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Abstract

This report describes the Salient features of the control scheme and the control
software for the recently upgraded 75 Cm. Telescope at VBO, Kavalur.

The performance of the telescope in terms of controls is also highlighted.
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Introduction

This report describes the Control scheme and the software for the 75cm. telescope at
Kavalur. The 75cm, telescope was built in the early seventies when the technology
availability and experience in building telescopes was limited in the country. So the
telescope had serious performance limitations. The scheme is part of overall plan for up-
gradation of the telescope to bring its Electro-mechanical performance on par with other
telescopes in IIA. With recent advances in technology and availability of cost-effective
tools, as well as the experience gained by Electronic and Mechanical groups from
Designing, building and operating such facilities as Vainu Bappu Telescope (VBT) at
Kavalur and the Himalaya Chandra Telescope(HCT) and Hanle Gamma Ray facility
(HAGAR) at Hanle, it was felt worthwhile to improve the performance of the 75cm
Telescope at a very modest cost. Since the tools available currently are quite sophisticated,
the experience so gained would also enable us to implement the scheme and develop the
control software for bigger facilities at IIA in the future.

The proposed scheme is similar to that of 2m telescope at Hanle.
The Telescope and associated sub-systems are to operate in two modes.

a. An autonomous mode where the telescope, dome and other sub- systems
operate independently.

b. A networked mode where all sub-systems get connected through a common
communication server.

The advantages with this two level approach are the following:

1. The controls are distributed and are sufficiently autonomous.
Each sub-system can be configured and tested independent of the other in the
autonomous mode.

In the Networked mode where communication is between various sub-systems is
through a concept of virtual instruments and uses Client/server technology and
provides a mechanism for

1. Operation from a local/remote site and provide the possibility of controlling
the facility over a WAN link from a remote site.

2. Telescope back-ends could also be clients and seek information from various
sub-systems. (Additional information at the end of report)



At the present time, the First phase of Telescope control software is ready for
use and provides the autonomous control of individual sub-systems like the
Telescope and Dome and auto-guider which are operational at the site. The
telescope can be operated from the computer to which the telescope Control
hardware is directly connected. The Dome and shutter have also manual modes of
operation.

Telescope Control Hardware Details

The Block schematic of the controls is as shown in figure -1.

The telescope control hardware basically comprises of the Turbo-PMAC Series of
Motion Controllers from M/s. DeltaTau Controls .U.S.A.

These programmable motion controllers are extremely versatile and can handle from
2 axes to 32 axes (extendable up to 512) with fixed servo update rates of 2.2 KHz.
For Each of the axis, there is a provision to read the incremental encoder, a homing
feature to initialize the encoder and limit switch logic to read hardware limit switches
if needed.

Provision also exists to choose and program parameters for Proportional, derivative
and integral controllers to tune appropriately for the mechanical characteristics of
the telescope.

The hardware can control motors of different types namely, A.C. Servo, D.C. Servo
or Stepper motors.

In the present case, DC. Servomotors from BALDOR Germany, have been chosen
for R.A. and DEC movements and stepper motor for focus movements. The
Encoders are of incremental type, which can provide a resolution of 3.6 million
counts per revolution.

The Telescope is of Equatorial Mount type and hence the telescope needs to be
tracked only in one axis namely, RA axis and at a constant rate of 15 arc-sec/sec.
The incremental encoders provide the feed-back for position loop for both RA and
DEC axis and have a provision for homing electronically. The Tacho-generators built
into the motor is fed back into the Power amplifier stage and provides the feedback
for speed loops.

The D.C. Servo motor is connected through a large gearing of 1:5000 which
provides necessary torque from slew speed to fine guide speed. The mechanical limit
switches are placed such that the telescope can operate from +4 .5 hrs to -4.5 hours
in east-west axis and -70 to +70 degrees in north-south axis.

The telescope has five speed settings viz:

1.Slew 2.Set 3.Track 4.Guide 5.Fine_guide



The Servo motor operates from approximately 800 R.P.M. at Slew speed to 3 R.P.M
at track and 1 R.P.M and 1/5 R.P.M for guide/fine guide speeds. There is a handset
control for set/guide/fine-guide speeds achieved through an accessory for Turbo-
PMAC II boards. The accessory is the 8E extension Board.
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Fig 1 . Control Scheme for 75 cm Telescope

The Focus movements are achieved through a Micro-stepping motor and controller
which can be controlled through another accessory for Turbo-PMAC 1I, called the

8E.

The focus motor is connected through a gearing arrangement so as to achieve a
positioning resolution of a few microns which is programmable and is currently
maintained at 5 microns/step for fine movement.

The focus display is through a digital dial-gauge which is read off through a serial
port and has a resolution of 1 micron.



Control representation

The control scheme for both RA and DEC axis primarily consists of a position loop

with a built-in velocity loop.

This is illustrated in fig.2.
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Controller tuning:
The tuning of the controller involves tuning both the speed loop and the position loop
so as to ensure proper responses for large /small step inputs for various speeds.

The parameters to be tuned are:
Settling time for step inputs.

2. Following error. (The difference between commanded and actual positions at
various instances of time.)

3. Over shoot of the step inputs.
4. Final positional error.

Based on the above criteria, the PID parameters are tuned so that the telescope
attains a performance as close to the original design goals as regards positioning,
and tracking.

It may be noted that mechanical factors like backlash and friction, Telescope
imbalance and wind gusts play a role in the final performance of pointing, tracking
and guiding, although most of these factors have been considered, in the initial
design of the mechanical and electrical controls of the system. However any errors
arising out of defects in the manufacturing stage or site specific issues like balancing
can give rise to errors and can be offset to some extent by appropriate tuning of
parameters.

The response curves for various speeds in different orientation are as Enclosed in
the appendix I.

The specifications of the electro-mechanical system are as follows:

Speeds:

1. Slew: 1 deg/sec

2. Set: 0.3 deg/sec
3. Track: 15 arcsec/sec
4. Coarse-guide: 5 arcsec/sec
5. Fine-guide: 1 arcsec/sec

Positioning accuracy : Better than 0.72 arcsec (electro-
mechanical system)

Tracking accuracy : 1.5 arcsec/sec peak- peak (Electro-
mechanical response)

Hardware limit switch position :
DEC: -70 (south) & 70 (north).
HA: -4.5 Hrs (East) & 4.5 Hrs.(West)



Telescope tracking performance : The image remains in the center of the cross-
hair for about 3-4 minutes unguided.

Telescope pointing: The telescope is to be modeled for obtaining Off-sets with
respect to catalog positions. At the present time, the objects are off from catalog
positions by about 1 degree 30 arc minutes in DEC and 3 min and 6 sec in R.A. which
need to be offset by using offset command available in GUI. With this correction, the
telescope is positioned to within a few arcsecs in DEC and RA. It should be possible
to position more accurately with better modeling of the telescope. However it may be
noted that in most positions of the telescope, the electro-mechanical system is
positioned to better than 0.72 arcsec including while homing.

Software aspects of Telescope Controls:

The software for telescope control is being developed in two phases.

1. An autonomous mode where the telescope, dome and
other sub-systems work independently .

2. A networked mode through a common communication
server.

The first phase is nearly complete and the details are as follows:

The control software has been developed under WINDOWS-NT 4.1 Using Pcomm-32
library provided for Visual C++ by Delta Tau.

The program uses:

a. PLCs (programmable logic control feature) for Input/output interaction).
b. Motion programs for actual movement of axes.

The user currently needs to execute two executables.
1. A program for homing of R.A and DEC axis.

This is necessitated by the fact the encoders are of incremental type and the
telescope needs to be brought to a reference position before the position control
program can be run. This is needed to be done only once during an observation
cycle during the night. This is a multi-threaded application with GUI buttons
providing homing from various directions i.e. East/West for R.A. and North/South
for DEC. It is possible to set the homing speed up to a maximum of 3000
counts/sec. (approximately 0.3 degrees/sec).

2. The Telescope control program which allows telescope to move from one object
position to another and also  track the object at sidereal rates.

This is also a multi-threaded application which uses Microsoft foundation Classes
(MFC’s) for graphical user Interface development.



The user interface allows to set the position (RA and DEC) through the GUI and
allows the object so acquired to be tracked. There is also a provision for offset
movement , so that telescope can be offset by small increments if required. There
is also a provision for controlling the telescope through a handset interface which
allows objects to be positioned, tracked and guided.

The GUI has a provision for displaying Universal Time (UT), Local Sidereal time
(LST), Present R.A, DEC and H.A.

There is also a provision for enabling focus movements.

A graphical display in Real-time of the Telescope position is also part of GUI.

The Display update is performed every one second.

The user Interface details are illustrated in the appendix-II.

The proposed scheme to be implemented in phase-II is described in the section II

The Details of secondary focus drive systems is described are in next few sections II



SECTION 11

A Scheme for networked mode of observatory-control

The proposed scheme for networked mode of observatory control comprising the
dome, auto guider and possibly a meteorological unit are

75cm telescope,

interconnected on a LAN and communicate

through a common communication

server. A Linux based user interface unit controls through a common GUI all the
subsystems related to the telescope and dome/shutter. This is illustrated in the

following figure.
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The scheme is based Client/server Technology and uses TCP/IP based messages. The
communication between server/client operates on the message passing paradigm.

The communication server is the repository of all information from various sub-
systems which are updated periodically. The clients could also act as servers at
times and provide various kinds of information if sought, However all messages get
routed through the communication server .

Telescope back-ends such as a CCD camera can also act as a client and seek
information from other Clients.
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The user interface unit could be a local station or a remote unit connected over a
WAN link.

This would permit that any remotely operable facility could utilize the software
developed.
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Appendix -1

—

. A photographic view of Modified 30" Telescope (West).

N

. A photographic view of Modified 30” Telescope (East).

w

. A photographic view of RA DEC dragchain.
4. A photographic view of RA dragchain.
5. An  RA-DEC Position plot(commanded POS. &. Actual POS Vs. time)

6. A RA-DEC Response plot in NE zone at Slew Speed (commanded Vel & actual
Vel vs. Time)

7. A RA-DEC Response plot in NW zone at Slew Speed (Commanded Vel. & actual
Vel Vs. Time)

8. A RA-DEC Response plot in SE zone at Slew Speed (commanded Vel & actual
Vel vs. Time)

9. A RA-DEC Response plot in SW zone at Slew Speed (commanded Vel & actual
Vel vs. Time)

10. A RA-DEC Response plot in SE- PARK zone at Slew Speed (commanded Vel
& actual Vel vs. Time)

11. DEC _SetButton response (Commanded Vel & Actual Vel Vs. Time)

12. DEC Guide_button Reponse (commanded Vel & Actual Vel Vs. Time)

13. DEC Fine_Guide_button Reponse (commanded Vel & Actual Vel Vs. Time)
14. RA Set_button Reponse (commanded Vel & Actual Vel Vs. Time)

15. RA Guide_button Reponse (commanded Vel & Actual Vel Vs. Time)

16. RA Fine_ Guide_button Reponse (Commanded Vel & Actual Vel Vs. Time)

17. Telescope _Tracking PLOT
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Appendix-II
1. GUI for Homing program.
2. GUI for Telescope Control Program.

APPENDIX -III

1. An unguided Image acquired from a Cooled CCD camera (3 min On-chip
Integration time).

2. A guided Image acquired from a Cooled CCD camera. (5 min On-chip Integration
time)

3.A guided Image acquired from a Cooled CCD Camera. (20 min On-chip
Integration time)

4.A guided Image acquired from a Cooled CCD Camera (40 min On-chip
Integration time).

5. A Locus plot of the Guided Image.

6. A RA drift plot of the guided Image
7. A DEC drift plot of the guided Image.
8. A surface plot of the star image.

9. A contour plot of a star image.

10. A radial plot of a star image.
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APPENDIX I
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y DEC PLOT OF NJE ZONE DATED 1612/03
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3 DEC PLOT OF NAW ZONE DATED 18£12{08
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NE DATED 18/12/03
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A_DEC PLOT OF 5% ZONE DATED 18/12/09
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T_BUTTON_RESPONSE P=20000
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DEC_GUIDE_BUTTON_R

24



UTTON_RESPONSE P=100000
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T_BUTTON_REPONSE
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APPENDIX III

A 3 min unguided image of M67 taken from 30 inch on 18-2-10
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Image taken from 30"Telescope on 3rd March 2010
at cassegrain focus with 1kxlk photometrics CCD Auto Guider

RA: 085200 DEC:093322 UT:140500 Smin R filter 3marl0
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NGC 2169 R filter 20min HAe 02 41 Dec 1222 Smarl0
Image taken from 30" Telescope at cassegrain focus with

1kx1k Photometrics CCD using Auto Guider
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NGC 2169 R filter 2400S Hae 03 10 Dec 12 22 5marl0

Image taken from 30"telecope cassegrain with 1kx1k Photometrics CCD
using Auto Guider
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NOACO/IRAF V2.14.1 muni®maeusem Wed 15:25:42 31-MHar-2010
S5mobjrd_b.fits: Contoured from 551.9 te 8551.8, intervel = 100.
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