
narrowband imaging only give marginal
benefit at this time of the year.

Unless you have a large monitor,
it can often be useful to have more than
one computer screen so you can see all
the seftware running — but be sure to
cover them in translucent red plastic

to help 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 little thought. Usually my advice is, where possible, to wait until objects
are due south and therefore at their highest before imaging them. This means their light is
travelling through the smallest amount of the atmosphere so the image will be distorted
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 will happily track it through
south all the way to the west. A telescope fitted to a German equatorial mount would in
theory track objects from east through south to west, but as it passes through the meridian
(theimaginary line that passes from north, overhead and to the south) the telescope will get
lower and lower and the counterbalance bar will 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 will see the telescope getting lower and adjust accordingly. But if you are imaging,
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 will
needto perform what is known as a’meridian flip. In performing the flip, the telescope simply
points at the same object but from the other side of the mount.

When you are planning 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 planetarium software and watch the object over the duration of your imaging session,
and if it will transit the meridian at some point then you should consider scheduling in
a meridian flip. If, for example, you are imaging a faint region of nebulosity and need
to capture five red subs, five green subs, five blue subs, five luminance subs and each one
is 5 minutes long (for illustrative purposes only - in reality the colour subs need to be
longer than the luminance sub, as we discussed earlier in this book) then your total
imaging time will 100 minutes or 1 hour 40 minutes. If you start your run just before the
object is due south and therefore about to transit the meridian, then you should either
perform a meridian flip after the set of green subs or, preferably, | would perform the
flip before starting so that it has already moved to the other side of the mount. it is
something to be aware of and the only real impact of not doing it is that you risk damage
to your drives.
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Most astronomical imaging software allows you 1o set up a sequience of imeages

This image of the Helix Nebula was formed out of 25 images (10 luminance ancl

15 forthe colour channels), all scheduled automatically.

You may have realized that an important factor in planning your imaging is to work out
how many minutes you are intending to expose for which object and with which filter. It
may well be that you image one object over a few nights because either you are trying to
get loads of data or you may have been beaten by cloud. Take time to pian all of this, taking
into consideration the things we have looked at here, and you will find that you can make the
most of your time at the telescope with clear skies. Eventually it will become almost second
nature, but for now planning is time well spent. With all the things factored in, your imaging
schedule may look more like this now:

14:00 Solar images through Vixen telescope using DSLR and solar filter.
16:45-17:15  Take flat fields with CCD with filter wheel and field flattener in place
using the wide-field refractor
19:00 Start 2-hour DSLR star trail image.
19:30 CCD imaging through wide-field telescope;
5 X red subs at 5 minutes (California Nebula);
5 X green subs at 5 minutes (CN);
Meridian flip estimated about 20:20;
5 X blue subs at 5 minutes (CN);
5 X luminance subs at 5 minutes (CN).

22:00 Finish off DSLR star trail images.
22:30 CCD imaging through wide-field telescope.
01:00 Take dark frames with CCD.

02:00 End of observation run.
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I would stress again that for illustrative purposes in this schedule | have put in a meridian
flip halfway through collecting some subs of one object. In this example it would be much
better to perform the meridian flip before starting, butin many cases that is not possible so
youhaveto perform it when you can. | have sometimes spentall night grabbing narrowband
images of just one object so a meridian flip is unavoidable.

With the plan in place, the time on the run up to the end of astronomical twilight as the
sky gets progressively darker gives you a great opportunity to do a few tasks like check focus
and connectyour computer to your various systems. The focus should be pretty well OK, but
be warned: if you have to adjust it too much then your flats will need to be reshotand if you,
like me, use the twilight sky then you may well have to wait until the morning sky to get the
replacement ones.

The nexttask is to connect up your computer system and you might think this is 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 will recall earlier in this chapter that | referred to my power
and USB distribution hub, which has software to control it. The hub runs off a 12-volt supply
and after many hours of head-scratching | found that | had to power up and connect in a
very specific order to make sure it worked reliably. To get everything connected, | have to
complete tasks in a certain order:

1. Startup PC with the USB hub cable connected to the PC but without power
applied toit.

Open up the hub software.

Apply power tothe telescope mount.

Apply power to the hub.

Select ‘connect’on the hub software to connect the PC software to the hub.

U

After this, | can then turn on or off the power to all the other devices using 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 | turn on the power to the Atik 314L+ CCD camera
and the motorized focuser.

(Note that because | have two telescopes mounted next to each other and
sometimes use them in parallel, | actually have two motorized focusers. One of
them is controlled by itsown standalone controller, which draws power from
the hub; the other has a controller that is integral to the hub so does not need
external power.)

7. OpenTheSky software and connect it to the telescope mount.

8. Open Maxim DL software and also 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.

10.  Turn on the dew control systems to prevent misting up of the optics.



chepter 6 ATYPICAL IMAGING RUN

Hub-control software allows the
author to control power to cameras and
other devices, as well as the temperatitre
of the dew straps and the focuts to the
Vixen VMC2GOL.

I would heartily recommend noting down
the order of your start-up procedure once
you have found one that works for you.
On a number of occasions | have started

things up in the wrong order and found
that | cannot connect to something, so to save you time, a good start-up procedure is
worth its weightin gold.

With everything started up and connected, now is a good time toget your guide camera
and drive calibrated. As you will recall, this is where your guiding software will activate the
telescope mount a little in all directions so that it can monitor the amount of movement in
images captured by the guide camera. This is an essential task so the guide software knows
how much to nudge the telescope as it tries to keep the guide star centred. With the guide
system working and with the sky nicely darkened, it is time to start imaging.

In the planning scenario we looked at earlier,you will remember that | 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 this is going torun for 2 hours, it is a good idea to get it started and then
leave it while working at the telescope. Having set up the DSLR on the tripod and attached
the intervalometer, it must be configured to take 30-second-long exposures and, given that
I'm after 2 hours of data, this means setting up for 240 exposures at 30 seconds each. | usually
set up the DSLR well away from the telescope so should | need to use a torch, | 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 simply a matter of now entering the
name of the object | will be imaging. In the case of the earlier plan the target is the California
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 aligned 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 alignment procedure needs to be done at some point before you can use
the mount to slew to objects, but it will not affect the mount’s ability to track objects across the
sky. Depending on the type of mount, you can usually perform either a one-star or a two-star
alignment, with a two-star alignment being the more accurate. Once you have chosen to per-
form the two-star alignment, it is simply a case of choosing a star from a menu on the mount’s
hand controller and then slewing the telescope manually 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 alignment. After that, the telescope should know where everything else is
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If you plan toleave your telescope set up outside for a few nights, then itis a good idea to
set a’park position’ Park positions are used so that you save the alignment data and can turn
the telescope on the next time you use it and it will still know where it is, as long as it is not
moved while turned off. When you finish your observing run, you simply tell the computer to
park the telescope, it will move it to the park position and then you turn it off. This will save
time if you are using the telescope again the next night, but one thing you will still 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 will have to repeat alignment the next night, but that is easier to do
with an eyepiece so supporting flats will need to be done in the morning twilight. Itis 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 slewed to the object, select your clear or luminance filter and take a
short exposure, 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 Chapter 5 (see page 127) to bring the object
clearly into view. This step is not done with a view to using it as part of the final 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 is rotated appropriately so
that the image is angled nicely in the field of view. For items that are long and thin, such as
a number of edge-on galaxies, you may want to position the camera so the long axis of the
galaxy runs diagonally across the field of view. Once it is centred and positioned well, 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 image the same object the following night or much 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 | have always been diligent about is making notes of exposure times and
other settings. For me, this comes from many wasted hours during the days of film photo-
graphy where exposures lasted many hours, so if you tried to return to the same object but
had no idea what exposures worked before, then you could be wasting quite 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 | turned my hand to developing my own film) and

unless I had made notes, thenitwas 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 still good practice
to make notes of settings for future use. Just what information to capture will depend on the
camera being used. With a CCD camera | make a note of the following information: object,

80mm Starwave Atik314+ 10min
23-Nov-13 Ms51 80mm Starwave Atik314+ Smin 2 Red
23-Nov-13 M51 80mm Starwave Atik314+ Smin 2 Green
23-Nov-13 MS51 80mm Starwave Atik314+ Smin S 2 Blue
12-Dec-13 Ma2 80mm Starwave Atik314+ Smin 20 1 H-Alpha
12-Dec-13 M42 80mm Starwave Atik314+ Smin 20 1 O-lii
13-Dec-13 M42 80mm Starwave Atik314+ Smin 20 1 Sl

Extract from the authors imaging loghook, which contains usefud information
about each image that will aid processing and future observing sessions.
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A Setting up a sequence of images is easy once you have the software configured
correctly.

filename, telescope aperture and focal length, filter, exposure, CCD temperature and camera
orientation. If | am using a DSLR through the telescope, then the settings are subtly different:
object, filename, 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 | work through the set-up,
the computer is tasked with taking the images that | am after. | use the scheduling feature in
Maxim DL to grab the pictures, which leaves me time to attend to other tasks or even grab
a warming mug of tea! You will recall that | mentioned the meridian flip, so halfway through
the imaging run in my schedule | have a meridian flip planned and at the appropriate time
I will perform this. This is a manual task meaning that | must reposition the telescope on the
otherside of the mount and recentre the object. There are third-party software items which
will allow you to fully automate your imaging run, including sequencing in meridian flips at
the appropriate time, but getting all of this to work well requires a lot of experience so it is
best leftfornow.If you perform it manually, 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 any problems.

| have been asked many times about meridian flips and whether the camera should be
rotated following the flip - the simple answer is 'no. Rotating the camera halfway through
means you will need a whole new set of flats, 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 align
them for stacking after you have calibrated them. It is easy to visualize if you consider that
the CCD camera and the image from the unwanted signals from dust, dark current, etc, will
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Sunrise signals time for bed for visual observers, bul for those taking astronomical

images this is where the processing work starts and the hard work really begins!

remain in the same place as long as the camera is not rotated. By performing the meridian
flip, you will keep the noise in the same place with reference to the CCD - it is just that the
image is the other way round. If you rotate the camera then you will need a different set of
calibration files to accommodate.

At some point during your run, even though you diligently set up your dew-zapping
solution, you may well find that the conditions are worse than you realized and dew has
formed on the optics. Whatever you do, do not try to wipe it off. The best solution is to use
a hair dryer on its lowest heat and power setting to blow warm air gently across the optics.
This should dispel the dew, allowing you to continue, but not before you have increased the
temperature of your dew straps.

Once you have the files 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 same operating
temperature during this process. Also, do not forget to keep your telescope covered up while
taking the exposures as dark frames with stars on them will cause you all sorts of problems.
If you have built up a library of dark frames at the temperature you have been working at
and at the appropriate exposure, then you will not necessarily need to do this.

Before you turn off all your imaging kit, there is one last important task, and that is to
let your CCD warm back up again, so you will find that in most control software including
Maxim DL there is an 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 until it has
warmed up and is close to the ambient temperature, otherwise you can mechanically
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 all devices from the computer software, turn them
off and unplug. If you are leaving your telescope and mount outside, do not forget to remove
as much of the equipment as you can, as | know from my own bitter experience!

There is an important consideration when putting equipment 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 well find your equipment dripping with dew, or if
the temperatures are low, it may be covered in frost. While you are keeping the formation of
dew at bay on your optics with dew zappers, the rest of the system can get really quite wet.
Unless it is bone dry then it is very important to give it a chance to dry out before you pack it
away, and the best way of doing that is simply to leave it in your house or garage, unpacked
so that air can get to it. Leave it like that overnight and by the morning it should be dry
enough to pack away.

With all that done, there is one final task that | always perform before turning in for the
night, and that is to have a check through the image files. This is more relevant for DSLR
imaging where there are many more variables, as you will find that throughout the evening
you will have taken a few shots thatare no good. These may have been where the focusing
was slightly off or you needed to adjust the aperture or exposure a little. | usually take a
quick scan through the images, delete the ones that are not needed, and make sure they
are named properly and in sensible folders while the evening’s activity is still fresh in my
mind. Trying to sort through files a day or two later can leave you a little confused, so it is
good practice to perform housekeeping on your files straight away after you have finished
your observing run.

Hopefully, this chapter has given you a bit of an insight into a typical imaging run.
In reality, things will occasionally be very different from one imaging run to the next,
and despite all the planning in the world, sometimes you have to adjust your plans to suit
the situation. You may find that the atmospheric conditions are too turbulent for high-
resolution planetary imaging even though the forecast was good, you might run into
problems with your guiding that requires your attention, or you may have computer prob-
lems. Whatever happens during your nights under the stars with your camera, the most
important thing is to enjoy it. For me, and for many people, thereis a real sense of achieve-
ment in not only capturing a beautiful picture but also the journey to get there. You will
most definitely hit problems along the away but stick with it, be methodical, and before
you know it you will be producing stunning images of the night sky and be able to share
them with your friends and family. Who knows, maybe your pictures will then inspire
others to turn their gaze skywards and wonder at the Universe above them.



1. Telescope not moving during guiding

If you find that no guide corrections are being made then the problem will be either the
software or the hardware. A good way to try and narrow down the problem is simply to
connect telescope-control software like TheSky to the telescope mount without all the
complications of guide cameras and additional settings.

A good proportion of telescope mounts allow USB connectivity, but there are still
many, mine included, which run from the serial port of a computer. Unfortunately, most
laptop computers no longer have serial ports so USB-to-serial-port converters are needed.
When the computer starts up, it assigns a Com Port number to the converter and this
can, rather annoyingly, 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
youare sure that you have the correct Com Port configured, try and connect to the telescope
and see if your control software can command the telescope to move. The motors will only
move by a tiny amount soyou will notbe able to detect it visually. Instead, put your ear close
to the motors and try to listen for a change
in noise as they speed up or slow down. If
this still fails, it is very likely that it is the cable
(or converter if you are using one) or the
mount itself so try swapping them.

For guiding to work there is usually a
cable running directly from the guide
camera to the mount drive system — this is
usually different to the cable 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 imaging
software and make some manual move-
ments of the mount from the guiding
window. This should use the guide camera
cable to move the mount. If the mount only
moves in one of the axes or in just one direc-

< Poorly routed and mancged cables
are one of the main causes of guiding
problems.
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tion, then it is very likely to be the cable at fault. If there is still no movement at all,
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 differently, so
double-checkyouare using the right sort. Alternatively, it could be the software so make sure
youhave the software configured correctly.

2. Unable to find a guide star

Before doing anything with your guide camera, make sure it is focused. Unlike the camera
that you are imaging through, adjusting focus on your guide camera is not a problem
because flat fields are not used. If you cannot find a guide star it may simply 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
able to identify a guide star to track on - if you choose track without taking an exposure
then the system will report ‘unable to find guide 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 oscillate

You might find that the guiding corrections are being made but that the guide star seems to
be constantly oscillating back and forth. If this is the case then it is more than likely that the
calibration settings are wrong.There are a number of settings in Maxim DL and other pieces
of control software - the first to check is the calibration time setting. Try increasing it as that
will make the mount move a greater distance across the CCD chip during calibration. If it
moved only a small amount during calibration then it may have calculated incorrect values
to allow for good guiding. ‘Aggressiveness’ is another setting that you should adjust - try
reducing it to smooth out the guiding corrections. If you make it too high, then the guider
will be trying to chase perfection when in reality this is never achievable.

4, Environmental issues

Balance and cabling are among the most common causes of guiding issues. A poorly
balanced mount will cause the motors to have to work very hard when responding to
guiding issues, or it may be that the telescope will drift under its own weight if not balanced
properly.You may find that cabling will snag against 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 pulled tight - if so, loosen them. Resolving both cabling and
balance issues can instantly improve guiding performance.
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