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Abstract

The acquisition of very faint deep sky objects, be it analog with film or digital with a
CCD camera, requires a large integration time in order to achieve a high signal to noise
ratio. If the telescope used for the acquisition is not polar aligned accurately the resulting
image will be subject to motion blur, resulting in stars leaving tracks and extended image
structure will be poorly resolved. This article describes how a temporal integration of any
duration can be achieved using a CCD camera as a tel escope autoguider.

Introduction

This article describes how a Starlight Xpress pardld port SX camera can be used as an
adaptive autoguider for a telescope equipped with motors on both axes. Autoguiding is a
process by which the tracking error, due to polar misdignment and periodic error, can be
amogt diminated. Normally a small secondary charged coupled device (CCD) chip or camera
is used to repeatedly image a guide star which is then ingpected for any deviation from itsinitia

position. If this guide star moves, the telescope is guided to bring the star back to its initid

position. This device is mounted pardld to the main axis of the telescope ether by using an off-
axis guider or through a smal telescope mounted on the main telescope.

The text will describe the development of such a system. It will explain the adaptive tracking
agorithm and its implementation on a sandard IBM persond computer (PC). The next section
will cover the hardware configuration.
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Figure 1 - Hardware Configuration

Figure 1 is a schemétic of the hardware configuration. The telescope used for the development
and for the experimenta results was a 10" Schmidt Cassegrain (Meade LX200) that had a



Lumicon off-axis guider atached to it. The main imaging CCD was a Starlight Xpress SXL8
paralel port camera and the autoguider was a Starlight Xpress SX camera. Each camera was
connected to the PC via its own pardld port connection. The telescope was connected to the
PC viaasarid communications link.

The telescope was not permanently erected and consequently every time it was used it had to
be polar digned. Although unguided exposures of up to five minutes were possible, longer
integrations required telescope guidance.

Mathematical Formulation
The main problem can be summarized in the following statement:

“If the guide star moves fromiits initial position, in which direction and by how much do
we move the telescope in order to bring this star back to its original position?”

For example, if the guide star moves aong the Right Ascenson (RA) axis only, then we know
the telescope needs to move along this axis, but by how far and in which direction do we move
the telescope to compensate for this movement? In this section we will seek answers to these
problems.

Consder firgt the motion in the RA direction only, the Dedlination (Dec) andlysis being identical.
There are anumber of assumptions that make the andyss Smpler. First we assume that the axis
of the guide camera and the axis of the telescope are perfectly digned. It is aso assumed that
the telescope can be driven linearly. The control software for the LX200 adlows movement
aong the RA axisto be arted at a guide soeed of twice Sdered rate. This motion will continue
until a command is sent to return to norma Sdered rate. We shdl call the time interva between
the two commands dt, messured in milliseconds. Now if the distance moved, measured in
arcseconds, is denoted by x during thistime intervd, then:

X = My dt (@)
where M, isacongant of proportiondity whose value must be determined. This smple equation
relates how many arcseconds the guide star will move, X, in RA, for agiven time dday dt.

My must now be evauated. We shdl use a cdibration procedure in order to caculate this vaue.
Thisinvolves measuring how far a cdibration sar moves for agiven time delay. If thiscdibration
time interva is denoted by dt. and the measured distance is X, then from the above equation My
can be evauated using:

My = X/ dt. )
So for a given time dday dt., which is usudly between 5 and 10 seconds, we measure the
corresponding movement, X., and hence My is evauated using the above equation. In fact an
average is obtained for this vaue by moving the telescope back to its origind position and again
measuring the distance moved. Another vaue of My is found and the two are then averaged to
givethefind result. M, can be thought of as the guide speed of the telescope.



When the autoguider is operating we in fact measure the movement of the guide star from its
initid pogtion and then cdculate the required time delay. From equation (1) this dday can be
found by rewriting this equetion as:

dt =my X 3
where

my = /M (4)
Equation (3) gives the required time delay for any given error. To bring the star back to itsinitia
position, the telescope must be driven in the same direction as that first used in the calibration
phase. For example, if the telescope was first moved West during the calibration phase then the
telescope must be driven West for the calculated time delay. If however, equation (3) resultsin
a negdive time interva, then the telescope must be driven in the opposite direction to that used
in the cdlibration phase, East in our example.

We have now obtained dl the information required to correct for any error in the RA axis. A
smilar procedure is used to obtain the constant of proportiondity for the Dec axis.

Going back to the origina problem, stated above, we can now compensate for any deviation
from the guide gar’' s initid podtion. If x isthe measured distance moved by the guide star, note
X can be negative, then equation (3) givesthe required time delay which will move the telescope
S0 thet the guide gtar will return to itsinitid position.

I mplementation

The above procedure was integrated into a C++ program. The program runs under Microsoft
Windows (3.1, 95, NT) and controls both cameras as well as sending the correction commands
to the telescope. Figure 2 shows the dialog screen that is displayed when the autoguide option is
selected.
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Figure 2 - The autoguider display



When the “Cdlibrate Drive’ option is sdlected, the software automaticaly finds the brightest star
in the calibration region, see Figure 2. The program will then move the telescope West for the
cdibration period and it will measure the distance that the cdibration star has moved. The
telescope is then moved East for the same cdlibration duration and again the distance moved by
the cdibration star will be measured. The congtant of proportiondity will then be found using
Equation (2). The procedure is repeated for the Dec axis, first moving the telescope North and
then South. Note this procedure will fall if during a cdibration movement the cdibration star
moves out of the cdibration region or if agtar that is brighter than the calibration sar movesinto
the region.

The tracking error is found using the SX camera by continuoudy imaging a bright guide star
(above 12th magnitude) and caculating the distance that this sar has moved from its initid
position. The two telescope axes are processed independently. Figure 3 shows the control flow
for the autoguider.
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Figure 3 - Control flow for the autoguider

The position of the maximum intengity of the guide star needs to be measured to within afraction
of a pixd. This was achieved by fitting a Gaussan modd, see reference 1, to the guide star
profile and choosing the posgtion of the maximum point of the modd, a centroid method can
have been used.

Results

The results presented here were obtained using the smple autoguider method described above.
Figure 4a shows a fifteen minute guided observation of M15. No trailing is present in thisimage.
Figure 4b is a amilar observation without guidance, trailing is clearly visble. Figure 5a and 5b
show a smdl area of the two images meagnified ten times. Careful ingpection of the image in
Figure 5a ill shows no trailing even a this magnification.



Figure 4 - M15, fifteen minutes integration (a) with autoguiding and (b) without

(a) ; Hi (b)
Figure 5 - Smdl subsection of the imagesin Figure 4, magnified ten times

A time history of the guide star movement was recorded and Figure 6 shows the error plotted
againg time for the two telescope axes. The guiding error is plotted in arcseconds and the time
is plotted in minutes. The error for the RA axis was larger than the error for the Dec axis, this
can be attributed to the fact that there was a periodic error associated with this axis and not with
the Dec axis. However, the root mean square error values for the two axes were 1.47 and 0.66
arcseconds for the RA and Dec axis respectively. These values are well within the normal
“seaing” conditions for the observing site, being about 2-3 arcseconds on a good night. Table 1
summarizes the time history statigtics for the two telescope axes.
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Figure 6 - Thetralling error as afunction of time for both axes

Axis Maximum Minimum Mean Error Standard Root Mean
Error Error (arcseconds) Deviation Square Error
(arcseconds)  (arcseconds) (arcseconds)  (arcseconds)
RA 4.80 -3.20 0.32 1.44 1.47
Dec 1.60 -1.33 0.12 0.65 0.66

Table 1 - Traling Error Statitics

Figure 7 shows two other observers usng the autoguider. The firg is a fifteen minute
observation of M27 and the other image is a thirty minute observation of NGC891. These
images demondration the high dgnd to noise ratio tha can be achieved using the smple
autoguider.
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Figure 7 - Fifteen minute observi on of M27 and athirty min

Condlusions



There is no secret in acquiring good astrophotography images, be it with film or with a CCD
camera. The principa considerations are as follows. First choose a good observing dte that is
very dark and choose a il clear night. Use a well focused camera and integrate for as long as
possble. Last but not least use a good size telescope that has excdllent tracking capabilities.
This article has described a smple autoguiding method that can be employed to diminate trailing
erors for any integration period. The images acquired when using the autoguider are dways
well focused with no sign of trailing for any length of integration.
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