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THE LICK TV AUTOGUGIDER

The use of television acquisitilon and guide equipment for telescope
operation is now commonplace. For guilding a telescope, it is customary to
observe starlight on the edges of a spectrograph slit, or to guide by
comparing a marker on the TV screen with the position of a guilde star.

The person who must slt for hours making tiny adjustments of the telescope
position has a difficult problem in detecting the small errors that must

be corrected, to say nothing of the difficulty of staying awake.

McKenna has demonstrated that the electronic signals making up the
TV image can be used to automatically guide the telescope, with a significant
increase in guiding accuracy. Hils tests were done using a breadboarded
system to prove that auto-gulding from the TV signal was feasible. He also
demonstrated that signal level to the spectrograph could be significantly

improved when an autoguider replaced an experilenced human operator,

This report describes a microprocessor-controlled general purpose auto-
guilder that should be usable on almost any telescope equipped with a TV
camera. The main purpose of the equipment is for guiding a television
equipped optical telescope, but in principle the equipment could be used for
automating any positioning operation where a TV image is available. The Lick
Telescope Controller, "TELCO," accepts signals from the guider and combines

these with field rotation and other data to adjust the telescope position.

This report Iincludes a brief description of the theory of operation
of the guider, followed by instructions for its use. The remainder of the
report will be of concern mostly for those who may wish to maintain the
equipment, or to add additional capabilities through augmentation of the

software,




QUICK LOOK USER'S GUIDE

Users are advised to read the detailed Operating Instructions before

attempting to use the Auto Guider (see Page 6 and Page 7 ). However, this

page may help in remembering how to use the system.

1,

2.

10.

11.

Connect RBON from TV controller and ACIA from TELCO.

Connect video from TV memory to the Auto Guider, from Auto Guider
to Cross Generator, and thence to Monitor. If the Auto Guider .
performance is turned off, the video will not reach the monitor.

Set TELCO digit switch to 13 if a diagnostic display of the Auto
Guider performance is desired. (This is not necessary for guiding.)

Set Auto Guider Digit Switch to ZERO, Diagnostic Switch to NORMAL,
set Function to LOCK, set sensitivity low (€CW), set Averaging Time
low (CCW). Set Guide Enable switch to INITIALIZE. Set Auto/Manual
switch to Manual.

Adjust size, position and separation of Left and Right Guide
Reticles to be about 50% bigger than the spectrograph slit if
guiding is to be from the slit. Position Left reticle over the
left slit and Right reticle over the right slit.

Move the Background reticles to.a place where no unusual bright
or dark patches exist, :

When a star is at its desired position, center the guide reticle
over it and set the switch to Guide Enable. If automatic slit
switching is in use, set the Auto/Manual switch to Auto.

If the frame sum integration mode is used on the TV camera, it is
fine to sum several frames for setting up the star, but for automatic
guiding, the frame sum count should be set to 1. Otherwise, the
guider i1s guiding on outdated information.

The sensitivity pot can be turned clockwise for more sensitivity,
but if turned too far, the telescope may hunt back and forth across
the star.

The Averaging time 1s automatically increased to at least two TV
integration intervals. If the telescope 1s tracking well, a longer
averaging time may improve the guiding. The AVRG TIME light flashes
once for each averaging time completed.

Whenever the joystick is used to center the star, the gulder starts

using the new position so long as the star is still fairly well centered

in the reticle. Otherwise, it would be necessary to switch to
INITIALIZE and readjust the reticle position.




THEORY OF OPERATION

INTRODUCTION

The autoguider is designed to make use of the electronic slgnals that
make a picture on a video monitor. It adds up and digitizes the signal in
small selected areas and, by comparing the integrated signal level under
four quadrants of a gulde marker or "reticle,'" it generates error signals

that can be used to move the telescope in order to recenter the image.

The equipment is designed to provide small corrections at low rate,
perhaps once per second or slower, to a system that is tracking fairly well.
Although an error signal could be generated easily for each TV frame, i.,e.,
30 cycles per second, this is quite unnecessary and indeed undesirable
for guiding an astronomical telescope. The nolsiness of the TV signal from

the guide camera also limits the useable speed-of response.

The resolution of the TV system is only 256 lines in the vertical
direction, and the camera frequency response gives a similar limit on
horizontal resolutién. However, by looking for changes in the image position,
conaiderably more precision is possible, provided the image covers several
resolution elements. Long—term accuracy depends on the stability of alignment
of the TV camefg with the telescope image, and also depends on the camera bean
deflection circultry being stable. Tests by McKenna and others indicate

that the camera stability is adequate, at least at the 120-inch telescope.

The signal that would normally go to the TV monitor is dalsy-chained
through the guider first. The guider adds dark reticle markers to the
picture, and measures the signal amplitude under the reticle. Guide and

background reticles are provided, as well as two reticles that can be used
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to measure seeing. The guide reticle consists of 4 individual quadrants,
while the seelng reticle only has 2 of the 4 quadrants displayed. The
size, position, and quadrant separation of the reticles can be adjusted
by the joystick. The reticle intensity can be adjusted without changing

the sensitivity of the guider.

Guiding signals are generated by comparing the signal levels in the
4 quadrants of a reticle after the corresponding background reticle is
subtracted. If the background signal is bigger than the guide signal, no
guiding occurs. The results from successive frames are averaged to produce
a low-noise guide signal. The averaging time between guide signals is
controlled by a potentiometer, while a second potentiometer sets a
divisor which essentially determines the sensitivity, i.e., the
size, of the gulde signal for a given error signal. The potentlometer and
the joystick settings are digitized in an 8 bit ADC and used by the micro-
processor. (Note thét TELCOluses the background signal for a baseline,

but does not subtract it from the guide reticle.)

Two sets of reticles are stored that can be positioned to correspond
with the left and right spectrograph slit positions. Sizes and quadrant
separations are maintained identical for both léft and right reticles, so
that an adjustment of, say, the left-side guide reticle size will also
adjust the size of the right-side guide reticle. Background size and

separation are also kept the same as the guide size and geparation.

The reticles are generated by opening electronic gates at preset
times during the video frame. The vertlcal position is controlled by the
microprocessor which sets a delay at the end of the video vertical blanking,
and then counts lines to determine vertical size and separation. The

horizontal positions are set by delay times loaded into digitial counters
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that count down an 8MHz oscillator for each line of the picture.

On each frame, the signals under four quadrants of the reticle are
integrated in four sample and hold analog amplifiers. At the end of each
frame, the four analog signals are digitized and the result added to
appropriate registers by the microprocessor. Different reticles are
generated on successive frames, with the digitized results being added to
corresponding registers, so that an averaged background can be subtracted
from an averaged guilde signal, with the differences between the four

quadrants being used to generate an error signal to the telescope controller.

Guide information is computed by the guider and pulses "UP DOWN LEFT
RIGHT" are generated, whose length in time 1s proportional to the error.
However, field rotation at the coude”and at the Cassegrain requires a
trigonometric computation before the signals can be used to guide the tele-
scope. This calculation could be done in the guider but has instead been
done by the telescope controller "TELCO," which has the arithmetic hardware
to deal with it, and also knows the correct rotation angle. Raw data
consisting of sums of reticle readings for an averaging time, plus the frame
count, switch positions, etc., are fed to TELCO on the ACIA serial link.

In early experiments, tﬁe PET computer was used as an intermediary, pro-
grammed in BASIC and carrying out the field rotation calculations. Because
BASIC is very slow, the use of the PET added several seconds of delay to
the control loop. It also made it awkward to use the PET for other
necessary tasks. For these reasons the rotation, galn and diagnostic

displays were written in assembly language and placed In the TELCO.




OPERATING INSTRUCTIONS -~ TV AUTOGUIDER

The Autoguider can only operate when 1t is receiving a video signal.

Guide signals are only generated after the RBON signal goes high. (It

goes high if the RBON co-ax link is disconnected, or whenever a TV frame is

read from the camera.)

Connect the video signal from the TV memory to the Autoguider "Video

IN" and from the Autoguider "Video OUT" to the TV monitor (via the cross

generator) .

Connect the RBON signal from the TV memory to the Autoguider '"RBON"

connector.

Turn on power to the Guider. Set menu switch to 0. Set Digit
switch to zero, Set Guide Enable switch to INITIALIZE.

The LED display first will run through all possible combinations

to prove that the lamps work. If a hardware error i1s detected,

the address of the offending component will be flashed continucusly.
Otherwise, dark reticle marks should appear on the TV monitor; if
not, check error lights for NO TV SYNC. The intensity of the marks
can be adjusted without affecting the guide sensitivity.

Select left or right reticles by setting the auto/manual switch

to manual and the left/right switch appropriately. Use the
joystick to adjust the position of guide and background reticles
for both left and right slits. Adjust size and separation
appropriately for the guide object selected. Set the average time
pot to low (CCW) limit. Set sensitivity pot low (CCW).

Adjust sensitivity and averaging time to obtain a satisfactory
gulde signal, when guiding starts,

When ready to gulde, set the guide'enable switch UP to imstruct
TELCO to accept guide signals. Set TELCO "display select" switch
to 13 to get a dlagnostic display.

The left or right guide reticle can be selected manually, or will
be set by TELCO if the auto left/right switch 1s set to AUTO.

See Page for a more detailed set of instructions.




If the guider is moved to a different TV camera, the video
baseline may require adjustment. (This is best done by an
electronics tech, using an oscilloscope.) The clearest
indication that the bhaseline needs adjustment would be if
the Background values shown by the TELCO display are above
60, or at zero. Misadjustment of the baseline can lead to
failure to guide on faint objects, or saturation of the
analog-to-digital comverters for bright sky.

To do the adjustment, turn TV camera on, set guide enable
switch to ENABLE, then turn on the TV guider power. (This
inhibits the automatic baseline adjust, which would make manual
adjustments difficult.)

After the INITIALIZE Led starts to blink, examine the signal

at card A3 pin M. First, adjust the reat on-board potentiometers
(R1-EL919) so that the sync pulses have an amplitude of about

150 mVolts. Then adjust the front on-board potentiometer (R2)
until the videl level (with no light to the TV camera) is about
150 mVolts.

The guide enable switch now can be set to INITIALIZE. This is all
on the microprocessor to adjust the baseline. Some small changes
of the baseline level at pin M, card A3 may be obgerved as the
noisy video signal is tested by the microprocessor. The baseline
may also automatically adjust when the reticle size is changed.




SEEING DISPLAY

A rudimentary test for seeing has been included. This measures the
distance from the center of the star to a half-intensity point, To use
it, place the left hand side of the seeilng reticle on the center of a star.
The right side of the reticle will move until the signal it sees is half
as bright as the center. (The seeing-background reticle must be in an
area of uniform sky.) This measurement is limited to situations where the

star image is big enough to cover several lines on the TV. The spacing

measured is shown on the "seeing" LED in hexadecimal numbers.

The seelng background signal is subtracted from the "seeing" signals,
and a badly chosen position for the seeing background reticle will affect
the result. A code "FF" is flashed if ever the seeing background is larger
than the seeing signal.

The seeing display LEDs are also used for diagnostic informationm.
When the baseline is being automatically adjusted, code nB will flash,

where n~-~(0--7) is the baseline setting.




DEAGNOSTIC INDICATIONS

Front panel LED displays allow the user or malntenance technician

to detect most operating problems. WNote that the Menu Switch should

normally be in position 0. If it 1s set to the diagnostic mode, the error

indicator lamps are used for data display rather than error display. The

error display register can be erased by pressing the ERROR RESET button.

LED display meaning:
ACTA ERROR

NO TV SYNC
INIETTIALIZE
GAIN/4

RBON LOW

BG ABOVE SIG

S5IG TOO BIG

AVRG TIME

An error was detected in the link to the PET microcomputer.

No video signal is being detected. Check that video
cables are connected, and that camera is turned on.

Set guide enable switch down, and adjust the reticles
for left and right slits. Press "ZERO JOYSTICK."

The video signal is so large that the internal gailn
has been reduced to accommodate 1t.

The RBON signal is connected but is always at ground

level. The guider will work with RBON disconnected,

but does not know if camera is integrating or not, so
that it may produce more than one guide command for a
single frame of data.

Background reticle 1s on a brighter area than the guide
reticle. Guiding continues but adjustment for varying
camera sensitivity is not done.

The video signal is so bright it saturates the ADC. If
signal cannot be reduced, guider amplifier will have to
be changed for lower gain. There is a baseline adjust-
ment on the video input card, that should be used with
caution. (It must be adjusted with the aid of an
oscilloscope.)

Flashes once each time a set of frames is sent to TELCO.
Period is controlled by the average TIME potentiometer.

Codes flashed on the SEEING display may be of interest: 'nB" - Baseline

level set to n, (n=0--7)




DIAGNOSTIC PROCEDURES

Microprocessor systems have many critical states stored in memory
registers that are Inaccessible to an oscilloscope probe. To avoid the
need for complex test equipment or a development system for routine
diagnotic tests, a self-checking program was included in the autoguider,
This allows the content of any memory location, including input/output
ports, to be displayed continuously. Such a display is particularly
valuable when evaluating the effect of software modification, but is

also important if the equipment should behave in any unexpected way.

An additional test program allows a check that all the front panel

switches are correctly wired and operating properly.

In addition, an initial test program will check that all EPROMs

are in place, that checksums stored agree with those measured, and that

RAM memory and port chips work properly.
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Initial Tests

When power is first applied, the program starts by testing all the
hardware it can. The 8 vertical LED lamps and the 2 byte "SEEING" LED
are made to count through all possible combinations, to prove they are
working. Next, the RAM memories in pages O and 1 on the microprocessor
card are tested. Then checksums in all the FPROM are tested, as well
as checking that each EPROM is plugged in at its proper address. Then
the RAM memory in the port cards is tested, and finally the ability to

set and read the port registers is checked.

If no errors are found, the TV guide program starts, If an error is
found, the lamps will'be clocked through codes 00, 11, 22, 33 -- FF, and
the memory address at which an error was found will be displayed, most
significant byte in the SEEING LEDs, lower byte in the 8 indicator LEDS
where the top lamp displays "80" and the bottom lamp displays "1i". ‘'The
SEEING LED will blink the complement of the error address every second or
so. An EPROM in the wrong address will result in all "ls" in the 8

display LEDs.

If you wish to try and continue in spite of an error, push the

"ERROR RESET" button for a second or so.

i1




TV GUIDER DIAGNOSTICS

Front panel LED display allows potentiometers, joystick, switches,

and contents of memory to be tested.

a)

b)

Using Digit switch and the Menu switch, the joystick potentiometers
and other switches can be displayed on the 8 light Error Display.

'"Menu' Digit
Switch Tested Switch Switch Readout Lamps
Setting Setting (OFF for true)
Menu, Move X 13
JOYSt%Ck X 0 15 Binary Codes:
Joystick Y 1 15 ADC gutput
Averaging Time Pot 0 14 20_p7
Sensitilvity Pot 1 14
Zero Joystick p3 14 "ACIA Error"
Auto Center 2 14 "No TV Sync"
Change 2 14 - "Initlalize"
Man/Auto 2 14 "Gain 14"
Guide Enable 2 14 "RBON Low"
Left/Right 2 14 "BG Above Signal
Frror Reset 2 14 "Signal Too Big"
Function -2 15 ""AVRG Time"

Digplay of Memory Contents

1f the Menu Swltch is set to 3, ('Diagnostics’), then a memory address
will be displayed in the Seeing Display LEDs and the data in that byte
will be displayed in the eight error display lights. The upper or
lower byte of the address will be displayed depending on whether the
left/right switch is set to left or right, respectively.

The 4 hexadecimal digits of the address are shifted left each time the
"Change" switch is pressed, with the new lowest precision digit being
copied from the Digit switch. The address is incremented each time
the "Auto Center" switch 1s pressed and decremented each time the ''Zero
Joystick" is pressed.

This feature allows the contents of specific registers to be checked
during actual operation. It is much easier to use than the description
would indicate.
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TV GUIDER TO TELCO COMMUNICATION

The TV Guider loads an "output buffer" which is read by TELCO, and

the TELCO loads an "input buffer" that can tell the TV Guider what to do.

OUTPUT BUFFER

INPUT BUFFER .

Byte # Meaning Byte # Meaning
0 New Input Buffer 0
1 "FF'" = Data Ready 1 Data Taken = 11 ; INIT = 67
2 Signed Horizontal guide 2 Side Select: 0 = right, 80 = left
3 Signed Vertical guide 3
4 Sensitivity Pot. 4
5 Averaging Time Pot. 5
6 Seeing Measurement 6
7 Guide Enable Switch, etc.]| 7 Change Positions if = (99)16
Guide = 10 : Man = 20 - (1535
LEFT = 40 DIGIT = 0-~F . 10
BAD BASELINE = 80
8,9 8,9 | Horizontal Positlon : 1 8 Horizontal Position Guide : 1
1.0 A,B | Vertical Position 10 A | Vertical Position Guide
12 C,D{ Horizontal Positiom : 2 12 Horizontal Position BG : 2
14 E,F | Vertical Position 14 Vertical Position Guide
16 10 Horizontal Position : 3 16 10 Horizontal Position Seeing: 3
18 12 Vertical Position 18 [ 12 |Vertilcal Position Seeing
20 14 Horizontal Position : 4 20 | 14 |Horizontal Position Seeing BG :
22 16 Vertical Position 22 | 16 |Vertical Position Seeing
24 18 Guide Frame Count
26 1A BG Frame Count
28 1¢ Seeing Frame Count
30 1E Seeing BG Frame Count
20-27 Guide
28-2F Guide BG 4 16 Bit
30-37 Seeing sums for 1 ’ 2
38-3F Seeing BG each order
S

13




RETICLE AND DATA TABLES

Two sets of 4 reticles for right and left side are stored at locations
9000 to 907F and 9080 to 90FF respectively.

Each set of 4 reticles uses 4 (20)16 word tables to hold data for Guide,
Guide background, Seeing and Seeing background. Table meaning is determined
by its location.

Location Function
9000, 9080 Guide
9020, 90A0 Guide BC
9040, 90CO Seeing
9060, 92080 Seeing BG

Byte allocation for each 20 word table:

0,1 Horizontal position
2,3 Horizontal size
4,5 Horizontal separation
6,7 Vertical position -
8,9 Vertical size
A,B Vertical separation - (unused for Seeing)
c Vertical Sync Adjust.
D,E,F Unused
ig ;g} Upper Left
ig ;g} Upper Right
; ADC SUMS (16 bit)
14 S Lower Left
15 M8
i? ig- Lower Right
18 Cycle counter for averaging
19 Upper Left
1A Upper Right
1B Lower Left ADC AVERAGES (8 bit) |
1C Lower Right
ib
1E :
1F GAIN CONTROL "GAINSV"

14




IMPORTANT VARIABLES

Name Address Function
NUDATA a0 Set to 1 whenever new data accepted
BEAMTS 94 Set to 1 whenever BEAM-ON is seen.
HZero AF '}
VZero 30 ] JOYSTICK Zero readings
HGUIDL B3, B4 Horizontal Error Buffer
VGUIDL B5, B6 Vertical Error Buffer :} (Signed)
HSTGN B7 }
VSIGN B8 Sign of Guide signals
HGO BY .
vGo BA }- Normalized nsigned) guide amplitude
AVTIM2 Ccé Time used for one guide measurement
9000,1 Horizontal Position
9002,3 Horizontal Size
9004 ,5 Horizontal Separation
9006,7 Vertical Position Right Side Guide Reticle
9008,9 Vertical Size
900A,B Vertical Separation
9010,11 Upper left
9012,13 Upper right Right Side Guide Data
9014,15 Lower left 16 bit sums
3016,17 Lower right
9019 Upper left
901A Upper right Right Side Guide Data
9018 Lower left 8 bit averages
301c Lower right

Checking contents of these variables with the diagnostic tests should aid in

evaluating the behaviour of the guider,

TIMSUM  0001--0020 raw 16 bit sums for TELCO
SUMCNT 21--28 16 bit frame counts for TELCO
DIFTAB BC—-C3 Table of 8 bit differences guide - BG

seeing - BG

15
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TV GUIDER PROGRAM

The microprocessor program is stored in EPROM at location 8000-B8FFF

and at 400 -- BFF, It consilsts of several major subsections:

(NOTE: That an index of tagged locations is given at end of program listing)
POWRUX Tests EPROM, RAM and ports (see Program "K4')

RESET Initializes variables and ports

LOOPER Runs with interrupt enabled; calls various updating routines
RETSET Allows joystick to adjust the reticles

SEEDO Caiculates and transmits guide signals, ﬁhen new average done
INTEX Responds to interrupts from vertical sync and reticle timer
TESTEX Allows test of front panel switches, LEDS, and potentiometers
DIADIX Displays content of selected memory locations for diagnosis
VRINIX Initializes a TV frame, selects correct reticle for the frame
IRQINX Checks Interrupt flags

TIMEDL Generates the retlcle, checks fof TV syne

BUFADD Adds new daté to sum tables, checks guide response, adjust basline
ACSRVC Looks after ACIA interface to the PET

ATOCEX Auto centering loop

The program uses a set of 8 32 word tables to store the pesition of

and resultant data for 8 four quadrant reticles. Data are located by position

in these tables. The first four tables are allocated to the right side

reticles and the second four to the left side reticles.

1lé




Program Operating Sequence

The program runs in a loop at "LOOPER, " with interrupt enabled, When
an interrupt from the TV vertical flyback is seen, the parameters of the
reticle chosen for the next frame are pulled from the table. The horizontal
delay circuits are loaded. At the end of the vértical blanking signal, a
programmable delay circuit is triggered that will interrupt two lines before
the top of the choseﬁ reticle. When the interrupt occurs, a short programmed
delay ensues to insure that the reticle timing cannot jitter between two lines.
Then (1) the "vertical gates" are loaded, and the number of lines corresponding
to the vertical width are counted. The verticai.gates are closed, and a
number of lines corresponding to the vertical separation are counted, after which
(1) 4is repeated. For the two "seeing" reticles, the last step is omitted.
Charge accumulates in the sample and hold amplifiers during the time the

reticles are turned on..

After the reticles have finished, the analog voltages held in the four
sample and hold amplifiers are digitized and added by "BUFADD" to the raw
data sums in TIMSUM and to the data sum register in the table corresponding
to the reticle that was just displayed. If 8 such cycles have occurred for a
table, the results are divided by‘8 and stored as averages, also in the same
table. Whenever this occurs for the guide reticle table, a flag byte called

NUDATA is set to 1, indicating that valid guide data is dgvailable,. |

All this occurs during each frame with the interrupt disabled. When

complete, the interrupt is re-enabled and the program at TOOPER continues.

The program at LOOPER watches for NUDATA=]1 and when seen, the differences
between guide table and béckground table averages are added to 2 two~byte

registers HGUIDL and VGUIDL, which are used after a number of cycles, determined

17



by the Averaging time potentiometer, to generate an error signal (normallzed
by a reading from the sensitivity potentiometer) and stored in single byte
registers HGO and VGo, with signs in HSIGN and VSIGN. The error signals are

loaded into I/0 ports to light the UP, DOWN, LEFT, RIGHT lights for a time

proportional to the sizae of the normalized error. Actual signal quantities are

transmitted to TELCO using an ACIA serial link,

When an integration time is completed, the AVRG TIME LED is flaghed,
and data in TIMSUM, SUMCNT, switch settings and potentiometer readings are
copied to a 64 byte table at MSHOLD. The flag "MSWAIT" 1s set to 1 and
TIMSUM, SUMCNT data are erésed. (Background is divided by 4 rather than being
fully erased, to improve noise performance.) LOOPER detects MSWAIT non-zero,
and copies the MSHOLD table into the ACIA output table at MSGOUT as soon

as the ACIA is free,

These are labelled in various places with names such as SEEDO. To locate the
coding that corresponds to a portion of the flow diagram, look up the name in
the alphabetical listing at the end of the program. This gives the actual

address of the item 1in the program listing.

The source code for this program is held on floppy disc and DECtape
under the name TV Autogulder. It 1ig assembled by the Sierra Digital System

X6502 cross-assembler on the PDP 8 running under the 0S/8 monitor.

18
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The Autoguiding Algorithw In the Telescope Controller

The autoguider keeps an object centered in the field by sensing
an error in position and translating this error into a guide motion of
the proper direction and magnitude to correct the error. This process
involves five basic stages:

1., Measuring Che object signal in each of the four quadrants.
2. Calculatiug the error signal (horizontal and vertical).

3, Converting the error signal into a distance to move the
~  telescope.

4, Compensatiung for changes in object brightness.
5. Cowpensating for rotation of the object field.

This section will discuss each of these stages, from both an operational
and computational stand point.

1, MEASURING THE OBJECT SIGHAL Is EACH OF THE FOUR QUADRANTS,

The light frow the guide object 1s picked up by a television
camera, wiiich converts the light into a video signal. The portion of
that video signal corresponding to each quadrant of the guide reticle
is integrated by a sample and hold analogue amplifier, and then converted
to an 8-bit integer by am analogue to digital converter (ADG).

In this process of collection and conversion, a non-zero baseline
is added to the data because of various limitations in the electromnic
circuitry. Thus, even when the camera is looking at blank sky, whicn
should correspond to a zero signal level from the object, the ADC reading
will be non-zero. This non-zero baseline needs to be measured and
subtracted out in order to obtain the actual object signai level.

The guide reticle is divided into four quadrants, and the high
speed of the video signal requires that each quadrant be measured by a
separate amplifier. Uniortunately, the zero levels (or baselines) of
these amplifiers are not the same. If the reticle were positioned
on a unitformly illuminated field, the digitized signals froiw the four
quadrants of the reticle would be non-uniform, resulting in a spurious
error signal. Thus, sowe mechanism is needed to cowpensate for these
baseline differences.

This was the initial motivation for the background reticle.
Each gquadrant of the background reticle is measured using the saine
amplifier as is used to measure the corresponding quadrant of the guide
reticle. If the background reticle were positioned on blank sky (i.e.,
a zero—level image), then subtracting the quadrants of the background
reticle from the corresponding guadrants of the guide reticle should
correct for the differing zero levels of the four amplifiers.

Unfortunately, due to non~uniformities in the response of the
television camera over different areas of the field, it was not possible
to present the background reticle with a true zero-level image. Thus,
subtracting the background reticle frow the guide reticle did not
correctly compensate for the zero levelr differences between the
amplifiers. In fact, tests indicated that the subtraction of the
background increased the noise in the error signal.
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The solution to this problem was to reference the guide
reticle to itself, rather than to the backgroumd reticle. This is
accomplished by recording the signal levei in each quadrant of the
guide reticle at the instant when the star is correctly positioned
for observing. This reierence level 1s then subtracted from subsequent
integrations of the guide reticle to compensate for the zero level
differences between the amplifiers,

This scheme requires the observer to indicate when the star
is correctly positioned so that the relerence level can be recorded.
The observer can do this iun a number of different ways. First,
whenever the GUIDE ENABLE switch on the front panel of the guider
is in the DISABLED (INITIALIZE) state, then the reference level is
constantly ‘updated with each new integration of the guide reticle.

Second, when the GUIDE ENABLE switch is in the ENABLED state,
any telescope motion resulting frowm slewing, setting, or guiding
will cause the reference level to be remeasured upon completion of
the motion. Thus, an observer can request remeasuremeunt of the
reference level simply by recentering the star using the telescope
controller”s joystick.

Just as there are two sets of reticles, one for the left slit
and one for the right, there are two sets of reference leveis. When
the left-slit reticle is selected, the lefi-slit reference level is
used., Similarly, the right-slit reference level 1s used when the
right-slit reticle is selected.

These two sets of reference levers are stored in the telescope
controller, and not in the autoguider. Following any joystick-initiated
motion of the telescope, the reference level corresponding to the
currently selected guide reticle is remeasured, while the reference level
corresponding ko the other guide reticle is left unchanged.

Note that telescope motion resulting from an autowatic
slit—-change does nof cause the re-establisiment of either set of
reference levels. lustead, at the conclusion of the slit-cnange
motion, the autoguider”s reticles are autowmatically switcied to the
new slit, and the previously stored rerference level for that slit
is used. This alilows the automatic slit-change sequence to remain
truly automatic, as well as allowing ihe autoguider to "pull" the
star into the slit if the slit-change is nol exactly on target.

It should be evident that incorrect autoguiding could result
1f the reference leveis for each set oi reticles were not properly
established. To reduce this possibility, the reference levels are
tagged as invalid under certain situations in order to make sure
that an obsolete reference level is not inadvertently used.
Autoguiding is then suppressed until a vaiid reference level is
established.
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Both sets of referemce levels are invalidated in the following
situations:

1. The telescope is slewed in either axis

2. The telescope controller loses contact with the autoguider
for more than five consecutive seconds. In this case,
the controller assumes that the autoguider has lost powver
and that the autoguider’s reticles are incorrectly set.

3., Power is lost and then restored to the telescope controller.

Only one set of reference leveis (the one corresponding to the
currently selected reticle) is invalidated when the telescope is wmoved
as a result of the joystick. Note that if the "computer-disable" switch
on the telescope controller’s joystick is set to '"disable", autoguiding
will be suppressed, but neither set of reference levels will be invali-
dated.

Computer—initiated offsets do not invalidate either set of
reference levels since the offset mechanisw is used by the automatic
slit change. Thus, 1f a computer—initiated offset is performed for
purposes other than slit changing, then appropriate reference levels
need to be establisuned manually upon its completion.

Finally, one should note that the reference levels are dependent
on the characteristics of the video signal that is presented to the
autoguider. Thus, if the television camera gain is changed, or if the
"Size" (gain) or “"Position" (threshold) settings on the television
memory are changed, then the reference level MUST be re-established
manuaily. The telescope controller cannot do this aulomatically since
it caunot detect if any of these parameters have been changed.

2, CALCULATING THE ERROR SIGMAL (HORIZOWTAL AND VERTICAL).

Let the four quadrants of the guide reticle be nuwmbered as
shown in the following figure.

sereldeRdRfrkdeideRkdons

dem e Feme o *

* Gl ¥ G2 W%

o ko *  Numbering of the
fiiioioiokkkRiklRi® guide reticle
Fooooo LA %  quadrants "G1"

* Gy kG4 % :

* * w

Sl dedeiieieleRToRideok
Let "Gi{T)" represent the signal level at time "T" in quadrant
"i" of the guide reticle, and let time I=0 represent the time at which
the reference level was established. Further, let the differences
between Lhe current and reference signal levels be represented by "Di(1)}"
that is: '

bi(1) = Gi(T) - 6i{0)
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Using this notation, the horizontal and vertical components of the errox
signal are then caiculated as follows:

ft
it

Horizontal error HT) { DILTY + D3ICE) ) ~ { D2i1) + D&(T) )

Vertical  error VAT) = ( DI(T) + D2(T) ) - ( D3(T) + D&(T) )

The top third oi the telescope controller’s autoguide status
display can now be described in terms of these variables. WNote that
the heading WEW indicates the current signal level, REF indicates the
reference level, and DIFF indicates the dif.._.cuces of WEW -~ REF,

NEW RE¥ DIFF A 90
G | | o 5160
U GL{T) G2(T) Gl{u}  62(U) D1(T) D2(T) H(fﬁ
r | - vr)
D G3{T) 63(T) G3(0y) G4l{u) D3(T)Y D&(T) 1100
i o e S , A o

“DLA

Below is a sample screen illustrating the calculation of the horizontal
and vertical components of the error signal for some hypothetical image.

NEW REF DIVF A 90
G . : - 8100
u 73 70 69 68 4 2 H 0 <-- Horizontal error
I R : V 4 <~~ Vertical erroxr
p 71 72 71 70 0 2 L1163 -
P 42
B 12 10 11 106 1 0 14
A - ' - R 3
C 9 11 9 10 0 1 1
K - - ] .
+0 1 000101002
0,087 RA - 1 - Co :
SLIT=L +0 0 10 0000
0.034 pG-- -1 - -1 - - - 01
Horizontal error = H(T) = ( DI(T) + D3(L) ) - ( D2(L) + D&(L) )
~o=( 4+ 0 )-(-2 + 2 )
=( 4) - =04 '
— 0 -
Vertical error = V{T) = ( DL{T) + b2(L) ) = ( D3(r) + D&(r) )
w4 2 )= 0 o+ 2 )
={ 6 ) = (2) ‘
= 4 -




3. CONVERTING Tur SRROR SIGHAL IuTO A DISTAWCE TO MOVE Tilk TELESCOPR

The error signal computed in the previous section is proportional
to the telescope position erxor., Uniortumately, it is atso proportional
a number of other factors, iucluding:

»

The object brightness

The object sise

The gain ot the analogue amplifiers

The gain of the television camera

The reilectivity of the teiescope mirrors

The scale of the television image at the given telescope focus
The size of the reticles

.

The telescope coniroller does not have a value for any of these
parameters excepi the scaie of the television image. As a result, it
cannof use some analytic relationshlp to convert the error signal into
a precise distance to wmove the telescope,

Instead, the SENSITIVITY potentioweter on the front panel of the
auvtoguider is used to establish an empirical relatiomsinip between the size
of the error signal and the size of the guide correction. One starts with
the SENSITIVITY potentioweter set fo minimum, and increases it until the
autoguider provides enough guide correction to keep the object centered,.
If the SENSITIVITY is set too high, the autoguider will overcorrect, and
the object could either oscillate or be driven ocut of the fieid,

The SENSITIVITY potentiometer is designed to provide a range of
adjustment sufficient to compensate for a reasonable range of object sizes
and ivntensities, However, since the scale of the television image is
considerably different at each focus of each telescope, a different range
of sensitivity adjustuwent is needed for each focus.

The telescope controller currentiy provides 8 different ranges
of sensitivity adjustment. The observer can select the particular range
appropriate to the telescope focus in use by setting the "RANGE" parameter
in the telescope controller. This parameter can be set by either the PET,
PDP~8, or LSI-11/23 cowputers. The "RA#NGE" parameter has a default value
of 5 when the telescope controller is turned on, and will remain at that
value until it 1s changed.

The table below indicates the range of sensitivity adjustment
provided by each of the 8 available ranges.

"RAWGE" Sensitivity

Select Range
MAX., MIN.
(cw)  (cow)

1/2 to
1/3 to
/4 to
¥/5 to
1/6 to
/7 to
/8 to
1/9 to

DEFAULT =

LD 0 s YU WO o
CND B0 s W B WA
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Note that regardless of which range is selected, when the
sengitivity pot is at its widpoint setting (i.e., straight up),
the eifect will be to provide umit gain (i.e., sensitivity = 1).

Selecting the correct RAHGE is an ewpirical excercise, and
suggested values will be devetoped for eacn focus of each telescope
once the autoguider is iun general use. The correct RANGE is the one
which yields successful guiding on a typical object when the SENSI-
TIVITY potentioweter is near its midpoint setting. I& successiul
guiding is only being obtained when the SENSITIVITY potentiometer
is set to one of its extremes, then a different RANGE should be used.

A few more points are worth mentioning in regards to the
SENSITIVITY adjustwent., First, the SENSITIVITY value that is
displayed following the "8" on the autoguide status display is
expressed ia per-cent. Thus, a sensitivity value of 5 is displayed
as 500, wnile a value oi 1/5 (i.e., 20%) is displayed as 20,

Second, the sense of the displayed SENSITIVITY value is such
that vaiues greater than 1007 provide signal attenuation, while values
less than 100% provide signal gain., This is because the error signal
is divided by the sensitivity value, rather than being multiplied by it.

Thus, when the SENSITIVITY potentiometer is at its MAXIMUM
setting (i.e., fully clockwise), the SENSITIVITY value reaches its
MINIMUM of 1/H, where "a" is the range select. Since the error signal
is then divided by 1/N, this results iun a gain factor oi "H".

Gonversely, wuen the SENSITIVITY potentiometer is set Lo
MIKIMUM (i.e., fully counter~clockwise), the SENSITIVIIY value reaches
its MAXIMUN of '"H", thus providing an attenuation factor of "N".

The following section will suow the equatioms in wihich the
sensitivity value, aiong with the object intensity, is used to scale
the error signal into ap actual guide correction.

4, CONMPENSATING FOR CHANGES IN OBJECT BiLGHINESS.

The error signal is a funciion of both the position error of
the object and the iutensity of the object. If the object”s intenmsity
changes during the course of the observation (for example, the object
is partially obscured by a thiu cloud layer), then the sensitivity wust
be adjusted to cowpensate for this cnange.

Requiring the observer to compensate manually for such changes
in an object”s intensity would invalidate the very concept of "automatic"
guiding. To avoid this problem, the telescope controller constantly
measures the intensity oi the object and uses this intensity to scale
the size of the guide correction.
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The intensity of the object is weasured by summing the signal in
ail four quadrants of the GUIDE reticle, and then subtraciing the sum of
the signals in all four quadrants of the BACKGROUND reticle. Labelling
the four quadrants of the BACKGROUND reticle as Bl -through B4, the
calculation of the intensity at time T can be expressed as:

I(T) = { GL{T)+G2(T)+G3(T)+G4(T) ) - ( BI(T)+B2(T)+B3(T)+B4(T) )

The value of intensity that is used to scale the guide corrections
is equal to I(T)/8, and is constrained to lie in the range of 1 to 127,
This value is-also displayed on the teliescope controller”s autoguide
status display in the upper-right hand corner following the letter "IV,
as shown below:

NEW REF DIFF A 96

6 - © - 8160

U 99 59 69 68 30 -9 H34

I oo - V42

D 58 62 71 70 -13 -8 I 30 <-- “INTENSITY" VALUE
P42

B 11 9 10 9 1L 0 14

A - - - - . - R 3

¢c 8 1 8 9 0 1 1

K .- .

- 01 000101002
0,087 RA =~ ~ 1 = - = oo |
ESTABLISHING REFERENCE LEVEL |
SLIT=L +00 10 00600 |

0.034 DEC-- - 1 ~ 1 - 01

Note that wnen offset-guiding, this intensity value can be used
to monitor changes in the signal from the guide object, and thus could
alert the observer if clouds were obscuring it, The intensity value is
not as useful when guiding using light reflected from the edges of the
spectrograph slit, since most of the object”s light is being swallowed
by the slit.

Also note that this intemsity value is dependent on the size
of the autoguider’s reticles, the TV camera gain, and the gain and
thresnold settings on the TV memory. Tuus, intensity values measured
with different settings of these parameters cannolb be directly cowmpared.
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The following exawple illustrates the calculation of the intensity
level, I(T):

I(T) = ( GLL{T)+G2{T)+G3(T)+G4(T) )} — ( BL{T}+B2{1L)+B3(T)+B4(T) )

o= 99 459 458 -+62 ) -( 1 + 9 + 8 +10 )

= ( 218 ) - © = (38) S
=240 - .

The "IRTENSITY" value is then caiculated as:

INEENSITY vaiue = I(T)/ 8
C = 240/ 8
306
WEW REF DIFF A 96
G : 5100
g 99 59 69 b6 30 -9 H34
P o V42
D 58 62 71 70 ~13 -8 I 30 <—— "'LuTENSITY"
E - : SO - *DLA - :
P 42
B 11 ¢ 10 9 1 0 14
A S - PPN - . - R 3
C & 10 8 9 0 1 1
K o

» 01 000101002
0.087 RA~ 1L~ - - - -
ESTABLISHING REFERENCE LEVEL
SLIT=L +0°0 10" 0000

0.034 DEC~ - 1 1 - 01

A few more porLinLs are worth mentioning regarding the calculation
of the IWIENSITY value. First, note that the signals Irom the BACKGROUKD
reticle are used in the intemsity calculation but are HOT used in the
calculation of the error signal components, Thus, although the BACKGROUHD
reticle has NO effecc on the DIRECTION oi the autoguider”s correction, it
does aifect the MAGWITUDE of the correction via the compensation for
object intensity. ‘Thereiore, it is important the the BACKGROUED reticle
be correctly positioned on a blank portion of sky in order for the intensity
compensation to work correctly.

Second, the calculation of the object intensity is wmeaningful only
if the signal from the GUIDE reticle is significantly higher than that
from the BACKGROUND reticle. For very faint objects, this condition is
not always met, and iu such cases the intensity value is set to unity.

Third, if the object were to be momentarily obscured, the intensity
ratio could drop toward zero, and result in a series of large corrections
which might drive the object out of the field. To prevent such spurious
behavior, the intensity value is constrained to lie in the range of 1 to
127, i.e.,

1 <= { Intensity value = I(I)/8 } <= 127
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Mow that the caiculatiom of the object intensity has been defined,
we are ready to describe the following Lwo equaiions which are used to convert
the horizontal and vertical components oi the error signal into horizontal
and vertical guide corrections., HNote that both the sensitivity and intemsity
values appear in the divisor of these equations. Thus, the wmagnitude of the
guide correction decreases as eilther one of these quantities increases.

HORCOR = Horizontal correction ia tenth arcsecond units

= HORERR / (SENSIT * INTENSITY)

VERCOR = Vertical correctlion in tenth arcsecond units

= VERERR / (SENSIT ¥ LNTENSITY)

where!
HORERR = Horizontal component oi error signal in arbitrary units
= [ {el(r)~-61(0) } + { 63(T)-G3(0) } ]
- [ { 62(T)-62(0) } + { 64{T)-G4(u) } |
VERERR = Vertical component oi error signal in arbitrary units
= [ {el(m)-cL(u) } + { c2ir)-62(0) } 1]
~ [ {63(1)-63¢0) } + { c4{r)-64(u) } 1
INTENSITY = intensity of object

1§

[ { GI(T} + G2(1T) + G3(Tr) + G&4(T) }
e {OBLCT) + B2(T) + BI(T) + B4(T) Yy 1/ 8

SENSIT = sensitivity value as determined by the SENSITIVITY
' potentiometer and the RAWNGE seiect. This value can
rauge between a minimum of 1/9 to a maximum of 9.
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The following example will illustrate this calculation for a
hypothetical situation.

NEW REF DIFF A 96
G ‘ ) - - § 50 <-- "SENSIT"
U 99 59 69 66 30 -9 H 34 <-- "HORERR"
E - ' : o V 42 <-- "VERERR"
D 58 62 71 70 -13 -8 I 30 <-- "IWTENSITY"
E . . P - - *DLA .

P42

B 11 9 10 9 1 0 14
A : o : : R O3
C 8 10 8 9 0 1 1
K . )

- +$01 000101002
0.087/ RA — -1 - - - — -
ESTABLISHING REFERENCE LLVEL
SLIT=L + 0 10 0000

0,034 DEC-- -1 - 1 - 01

This display indicates that the object has drifted off center into the
upper left-hand quadrant of the guide reticle. The SENSITIVITY value
is displayed as 50%, which indicates that the signal will be divided
by .5, thus resulting in a GAIN oi 2.

Using the equations given above, we obtain the following values:

HORCOR = HORERR / (SENSIT * INTENSITY)
= 34 [ (C.5%30) o :
= 34 [ 15 - :

VERCOR = VERERR / (SENSIT * IWTENSITY)

42 f ¢ .5 % 306 ) ' '
21 /15

1,40

Thus, for this example, the computed guide correctionms would be
.227 arcseconds iun the horizontal direction, and .140 arcseconds
in the vertical direction. These corrections are then ultimately
converted into the corresponding motions in the right ascension
and declination axes, as described in stage 5.
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5. COMPENSATING FOR ROTATICN OF THE OBJECT FIELD.

The last stage in computing the guide correction is to convert
from the reference frame of the television field to the reference frame
of the telescope axes. The horizontal and vertical components of the
error signal are multiplied by a rotation matrix to convert them into
guide corrections in the Declination and Right Ascension axes. The
rotation matrix used depends upon which focus of which telescope is in
use, so these cases will be treated separately.

SHANE TELESCOPE - COUDE FOCUS

At this focus, field rvotation is a function of the telescope
hour angle. In addition to this, the Coude” television camera has a
fixed rotational offset such that the North/South axis of the field is
aligned with the vertical axis of the television image when the telescope
igs at an hour angle of -19 degrees.

If we let HORIZ represent the horizontal component of the error
and VERT the vertical component, and let HA represent the current hour
angle in degrees, then the field rotation transform for this focus is:

RA CORRECTION = +HORIZ * COSINE(HA+19) - VERT * SINE(HA+l9)

DEC CORRECTION -HORIZ *  SINE(HA+19) - VERT * COSINE(HA+19)

SHANE TELESCOPE - CASSEGRAIN FOCUS

At this focus, field rotatiom is a function of the tub position
angle. If we let HORIZ represent the horizontal component of the error
and VERT the vertical component, and let TUB represent the current tub
position angle in degrees, then the field rotation transform is:

RA CORRECTION

+HORIZ * COSINE(90-TUB) + VERT % SINE(90-TUB)

DEC CORRECTION +HORIZ * SINE(90-TUB) - VERT * COSINE(90-TUB)
However, in addition to correcting for field rotation, one must

also compensate for inversion of the horizontal axis of the television image

that occurs when the t.v. diagonal mirror is in either position 1 or 4.

In this case, the signs of the horizontal error terms are reversed:

RA CORRECTION = -HORIZ * COSINE(90-TUB) + VERT * SINE(90-TUB)

]

DEC CORRECTION = -HORIZ *  SINE(90-TUB) - VERT * COSINE(90-TUB)
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SHAWE TELESCOPE -~ PRIME FOCUS

There is currently no television camera at this rocus, and thus
autoguiding from this focus is not available. Were such a camera to be
added in the future, the fieid rotation would be handled wmuch the same way
as at Cassegrain, except the position angle of the prime focus assembly
would be used in place of the tub position angle.

NICKEL TELLSCUPE - CASSEGRAT. FOCUS

At this focus, field rotation is a function of the tub position
angle., 1In addition to this, the horizontal axis of the teicvision image
can be inverted depending upon whicn position of the television diagonal
mirror is in use. Neither of these preces of information is available
electronically, and so wust be entered manually on the PLEY cowputer.

However, siice no standard set of tub position angle markings
have been put on this telescope, the fieid rotation tramsformation for
this telescope can not yet be defined.
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Auvtowatic Rate Adjustment

In addition to genmerating guide motions to recenter the image,
the autoguiding sofiware in the telescope controller adjusts the tracking
rates of the telescope if it senses that it is guiding consistently in
the same direction, <The guide corrections for each axis are integrated
over an interval (ususaily two minutes ol time) to produce an integrated
error in positiom. An error in rate is then computed by dividing the
integrated position error by the length of the integration interval.

At the end or this interval, the tracking rate for each axis of
the telescope is adjusted by an amount equal to 80% of the computed rate
error for that axis. Ouly 80% of the rate error is used in this adjustuent
to reduce the potential for oscillation. Also note that an automatic
rate adjust integration will not begin until the reference level has been
established, and that re-establisiment of the reference level will cause
the integration to start over.

The integration time used for autowatic rate adjustment can be
changed using the PET cowputer, and can be set independently for each
axis. The integration time can range from 1 to 3072 seconds. If the
integration time is set to a negative value, automatic rate adjustment
for the given axis can be disabled, The default value of two minutes
was selected to match the two minute periodic error in the worm gear of
the Shane Telescope Right Ascension drive.

The autowatic rate adjustment routine in the telescope controller
uses the same mechanism to adjust the rates as is used by the PET computer.
Thus, the PET can be used to modify or even cancel out any or the rate
adjustments produced by this routine. Also, note that wienever the
telescope is slewed, this rate adjustment is automatically reset to
ZEero.

The telescope controller”s autoguide status display snhows both
inputs to and the outputs from the autowatic rate adjustment routine. The
current rate adjustments for each axis are displayed in the lower left-
hand cormer of the screen, in units of arcseconds per sidereai second.

In the example below, the RA tracking rate has been increased by O 007
arcs econds/second and the DLC rate by 0 004

NEW REF DIFF A 96

G ' ) 5100

u 73 70 69 68 & 2 H 0

r - -- : ' Vv 4

D 71 72 71 70 0 2130

E o T *DLA

PO

B 12 10 11 10 1 0 0

G 9 11 9 10 0 1 0
I{ - B - . . .

+0 1 000101002
RA RATE ADJUST-> 0,007 RA -~ -1 -~~~ -~ :
- ESTABLISHI#G REFLRENCE LLVEL
SLIT=L +00 -1 0 QG OO
DEC RATE ADJUST-> 0,004 DG~ -1 - -1 -~ 01
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The current integrated position errors aund rate errors for
both RA and DUC are displayed midway down the screenm on the right—hand
side. The integrated position errors are displayed in units of tenths
of arcseconds. Thus, in the example below, the integrated position errvor
in RA is 4,2 arcseconds, and is 1.4 arcseconds in DEC,

NEW REF DIFF A %6
. - 8100
U 73 70 69 63 4 2H O
Eo o v o4
D 7L 72 71 70 0 2130
1 7

P42 <- RA POSITION ERROR

B 12 10 11 10 1 0 14 <~ DEC PUSITION ERROR
A - o e ‘ "R 34 <- RA RATE ERROR
c 9 11 9 10 0 1 11 <~ DiC RATE ERROR
o o
| 01 000101002
0.007 RA =+ -1 -~ - -

SLIT=L +0 O 10 0000
0.004 DuC- - 1 - - -0l

The rate errors are displayed in units of thousandths of arc-
seconds/second, and have been scaled down by 80% as discussed earlier.
The above example was taken 100 seconds into the two minute integration.
Thus, the displayed RA rate error is computed as:

RA RATE ERROR = 1000 * ,30 * ( (POSITION ERROR/10) / INTERVAL )
= 1000 * .80 % ( C 42/ 10 ) / 100-)

33:0 -

This value is rounded up to 34 thousandths of an arcsecond/sec.
The DEC rate error is computed the same way and is .0ll arcseconds/sec.
At the end of the integration interval, the values for the RA and DEC
rate errors are added into the corresponding rate adjustments, and the
integrated position errors for each axis are zeroed to begin the next

incegration, as shown beloy.
NEW REF DIFF A 906
G : : - - 8100
g 73 70 69 6y 4 20 40
T : : vV o4
Doy 72 71 70 0 2130
P 0 <~ BKA POSITION ERROR
B 12 10 11 10 1 0 0 <- DEC POSITION ERROR
A o T ' - R 0 <~ RA RATE ERROR
C 9 11 9 10 0 1 0 <- DEC RATE ERROR
K . S . , o
: +01 000101002
UPDATED RATE -> 0,041 RA - -1 ~ - -+ = -~

SLIT=L +0 0 10 0000
UPDATED RATE -»> 0,015 buG-- -1 - -1 - - -0l
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The Guide History Silos

The previous sections of this report have described all
fields of the telescope controller”s autoguide status display,
except for the guide history silos, which appear at the bottow of
the display screen. These silos, one for RA and one for DEC,
display the ten most recent guide corrections in each axis.

NEW REF DIFF A 96
G C : © o 5100
o i3 70 6% 66 4 2 H 0
I - : : Vv 4
D 71 72 71 70 0 2 1100
E T : : : #*DLA
P42
B 12 10 1l 1o I 0 14
C 9 i s iU U 1 1
K - . .
: +0 1 000101002 <~- KA GUIDE
0,087 RA - 1 oo <—— HISTORY 5ILO
STATUS MESSAGE -> g - -
: “‘ o - SLIT=L +0 0 10 0000 <—- DLEC GUIDE

0,034 DEC~- -1 -~ -1 01 <=~  HISTORY SILU

% %
FTRTWERRTRN A kffoklkiuhs
4%~ -GUIDE--- -~ *
AKLS~% HISTORY SILGS *
R e R R S e
Each guide correctiom is displayed as a single digit between
0 and 9, and corresponds to a guide wotion of 0 to 0.Y arcseconds,
respectively. The gulde motions for a given axis are displayed on
two different rows, depending on whether the guide motion was in the
positive or negative direction. This was done to make trends easier
to spot.

As each new guide correction is generated, the eniire silo
is scrolled to the right so that the new guide correction can be
inserted at the leit edge of the sito. The rate at which the silo
scrolls thus reflects that rate at whicn guide corrections are
generated, and is conktrolled by both the AVERAGIHNG LIME potentio-
meter on the front panel of the autoguider, and the integration
time on the TV memory.

Note that if the newest gulde correction and all of the
entries currently in the silo are identicai, then the scrolling of
the silo will not be detectable, and one may get the mistaken
impression that the autoguider has died. If there are no error
messages displayed on the status message line, and if the AVERAGING
TIME lamp on the autoguider”s front panel is blinking at the
correct rate, then don”t worry, the autoguider is guiding.
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To the right of each guide history silo is a two digit
number which is the rumning sum of the guide corrections currently
displayed in the silo. Tihis sum is updated with each scroll ol the
silo, and will appear on one of two rows depending on whether the
sum is positive or negative. ILa the example below, the sum of the
RA history silo is +3, wuile the DEC nistory silc sum is =2, Note
also that negative numbers are displayed in reverse video (i.e.,
black on white).

WEW REF DIFF A 96
G : - 5100
U 73 70 69 68 4 210
r - Vo4
p 71 72 71 70 0 2 1100
E N ' *DLA

P42

B 12 10 1L 16 1 0 14
A o R34
c 9 11 9 10 0 1 1I
K .o oo T
~ #01 0003010 03<-RA SILU SUM
0.087 RA - ~ 2~ - -~ = - - .
SLIT=L +00 10 0000

0.034 DEC-— -1 - - 2 - - - - 024~ DiC STLO SUM

Like the entries in the guide history silo, this sum is in
units of tenths of arcseconds. Note that this sum reflects only
what is currently displayed in the silo, and is not the same quantity
4s the integrateu position error used by the automatic rate adjustment
routine. Also, neither the guide history sileo nor the silo sums are
affected by re-~establisiment of the reference level.
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Constraints on the Guide Corrections

The autoguider was designed as an inexpensive add-on to an
existing TV guiding system. As a resuli, it lacks certain features
that one would include if desiguing a new TV guiding system fron
scratch. For example, the autoguider cannot read any or the control
settings on eilther the TV camera or the TV memory, and thus cannot
determine if these have been changed. Further, the guider cannot
control when the TV wmemory starts an integration. This becowes
a problem when the TV memory 1s set to a long integration time,

Suppose that the TV memory has just completed an exposure,
and that this TV image, which we call image "A'", has been presented
to the awvtoguider. The autoguider processes this image, determines
that a large guide correction is needed, and signais the telescope
controller to make the correction.

Meanwhile, the TV memory is already integrating the next image,
image "B". Since the guide correction will occur while this integration
is in progress, the data from image "B" will be impossible to use.

The scene that was integrated during the interval between the end of

the guide motion and the end of the exposure would be useful for guiding,
but unfortunately it is mixed in with the scene that was integrated '
prior to and during the guide.

If the autoguider were to use image "B" to for guiding, it
would sense that the some of the error detected in image "A" still
needed to be corrected, when it fact the correction had already been
accomplished., This could cause the guider to over-correct, and could
result in the object either oscillating in or being driven out of the
guide reticle,

Ideally, this problem could be solved if the autoguider could
cause the TV wemory to erase and begin a fresn integration as soon as
the guide motion cowpleted. Since the existing TV memory does not
allow this, the solution is to discard image "B". Unfortunately, this f
means that no guiding occurs during the interval between the end of '
the guide motion and the end of the image "B" exposure.

Because the penalty for overcorrecting is so high, a second
mechanism was added to prevent it, Normally, the maximuwm correction
allowed in any siungle guide motion is .5 arcseconds. Following any
guide correction that exceeds .2 arcseconds, not only is image "B"
discarded, but the "maximum allowable guide" is reduced for the next
few guide motions,

If the actual gulde wotion is greater Lhan or equal to .3
arcseconds, then image ''B" is discarded, and the "maximum allowable
guide" threshold is lowered to .l arcsecond. Otherwise, image "B"
is not discarded, and the "waximum allowable guide' threshold is
increased by .l arcsecond, up to its origimal limit of .5 arcseconds.
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The following table 1llustrates the results of this wecuanism
on a hypothetical set oi guide data:

Calculated Maximum Actual Image
Guide Allowable Guide gt
Motion Guide Motion Discarded
0 ) 0 Ho
1 5 1 o
.% .; .5 YES
.% .i .1 NO
3 2 2 o
-é .3 v2 HO
.1 .4 .1 NO
2 5 2 o
0 .5 0 HO
3 5 3 vis
.3 .i .i NO
.i ;é .i KO
3 3 3 yis
.5 .i .i NO‘
0 2 0 NO
.1 +3 .i NO ?
.i .; .i HNO |
6 .3 d NO

.1 ) .1 NO

Note that the "maximuin allowable guide" threshold is handled
separately for right ascension and declination. Also note that this
mechanism is based on the magnitude of the guide correction, and not
its sign. Thus, immediately following a guide of +.5 arcseconds, the
uext guide will be constrained in magultude to .1 arcseconds, regard-
less of whether it is in the plus or minus directiom.
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GUIDING USING REFLECTED LIGHT ¥FROM THE Z-5LIT SPECTROGRAPH
Acqui£e<tﬁé éﬁjéét té be OSSeréed in the t.v.‘camera field of view
Set the "GUIDE ENABLE" switch to "INITIALIZE",

Set the |"RETICLE SELECT" switch to "MANUALY.

Set the "RETICLE" switch to "LEFT"

Move the telescope so that the object is centered in the "LEFT" slit.
Set the "FUNCTLON" switch Lo "POSITION" |

Set the "MGVE" sﬁitch to "GUIDEJ

Use the autoguider’s joystick to position the GUIDE reticle over the
object in the slit. c.

Set the “FUNCTLON" switch to "SLZE" and adjust the reticle size.

Set the "FUNC&ION" switch to "bEPARATION" and adjust the separation.
Set the "EUNCIION" switch back to "POSITION"

Set the "MOVE" switch to "BACKGROUND"

Use the autoguider”s joystick to p081tion the BACKGROUND reticle on
a blank portion of sky as close as possible to the- GUIDL reticle,
preferably just below the GUIDE reticle. -

Set the "FUNCTION" switch back to the "LOCK NORMAL" postion.

Verify that the object is still centered in the sitit and move the
telescope to re-center it if 1t is not.

Push the "AUTO CENTER" pushbutton and hold it in until the GUIDE

reticle appeaxs properly centered., The reference level for this

glit is now established. (Note: this is a slow process, since the
reticle will move one step for each averaging time.)

Set the "RETICLE" switch to “RIGHT"

Move the telescope so that the object is centered in the "RIGHT" slit.

If using two slits, repeat steps 6 through 16 for the right slit.
Otherwise, go to step ZU.

Move the telescope, if necessary, so that the object is in the slit
in which you wish to begin observing.

Make sure the object is centered in the slit, and then raise the
MGUIDE ENABLE" switch to the "ENABLE" position. The autoguider
should now be guiding the telescope.

Once the scan has been started and the "SLIT CODE" has been correctly
specified, set the "RETICLE SELECT" switch to "AUTOMATIC".

Adjust the "SENSITIVITY" potentiometer for optimal guiding.
After slewing to a new object, start over at step l.
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AUTOGUIDER INSTALLATION LINSTRUCTIONS

l. Connect the video signal labelled "VIDEQ OUT" on the back of the
autoguider to the signal labelled "VIDEO LN" on the back of the
cross generator. Use 75 olm coax (RG=59A/U), if available,
although 50 obm coax (RG-59A/U) will ‘do-over short distances.

2. Comect the VIDEQ OUT from the cross generator to the VIDEQ IN on
the TV wmonitor. Use 75 ohm coax (RG-59A/U), if available. 1f
there is an impedence-select sw1tch o -the- bach of the TV wonitor,
set it to 75 ohis .

3, If the TV memory 1S available, conunect its video output signal

- to the BWC connector labeiled "VIDEOC IN" on the back of the
autoguider, Again, 75 ohm coax (RG-539A/U) should be used, if
possible, o o T

If the TV memory is NOT available, then obtain the video signal
directly from the TV camera AND SKIP TO STEP 4.

4. Comnect the '"RBON" signal from the TV wemory to the BNC connector
labelled "RBOWY on the back of the autoguider, Use 50 ohm coax,
i.e., RG-58A/Y. .

5. Comnect the ACIA signal from the single BNC connector on the back
-~ of the PET microcomputer to the BWC connector labelled "ACIA IN"
on the back of the autoguider. Use 50 ohm coax, RG-58A/U.

Wote that there should only be one PET computer connected on the
ACIA bus. Lf observing at Coude” focus, make sure the PEL in the
readoul room is disconnecied. Also note that the autoguider must
be turmed on in order for the PET to communicate with the tele-
scope controller.,

6. Connect the ACIA signal labelled "ACIA OUT" on the back of the
- autoguider to the BNC connector labelled "ACIA" on the back of the
telescope controller. Use 50 olwm coax.

7. Comect the 110 volt AC line to the power plug on the back of the
- gulder. ’

8. Proceed to the next section of this write-up, "SYSTEM VERLFICATLON".
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AUTOGULDER SYSTEM VERIFICATION

Check that all of the necessary cables have been connected to the
autoguider as described in the "AUTOGUIDER INSTALLATION INSTRUCTIONS".
Then set the potentiometers on theé autoguider”s front panel as follows:

BENSLVITIY = MINIMUM AVhRAGING TIME = HINIMUM
- (full-C.C.W) (full C.C. N )

Set the front panel switches on the autoguider as follows:

MOVE = GUIDE GUIDE ENABLE = LNLITTALIZE
FUNCTION = LOCK (NORMAL) RETICLE = RIGHYT

MENU 0 (HORMAL) RETICLE SELECT = MANUAL

DIGIT (thumbwheel switch) =

Turn on the power to the autoguider. You should observe that the
green power LED and all of the labelled red LEDS light up. If they
do not, check the AC power to the autoguider, as well as the fuse
on the back of the autoguider.

For the first 12 seconds after power is applied, the autoguider performs
internal tests: The front panel LEDs will remain illuminated, and the
two LED digits labelled "bthNG" will count in hexadecimal (base 16) from
00 to FF.

At the end of the 12 seconds, the internal tests should be completed,
and wost of the red LEDs should go out. The two LED digits labelled
"SEEING" should display 00 momentarily, and then may show FF or some
small number.

If instead the "SELRING" display starts flashing the sequence 11,22,33,...,
then there 1s a hardware problem and you should consult the section -
"PROUBLESHOOTING THE AUTOGUIDER", or call for help from a technician.

If the TV camera and/or TV memory are not turned on, the red LED labelled
"NO TV SYNC'" should be flashing. If the TV camera and memory are already
turned on, then skip to step 9.

- BEFORE PROCEEDING ANY FURTHER, SOMEONE AUTHORIZED TO OPERATE THE TV CAHERA

SYSTEM MUST BE AVALLABLE. IF YOU ARE NOT S0 AUTHORIZED, YOU WILL NEED TO
OBTAIN THE ASSISTANCE OF A TELESCOPE ASSISTANT TO OPERATE THE TV CAMERA FOR
Y0U. A : ' ‘ o ' ‘

After imsuring that the TV camera gain is at minimum and that the TV camera
shutter is closed, the person authorized to operate the TV camera should
turn it on, If the TV memory is comnected, it should be turned on as well,
and should be set so that it is NOT integrating.
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10,

11,

12,

13,

14,

15.

At this point, the "NO TV SYNC" LED on the autoguider”s front panel should
stop blinking., If it continues to ‘blink, then the video signal from the
1V camera is not reaching the autoguider; see the troubleshooting section,

The "NO TV SYNC" LED can be either on or off when the blinking stops. If
the LED remains on, press the green pushbutton labelled "ERROR hESET" nd
the "NO TV SYNC" LLD should go off.

Turn on the TV momitor that is connected to the "VIDEO OUTY signal from
the autoguider, and adjust the horizountal and vertical hold, if necessary.

Rotate clockwise the "MARK ADJUST" potentiometer located in the upper
right—~hand corner of the autoguider”s front panel, and verify that the
autoguider”s reticles appear on the IV monitor. Note that at tLhe maximum
setting, this may cause the image on the TV monitor to become distorted.

The AVERAGING TIME potentiometer on the guider”s front panel should be
set at its minimum setting. You should see the "AVERAGING TIME" LED
blinking at about a 1 Hz, rate. As you change the setting of this
potentiometer, the blink rate of the "AVERAGING TIHME" LLD should change
accordingly.

Leave the "AVERAGING TIME" potentiometer at the minimum Setting before
proceeding-to the next step.

Next, flip the RETICLE switch on the guider”s front panel back and forth
between RIGHT and LEFT, and the four reticles on the TV monitor should
switch back and forth in response.

As the reticles are moved around in the video field, one or more of the
following LEDs may come oni

YRG ABOVE SIGNALY "GAIN [/ 4" U3IGNAL TOU BIG"

These LEDs can be ignored until it is time to actually set up the reticles
for guiding.

Next, set the FUNCTION switch to the setting labelled "POSITLON"., Only a
single reticle should now appear on the TV monitor, and it should not be
blinking.

Verify that you can use the joystick to move this reticle around on the
TV monitor. Also note that the entire column of red LEDs will flash imn
unison when the FUNCTION switch is not in the "LOCK NORMAL" setting.

Next, set the FUNCTION switch to the setting labelled “SIZE". Verify
that you can use the joystick to adjust Lthe size of the single displayed
reticle. Before proceeding to the next step, adjust the reticle so that
it is roughly its original size.

Next, set the FUNCTLON switch to the "SEPARATION" setting, and verify
that you can use'the joystick to adjust the separation between the four
quadrants of the reticle. HNeote that the vertical separation can be
reduced to zero, whereas the horizontal cannot.

40




6.

17.

i8,

19.

20,

21.

Next, set the MOVE switch to the "GUIDE BG" (background reticle)
setting, and repeat steps 13 through I5. "This reticle should behave
identically to the GUIDE reticle that was just manipulated.

Next, set the MOVE switch to the "SEEING" setting. The reticle now
displayed will be much smaller, and will consist of two rather than

four elements. Repeat steps 13 tnrough 15, noting that there is no
vertical Separatlon to adjusty

Finally, set the HMOVE switch to the "SEEING BG" setting, and repeat
steps 13 through 15. This reticle should behave identically to the
SEEING ‘reticle that was just manipulated in step 17.

Return the FUNCTION switch to the "LOCK NORMAL" position, and all four
reticles should once again appear on the TV monitor. Also, the lefthand
column of red LEDs should no longer be blinking in unison, However,

the "AVERAGING TIME" LED should be blinking at the rate indicated by

the "AVERAGING TIME" potientiometer.

At this point, most of the major independent functioms of the autoguider
have been excercised. The final stage of verification involves checking
the ACIA link to the telescope controller, and verifying the operation
of the autoguiding software in the telescope controller.

The telescope controller should be turned on, as well as the TV wmonitor
that is attached to it. At the Shane Telescope, you should check that
the telescope controller interfate is turned on as well.

Lf you are observing at the Shane Telescope Cassegrain focus, then "Tup"
power should be on, as should be power to the unit which operates the-
TV diagonal wmirror assewmbly.

Set the "DISPLAY SELECT" thumbwieel on the front panel of the telescope
controller to position 13. On the telescope controller”s TV monitor, you
should see a display that looks something like this:

NEW REF DIFF A 96
¢ : 8500
g 73 70 69 68 4 2H O
}‘: — = - - v 4
p 7L 72 71 70 0 21 1
E - - ot o *DRM

P42

B 12 10 1l 10 1 0 I4
A . Far— e R o - l{ ‘¢3
¢ 911 9 10 0 1 1
K ~ e - s - . -
: #01 000101002
0.087 RA - =1~ - - - -« -
ESTABLISHING REFERENCE LEVEL <mmmmm STATUS HESSAGE LINE
SLIT=R - +0°0 -10- 0000 : N

0.034 DUC-- -1 - 1 - - -0l
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22.

Note that the numbers displayed may be quite different than this example,
but the form of the display should look like this, If all is functioning
correctly, the status message line should be blinking in reverse video
about once a second with the message:

ESTABLISHING REFERENCE LEVEL

1f some other message appeaxrs, then there is a problem and you should
either consult the troubleshooting section or ask for help from a
technician.

In the upper right-hand corner of the display note the letter "A"
followed by a two or three digit number. This number indicates the
current value of the AVERAGING TIME, which is usually determined by
the AVERAGING TIME potentiometer on the front panel of the autoguider.

Note that if the TV memory is in use, it can override the intexval
specified by the AVERAGING TIME potentiometer, if that interval is
less than twice the integration time of the TV memory. For exauwple,
if the AVERAGING TIME potentiometer is set to 3 seconds, and the

TV memory integration time is 2 seconds, then the autoguider will
use an AVERAGING TIME interval of 4 seconds.

NEW REF DIFF A 96 <—m—==- AVERAGING TIME
G - : 5500 - SRR
u 73 70 69 68 & 2HO
oo Vo4
D 71 72 71 70 0 2 1100
B oo *DRE
P42
B 12 10 11 10 1 0 14
A e e e - . - 1{ 3
¢ 9 1 9 10 0 1 1
K - e -~

‘ +0 1 000101002
0,087 RA -- -~ 1 ~ — 7
ESTABLISHING REFERENCE LEVEL
SLIT=R - 00 10 0000

0.034 DEC-- -~ 1 ~ 1 - 01

With the AVERAGING TIME set to the minimuw setting, and with the

TV mewory set so that it is not integrating, the value displayed
following the "A" should be 96, Note that the AVERAGING TIME display
is not updated until the END of an averaging time interval, Thus,
when the AVERAGING TIME is changed there will be a noticeable delay
before the new time appears on the screen.

Now slowly increase the AVERAGING TIME and check to see that the value
following the “A" increases as well. If the number displayed after the
"A" does not track the AVERAGING TIME potentiometer, then consult the
troubleshooting section or ask for help.

Before proceeding to the next step, reset the AVERAGING TIME potentio-

meter to its minimum setting and verify that the value following the "A"
returns to the value 96.
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23. In the upper right—hand cormer of the display, one line below the "A"

will be the letter "S8" followed by a one to three digit number. This
number displays the SENSITIVITY value, which is determined by the
SENSITIVITY potentiometer on the front panel of the autoguider, as
well as the telescope controller”s RANGE select parameter.

The RANGE select parameter can be set to any integer between 2 and 9,
and has’'a default value of 5., The SENSITIVITY potentiometer can theén
be used to vary the SENSITIVITY value from a minimum of 1/"RANGE" to
a wmaximum value of "RANGE", Thus, if the RANGE select is 'left 'at its

default value of 5, then the SENSITIVITY value can be varied from 1/5
to 5.

The SENSITIVITY value is an attenuation factor, displayed in per-cent,
by which the error signal is divided to produce a guide correction.
Thus a value of 500 (%) indicates that the error signal will be divided
(attenuated) by a factor of five. Conversely, a value of 20 (%)
indicates that the error signal will be divided by .2, thus boosting
the signal by a factor of five.

NEW REF DIFF A 96
G - - : § 20 <mmmmmmnen SENSITIVITY (divisor)
U 73 70 69 68 & 2H 0 R - :
r -~ -- R V 4
D 71 72 71 70 0 2 1100
E - - S - *DRM
P42
B 12 10 il 1D 1 0 14
A . PPN PRI Ceees ‘. - R 3
¢ 9 11 9 10 0 1 1
K - PR — PP . . -

¥01 000101002
0.087 RA — -1 - = -~ - - -
ESTABLISHING REFERENCE LEVEL
SLIT=R - +6°0 10 0000
0.034 DEC—- - 1 - -1 - - - -0l

With the BENSITIVITY potentiometer set to MAXIMUM, the value displayed
following the "S" should be equal to 100/"RANGE", or 20, assuming that
"RANGE" is set at its default value of "5, Now slowly rotate the SENSI-
TIVITY potentiometer counter-clockwise, -and check to see that the value
following the "8" increases.

At the MINIMUM setting of the BENSITIVLITY potentiometex, the number
following the "S8" should be equal to LOO*"RANGE", or 500 for the
default "RANGE", Leave the "SENSITIVITY" pot - at this minimum setting.

If the number displayed after the "S" does mot track the SENSITIVITY
potentiometer, then consult the troubleshooting section or ask Lo welp.
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24‘

25,

On the fifth line down from the "A" should be a group of four characters
MpPRM", The three letters following the asterisk reflect the state of
the toggle switches on the front panel of the autopguider.,

NEW REF DIFF A 96

¢ - : - 8500

u 73 70 69 68 4 2H 0

I Vo

p 71 72 71 70 0 2 1l0O
g oo - e : SDRM <—=--~ TOGGLE SWITCH STATES
P,42 - o .- . .

B 12 10 11 10 1 0 14
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- 01 000101002
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ESTABLISHING REFERENCE LEVEL
SLIT=R - +0°0 -1 0- 0000
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The letter "D" indicates that the GUIDE switch is in the DLSABLED
(i.e., not enabled) state, (Note however that this position of the
switeh is labelled -as "INITLALIZE" on the autoguider”s front panel).
if the GUIDE switch were in the ENABLED state, the "D" should change
to an "E".- : : '

Raise the GULDE switch so that it is in the "EMABLED" state and
check that the "D changes to an "E" within 2 seconds. Then, lower
the GUIDE switch ‘so that it is in the "DISABLED" state and check
that ‘the "E" changes back to a "D'. . :

1f either of these tests fails, consult the troubleshooting section
or ask for help. In any event, RETURN THE GUIDE SWITCH TO THE
UNISABLEDY STATE BEFORE PROCEEDING!!Y - oo

Imnediately following the letter '"D" should be either an "R"™ or am "L".
The letter "R" indicates that the RIGHT side reticles are selected, and
an "L" indicates that the LEFT side reticles are selected. BSet the
RETICLE switch to the "RIGHT" setting and verify that am "R™ is displayed.
Then, switch the RELICLE switch to the LEFT setting, and verify that the
"R" changes to an "L", :

If either of these tests fails, check if the RETICLE SELECT switch is
in the MAWUAL state., Lf it is not, then set it to MANUAL and this should
correct the problem. If this does not, thenm consult Ytroubleshooting"
zet help.

44




26.

27.

The last of the three letters following the asterisk reflects the state
of the RETICLE SELECT switch. Lf the switch is set to MANUAL, an "M"
should be displayed. If the switch is set to AUTO, an "A" -should be
displayed., Toggle the RETLCLE SELECT switch and verify that the correct
letter is displayed. If it is unot, consult "troubleshooting" or get help.

Note that as you change the RETICLE SELECT switch from MANUAL to AUIO,
the reticles may change sides, When RETICLE SELECT is set to AUTO,
the RETICLE switch on the guider is ignored and the SLIT CODE iag che
telescope controller 1s used to select the reticle side.

NEW REF DIFF A 96
G Co : 5100
¢ 73 70 69 68 4 200
D 71 72 71 70 0 2 1100
g - - T - *DLA <-— TOGGLE SWITCHES
B 12 10 11 10 i 4] 14
c 9 11 9 10 U l 1
K - - .

*0 1 000101002
0.087 1o - - 1 - -
ESTABLISHING REFERENCE LEVEL

SLIT GODE =~> SLIT=L - +0°0 -1 0" 00090
: © 0,034 DEG-- -1 - -1 - - 0l

The telescope controller”s SLIT GODE is displayed in the lower left-
hand corner of the monitor. It appears as ‘'SLIT=" followed by the
slit code, which way be any single character, or may even be blank.

With the RETICLE SELECT switch set to AUTO, "SLIT=L" will select the
the left-side reticles. Similarly, "SLIT=R" will select the right-
side reticles, : o

If the SLIT CODE is any character OTHER than "L" or "R", the reticle
sides are not changed, and the AUTO setting of the RETICLE SELECT
switch has no function other than to lock out the RETICLE switch.

At this point, most of the major functioms of the link between the
autogyuider and telescope controller have been exercxsed, and you
can be reasonably confident that the hardware is connected correctly
and functioning properly.

You are now ready to adjust the reticles for guiding. The procedure
to be used depends on whether you are going to guide using light
reflected from the edges of the slit, or whether you are going to
offset guide using a guide star.
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TROUBLESHOOTING THE AUTOGUIDER SYSTEM

The following table is referenced according to the "step number™ om which
verification of the autogider system failed, (See section entitled
"autoguider System Verification"),

SYSTEM VERIFICATION FALLURES

Step
Number Diagnosis and/or Reference

2. Most likely cause is faulty ROM chip on microprocessor card in
autoguider. Other possibilities include faulty microprocessor
card itself, or bad power supply in autoguider.

Also, refer to "INITIAL TESTS" in Part I. of this writeup

21. See the next page for a list of error messages that can appear
in the STATUS MESSAGE LINE of the telescope controller”s i
autoguide display.

22, Check the AVERAGING TIME potentiometer on the front panel of
the autoguider for obvious mechanical damage and/or broken |
wires, This pot is read via a multiplexed ADC card, so check i
it as well as the power supplies that feed it., The output of ?
the ADC is read via a port card.

23, Check the SENSITIVITY potentiometer on the fromt panel of the
' autoguider for obvious mechanical damage and/or broken wires.
This pot is read via a multiplexed ADC card, so check it as
well as the power supplies that feed it. Also check the port
card through which the ADC output is read.

24, Check the GUIDE ENABLE switch on the front panel of the autoguider
for obvious mechanical damage and/or broken wires, Check the
port card through which this switch is read.

25, Check the RETICLE SELECT switch on the front panel of the
: autoguider for obvious mechanical damage and/or broken wires.
Check the port card through which this switch is read.
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Messages That Can Appear on the Status Message Line

This section lists all of the messages that can appear on the
gtatus message line of the telescope controller”s autoguide display.
This display is obtained by setting the DISPLAY SELECT switch on the
front panel of the telescope controller to position number 13.

NEW REF DIFF A 96
G 5100
Uu 73 70 69 68 4 2 H 0
I vV 4
D 7% 72 71 70 0 21100
E *DLA
P 42
B 12 10 11 10 1 0 14
A R 3
¢ 9 11 9 10 0 1 1
K

+1 000101002
0.087 RA - 1
ESTABLISHING REFERENCE LEVEL <~— STATUS MESSAGE LINE
SLIT=L. +0 0 10 0000
0.034 DEC- 1 1 01

sddodddekdokodolokhdiolhioiokdohi ik ki vid

* ESTABLISHING REFERENCE LEVEL *
T L e T

This message indicates that the telescope controller will use
the next frame of data transmitted by the autoguider to establish the
reference levels for each reticle.

If no error conditions are present, this message will appear
when the "GUIDE ENABLE" switch is in the "INITIALIZE" position.

When the "GUIDE ENABLE" gwitch is in the "GUIDE" position, this

message will appear momentarily following the completion of any joystick-
initiated motiom.
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RERRRERREEERRTRRRRREERNERERTERRR

* AUTOGUIDER NOT RESPONDING *
FieddedeioiiRkioki ook kil kkkkok kv kR ik

The telescope controller is not receiving any response from the
autoguider.

1, Make sure that the autoguider is turned on,

2, Check if the red "INITIALIZE" LED on the guider”s front panel
is blinking. If it is, set the "GUIDE ENABLE" toggle switch
to the "INITIALIZE" position, and adjust the reticles.

It is normal for the "INITIALIZE" LED to start blinking if
the telescope is slewed while the "GUIDE ENABLE" switch is
in the "EWABLED" position, or if the autoguider is turned on
with the switch in this position.

3. Check that the ACIA bus coaxial cable between the autoguider
and the telescope controller is properly comnected. (See
"Autoguider Installation Instructions™, page 37.)

4, Check that the autoguider is actually running. (See "Initial
Tests", page 11.)

Fkdikkkhk kR kR RS RRERRT R kkkkEk

* ACIA BUS IS BUSY *
Fokkdcekdiokiokiiikiikk Rk kiRl R iRk Rokdhokk

The telescope controller was unable to communicate with the auto=-
guider because some other device was tying up the ACIA bus., It is
normal for this message to flash on the screen briefly if the PET
computer is being used to communicate with the telescope controller.

However, if this message stays on the screen for more than one
second, then some device such as the PET is hogging the bus. This
could be due to a hardware or software problem in that device. and
should be corrected.

If this is a persistent problem. try removing the devices from the
ACIA bus one at a time until the offending device is located.
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% ACIA ERROR: BAD CHECKSUM *
fedoledodedododolokdoioieinioR Rk kiiokiokinidok ik

At the end of a message exchanged between the telescope controller
and the autoguider. the checksum computed by the controller did not
match the checksum transmitted by the autoguider.

1. This problem could be caused by noise on the ACIA bus, which can
occur when devices on the bus and turned on or off. Such problems

will clear themselves and can be ignored,

2. If this error occurs persistently. check the following:

a., Is the ACIA bus properly terminated?
The ends of the bus should be terminated to 50 ohms;
there should be no terminations in the middle of the bus,

b. Is some other device on the ACIA bus transmitting when it
does not “own" the bus, thus clobbering the transmission
between the autoguider and the telescope controller? Try
removing other devices from the bus.

c., Are the ACIA cards in both the telescope controller and
the autoguider functioning properly? Try swapping in new
cards.

d. The ACIA buffer pointers are kept in RAM in both the
telescope controller and the autoguider. Has either of
these RAMs gone bad?

In the telescope controller. this RAM is located in an
1/0 Port card in slot AB-25.26. The corresponding card
in the autoguider is in slot AB-11.12.

B T o A T e e i p

* ACIA ERROR: FRAMING *
HdekdeR kol deiodolodoloieioii oo leiokdeloloinkedelok dokook

The byte received by the telescope controller was not properly
framed, i.e., the correct number of stop bits was not found where
expected.

See the suggestions under the message "ACIA ERROR: BAD CHECKSUM".
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% ACIA ERROR: NO LOCAL ECHO *
Fedeicdedridelolokdi ok kRl k ikl ko kil ke k koiek

When the telescope controller shifted a byte out of its transmit
data register. no data shifted back inte its receive data register.

1. The most likely cause of this error is a short somewhere on the
ACIA bus. Disconnect the "ACIA" coax from the back of the
telescope controller. and see if this message changes to
"AUTOGUIDER NOT RESPONDING". If it does, then there is a short
on the bus.

To locate the short, reconnect the other devices on the ACIA
bus, one at a time., until the "NO LOCAL ECHO" messages reappears.

2. If the "NO LOCAL ECHO"™ message persists even after disconnecting
the ACIA coax from the telescope controller., then the ACIA card
in the telescope controller is probably bad and needs replacement.

FRFXFRERRVETEIRRRTNNRRERE R RThhdoh ik

* ACIA ERROR: PARITY *
L L S T

The byte received by the telescope controller did not have correct
parity.

See the suggestions under the message "ACIA ERROR: BAD CHECKSUM".

E T e b e

* ACIA ERROR: RECEIVER OVERRUN *
Fedkdokdokhdkkkkkdekioikdclelold kioloidodoiolneioiek

A second byte was received by the telescope controller before it
was able to retrieve the preceding byte from the ACIA”s receiver
data register. That is, bytes were transmitted faster than the
controller could receive them.

See the suggestions under the message "ACIA ERROR: BAD CHECKSUM",
especially point 2b.
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%* ACIA ERROR: REMOTE ECHO GARBLED *
Fdcloldodien dkdoieirkiRkiokkdiekloioloiolo ook kbt

The byte that the autoguider echoed back to the telescope controller
did not match the byte that the controller sent it.

See the suggestions under the message "ACIA ERROR: BAD CHECKSUM",
especially points 2a. and Zb.

R S RS L T e e R e T e

* ACIA ERROR: TRAPPED AT AUTOGUIDER *
dededeieRk Rk doleeioloiokddnkliioiob kool ook kiR ®

The autoguider detected an ACIA error at its end, To determine
the type of error. use the autoguider”s diagnostic display
feature (see page 12) to examine RAM location 9 .

The hexadecimal value found at that location decodes as follows:
“01° - No local echo detected at autoguider

“02° - Write checksum error detected at autoguider
“04” - Read verify error detected at autoguider
“08° - Autoguider was not clear to send

“10° - Framing error detected at autoguider

#920° - Receiver overrun detected at autoguider
“40° - Parity error detected at autoguider

See the suggestions under the message "ACIA ERROR: BAD CHECKSUM",
especially points 2a. and Z2b.

sekdedekiokioR kiR il Rk Rkl ki ikkkhikk

% CHANGING TO “LEFT” RETICLE i
FdcdoRRiokkiek kool kol kil iiokiok ook ko

The autoguider had the "RIGHT" reticle selected, and the teles-
cope controller has just moved the object to the left slit. This message
indicates that the autoguider’s "RETICLE SELECT" switch is in the "AUTO"
position, and that the autoguider will switch to the "LEFT" reticle
automatically.

R R T T T T e

% CHANGING TO “RIGHY” RETICLE *
dede Rk fiokok Tl ik ilofkooloinkinioiioioloiok ok iokk

The autoguider had the "LEFT" reticle selected, and the teles=-
cope controller has just moved the object to the right slit. This message
indicates that the autoguider”s "RETICLE SELECTI" switch is in the "AUTO"
position, and that the autoguider’s will switch to the "RIGHI" reticle
automatically.
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* ERROR: NEW BACK, FRAME COUNT <= 0 *
Fdkkkdolhk iRk ook ik R R ek ki ke

The autoguider has indicated to the telescope controller that the
number of video frames integrated for the current (NEW) background reticle
is less than or equal to zero, This condition can occur while the reticles
are being adjusted, but should not occur during normal guiding.

If it does, then the RAM on one of the port cards in the autoguider
is probably going bad.

L s S e T T T TR O e

* ERROR: NEW GUIDE FRAME COUNT <= Q0 *
FdvicdeRedololoiokiick i iokokiniodo ool e i iolokk kb ok

The autoguider has indicated to the telescope controller that the
number of video frames integrated for the current (NEW) guide reticle is
less than or equal to zero. This condition can occur while the reticles
are being adjusted, but should not occur during normal guiding.

If it does, then the RAM on one of the port cards in the autoguider
is probably going bad,

B e T T O T T T U

* ERROR: REF BACK, FRAME COUNT <= 0 *
KRR ERRRRRRRRRRS o iok b dokiclok ot dokdookk vk

The autoguider has indicated to the telescope controller that the
number of video frames integrated for the reference (REF) background reticle
is less than or equal to zero. This condition can occur while the reticles
are being adjusted, but should not occur during normal guiding.

If it does, then the RAM on one of the port cards in the autoguider
is probably going bad.

RRERRFTENTRRDRLRE TSRS dodfodo ko Rid vk ih®

* ERROR: REF GUIDE FRAME COUNT <= Q *
Rk IR ST ERRiiokkR kool ol loleielololololoiokek

The autoguider has indicated to the telescope controller that the
number of video frames integrated for the reference (REF) guide reticle is
less than or equal to zero., This condition can occur while the reticles
are being adjusted, but should not occur during normal guiding.

If it does, then the RAM on one of the port cards in the autoguider
is probably going bad,
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* ERROR: REFERENCE BACK. OVERFLOW ¥
Kk fedededolieioiiokkdokk i ioiioloioiiok ol ke ook R

For each quadrant of each reticle, the autoguider transmits a
16-bit number which represents the sum of the 8-bit ADC readings for
that quadrant summed over the number of frames indicated by the fxame
count for that reticle. The telescope controller divides this 16-bit
sum by the frame count to produce an average ADC reading for that
quadrant. The average ADC reading should be an 8-bit number.

This error message indicates that the average ADC reading com-
puted for one or more quadrants of the reference (REF) background reticle
was a number that exceeds 8 bits. This could occur if the 16-bit sum
were too large, or the frame count too small. Either way. it indicates
that these data are being corrupted. This could be due to bad RAM on
one of the port cards in either the telescope controller or in the auto-
guider.

FEFARTRNTERTREERORATRAR RN T S Redhdodohw i w

* ERROR: REFERENCE GUIDE OVERFLOW ¥
fedededeieeeidedelodobioioi ko Rk ok ikl ol ok

For each quadrant of each reticle, the autoguider transmits a
16-bit number which represents the sum of the 8-bit ADC readings for
that quadrant summed over the number of frames indicated by the frame
count for that reticle. The telescope controller divides this 16-bit
sum by the frame count to produce an average ADC reading for that
quadrant, The average ADC reading should be an 8-bit number.

This error message indicates that the average ADC reading com-
puted for one or more quadrants of the reference (REF) guide reticle
was a number that exceeds 8-bits., This could occur if the 16-bit sum
were too large, or the frame count too small. Either way. it indicates
that these data are being corrupted. This could be due to bad RAM on
one of the port cards in either the telescope controller or in the auto-
guider,

R R R L T T L L

* JOYSTICK MOTION i
Seded Sedeieierioioliciok ikl ek diolokdokieiok ke iiokek ks

This indicates that the joystick is being used to request a guide
or set motion of the telescope. At the conclusion of this motion. the

reference level corresponding to the currently selected reticle will be
re~established, and then guiding will resume using this new reference level.
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* NOT GUIDING: COMPUTER DISABLE ON %
FiRhRRRRkh kil ikhdkhkiohitkdiddhddhs

Autoguiding is disabled because the "COMPUTER DISABLE" switch
on the telescope control joystick has been switched on, This is a way
of turning off autoguiding without causing the autoguider to re-estab-
lish its reference levels,

Autoguiding will resume as soon as the "COMPUTER DISABLE"
switch is turned off. Provided there were no intervening manual guide
motions, the reference levels previously in effect are retained.

HRRENTFRRREERREDDRRRRRRRRERE R R L RRSY%

* NOT GUIDING: GUIDE TOQO LARGE ®
Flemikdodielehbidohkdokdnoldokfoiekdo okl i

or

LT e e g T T T T T T U S

* NOT GUIDING: TOO CLOSE TO POLE i
FhdhRbbbkdikikiiikiokiiidlodikiokihdhors

These messages can occur when observing an object near the pole.
This is due to the fact that the guide corrections in the right ascension
axis are divided by the cosine of the declination of the object. Near
the pole, this cosine approaches zero, and thus results in division by
a very small number. ultimately producing an enormous guide motiom,

B e e e R P T T T o

* NOT GUIDING: TELESCOPE AT LIMIT %
Fedkkddobkiiokdok okl Rk dekoloiolobofo ko ko Rk kd ik

Autoguiding has stopped because the telescope has an encountered
a limit., The LEDs on the front panel of the telescope controller will
indicate the direction of the limit., and whether it was a hardware or
software detected limit, Also, if you set the telescope controller’s
display select switch to position 8, you can find out if it was another
sort of limit, such as tangent arm limit or 0il pressure limit.
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* NOT GUIDING: NEW BACK. SATURATED *
Fokdcdokdoloiiniokioioldoklioilek ololok kelokeidoko bk ook

One or more quadrants of the current (NEW) background reticle
has an ADC reading greater than 240. This means the reticle is either
incorrectly positioned or too big, or that the video baseline is not
correctly set. First, try to correct the problem by adjusting the
position of the background reticle so that it is on blank sky.

If that does not correct the problem. then re-establish the
reference level by setting the "GUIDE ENABLE" switch to the "INITIALIZE"
position for a few averaging time periods, and then switching it back to
"ENABLED™,

If this does not clear the problem. try reducing the reticle
size, If this message still persists, then the video signal processor
card in the autoguider may need adjustment. See step "6." of the section
entitled "OPERATING INSTRUCTIONS - TV AUTOGUIDER",

HRRERBERRRERER LR RN GLR STk ke ikkeks

* NOT GUIDING: NEW GUIDE SATURATED +*
FhkfkkR Rl ki k R Rk kb il sk k ik dok

One or more quadrants of the current (NEW) guide reticle
has an ADC reading greater than 240. This means the object is too
bright or the reticle is too big, or that the video baseline is not
correctly set, First, try to re-establish the reference level by
setting the "GUIDE ENABLE" switch to the "INITIALIZE" position for
a few averaging time periods, and then switching back to "ENABLED".

If this does not clear the problem. try reducing the reticle size

or using a neutral density filter in front of the TV camera., If
this message still persists, then the video signal processor card

in the autoguider may need adjustment. See step "6." of the section
entitled "QOPERATING INSTRUCTIONS ~ TV AUTOGUIDER",

RRERERRRERTRSRRRR R R Rl kv iy

* REFERENCE BACK, SIGNAL SATURATED *
ekl kitiok foiiok ke kkokiok iekiok o wieiok

One or more quadrants of the reference (REF) background reticle
has an ADC reading greater than 240, This means that the background
reticle is either too big or is incorrectly positioned, (Remember that
the background reticle should be positioned on blank sky.) 1If this problem
cannot be corrected by adjusting the reticle size or position. then the
baseline of the video signal processor card in the autoguider probably
needs adjustment. See step "6." of the section entitled "OPERATING
INSTRUCTIONS ~ TV AUTOGUIDER",
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* REFERENCE GUIDE SIGNAL SATURATED *
******************************w******

One or more quadrants of the reference (REF) guide reticle has
an ADC reading greater than 240. This means that the guide reticle is
either too big or that the object is too bright. If thig problem cannot
be corrected by adjusting the reticle size or using a neutra]l density
filter. then the baseline of the video signal Processor card in the
autoguider probably needs adjustment, See step "6." of the section
entitled "OPERATING INSTRUCTIONS - IV AUTOGUIDER."

*************************************

* SWITCH GULDER RETICLE TO "LEFT” =%
*************************************

The autoguider has the "RIGHT" reticle selected, while the teles-
cope controller has a "SLIT CODE" = "L", indicating thag the object is in
the left slit,

Lf the object is indeed in the left slit, then use the autoguider”s
"RETICLE" switch to select the left-side reticle, or switch the autoguider”s
"RETICLE SELECT" switch to the "AyuTO" position, and the reticles will be
automatically switched whenever a slit change occurs,

*************************************

* SWITCH GUIDER RETICLE TO “RIGHT” «*
*************w****************w******

The autoguider has the "LEFT" reticie selected, while the teles-
cope controller has a "SLIT CODE" = "gh, indicating that the object is in
the right slit,

If the object is indeed in the right slit, then use the autoguider”s
"RETICLE" switch to select the right-side reticle, or switch the autoguider”s
"RETICLE SELEGT" switch to the "AyTo" position, and the reticles will be
automatically switched whenever a glit change occurs,

If the object is actually in the left slit. then use the PET. PDP-8,

or LSI-1l computer to reset the slit code in the telescope controller to the
correct value of ".",
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***************#**************k******

* TELESCOPE POSITION IS CHANGING - * .
*************************************

*************************************

* TELESCOPE IS SLEWING *
*************************************

flashing its "INITIALIZE" T.ED and will not communicate with the telescope .
controller until the GUIDE ENABLE switch has been switched to "INITIALIZE",

*************************************

* VIEW OF SLIT BLOCKED BY SHUTTER *

*************************************

Shane Telesc pe) is Sensing that_this shutter is closed, and that the TV

autoguidihg that would drive the object out or the slit. The observer would
10T see that the object was being driven from the slit, since the observer's
view of the slit would be blocked during this interval as well, Only when
e Ilex shutter re-opened, and the Next integration was begun, might it be
it.

Shutter state Switch State Input bit Aciz
Closed Open +5V
er} Closed ov
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The Telescope Controller”s Autoguider Status Display (#13)

When the DISPLAY SELECT switch on the front panel of the Telescope Controller
is set to position number 13, the Autoguider Status Display will appear on the
controller”s television monitor. An example of this display is shown below,
surrounded by asterigks.

autoguider. These are described in brief lmmediately to the right of the
example display below. Similarly, in the Lower left~hand corner of the display
are telescope parameters such as the rate corrections and slit code,

The bottom portion of the display consists of a silo in which the last ten
guide corrections are displayed. The most recent guide correction scrolls in
from the left side. The guide corrections are in units of tenths of arc-—
seconds, and are displayed as single digits. At the right edge of the silo
is a two digit field which displays the sum of the ten most recent guides,

Every two minutes of time. the telescope tracking rates are adjusted to
compensate for any rate error implied by the guide corrections. The rate
€rror in each axis is equal to the integrated Position error divided by
the integration time,

*************************************

* %
* NEW REF DIFF A 48 * 5 = Averaging Time (Units=l6 msec,) |
* G 52 % §= Sensitivity Potentiometer (DN)

*T 73 70 69 68 4 2H 0 * {ga= Horizontal Error (DN=ADC reading)

* I V 4 * V= Vertical Error (DN=ADC reading)

*D 71 72 71 70 ¢ 21100 * 1= Intensity ratio to reference (%)

* E *ERA * Enable/Disable, Right/Left, Auto/Manual

* P42 % p= Integrated RA position error (,1")

*B 12 10 11 10 1 0 14 = = Integrated DEC position error (,1")

* A R 3 % R = Integrated RA rate error (,001"/g)

*¥C 9 11 9 10 0 1 1 = = Integrated DEC rate error (.001"/s)

% K e — — —

* +0 1 000101002 =% = Last ten guides EAST and sum

* 0,087 RA - 1 ¥ RA rate - Last ten guides WEST and sum

% * -

*BLIT=R  +0 0 1 ¢ 0000 *  SLIT - Last ten guides NORTH and sum

* 0.034 DEC- 1 1 0l * DEC rate- Last ten guides SOUTH and sum

* F ———— e

*************************************

NOTE: Reverse video is used in place of minug 8igns to indicate negative values
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