
One of the most visually inspiring images that one can look 
at is that of a star trail. The concept is relatively simple: 
place a camera on a tripod and keep the shutter open 
while the earth turns, thereby creating streaks where 
the stars appear to be revolving around the heavens. As 
with all things though, the reality is a little more complex. 
Nevertheless, once the photographer is aware of the 
complexities of shooting star-trails it actually becomes 
quite simple in practice. 
 The two main steps of photographing star trails 
can be divided into the capture stage and the post-
production (or processing stage). This article is going 
to look at both of these steps while also discussing the 
caveats of digital capture—namely noise and battery life.

Step 1: Getting the image in camera.

There are two potential techniques to use here. The first 
is a single exposure while the second involves multiple 
exposures that are then combined using a photo-editing 
suite with layering ability. The industry standard for such 
a task is Photoshop CS (now in it’s 6th generation as of 
this writing), but it can also be done using Corel Paint, 
Photoshop Elements and even GIMP (which is at least 
free). 
 The inherent problem with a single exposure 
is the battery life of the camera. With film this was no 
problem at all, but with digital, considerably more power 

is consumed during the exposure than with older film 
cameras. Exposures could last hours, even days with film 
while with digital a 30 minute exposure is already pushing 
the boundaries of the camera’s battery. Some cameras 
fare better than others, but the basic problem is that 
exposures long enough to really get decent star-trails are 
often not available beyond 30-45 minutes. Batteries have 
improved though, and with the addition of a battery pack 
longer exposures are possible, but still not in the realm of 
film exposure durations.
 Then there is the very serious issue of noise. The 
noise exhibited in long exposures can rear its ugly head 
in three distinct ways - amp noise, digital noise and hot 
pixels. Hot pixels refer to tiny pinpoints of light in the 
image that are caused by individual pixels that have a 
higher rate of charge leakage than their neighbouring 
pixels. These ‘leaky’ pixels register as a full site, i.e. they 
are a solid bright colour – the same colour as the colour 
filter in the Bayer array on top of the sensor itself. Every 
pixel has a certain rate of charge leakage. The ones that 
register as a bright point simply have a higher rate of 
charge leakage than the others.
 The hot pixel syndrome is exacerbated by ISO and 
temperature. High ISOs amplify signal from the sensor to 
the camera’s CPU during the read out from the sensor. 
If there is a hot pixel, its charge is therefore amplified 
at the same time. When a sensor is warm there is more 
chance that electrons ‘wander’ or leak off the pixels into 
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the sensor substrate. This is a 
physical thermal effect. One 
of the myths surrounding 
hot pixels is that they are 
caused by the sensor getting 
physically hotter during the 
exposure. This is simply 
untrue. The sensor gets 
hot during the readout, not 
during capture. A sensor is 
more likely to get hot from 
taking the photograph at 
high shutter speeds and 
continuous frame rate (since 
there is far more readout 
from the sensor in 10 frames 
than there is in a single frame 
capture). What is interesting 
to note though, is that when 
the ambient temperature is cooler there are less hot 
pixels. This is a result of the cooler temperature slowing 
down the rate of charge leakage from the pixels. There’s 
a double edged sword to that though. Cold temperatures 
also mean that the camera batteries drain faster, so 
putting the camera in an ice jacket isn’t necessarily going 
to help. The image above shows some of the nasty hot 

pixels that occur.
 To add to the hot pixel problem, is the issue of amp 
noise on the sensor. Here a colour caste - usually purple 
or magenta - affects a large portion of the image. This 

caste creeps in from the corners 
usually. This phenomena is caused 
directly by heat. I mentioned above 
that the sensor doesn’t actually 
get significantly hotter during the 
exposure, but other parts of the 
camera do. This heat leaks over the 
sensor causing a kind of blowout of 
electron activity similar to the hot 
pixels discussed above. 
 Lastly there is the issue of digital 
noise. A single pixel works by 
gathering photons and converting 
them into electrons. The pixel, 
or sensel as the physical light 
gathering dot is called, is also 
referred to as a ‘light well’ because 
of the way it fills up with light. If 
the ‘light well’ is filled with light it 

is able to generate a full signal of electrons. If the ‘light 
well’ doesn’t receive a lot of light, fewer electrons are 
generated. The electrons themselves are essentially 
counted to make up the data that is then used to generate 
the image. The fewer the electrons (i.e. the less photons 
the well has captured) the darker the resultant pixel. The 
problem is that the empty space in the well that has not 
been filled with electrons can potentially harbour noise. 
A clean bright image has a high signal to noise ratio. Dark 
images have a low signal to noise ratio, meaning there is 
inherent digital noise in the image. 
 There are three primary methods to get rid of hot 
pixels:

1) Shoot with long exposure noise reduction turned on. 
This method is the simplest to use. Turning on the long 
exposure noise reduction causes the camera to process a 
second ‘dark frame’ after the completion of the exposure. 
This is done by activating the sensor without engaging 
the shutter. This causes charge leakage in the ‘hot pixels’ 
without actually creating an image. The resultant hot 
pixels are then used to map out the hot pixels from 
the original exposure. The downside is that the image 
exposure is essentially double the length of time (e.g. 
a one minute exposure requires an additional minute 
to take and process the dark frame). By and large this 
technique can rid the camera of hot pixels, but not of all 
the amp noise in the corners. 

2) Shoot a ‘black frame’ manually
A black frame can also be shot after the fact, and then 
used to map out pixels in Photoshop. This means that it is 
now possible to check the image before starting the black 
frame exposure (otherwise the photographer will only 
know whether the image has exposed correctly after the 
long exposure noise reduction. This can be a problem if 
the initial exposure was 30 minutes or longer). 
 In this sequence one would first shoot the image, 
check the histogram and LCD. Once the photographer 

  Hot pixels in an image of a dark sky

Magenta bloom in the upper and bottom left of the 
image showing amp noise (shot on a Nikon D800 - 
bloom probably caused by electronics in and under 
the pentaprism leaking heat onto the sensor).
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is satisfied, the black frame can be exposed. Leaving 
the camera in roughly the same 
ambient conditions (I often bring 
my bag with me so it cools down 
outside and put the camera in the 
bag while shooting the black frame 
exposure) trip the shutter for the 
same duration as the exposure, 
but this time with a lens cap on 
the camera (for safety sake you 
can even drop the aperture to 
its minimum value and close the 
viewfinder eye-piece).
 Later, In Photoshop layer the 
second image over the first and 
set the blend mode to ‘Subtract’ 
(in earlier versions of Photoshop 
than CS6 set the blend mode to 
‘Difference’). This literally subtracts 
the hot pixels captured on the dark 
frame from the original capture. It 
does a reasonable, but not perfect, 
job of removing the amp noise as 
well. 

3) Shoot shorter exposures and 
blend together.
The third method is the easiest 

way to negate the amp noise and hot pixels without 
engaging the long exposure noise reduction. The problem 
is in the increased complexity of rendering the image in 
Photoshop and in obtaining the right brightness in the 

final image.
 The basic shooting workflow would be to get an 
initial exposure that you are happy with. Then to repeat 
the exact exposure a number of times. Let’s say you are 
wanting a star-trail shot of 2 hours. This can be done 
by shooting 24 x 5 minute exposures, or 15 x 8 minute 
exposures. At the completion of the series of images, a 
last black frame exposure can also be created. Naturally 
all done in the camera’s ‘Bulb’ mode (usually just after the 
slowest shutter speed in manual mode, or else a dedicated 
setting on cameras like the Canon 7D).
 Getting the images to have the exact same 
exposure is difficult unless you use a timed remote. 
Thanks to manufactures such as Phottix this no longer 
means an exorbitant expense. Wired remotes come as 
either simple cable releases with a lock function, timed 
releases and intervalometer releases. The cheapest is 
obviously the simple cable release. The use of a watch and 
patience is all that is required to get accurate exposures. 
A timed release allows the photographer to set the exact 
duration of the exposure. As soon as the shutter drops 
the photographer can then take another exposure (so no 
looking at watches anymore). The intervalometer is by far 
the preferred option. Here the photographer can set the 
duration of the individual exposures and how many should 
be taken. She can then leave the camera after starting the 
sequence and enjoy a novel with a glass of wine indoors, 
or in a tent, while the camera does all the work.
 When the allotted time has passed a final black 
frame exposure should also be created. This can be done 
in situ, or while travelling back home, so long as the 
camera doesn’t get significantly colder or warmer than 
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A single exposure image using Long-Exposure 
Noise Reduction. The foreground was lit by the 
ambient light from a nearby lodge and a few 
swipes of a LED torch.
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when it was shooting the star trail.

Step 2: Photoshop Process
(The steps below show the key strokes for a PC - for Mac simply 
use the Cmd button instead of Ctrl )

Step 1) Open all the images, 
except the black frame 
exposure, in ACR or a RAW 
converter of personal choice. 
Set the processing parameters 
to as neutral as possible. In 
ACR also remember to set 
the ‘black’ to zero, not the 
default value of 5. Then set 
the exposure compensation 
to –1 (the images are going to 
be combined at a later stage 
so will revert to their original 
brightness). 

Step 2) Open all the converted 
images into Photoshop and 
layer them so that the first 
exposure is at the bottom and 
the final exposure (this can 
be the dark frame) at the top. 
It’s a good idea to also do an 
auto-align layers command 
by selecting all the layers 
and going to Edit>Auto Align 
Layers.

Step 3) Make a duplicate 
copy of all the layers except 
for the very first and the 
very last star trail capture 
(the dark frame isn’t part of 
this duplication process, so 
ignore it for the time being). 
Your layer stack should look 
something like this (from the 
bottom): Background; layer 
1; layer 1 copy; layer 2; layer 
2 copy; layer 3 etc.

Step 4) Switch off the eyes of 
all but the first 2 layers. Select 
layer 1 (second layer from 
the bottom) and change the 
blend mode to ‘Screen’. This 
will intersect all the brighter 
portions of the two layers. 

Step 5) Hold down the Ctrl 
key and select layer 1 and the 

background layer. Merge these two layers together by 
hitting ctrl + E. 

Step 6) Repeat steps 1-4 but on layer 1 copy and layer 2 
after first switching the eyes on for these two layers.

Step 7) Change the blend mode for layer 2 (the merged 
layer 1 copy and layer 2) to Lighten.

Step 8) Repeat previous steps for remaining layers except 
the Black frame (here the layer has been renamed).

Step 9) Set the blend mode for the black frame layer to 
Difference (as in previous page)
 If you are happy with the results you can now 
flatten the layers and continue to work on the images with 
adjustment layers. I often find playing with saturation 
and contrast brings out the colours and detail in the final 
image. 
 The reason why simply putting layers on top of 
each other changing the blend mode to Lighten doesn’t 
work, is that tiny gaps appear between the stars. This is a 
result of the demosaicing and sharpening process applied 
in camera (even when sharpening is turned off). One 
can counteract this by merging the two layers of images 
taken directly after each other with the blend mode set to 
screen.
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Composition and Overcoming Problems

Star-trails are deceptively easy to capture, but there are a 
few additional points that need to be born in mind when 
photographing moving stars.
 Pre-visualisation in composition becomes 
particularly important as there is no possible way to ‘see’ 
the final image, we have to imagine it.  To do this effectively 
we need to know a little about the stars themselves. 
 If the camera lens is pointed towards the  celestial 
pole, a circular pattern of stars will emerge. If the camera 
has is pointed away from the pole the circular pattern will 
become curved or even straight lines.  Knowing where the 
celestial pole is situated in the sky is therefore important 
when pre-visualising images. 
 In the Northern Hemisphere finding the celestial 
North Pole is relatively easily achieved by finding the 
North Star. In the Southern Hemisphere it is a little more 
complicated. As there is no exact point in the night sky 
that easily marks the pole. Instead find the Southern 

Cross constellation and draw an imaginary line from the 
top of the cross past the bottom. At the same time draw 
an imaginary line perpendicular from the centre  of the 
‘Pointers’. Where these two lines intersect marks the 
celestial Southern Pole.  With this in mind it is easier to 
achieve a balanced composition, or at the very least one 
where the stars form a circular pattern in the night sky.
 Composing is obviously made a little more 

Bear in mind that the pointers may lie below the Southern Cross 
depending on the rotation of the earth.

The image on the left shows star trails without any apparent 
gaps, a result of using the Screen blend mode. The image on 
the right has gaps between the star trails, a result of only 
using the Lighten mode to blend the trails. The The effect 
of the Screen mode brightening the overall image is also 
apparent in the left example. 
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complicated by the fact that it has to be done in the dark. 
A preferable way to do this is to set up the composition 
(this time with the aid of a compass) while it is still light. 
Start shooting the exposures just as the stars begin to 
come out in the sky. This also creates a lovely gradation of 
colour in the sky, rather than a single toned night sky. 
 If setting up during daylight isn’t possible best 
guess composition will have to be done. In this situation 
remember to set the camera’s focus to manual focus and 
turn the focus just shy of infinity (this can usually be done 
with lenses that doesn’t have a distance/focus window by 
rotating the focus ring until it is the least extended from 
the lens barrel—this is infinity focus). In fact, I actually 
prefer focusing on the foreground if at all possible. The 
stars will appear slightly larger when they are out of focus, 
and since they are moving in the image, they don’t need 
to be sharp. If the camera is left in Autofocus it will either 
refuse to trip the shutter or may end up focusing on the 
wrong point. 
 You can also add visual drama to the image by 
artificially lighting the foreground (as in the image on 
page 1 of the article). This can be done using a handheld 
torch or a flashgun. The advantage of the multiple image 
capture approach is also that it enables numerous 
attempts at getting the lighting right (when combining the 
images duplicate the best foreground lighting and bring 
the duplicate to the top of the layer stack, blending in 
either manually or via the Lighten blend mode. 
 Star trails are not that difficult to photograph. All 
it takes is a little patience and a solid tripod with cable 

release. These images can be extremely rewarding to 
capture and are a perfect example of time being conveyed 
in a static image. Have fun and experiment! 

Capturing The Night Sky

Of course creating star trails isn’t the only way to 
photograph the night skies. Increasingly photographers 
are taking advantage of the high ISO abilities of their 
cameras to photograph the stars in apparent stillness. 
In many ways this is even easier than creating star trails 
as there is little to no post-production required to create 
these images. The image on the previous page is an 
exception in that it required 9 individual images to create 
a panoramic stitch of the Milky Way. 
 As with star trails, a good tripod and a cable 
release are essential equipment. Thereafter it’s all about 
the settings.  A wide angle lens with a large aperture 
makes photographing the night skies a little easier. First 
set the ISO to a relatively high ISO such as 3200 or 6400 
ISO. Next, in manual mode select the widest, or second 
widest aperture setting. Then set a shutter speed of either 
15 or 30 seconds (this is dependant on the aperture of 
the lens and the ISO that you have chosen e.g. 30 seconds 
for f5.6 on ISO 6400, or 15 seconds for f2.8 at ISO 6400). 
These numbers are ballpark numbers and can be adjusted 
according to the actual light itself. 
 Using Long Exposure Noise reduction can again 
assist in removing some of the noise, as will setting the 
camera to High ISO noise reduction. My preference is 

15 seconds at f4 on ISO 6400 shot 
on a Nikon D800

6



still to shoot my own dark frame at the end of any 
sequence as it saves battery life and time. 
 An often overlooked advantage of High ISO 
star images is that it can help in acquiring accurate 
focus for star trails. Since it is very difficult to focus 
on the stars at night, a few test shots at High ISO 
help check focus. This is particularly important with 
modern lenses that have very poorly calibrated focus 
scales, and that’s if they have focus scales at all (my 
Nikkor 16-35mm is focused on the stars when the 
scale indicates just past 0.5m). 
 Also, bear in mind that the choice of lens 
affects the apparent stillness of the stars. Longer 
lenses require shorter shutter durations while wider 
lenses ‘hide’ the rotation of the earth and can 
therefore utilise longer shutter durations before any 
motion becomes obvious.

Exposure Problem Solving

Finally we get to translating our vision of the night 
skies onto the digital sensor. The first part of this essay 
was all about overcoming the issue of noise. Now, we 
need to look at the basics of the exposure itself. 
 As a recap, photographing shorter duration 
exposures means for less amp noise and hot pixels. 
The problem with this is that short duration exposures 
might not necessarily pick up enough of the starlight to 
show contrast between the stars and the surrounding 
sky. For this reason we also need to shoot relatively 
wide apertures, which means limited depth of field 
in the final image. If more depth of field is required, 
the ISO then needs to be ramped up, resulting in more 
digital noise. Basically, as with all things photographic, 
exposure decisions are based on a set of compromises. 
 If a maximum amount of stars in the sky is the 
object of the image, then wide apertures and higher ISOs 
are required. If fewer stars are needed, then the aperture 
can be made smaller and the ISO lowered. For example, 
if the photographer only wants to highlight the brightest 
stars in the sky she could opt to use an aperture of f8 or 
f11 and use a longer exposure at a lower ISO (admittedly 
there is still the problem of amp noise in this scenario).  
Essentially, the basic rules of photography apply in 
shooting the stars. 

 Thanks to digital, compromises can be minimised 
however. It is possible to shoot wide aperture for the stars, 
then to readjust focus and shoot for the foreground. The 
resultant two images can be stacked in a bitmap editor 
like Photoshop to create a single image with apparent 
depth of field that encompasses both the foreground and 
the stars.  This means that quite literally, the imagination 
is all that holds anyone back from creating star-scapes.

If you enjoyed this article please consider signing up for Photo 
Writing newsletters and following the Limephoto blog. 
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