Tips for Astrophotography

Shutter Speeds, Aperture, ISO
Except for the moon, the stuff we want to shoot in the night sky is pretty faint. That means we need to record as much light as we can. Cameras control the amount of light taken in a picture by two basic ways. There is a shutter that opens and lets light hit the digital sensor in the camera, and there is a variable-sized hole, called the aperture or diaphragm, in the camera lens. If we leave the shutter open longer, we record more light. If we use a larger hole, we let more light in. Nothing complicated here.
Shutter speeds run in fractions of a second, usually around 1/1,000th of a second at the shortest exposure to many seconds at the longest. Most DSLRs also have a setting called "bulb" that keeps the shutter open as long as you press the shutter button down.
Aperture settings run in a crazy series of numbers like f/2.8, f/4, f/5.6, and f/8. Confusingly, the smaller the number, the larger the hole in the diaphragm. So, f/4 is a bigger hole than f/8.
Most cameras also have a way to change their "sensitivity". This is kind of a trick setting though. You can't really change the sensitivity of the sensor in the camera, but you can adjust a setting called the ISO, which is sort of like a multiplier factor. ISOs may run from 100 to 400 in simple cameras, or up to 800, 1600 or 3200 in more expensive cameras. The higher the ISO number, the brighter the resulting image will be. Unfortunately, the noise, or grain, gets worse at the higher ISOs, but we won't worry about that for now.
To get started, you will have to figure out how to get your camera to use as long a shutter speed as possible, at as wide an aperture as possible, and at as high an ISO as possible. Unfortunately, you may have to read the manual to learn how to do this. Sorry. Your other option is to just dig around in the camera's menus looking for these settings, but sometimes they can be hard to find and not labelled very clearly.
Set the camera on manual exposure if it has that setting. Then set the lens to its widest opening, usually f/2.8. Set the ISO to the highest it will go, usually 400 for simple point and shoot cameras. If the camera doesn't have a manual exposure setting, set it to night mode.

Focus
The next thing you will have to worry about is the focus. Once again, dig through the camera manual, or menus, and see if you can figure out how to turn off the autofocus, and manually focus the camera on infinity (the farthest away that the camera will focus).
For more sophisticated digital cameras like DSLRs, you can pre-focus the camera in the daytime on something very far away, and then turn the auto-focus off. If you have a DSLR with a lens that you can manually focus, focus it on infinity and tape it down. Beware, many of these lenses actually will go past infinity, so you can't just trust the markings on the lens.
Experiment with this in the daytime. If you have a point and shoot camera, it may have a setting for shooting at infinity and may have some type of icon of mountains to indicate this. Try shooting something very far away to be sure the setting works.
White Balance
	

	Light-polluted red sky with auto white balance.


Many cameras also allow the white balance to be selected by the user. Once again, this setting will be buried in a menu somewhere.
Most will be set to auto white balance by default. This usually doesn't give great results for night time photography, especially if you are shooting anywhere that has light pollution. This will usually make the sky a brown/red colour. Try setting the white balance to Tungsten for long exposures of the night sky. This can give a more pleasing sky background.

Take the Picture
	· Set camera lens to widest aperture (f/2.8 is better than f/4 or f/5.6).

· Set the shutter to bulb or the longest shutter speed that you can.

· Set the ISO to the highest number that you can.

· Set the White Balance to Tungsten.

· Focus on infinity and lock the focus there.

· Use the self-timer or a remote release to open the shutter.

· Try different long exposures.


Just put the camera on a tripod and aim it at a nice constellation and take the longest exposure at the widest aperture that you can, at the highest ISO that you can. Heck, you don't really even need a tripod. Just use a beanbag and place it on a solid object, like the hood of your car.
Use the camera's self timer to open the shutter, and try not to move the camera during the exposure.
Take a series of exposures, and double the exposure for each. Start at 1 second, then try 2 seconds, 4 seconds, 8 seconds, 15 seconds and 30 seconds.
Now you can examine the results on the back of the camera.
See how easy that was!


Evaluate Your Images
Transfer the images from your camera to your computer. Open them up and look at them at 100 percent magnification. You will probably find that they are fairly noisy, or what we used to call "grainy" in the days of film photography last millennium.
The longer exposures will naturally record the most stars, but after a while when they get too long, the stars will start to trail. Really long star trails can make interesting photos in themselves (Check out Nick Carr's photo entry in last months competition). Look through your series of different exposures and pick the frame that is the longest without unacceptable trailing.

Improve the Image
Once you have the best image selected, you can try to improve it if you have some type of image processing program.
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	Noise in Original at 100% enlargement
	Image resampled to 1/4 size


You can improve the noise in the image just by re-sizing it to a smaller size. For example, the original image of Orion seen at the top of this page came out of my Canon Powershot A60 point and shoot digital camera. It has a 2 megapixel chip that produces files that are 1600 x 1200 pixels. If we re-size this to 400 x 300 pixels, the re-sampling that takes place in this operation will smooth out some of the noise.
	[image: image3.jpg]



	[image: image4.jpg]




	Original Color
	Adjusted Color


If you have even some simple software like Photoshop, Lightroom or even IrfanView(which is free), you can adjust and tweak the colour balance to make the image more aesthetically pleasing. In IrfanView, go to Image > Enhance Colours, and adjust the colour balance with the sliders. You can also adjust the brightness, contrast and colour saturation here.

Other Tips
Some high-end cameras offer the ability to shoot a custom white balance, and to even tweak the colour in the camera by adjusting the blue/amber and magenta/green balance.
In-camera noise reduction is also offered in some cameras. This works by taking a "dark frame" (an exposure of the same length as your picture, but with no light reaching the sensor) and subtracting it from the image. This removes the thermal signal that looks like noise in long exposures.
Turn off in-camera sharpening if your are shooting at high ISOs and high ambient temperatures and long exposures.
There are many kinds of astronomical objects that you can shoot with just a simple digital camera on a tripod, such as constellations, the Moon, twilight scenes, star trails, the brighter planets, and the Milky Way (if you have a dark observing location).
Determining the Correct Exposure
The correct exposure for an astrophoto will vary depending on your equipment and shooting location. You won't be able to shoot very long exposures if you are shooting under light polluted skies such as those found in the city or suburbs.
The way to determine the correct exposure is to take a test exposure, and examine the histogram on the LCD screen on the back of the camera.
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	Image with a correctly exposed histogram.


A histogram is a bar graph that displays how many pixels in an image are at a particular brightness. The darkest pixels are on the left side of the graph, and the brightest pixels on the right side.
Most of the pixels in an astrophoto will be of the sky background. This is represented on the histogram by what looks like, for lack of a better term, a "mountain".
You simply want to expose your image so that the peak of the mountain is about 1/4 to 1/3 of the way from the left hand side of the histogram.
Noise is the enemy of good astrophotos. The noise lives down in the darkest pixels of an image. The noise is located at the extreme left of the histogram. You want to move your image data away from the left hand side of the histogram. If most of your image detail is underexposed and dark, it will be lost down in the noise.
Read your camera's instruction manual and find out how to view the histogram on the LCD on the back of the camera. Increase the exposure until the mountain is separated from the left hand side of the histogram.

ISO
Use ISO 1600 for your astrophotos when you are just getting started. This will allow you to use shorter exposures and have more chance of successful images.
You may have read that high ISO images produce a lot of noise for daytime images. This is true. But for really long exposures for astrophotos taken at high ambient temperatures, you'll be better off using a high ISO.
If you are only going to take a couple of pictures, then use the in-camera long-exposure noise reduction function that is offered on most DSLRs these days. With this function, the camera takes another "dark frame" exposure of the same length as your astrophoto, and automatically subtracts it to remove the thermal noise. Note that while the camera is doing this, you won't be able to take another exposure or do anything else with the camera such as view the image.
With in-camera long-exposure noise reduction on, your exposures will take twice as long. So if you take a one-minute exposure with long-exposure noise reduction on, the camera will take another additional minute to shoot a dark frame in the camera and then process the image. If you take a five-minute exposure, it will take another five minutes, or 10 minutes total.
If you are going to shoot more than one or two light frames with the intention of "stacking" them (adding or averaging them together) and using dark frames to calibrate them, then you would be much better off shooting separate dark frames. Use the clear dark sky time to collect photons. You will get much better results. Shoot dark frames later at the same temperature when it is cloudy.
The 500 Rule

Due to the rotation of the earth it appears as though the stars are moving through the sky in long exposures. Star trails can be a desired effect when done for much longer exposures like this image Starry Night which was a 90 minute exposure.
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But in this case we want points of light to represent how we see the stars with our eyes. To achieve points of light you can use a simple rule, it's often called the '500 rule'.

500 Rule: 500 divided by the focal length of your lens = the longest exposure before stars start to trail or blur (in seconds)

For example; let's say your taking a shot with a 24mm lens on a full frame camera. 500 / 24 = 21 seconds, which you can round to 20 seconds. 

The example on the left was taken with a 14mm lens on a full frame camera, at 90 seconds you can see the blur of the stars, but at 30 seconds the stars are nice sharp points of light.

You may see this on other sites as the 600 rule, I personally do not believe this is the best approach as you will have a small amount of trail using 600. If you never intend to print your images very large then you can use this number to capture a bit more light and nobody will know any better. Smaller prints or web sizes will not show this small trail, but large prints will. This is your choice, but you don't know what the future holds so you should consider starting with 500.

Here is a handy cheat sheet you can print out and keep with you.

	 
	Seconds Before Stars Blur

	Focal Length
	Full Frame
	Nikon 1.5 Crop
	Canon 1.6 Crop

	10
	n/a
	33
	31

	14
	36
	24
	22

	16
	31
	21
	20

	20
	25
	17
	16

	24
	21
	14
	13

	28
	18
	12
	11

	35
	14
	10
	9

	50
	10
	7
	6

	70
	7
	5
	4

	85
	6
	4
	4


Note that I did not round these numbers, you do not have to use the exact number, and I would round down, for example for 18 seconds would round to 15 rather than 20. It is possible to use the exact number if you have an intervalometer; simply set your shutter to BULB and set your intervalometer with these settings: Delay-0, Long-18", Intvl-1", N-1. This will take 1 shot that is 18 seconds long.

UPDATE: There was discussion on various social networks as to why those with higher megapixel cameras can see star trails when using the 500 rule. The problem comes when viewing raw files at specific zoom percentages. What you see is dependent on the amount of megapixels. For example the D700 appears to have no trails and the 5D MKII appears to have not insignificant trails (both were taken at 14mm, 30 seconds). 

Here's where things get interesting. I opened both files in Photoshop and re-sized them to 24x36. With the playing field leveled we now have a 1/16" star trail in both files! 

What's the takeaway? First off, megapixels have no effect on the 500 rule. When you print, the star trails will be the same size. What it really comes down to is how big you are going to print and what the viewing distance is. This will determine how long your trails can be, sorry I don't have an answer for this. Can you perceive a 1/16" trail on a 24x36 print? I highly doubt it. A 60x90 print will have 3/32" trails, this is getting to be a decent size. But, how close should you be viewing a 60x90 print? not the same distance as a 24x36. Ultimately it's up to you, the artist to decide what is acceptable. I'm content with this length of trail and will be sticking with the 500 rule for now.
http://www.davidkingham.com/

Apps of Interest
Google Sky Map ( FREE - Android ) 

Google does a really great job with this app. It provides all of the planetary / star locations that Star Walk does but it's just not quite as interactive. Then again it's free! 

The Photographers Ephemeris ( iPhone, Android & Desktop ) 

This program is great for shooting sunrise and sunset. For star photography it is always good to know when the moons rises and sets and how bright/big it will be on any given night, this program also provides that functionality. Both iPhone and Android versions, are available.

NightCap and NightCap Pro

NightCap Pro also has amazing tools for serious photographers, including full manual control with a unique gesture based system that gives you instant access to all controls. Simply swipe to adjust.

Slow Shutter Cam

Slow Shutter Cam lets you create all sorts of slow shutter speed effects with your iDevice by using one of the following capture modes: Motion Blur, Light Trail or Low Light. Capture modes can be selected after tapping the Capture Settings button, which is located at the left end of the lower toolbar.

SkySafari

This is a must have for planning shoots to determine where the milky way will be and at what time it will be out. Plus when you're out in the field you can point the phone toward the sky and it gives you a real time view to help identify stars. The advantage this has over the others is the fact that you can change the time while pointing the phone at the sky, extremely useful for scouting the exact location of the milky way in the field.
Dark Sky Meter

Want to measure what the actual light pollution is at your location? This is a fun app to have, it reports your findings directly to the International Dark Sky Association. It also gives cloud forecasts 3 days out, moon phase, dark sky times, etc.
Droid Sky View

Now you can have a virtual sky map in your pocket! Look through the eyes of your Android device to see a virtual window into the whole visible universe. All you have to do is point your Android device at the sky and Droid Sky View will tell you exactly what you are looking at. Using state of the art GPS technology, an accurate 3D universe, and all of the latest high tech functionality. Droid Sky View calculates – in real time - the current location of every star and planet visible from Earth and shows you precisely where they are, even in broad daylight!

Websites that you may find useful

www.heavens-above.com

Heavens-Above.com provides free customised information for your location including whole sky star charts, predictions for the visibility of the International Space Station and other satellites (including Iridium flares). 

www.space.com

Its about Space.

http://www.southernskyphoto.com

Some great images and info.

http://www.amateurastrophotography.net

Some good tips and pointers.

http://www.nikonusa.com/en/Learn-And-Explore/Article/h20zblit/photographing-the-night-sky.html

Some tips from Nikon

http://iphonephotographyschool.com/night-sky/

Very useful website for everyone - you never know when all you have on you is your iphone!

http://www.universetoday.com/118527/iphone-astrophotography-how-to-take-amazing-images-of-the-sky-with-your-smartphone-tonight/

Astrophotography to Inspire

A mix of deep sky and landscape photographers to inspire you!

Mark Gee

http://theartofnight.com

Lars Leber

http://larsleber.net

Eddie Trimarchi
http://astroshed.com

Mike Sidonio
http://www.pbase.com/strongmanmike2002

Martin Pugh
http://www.martinpughastrophotography.id.au/USA.htm

Bill Snyder
http://billsnyderastrophotography.com

Jerry Lodriguss
http://www.astropix.com/

Jeremy Rowe
http://www.keweenawnightsky.com/

http://www.astropix.com


