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Glossary

ADC  Atmospheric Dispersion Corrector
CLI Command Line Interpreter

cS Control Subsystem

GUI Graphical User Interface

IAS Instrument Adapter Subsystem
LAN  Local Area Network

KPNO Kitt Peak National Observatory
OSS Optical Support Structure

NIR Nasmyth Instrument Rotator
NOAO National Optical Astronomy Observatories
PEIL Program File Interface

PMS  Primary Mirror Subsystem

SI Science Instrument

TBD To be determined.

TBR  To be resolved.

TMR  Tertiary Mirror Rotator

UPS Uninterruptible Power Supply
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1. Purpose & Scope

This document reviews the requirements of the Control Subsystem (CS) as specified in the document “Control
System Design Requirements for the WIYN 3.5m Telescope (WODC 01-20-11, dated 5/6/92).

The CS controls and monitors: the telescope mount, secondary and tertiary mirrors, instrument rotators, dome
rotation, mirror covers and other auxiliary equipment associated with the operation of the telescope. It provides
appropriate User/Operator interfaces for commanding the telescope and displaying status and diagnostics
including daily start-up of the observatory, normal and emergency shutdown of the observatory, and the
monitoring and display of environmental data and time. The CS supplies electrical power and data interface
cabling between hardware located in the control and computer rooms and mounted on the telescope and in
locations around the dome.

The requirements specified in WODC 01-20-11 represented engineering tasks of varying difficulty. These
requirements, separated into two categories, were classified as specifications or goals according to the following
definitions:

Specifications described the design or performance capabilities of the observatory that had been approved by the
board to meet the science goals of the project. These specifications were reviewed by the project staff for
technical difficulty and judged to be achievable with the approved budget and schedule. Changes to
specifications required a review by the Scientific Advisory Committee (SAC) and approval by the board.

A goal was a performance capability that had been recommended by the SAC but which required further study
and development due to an uncertainty in its technical feasibility or the project’s ability to achieve it with the
allocated resources. The project staff designed to the goals and reported to the SAC when changes are advisable.
Proposed modifications included an assessment of the technical impact and budgetary and schedule implications.
Modifications to goals were approved by the SAC. Goals were converted to specifications by the SAC as
development allowed. Goals that cannot be achieved within the approved budget and schedule and which, in the
judgment of the SAC, significantly affect the capabilities of the observatory will be referred to the board with
the SAC’s recommendation.

Requirements that were goals are labeled with a [G]. A [G] at the head of a subsection or category indicates that
all requirements included in the subsection or category were goals. Requirements without a G-label were
specifications.

This document follows the structure of WODC 01-20-11. In areas where specifications were met or completed,
that achievement is simply noted. In areas where specifications required verification, were not met, or were not
tested, the relevant descriptions from WODC 01-20-11 are given (in italics) followed by commentary.

2. Telescope mount

Completed as specified in WODC 01-20-11.

2.1 Azimuth/Elevation Axis Control

Completed as specified in WODC 01-20-11 except as follows:

Additional terms will be added to correct the following predictable sources of error:

» Pointing errors due to active mirror adjustment.

This functionality has not been implemented in its final form. Currently, secondary auto-collimation
corrections are being accounted for in the telescope pointing model as generic pointing errors as a function of
elevation. In the near future, these corrections will be compensated for by changing the telescope software

boresight in equal and opposite amount whenever the secondary is tip/tilted, thus removing these secondary
adjustments as a pointing “feature” requiring compensation in the pointing model.

WODC TBD 1/28/96 1



| PressRelease
May 17, 1996

Apple Announces Developer Release of
MKkLinux, Linux for Power Macintosh

Leading User-Supported Version of UNIX to be Available to Power Macintosh
Users

WWDC, SAN JOSE. California--May 17, 1996--Apple Computer, Inc. announced today
that it is making available the Developer Release 1 CD of MkLinux. Linux is a freely
distributable version of UNIX. Apple, in conjunction with the Open Software Foundation
(OSF), has ported Linux to support a variety of Power Macintosh products. MkLinux
(Microkernel Linux) operates on the OSF Mach Microkernel which will be running
natively on the PowerPC microprocessor.

The Developer Release 1 CD is being distributed free to attendees at the Linux session at
Apple’s World Wide Developer’s Conference, being held in San Jose this week. The
Developer’s Release 1 available this week will allow software developers to use a
pre-release version of the product, and provide feedback to Apple for the final version.

In addition, Apple has authorized Prime Time Freeware (http://www.ptf.com) to publish
Apple’s reference release of MkLinux for the Power Macintosh. Prime Time Freeware, a
publisher of freely redistributable software for technical and professional markets, has
scheduled the release of "MkLinux: Mach/Linux for the Power Macintosh" for September
1996. The product, retailing for U.S. $50, will contain an installable version of MkLinux,
source code, and extensive documentation on Linux, Mach, MkLinux, and the Power
Macintosh.

"Apple is supporting Linux as part of an overall effort to embrace more open industry
standards, particularly those popular in the Internet community," said Ike Nassi, vice
president of Apple system software technologies. "This software will be particularly
popular with Mac users in higher education and the scientific research communities."
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Specification: The CS will provide the capability for tracking both axes at sidereal and non-sidereal rates up to
the maximum track rates specified. Non-sidereal rates will be specified as constant velocities in RA and Dec.
Tracking uses the same motors and encoders as positioning.

Non-sidereal tracking was implemented as described but has not been adequately tested yet.

2.2  Mount specifications
These numbers should be verified by Project Engineer (Blanco).

2.2.1 Mechanical Properties

[G]
Weight of the OSS Assembly: 32,660 [b.
Rotating weight of the Telescope Assembly: 80,000 [b.
OSS Moment of Inertia about Elevation axis: 5.5¢5 Ib.-sec?-in.
Telescope Moment of Inertia about the Azimuth Axis: 1.1¢6 Ib.-sec?-in.
Azimuth Total Bearing and Drive Friction: 3640 in-1b.
Elevation Total Bearing and Drive Friction: 1550 in-1b.
Azimuth utility drape torque: TBD.
Elevation utility drape torque: TBD.
Elevation Imbalance torque: TBD.
Maximum wind load:
Azimuth: 4500 Ib-in.
Elevation: 4170 Ib-in.
Structural modes and frequencies:
Fore-aft Translation: 7.3 Hz.
Lateral Translation: 7.6 Hz.
Locked Rotor Azimuth Axis: 8.8 Hz.
Locked Rotor Elevation Axis: 10.6 Hz.
These numbers should be compared to as-built numbers by Project (Blanco/Silva).
2.2.2 Azimuth and Elevation Ranges
Complete as specified in WODC 01-20-11.
2.2.3 Accelerations and Rates
The control system will limit accelerations and rates to the following ranges:
[G]
Azimuth Accelerations: -1%sec? to +1Ysec?.
Azimuth Rates:
Elevation >30°: -5%sec to +5 Ysec.
20° < Elevation <30°: -2%sec to +2 Ysec.
Elevation <20 -1Ysec to +1Ysec.
Elevation Accelerations: -1%sec? to +1Ysec?.
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Elevation Rates:

Elevation > 85° -5Ysec to +1Ysec.
30° < Elevation < 85°: -5Ysec to +5 Ysec.
20° < Elevation < 30°: -2%sec to +5 Usec.
Elevation < 20°: -1%sec to +5Ysec.

The telescope shall meet the tracking specifications of sections 2.3.3 and 2.3.4 for the following range of track
rates and accelerations:

Track rates, both axes: -0.5%sec to +0.5Ysec.
Track Accelerations, both axes: -0.1%sec? to +0.1%sec2.

Rates outside the following ranges will be detected as an error condition and cause power to be removed from the
drives and the axis brakes applied as described in section 14 (Interlocks):

Azimuth safe rates:

Elevation >20°: -7.5Ysec to +7.5Ysec.

Elevation <20°: -2sec to +2 Ysec.
Elevation safe rates:

Elevation > 85° -7.5%sec to +2 Ysec.

20° < Elevation < 85°: -7.5%sec to +7.5 Ysec.

Elevation < 20°: -2%sec to +7.5Ysec.

Verification of these specifications is reported in the ORR of the Science & Technical Requirements document
(Blanco & Sawyer, WODC TBD).

2.3 Performance goals

2.3.1 Telescope Pointing and Tracking Accuracy

[G]
The CS will control telescope pointing. Pointing accuracy will be measured at the instrument aperture and
include all auxiliary optics contributions.

2.3.2 Absolute Pointing and Offsetting

The CS will have absolute telescope pointing accurate to within 2 arcseconds RMS for nighttime observing
measured over the full azimuth and elevation observing range of the telescope. The pointing specification will
apply when the active optics of the primary and secondary mirror subsystems are operating and after pointing
corrections have been applied.

Absolute pointing will be measured and calibrated by performing a mapping of stars distributed over the
observing range and the pointing errvor will be the RMS of the residual pointing errors. Nightly recalibration
using a small number of stars will be permitted to meet the pointing specification. Nightly recalibration should
take no longer than 10 minutes.

Current absolute telescope pointing accuracy does not meet the required specified accuracy. Typical delivered all-
sky pointing accuracy is 10 - 15 arcseconds RMS, although 5 - 10 arcseconds RMS accuracy is sometimes
achieved. The exact causes for this level of pointing inaccuracy are currently unknown but suspected to be a
combination of encoder performance deficiencies and improper compensation and/or modeling of active optics
updates.

WODC TBD 1/28/96 3
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The procedure for "cold-start" recalibration of the incremental encoders involves slewing the telescope in
elevation until the upper soft limit is reached. Next the azimuth is slewed until the azimuth mid-range switch
changes state. Both axes are then backed off until an index mark is reached. The encoders are set at these
calibrated positions. Repeatability of the index positions will be <5 arcseconds [G]. Final calibration of the
incremental encoders will be done with observations of position standard stars.

Operates as specified.

An offset is a relative move in azimuth and elevation from a known position.  Blind offsets rely on the
mechanical repeatability of the telescope and encoders and the pointing accuracy of the control system. Offset
accuracy is specified for elevations below 85° and is a function of the angular distance moved.

Offsetting accuracy, offset < 1°: 0.2 arcsecond RMS.
1°< offset < 10 1.0 arcsecond RMS.

The offset pointing error will be measured by selecting 24 pairs of objects uniformly distributed across the
sky. Pair separations will be approximately 1°and 10° for the respective specifications. The telescope will be
aligned on the first object of a pair and commanded to offset to the second object. The offset pointing error will
be the RMS value of the measurements.

The “short distance” offsetting accuracy specification has been achieved. However, the described test requires
pairs of stars with absolute astrometry RMS errors smaller than the specification located randomly over the sky.
While generating such a list is technically possible, operationally it becomes very time consuming. Therefore,
the following test was substituted:

At 24 positions uniformly distributed across the sky within the operating range of the telescope, a baseline star
from the HST Guide Star Catalog (GSC) was selected and at least five (5) additional HST Guide Stars less than
1 deg away (radially) from the baseline stars. All stars in a given set were selected from the same Schmidt
survey plate as catalogued in the GSC. For stars selected from the same plate, the GSC has a mean astrometric
accuracy of approximately 0.2 arcsecond RMS. The telescope was then commanded to offset between the
baseline star and each of the auxiliary stars. Offsetting accuracy was monitored using a video signal and a
centroiding algorithm accurate to 0.05 arcseconds. Offsetting errors for each individual offset was defined to be
the difference between the video position of the baseline star before offsetting and the position of the auxiliary
star after offsetting. For each of the 24 positions, a mean offsetting error was computed. The global all-sky
offsetting RMS was computed from that mean.

The “long distance” offsetting accuracy specification has not been as thoroughly tested but preliminary results
suggest that the telescope meets that specification as well. Nevertheless, this requires further verification.

Offsetting accuracy testing is more thoroughly described in “WIYN Telescope Offsetting Accuracy Testing” by
Silva & Lewis (WODC TBD).

2.3.3 Open Loop Tracking

[G]
The telescope will open loop track to 0.1 arcsecond RMS or better for periods of time up to 2 minutes and 0.5
arcsecond RMS or better for periods of time up to 15 minutes. Maximum excursions shall not exceed 0.5 and
1.0 arcseconds respectively.

The tracking error will be determined by pointing the telescope at a reference star, tracking open loop for 15
minutes and measuring the pointing error after 2 and 15 minutes. This process will be repeated 24 times on
objects distributed over the observing range of the telescope and the maximum and RMS values of the 2 minute
and 15 minute trials will be calculated. These goals have not been achieved. They were tested by placing a star
in the center of a video centroiding box and then measuring its centroid for the specified period. At no position
on the sky were the goals achieved. Drift rates of 0.1 arcsec/min to 0.5 arcsec/min were measured. Note that
these drifts were “smooth” and the scatter about the drift trend was typically 0.2 arcsec RMS or less. This is not
unexpected given the current all-sky absolute pointing accuracy. In fact, the sky positions with the worst open-
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loop tracking performance appear to be correlated with sky positions with worst pointing residuals. In our
opinion, it will not be possible to approach this goal until the all-sky pointing accuracy is significantly
improved.

A more complete report of these test will be presented in “Testing WIYN Telescope Open-Loop Tracking
Performance” by Silva & Lewis (WODC TBD).

2.3.4 Closed Loop Tracking

Closed loop tracking (autoguiding) is defined as tracking a celestial object using an external error signal such as
provided by the Instrument Adapter Subsystem or by a Science Instrument. The CS will provide a means for
guiding the telescope from these signals.

The error signals will be updated at a maximum rate of 10 Hz and will be supplied to the control system in the
natural coordinate system of the guider ("guider coordinates"). The "gain" and "bandwidth" of the correction
feedback loop will be adjustable in software through the user interface. The telescope shall track the error signal
to 90% or 0.05 arcseconds, whichever is greater, within 1 second for an error signal of less than 2 arcseconds
[G]. The guide specifications when guide errors exceed 2 arcseconds are the same as for offsetting. Completed as
specified except as follows:

e The current maximum update rate of the Imager guider is 2 Hz. Planned Imager guider modifications will
increase this to the specified 10 Hz. The Hydra/FOPS guider can issue updates at 10 Hz.

e Inspection of servo error data recorded at 200 Hz suggests that the “restoration” goal has been met but more
vigorous analysis of the data is required to confirm this conclusion.

2.3.5 Maximum Times to Reposition Telescope

[G]
The time to reposition the telescope is defined as the time to move between two positions within the azimuth
and elevation observing range ending up with the telescope pointing and open loop tracking within
specifications. The time to reposition shall not exceed the following:

Offsets up to 0.5° and AAz < 1% 3 seconds.
Traverse angle <10°and AAz < 10°: 20 seconds.
Between any two allowed positions: 100 seconds worst case.

Worst case includes the situation where the azimuth is required to rotate more than 360° to avoid cable wrap-up.
The “short” and “intermediate” repositioning time specifications have been met. The “maximum” repositioning
specification is ab initio unachievable given the speeds and accelerations specified in WODC 01-20-11. In
testing, the delivered “maximum” repositioning time was measured to be roughly 150 secs.

2.3.6 Unbalanced torques

Completed as specified in WODC 01-20-11.

2.4 Limit switches and Azimﬁth Midrange Switch

Completed as specified in WODC 01-20-11.

2.5 Velocity Limit Switches

The velocities of the elevation and azimuth axes will be limited to the "safe"” values specified in section 2.2.3.

In normal operation, the maximum rates permitted under software control are less than the "safe" rates and no
error condition exists. Velocity transducers on the axes and associated logic will detect a runaway condition and
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