
D
EEP-SKY OBJECTS have always captivated my
imagination. As a child I spent many summer
evenings exploring the heavens with a 4-inch
Newtonian reflector given to me by my grandfa-
ther. I dreamed of photographing the nebulae and

galaxies I saw through the eyepiece.
But as I grew older and looked into
astrophotography, it became clear that
working in a darkroom with foul-
smelling chemicals was definitely not
for me. As time passed the responsibil-
ities of adulthood caused my interest
to drift away from amateur astronomy.

Twenty years later I picked up a copy of Sky & Telescopeand
was astonished to see the remarkable CCD images of planets
and deep-sky objects taken by amateurs like Donald Parker
and Jack Newton. Amateur astronomy had sure changed.A
revolution in electronic imaging was under way. With CCDs

and backyard telescopes, amateurs
were producing images that rivaled
the Palomar Observatory photo-
graphs IÕd marveled at as a kid. It
seemed almost too good to be true,
and I began to wonder if I too could
shoot images like these.

Determined to find out, I ordered a
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Above: The edge-on spiral galaxy NGC 891 in An-
dromeda displays a prominent dark lane in this
view made by combining five 4-minute expo-
sures. Except where noted, all the deep-sky im-
ages with this article were made with a 10-inch
telescope working at f/6.3, which yields a field
approximately 1/4¡ wide on the Cookbook 245
cameraÕs CCD. All images have north up.
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WestÕs view of the face-on, barred spiral galaxy NGC 7479 locat-
ed about 3¡ south of Alpha Pegasi was made by stacking 13 4-
minute frames to create a picture with an effective exposure of
52 minutes. Digital unsharp masking enhanced detail in the
final image. Note the faint, anonymous galaxies in the surround-
ing field.

copy of The CCD Camera Cookbook by
Richard Berry, Veikko Kanto, and John
Munger (Willmann-Bell, 1993). The book
includes complete instructions for build-
ing a high-quality CCD camera at home.
After reviewing the material, I cleared a
space in the garage and got to work. Ini-
tially I was apprehensive about undertak-
ing the project since I lacked any experi-
ence with electronics. Nevertheless, I soon
discovered that patience and a steady
hand for soldering components were the
only prerequisites for success. The book is
well written with clear instructions to
guide you through the entire project.

Three months after I began the Cook-
book camera it was ready for first light.
Using duct tape, I attached a crude 1-
inch lens to the camera, placed the hasti-
ly improvised setup on a cart, and rolled
everything out of the garage onto the
driveway. With a bit of effort I managed
to get the camera pointed at the An-
dromeda Galaxy and I made my first deep-sky exposure. A
huge sense of pride and accomplishment came with that fuzzy
image. A 4-second exposure captured more detail than I could
see with binoculars. It was amazing Ñ I was observing in real
time with digital eyes. I could hardly contain my excitement!

After that initial taste of success I began examining my im-
ages more closely, wondering what it
would take to make them better. My
mind kept drifting back to those first im-
ages IÕd seen in Sky & Telescope,and I
realized that there was a lot to learn. Re-
gardless of whether the imaging equip-
ment was home-built or bought, one sim-

ply could not expect to get world-class
results the first night under the stars.
From the outset I knew that I didnÕt un-
derstand all of the theory and math be-
hind CCDs, but I was determined to use
hands-on experience to learn how to pro-
duce great pictures.

LESSONS LEARNED

CCD imaging requires good-quality
optics and a sturdy equatorial mount
with slow-motion controls on both axes.
Since my aging equipment was not up
to this task, I sold most of it to finance
a new Meade 10-inch f/10 LX200
Schmidt-Cassegrain telescope. I kept my
trusty 31/2-inch Questar and mounted
the tube assembly piggyback on the
larger instrument to serve as a guide-
scope. This also lets me take advantage
of the LX200Õs computer pointing when
observing with the Questar.

A particularly handy accessory is
MeadeÕs f/6.3 focal reducer. The resulting 63-inch focal length
delivers a field of view of about 10 by 14 arcminutes on the
cameraÕs Texas Instruments 4.8-by-6.4-millimeter TC-245 chip.
This nicely frames most Messier objects. When I am using the
camera in high-resolution mode the image scale is 2.4 arc-
seconds per pixel, an acceptable match for my typical 3- to 4-

arcsecond seeing. While these observing
conditions may be less than optimal,
they are a fact of life for those of us liv-
ing in upstate New York.

One of the first things I did to im-
prove my images was to lengthen my
exposures. While it was possible to cap-
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By Robert D. West

Above: Although lacking experience with
CCDs, electronics, and carpentry, Rob West
built the Cookbook camera and a back-
yard observatory in his quest to capture
observatory-quality views of the night sky.
Here West poses with his 10-inch Meade
LX200 Schmidt-Cassegrain telescope.

A home-built CCD camera helps fulfill 
a lifelong dream of imaging deep-sky objects.

One of the summer skyÕs showpiece objects, the Dumb bell Nebula
(M27) was recorded with seven 4-minute exposures. W hile the neb-
ula is easily seen in any one of the frames, adding  all seven togeth-
er vastly improves the signal-to-noise ratio of the  image and cre-
ates a smooth appearance to the sky background. The  process also
reveals a wealth of delicate detail with minimal im age processing.
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ture a lot of detail in only 30 to
60 seconds, I felt that the result-
ing images had an unappealing
grainy appearance. This is the
visible result of a low signal-to-
noise ratio, and the simple cure
was to gather more signal with
a longer exposure.

This, however, may challenge
your telescopeÕs tracking capa-
bilities. With CCDs it is possible
to add several images together
to create one with an effectively
longer exposure. While many
amateurs combine frames to by-
pass tracking problems, the re-
sults are not necessarily as good as those obtained with one
long exposure. This is because the cameraÕs readout noise is
inherent in each frame regardless of its duration. Adding a se-
ries of short exposures increases both the signal and the total
noise due to readout. On the other hand, one long exposure
contains additional signal with only the noise from a single
readout. Thus, combining 48 30-second snapshots will never
yield the same quality image as will a single 24-minute expo-
sure or even one made by adding six 4-minute exposures.

I believe that to be useful for deep-sky CCD work, a tele-
scope should be capable of making exposures of at least 4
minutes without any trailing of the images. The first step I
took to improve my tracking was to polar align my telescope
accurately. Guiding is done manually with a 9-mm, illuminat-
ed-reticle eyepiece fitted to the Questar. Coupled with the
scopeÕs built-in 2× Barlow, this yields a magnification of about
285×, which has worked well when imaging with the LX200
and f/6.3 focal reducer.

The Questar is mounted to the LX200 with rugged brackets
made by Losmandy. These reduce the risk of guiding problems
due to flexure between the guidescope and main instrument.
Tracking errors can also arise if a
guidescopeÕs image shifts when
the main telescopeÕs movable pri-
mary mirror settles. Fortunately,
this has not been a problem with

my telescope and the relatively
short exposures needed for
CCD work.

The strategy IÕve found to
work well for deep-sky imag-
ing is to take a half dozen 4-
minute exposures and ÒstackÓ
(combine) them electronically
with computer software. I also
shoot a number of dark
frames throughout the evening
and later average them to pro-
duce a master frame used to
process the individual expo-
sures. While the Cookbook
camera has good thermal sta-

bility, the cooling system is not regulated and dark frames will
vary if the temperature changes. Bracketing sky exposures
with dark frames is good insurance against any change in the
CCDÕs temperature during the imaging session.

There are several advantages to stacking 4-minute exposures
despite the added noise due to readout mentioned above.
Blooming spikes sometimes seen extending from bright stars
that have saturated the detector can be greatly reduced or elim-
inated by stacking since fewer stars will saturate during short
exposures. Cosmetic defects in the CCD and small variations in
the sensitivity of individual pixels can be suppressed if the tele-
scope is shifted very slightly between successive exposures. This
process also tends to average pixels and makes square-looking
stars appear more round without enlarging them appreciably.
Lastly, short exposures allow you to take breaks from guiding
and reduce the risk of losing a lot of work if an image is ruined
by a gust of wind or accidentally bumping the telescope.

A SAMPLE SESSION

I begin a typical observing session by powering up all my
equipment and checking the telescopeÕs collimation.Col-

limation is critical for obtain-
ing the best images, since even
a minor misalignment of
Schmidt-Cassegrain optics de-
grades the image noticeably. I
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West used the larger image scale afforded by the f/ 10 focus of his
10-inch telescope to record fine structure in the C rab Nebula,
M1, including resolving the pulsar (dimmer of two s tars at the
nebulaÕs center) which powers the gas to shine. A do zen 4-minute
exposures were stacked for this view.

Above: West manually guides his exposures with a 3 1/2-inch
Questar rigidly mounted to the main telescope. He captures
and saves raw frames with a notebook computer, which is
coupled to a conventional monitor to provide a better dis-
play for assessing image quality.

Details abound in this view of the spiral galaxy NGC 7331 in
Pegasus made by stacking 10 4-minute exposures. Very early in
the learning process West realized that there is no substitute for
the improved signal-to-noise ratio that came from working with
long effective exposures.
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check the collimation by switching to the cameraÕs ÒfinderÓ
mode, which displays brief, continuously updated exposures
on the computer monitor. Then I examine a greatly out-of-
focus image of a bright star near my target object.The shad-
ow of the telescopeÕs secondary mirror appears within the de-
focused image, forming what looks like a doughnut. If the
hole is not centered, the telescope needs collimation. It is pos-
sible to make the appropriate adjustments while watching the
image on the monitor.

The next step is to focus the camera, a process that many
beginners consider the most difficult aspect of CCD work but
one vital to obtaining the best results. Of the methods IÕve
tried, my favorite is the diffraction-focusing technique devel-
oped by Warren Offutt and described in the Winter 1995 issue
of CCD Astronomy . Again using the cameraÕs finder mode, I
adjust the exposure time and display contrast so the diffrac-
tion spikes of a bright star are clearly visible. On either side of
focus these spikes appear as closely spaced pairs, but when
focus is perfect each pair merge into one, well-defined spike.

O NE STEP I took to improve
my CCD imaging was to look
for a solution to the constant

hauling out and setting up of equip-
ment each night. This ate into valuable
observing time and also introduced
many variables into my results. I de-
cided to build a backyard observatory,
choosing a basic 8-by-10-foot design
with a roll-off roof. It took only three
weekends to build and proved ade-
quate to keep out the weather.

The construction was deliberately
kept simple since I lacked carpentry
experience. I began by setting four
corner posts into concrete. These were
made from 4-by-4-inch pressure-treat-
ed lumber. The site was leveled with
crushed stone and a sill frame made
by attaching pressure-treated 4-by-4s
to the corner posts. This frame was
filled with additional crushed stone
and covered with a layer of sand to
provide the base for a floor of con-
crete patio blocks. Dry mortar mix
was brushed into the gaps between
the blocks and a light sprinkling of
water caused the mortar to set.

The walls were framed with 2-by-4
studs and sheathed with exterior-
grade, textured plywood. The south
wall is only 4 feet high to provide an
unobstructed view of the horizon. The
north wall is 7 feet high, which is low
enough to sight on Polaris yet high

enough to shield the telescope from
the wind.

The roof is made of 2-by-4s covered
with corrugated metal. It rides on six
2-inch castors that roll along the top
sill guided by tracks made from 3/4-inch
square strips of wood. To remove the
roof I roll it down the building and set
the free end on a pair of sawhorses.
The other end rests on the edge of the
building. The roof can be handled by
one person yet is strong enough to

support 18 inches of heavy, wet snow.
For the telescope pier I used a 10-

inch-diameter steel tube set in con-
crete and filled with sand to help
dampen vibrations. I didnÕt bother to
isolate the pier from the floor since I
felt that in this small structure vibra-
tions would be transmitted through
the ground to the pier regardless. I
simply refrain from stomping about
the floor while imaging.

R. D. W.
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It took Rob West only three weekends to complete his backyard observatory. It
proved to be a major boon in his attempts to create great CCD views of the deep sky.

Using PhotoStyler, West creates a border around his processed
images and adds caption information. The entry above his name
indicates the image was made with a Cookbook 245 camera by
stacking seven 4-minute exposures.

WestÕs Backyard Observatory
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The method is quick, easy, and ex-
tremely precise.

Since Schmidt-Cassegrain telescopes
lack a secondary spider, which is the
usual cause of diffraction spikes, I fol-
lowed OffuttÕs advice and built a simple
device to create them. A pair of 1/4-inch
wooden dowels long enough to span
the telescopeÕs aperture are spaced 3
inches apart and mounted parallel to each other on a frame
hung on the end of the telescopeÕs dew shield. The hardest part
of the process is remembering to remove the device after the
telescope is focused.

With the collimation and focusing done and the telescope
aimed in the rough position of my intended target, I check the
scopeÕs balance, since this can change when the instrument is
pointed at different spots in the sky. I use a counterweight sys-
tem to make any necessary adjustments. Some observers
maintain a slight imbalance on the declination axis to elimi-
nate any backlash in the drive system.

Moving the telescope to the target is extremely easy with
the LX200. I simply call up of objectÕs position from the tele-
scopeÕs internal database or enter the coordinates directly,
and the computer-controlled mount does the rest. The target
almost always ends up within the CCDÕs field. I shoot a few
15-second exposures while tweaking the position to ensure
that everything is properly centered on the chip.

To find a suitable guidestar I scan the immediate field with
the QuestarÕs viewfinder then use a low-power eyepiece to
center the selected star by carefully adjusting the thumb-
screws on the guidescopeÕs mounting rings. I find it best to use
a guidestar within 2¡ of the object IÕm imaging in order to
minimize guiding errors.

By this time the CCD has cooled, the electronics have sta-
bilized, and all is ready to begin imaging. I start by covering
the telescopeÕs aperture and taking a 4-minute dark frame,
during which I can enjoy a short break. After this frame is
saved on the computerÕs hard drive I remove the cover and
take a pair of guided exposures. These are followed by anoth-
er dark frame. The cycle is repeated three or more times de-
pending on how deep an image I want. I donÕt try to rush the
process, and IÕm content to work with only one or two targets

on any particular evening. Making mul-
tiple exposures may seem like a lot of
work but the results are worthwhile.

At the end of the imaging session I
shoot several flat-field frames, which
are used during image processing. These
are made by aiming the telescope at a
white screen mounted on the wall of
the observatory. I illuminate it with a

small desk lamp and place a sheet of Mylar drafting paper
over the dewcap to further diffuse the light entering the tele-
scope. An exposure time is selected to yield pixel values in the
image that are 1/3 to 2/3 of the way between zero (black) and
saturation (pure white). If not made carefully, flat- field frames
can degrade the images they are used to process. Unless youÕre
intending to accurately measure the brightness of stars, I feel
that flat-field frames are optional for beginners. Until the
other aspects of CCD imaging are under control, making and
applying flat-field frames are just not worth the trouble.

My image-processing philosophy is pretty simple. Good im-
ages can stand up to a lot of processing but really donÕt require
it. I calibrate my raw exposures with dark and flat-field frames,
then stack and process them with software developed by
Richard Berry for the Cookbook cameras. I do very little proc-
essing of the final image other than to adjust the brightness and
contrast and occasionally do a little unsharp masking. For pre-
sentation I use image-processing programs like PhotoStyler or
Photoshop to add a border and text to my images. I have yet to
experiment with more sophisticated techniques, but I believe
these are best used to enhance images that are already of high
quality rather than to salvage substandard ones.

If I have learned anything about CCDs during the past year,
itÕs that the secret to good imaging is to develop good basic
techniques. This comes from hands-on experience shooting im-
ages, trying new things, and learning from your mistakes. It also
involves systematically analyzing and fine-tuning equipment.
Most of the problems I encountered were small and easily cor-
rected. The important thing is to not get discouraged by minor
obstacles. Keep things in perspective and have fun!

When heÕs not pursuing deep-sky objects from his home observatory
near Ithaca, New York, Rob West runs a small manufacturing compa-
ny that specializes in grinding glass and ceramic components.
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The compact spiral galaxy M77 in Cetus seen here, a nd the Som-
brero Galaxy, M104, in Virgo were the first ones fo und to be re-
ceding rapidly from the Milky Way, thus helping est ablish the
idea of the expanding universe. WestÕs image was pr epared from
six 4-minute exposures made at f/10.

Once thought to be an exploding galaxy, but now accepted as the
site of an unusually large number of supernovae, M82 in Ursa
Major is the well-known companion to the grand spiral galaxy
M81. Ten 2-minute exposures made at f/6.3 were stacked to cre-
ate this image.

The secret to good
imaging is to 

develop good basic
techniques
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