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I. INTRODUCTION

Shiva is a 20-arm Nd:glass laser used for inertial confinement fusion experiments. The broad range 
of control, data acquisition, and analysis functions required to support the system has resulted in the im
plementation of a hierarchal computer network in which these functions have been divided into major sub
systems: power conditioning, fusion target diagnostics, beam diagnostics, and alignment control. Figure 1 il
lustrates the control architecture.

The alignment control subsystem includes pointing, centering, and focusing, as well as certain selec
tion operations involving many hundreds of control points from the oscillators to the target. Alignment is ac
complished with a chopped CW YAG laser directed from the oscillator through all 20 laser chains to a sur
rogate target. Sensors placed at strategic locations detect errors and provide feedback through the control 
system to motor driven gimbals. A typical Shiva beam line is illustrated in Fig. 2.

SYSTEM REQUIREMENTS AND DESCRIPTION

The Oscillator Alignment System (OAS) for the Shiva laser was designed to automatically point and 
center both a CW alignment laser and any of several pulsed oscillators. The laser beams are pointed and cen
tered with a mirror pair whose axes are driven by error signals derived from a sensor located in the pream
plification stage. Figure 3 shows a plan view of the oscillator and preamp tables.

Three oscillators must be coaligned by the OAS: the master pulsed oscillator, a CW alignment laser, 
and the output of a pulse synchronization system used for temporal alignment of Shiva’s 20 beams.

A single pulse from a mode-locked train produced by the master oscillator is selected and injected 
into a temporal pulse shaper. Typically, the selected pulse has a FWHM (full width at half-maximum) of 
about 0.1 ns and an energy of 100 /xJ. The shaped pulse, for early experiments, will be comprised of a stack of 
0.1 ns pulses suitably attenuated and delayed in time.

Alignment subsystems which follow the OAS (chain input pointing and chain output pointing and 
centering) for directing the beam through the 20 amplifier chains are designed to operate with a high-power 
CW YAG laser modulated at 630-Hz. Therefore, the OAS must be capable of coaligning the pulsed master os
cillator and the modulated CW oscillator. The 630-Hz modulation is achieved with a chopper wheel located 
near the output of the CW laseT.

The pulse synchronization system contains its own CW mode-locked oscillator whose signal is com
prised of an infinite train of 200-ps pulses separated by about 10 ns and modulated at 630 Hz. Thus, the OAS 
detector (response time ~0.5 ns) will see it as another 630-Hz alignment beam, as will all other alignment sub
systems.

Alignment errors in the oscillator and preamplification sections are primarily the result of drift in 
table supports, mirror mounts, and lens mounts, in addition to inherent beam wander. Motions of flat 
transmitting components such as rod amplifiers, Pockels cells, and polarizers contribute to a lesser degree.

The OAS is a microprocessor-based control system which points and centers any of the previously 
mentioned laser oscillators. Pointing and centering errors are sensed by imaging the far-field and an ap
propriate near-field plane, respectively, onto lateral effect photodetectors. Signals from the detectors are buff
ered, integrated, converted to digital format, and stored in the microprocessor. Calculations are then per
formed to decouple pointing and centering, and the results are used to command gimbal motors to move,
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correcting the alignment errors. The use of gated integrators with programmable sample widths permits both 
short-pulsed and relatively longer, chopped CW signals to be processed.

Since the purpose of the OAS was to eliminate long term drift of the oscillators, only a modest repeti
tion rate (~ 1 Hz) was required. In fact, the CW oscillator is now so stable that, after initial alignment, little or 
no correction is necessary for hours. A more subtle and very useful characteristic of the system is that one can 
switch between oscillators and, indeed, align any of them in a matter of minutes.

The OAS allows either closed loop alignment of any of the lasers or open loop operation, through an 
operator, for monitoring and system adjustment. In the closed loop mode, alignment errors are sampled, gim
bals moved, and the process repealed until the alignment errors are sufficiently small. Open loop operation 
allows the operator to manually move motors (gimbals or waveplates used as attenuators) and to store motor 
positions for future use. Both modes (closed and open loop) provide the ability to display any of several 
system parameters, including status, data, and error conditions.

The OAS assures a pointing and centering accuracy at the sensor of ±10 |irad and ±10 mils, which 
implies a chain output error of no greater than approximately 0.125 /urad. This contribution is negligible com
pared with the alignment error introduced by other system elements and also ensures that the requirements for 
centering on the apodizing aperture will be satisfied.

Details of optical design, electronics and signal processing, decoupling calculations, and software 
considerations will be described in the following sections, ending with a discussion of system resolution and 
response.
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II. OPTICS

The first element of the OAS, located on the preamplifier table, is the ALIGNMENT SENSOR 
(Fig. 4), which splits off a small percentage of the main laser beam and senses pointing and centering devia
tions from a predetermined nominal position.

Figure 5 shows how pointing and centering errors are sensed. When the far-field pattern is imaged, 
pointing errors appear as translations in the focal plane of the lens. This focal plane is then imaged onto a 
lateral effect photodetector. (Any centering error on this lens will not cause beam movement in the far field.) 
When a plane located between the entrance to the sensor and the last preceding optical element in the laser 
chain is imaged (so that error contributions from the previous elements are accountable), centering errors are 
detected, and displacements from nominal are related to the position on the photodetector by the magnifica
tion of the intermediate lens.

RENTA
PRISM

POINTING
DETECTOR

CUBE-------- .
BEAM
SPLITTER

CENTERING
DETECTORINPUT LENS

POLARIZER

WAVEPLATE

BEAM
SPLITTER CENTERING 

PLANE —

FIG. 4. Shiva oscillator alignment sensor.
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FIG. 5. Sensing alignment errors.

Accurate centering and pointing requires that the error sensitivity match the resolution of the 
photodetector. The detector used was a United Detector SC/10 lateral effect photodetector with a beam cen
troid resolution capability of 1 mil.

For small angles the angular error (0) is related to the translational movement (S) in the focal plane 
by the focaf length (f) of the lens:

S = id.

With S = 0.001 in. = 25.4(10~6) m, the resolution of the detector, and 6 = 4 nv, the required error sensitivity, 
the focal length of the lens is

f = — = 6.35 m.
0
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This long focal length is packaged in a simpler form by assuming a two-lens system, the first lens 
having a focal length of 600 mm and the second lens magnifying the far field of the first lens by 10.6. This is ac
complished by using a microscope objective with an effective focal length of 18.30 mm as the second lens. The 
lens system is thus reduced in size to 0.8 m, yet the far field has the correct magnification.

Since a single beam-splitter is used to sample the main beam, the first lens (LI) is used for both the 
centering and pointing portions of the optical system. A cube beam-splitter is subsequently used to divide the 
beam equally between pointing and centering detectors without introducing astigmatism. The accuracy re
quired in centering is 0.1 mm; the beam diameter at the sensing plane is 21 mm. Hence, the required 
magnification can be calculated by finding the movement on the detector that corresponds to the required ac
curacy in the sensing plane, and taking its ratio to the beam diameter in the sensing plane:

0.1 (accuracy required)_______ 1 mil (resolution of detector)______
21 mm (beam diameter) D (required diameter of beam on detector)

D =
(1 mil) (21 mm) 

0.1 mm
5.33 mm.

The minimum required magnification is thus

M =
5,33
21

0.254.

Lens L3 must therefore image the sensing plane onto the centering detector with a magnification of 0.254. 
Since this distance from LI to the sensing plane is 1400 mm, selecting the focal length of L3 to be 400 mm and 
the distance between L2 and L3 to be 350 mm yields the required magnification.

The alignment sensor must also be able to accommodate a wide variation in energy levels, from a fast 
pulse oscillator to a CW alignment laser. The beam splitter that samples the main beam was designed with a 
reflectivity of approximately 10%, since the pulse energy at the sensor is 100 mJ and the detectors require at 
least 500 nJ. An attenuator comprised of a polarizer-half-wave plate combination accommodates a 5- to 10-W 
CW laser without the physical interchange of neutral density filters. Since the polarization vector rotates 2 0 as 
the wave plate subtends an angle of 6, the intensity transmitted through the combination varies as cos20. The 
maximum attenuation obtained is approximately 10-3. Energy not transmitted is reflected by the polarizer 
into a power dump consisting of BG-8 glass, thereby reducing any stray light in the system. Since the half wave 
plate is stepping motor driven, its rotation angle can be controlled by computer. In addition, a shutter was 
added to the rotation mount so that the detectors will be protected during amplified pulse laser shots.

To aid in maintaining a clean environment for the pulse beam, the sensor is sealed off by an internal 
wall from the beam splitter that samples the beam. Optical windows are used for the transmitted and sampled 
beam.
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III. DECOUPLING COMPENSATION

Since the Oscillator Alignment System uses a two-gimbal configuration to correct both pointing and 
centering errors, a combination of motions of both gimbals must be used to correct pointing without decenter
ing, and vice versa.

Figure 6 is a top view illustration of the two-gimbal arrangement.
For pure translation of the beam in the horizontal direction (plane of the page), the centering dis

placement changes according to

ex 26 21, 26 11, (1)

In order that no pointing error be introduced, the two gimbals must be moved in the same direction by the 
same amount; that is,

21, = 6
11, eX/2L2 (2)

for pure horizontal translation.
For pure rotation of the beam in the azimuthal direction (plane of the page), the angular displace

ment is proportional to twice the net angular movement of the gimbals. In order that no centering error be in
troduced, the two gimbals must be moved in opposite directions. Thus,

=-2(v - ■ <3)
Centering

Plane
Gimbal 1

Perpendicular le = vertical (+ into page)
to page te/3 = elevat'on (+ 'nto Pa9e)

= horizontal 
= azimuth

Gimbal 2

FIG. 6. Geometry for OAS two-mirror decoupling.
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Moving gimbal 2 through an angle 02! a results in an angular displacement on gimbal 1 of 2L 202.- This 
produces an angular displacement (far field) of-«aLi. Thus,

-e La 1 2L2021„ (4)

for pure azimuthal rotation due to movement of gimbal 2.
Moving gimbal 1 through 0n n results simply in an angular displacement of -ta/2 to which must be 

added any angular change introduced by gimbal 2.
Combining Eqs. (2) and (4), the expression for 021 becomes

02l 021x + 021
x a

X

2U
(5)

since the movement of gimbal 2 must account for both translation and rotation. 
Substituting (4) into (3) to eliminate 02i a and considering Eq. (2) yields

11 011X + 011
x a 2U (6)

since gimbal 1 must also account for both translation and rotation.
In the orthogonal direction (fy, vertical; t:i, elevation) a slightly different situation occurs. Assuming 

that the incident angle of the beam on the gimbal is 45° and the angle through which the gimbal is moved 
remains small, Fig. 7 illustrates that the gimbal angle and beam reflected angle are related by

7 = \/2b (7)

FIG. 7. Tilting gimbal through angle <5 results in a change in reflected angle of 7.
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Taking (7) into account for vertical and elevation directions, Eqs. (1) and (3) may be rewritten as

£y V^L2 d22y ~ V^Li (^I2y + 022y)

and
e, = -^(dl2, + d22p)-

(8)

(9)

Using arguments similar to those for the horizontal and azimuthal cases above, the expressions for 
the effect of gimbal motions on vertical and elevation errors become

and

ey e0 L0
0.7 = 0,, + 0,, = —f— - -p 1 + —12 12y 12(3 V2L7 V2 l L2j

e e L,
d22 = 022„+ 022fl=_ —^ +

p V2L, VT l2

(10)

(11)

Additional factors are included to account for units, gimbal motor resolution, and magnification in 
the expressions used in the OAS control software.
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IV. SYSTEM ANALYSIS

The OAS performs the necessary alignment functions by moving gimbal motors to correct errors 
sensed by the two lateral effect photodetectors. The transformation from alignment errors to motor distances 
involves factors such as detector characteristics, magnification, cross-coupling, angular effects, and motor 
resolution. The combination of these factors is best described in terms of matrix operations which transform 
alignment errors back through the system to motor distance.

After the detector signals have been converted to digital format and normalized in software, the data 
matrix is multiplied by the detector matrix (DTCR). The latter describes the specific detector characteristics in 
terms of the figure of merit, R/S (Responsivity/Sensitivity), and the magnification of the sensor optics for 
pointing and centering. For the present OAS, the (DTCR) matrix is given by

Mp(FM)

(DTCR) =
Mp(FM)

0
0

0
4(250)

0
0

0
0

Mc(FM)
0

0
0

3.68(250)
0

0 
0 
0

Mc(FM)i

0 
0 
0

3.68(250)>

where Mp is the pointing magnification, Mc is the centering magnification, and (FM) is the Figure of merit. 
With this transformation, alignment errors at the detector are converted to errors in the beam at the sensor.

Next, the magnification of beam-line components must be accounted for. The matrix (MAG) per
forms this transformation:

(MAG)

M HAZ

0
0
0

MVEL
0
0

0

0
1/,mhaz

0

0

0
0

1/M.VEL

MHaz denotes the horizontal or azimuth magnification; MVel denotes the vertical or elevation magnifica
tion. Pointing errors are increased and centering errors decreased in GOING BACK through the system.

The final step in converting to errors at the gimbals is transformation via a cross-coupling matrix 
(CC). The elements of this matrix were derived in section III.
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The relationship between beam movement, gimbal movement, and motor resolution must be con
sidered in converting from errors at the gimbals to motor distances. A gimbal movement of 0 in the horizontal 
plane results in a beam movement of 20, while a movement of v'2# results in the vertical plane. The (ANG) 
matrix accounts for this:

(ANG) =

1/2 0

0 i/vT

0 0

0 0

Each gimbal is driven by a stepper motor of known resolution in microradians per step. In addition, 
the clockwise-counterclockwise motion of the motor must be reconciled with the predefined gimbal angles. 
Multiplication by the (GMB) matrix is the final step in converting alignment errors at the detector to motor 
distance required to correct the errors:

'1/1.45

(GMB) =

13



With the matrices defined above, the total transformation with the intermediate results obtained is illustrated 
below:

(DATA) (DTCR)
t

Errors
at

detector

(MAG) (CC) (ANG) (GMB) = (Motor Distances) .
t

Errors at gimbals

Errors at sensor

Figure 8 shows how centering errors, ex and ey, and pointing errors, ta and e^, are transformed from 
the main beam to the detectors.

Beam Splitter

Beam SpCentering
Detector Cube

Renta
Pointing
Detector

FIG. 8. OAS sensor optics.
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V. ELECTRONICS

After receiving analog signals from continuous position sensing photodetectors located in the os
cillator alignment sensor, the Oscillator Alignment System Integrator/ADC package integrates, multiplexes, 
A/D converts, buffers, and transfers them to an LSI-11 for processing. Figure 9 illustrates this signal process
ing.

The package consists of three functional units: the Integrator/ADC, which performs the integration, 
analog multiplexing, and A/D conversion of the input signals; the Sequencer, which provides timing and con
trol signals for the Integrator/ADC, in addition to FIFO buffering and handshaking circuitry for interface 
with the LSI-11; and the Power Supply, which supplies local +15 V and +5 V for the Integrator/ADC and 
Sequencer. The Integrator/ADC utilizes approximately 7.5 W of 5-V power and 1.7 W of combined ±15-V 
power. The 5-V and ±15-V supplies are rated at 2.5 A and 0.5 A, respectively.

The Oscillator Alignment System Integrator/ADC package is controlled by means of the software 
routine OASIS, which specifies integrator sampling time and trigger selection in addition to providing timing 
and control for the transfer of alignment data to the LSI-11 for processing.

Buffer Gated Analog 
Detectors amplifiers integrators mux

Pointing

Centering

CDcOJ
oo

A/D FIFO MEM

Sequencer

Pulsed oscillator

Chopped CW oscillator

Data
to

LSI-11

Cmd
from

LSI-11
_ Sync 

from 
LSI-11

Time

FIG. 9. OAS signal processing.
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GENERAL DESCRIPTION

The optical signals are focused or imaged onto two (pointing and centering) lateral-effect 
photodiodes, each of which outputs two pairs of analog signals. The difference in the current signals is a func
tion of the location of the beam. Calculations based on these data (digitization of the signals) are used to 
generate commands to stepping motor driven gimbal pairs which move to correct any alignment error.

The closed loop control sequence is initiated when the LSI-11 issues a reset command (DTARCDN) 
to the Integrator/ADC thereby initializing all Sequencer logic. This actually serves as a redundant check on 
the initial state of the Sequencer since a reset is done on power-up of the Integrator/ADC chassis (PWRRST). 
Simultaneously, a gate-width generator is loaded with an appropriate value so as to provide a desired integra
tion time upon reception of a delayed trigger pulse; an appropriate trigger channel is also addressed on the 
Trigger Multiplexer (located on the back panel of the LSI-11). Finally, a KWV11-A programmable clock is 
reset and loaded with a value representing a time delay to be inserted between the actual trigger signal and the 
trigger signal sent to the Integrator/ADC.

The system is then in its initial state, ready to receive a trigger signal which will initiate all subsequent 
functions. The selected trigger (via the addressable trigger multiplexer) is optically isolated through the trigger 
multiplexer, and input to the KWV11-A programmable clock. After the programmed time delay has elapsed, 
a signal is sent to the Integrator/ADC initiating the Sequencer which provides all the timing and control for 
the package.

The output signals of the integrators are subsequently multiplexed, buffered, converted to 12-bit 
words, and stored in a FIFO buffer. The A/D converter is unipolar with an input range of 0 to 10 volts.

DETECTION

Figure 10 shows the OAS detection circuitry, and a typical integration circuit.
An LM 310 is used as a buffer amplifier and the bias is chosen to be IK, so that there is sufficient 

signal from the detector diode without producing a nonlinear response. The integrator resistance R was then 
chosen so that the overall gain produced a nominal 5-V signal out of the integrators. It should be kept in mind 
that the gain of the system is programmable since the gating time is controlled from software.

-15 V

490 pF

LM 310

9028

FIG. 10. OAS detection circuitry, including a typical integration circuit.
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The detected error can be related to the current flowing in the detector diodes by means of the 
responsivity and sensitivity of the detector. If R is the responsivity in mA/mW, S is the sensitivity in mA/mW- 
mil, and P is the power on the detector in mW, then the difference in the detector currents, Ai, is given by

A i = PSAx,

where Ax is the distance (error) from nominal (0,0) on the detector, and the total current is

Si = RP.

Since Ai changes with signal level, it is necessary to normalize by Ai so that the normalized error is

Ai PSAx S
— = ------  = - Ax.
Si RP R

Therefore, the error may be determined by measuring the detector currents according to:

Ax
R Ai 
S Si

The sum and differencing of currents is easily performed in software. R/S is the figure of merit for 
the SC-10 photodetector used and has a value of 250 at X = 1.06 /urn. Any drift in the electronic circuitry is thus 
compensated for, and the electronic “zero” position of the detectors may be defined.

INTEGRATION

The Integrator/ADC receives eight analog signals (four from each photodetector) and performs a 
gated integration of each. Figure 11 depicts the circuit.

Inherent offsets in the detectors and the integrator modules are adjusted out by means of the Offset 
and Slope adjustment networks.

RESET L sets up an initial condition (offset adj.) prior to integration of the signal for a time deter
mined by SAMPLE L. This mode of operation permits the isolation of a single oscillator pulse in time or sam
pling of a CW oscillator.

The output voltage is given by

With ej(t) being a DC level, for example, with the CW oscillator, and RC given as (10K) (490pF), the expres
sion for the output voltage simplifies to

Eo = — 2(105) EjAt

17
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IOK
+ 15 V-15 V

RESET L
3 9 0 p FlOOpF

INPUT E
OUTPUT E

SAMPLE L

220 K

OK r
+ 2.4 V- 2.4 V

10 K

SLOPE ADJ

FIG. 11. Integration circuit detail.

where At is the sampling or integration time.
The sampling time is programmable in l-/is increments from 1 ms to 256 ms; times on the order of 

<10 ms are avoided, however, due to settling time considerations of the internal analog switches.
When the FIFO is full, the Sequencer sends an interrupt request to the LSI-11; upon servicing the in

terrupt, the data is transferred from the FIFO to the LSI-11 parallel interface (DRV11) via a specially 
designed isolator (DRV11 Driver-Receiver LEA 77-1257). Upon reception of the digitized signals, the LSI-11 
sends an indication signal (DTARCD) to the Integrator/ADC. This signal, once again, initializes all the 
Sequencer logic so that the procedure may repeat. With the digitized detector signals in the LSI-11, the align
ment errors can be determined and the gimbal commands calculated. These commands are issued via Stepping 
Motor Logic and Drive Circuitry (LEA 76-1344) to gimbal stepping motors effecting closed loop control and 
correction of pointing and centering alignment errors.

SEQUENCER

The Sequencer’s function is to generate all the timing and control signals for the Integrator/ADC 
package including Reset and Sample signals for the integrators, addressing for the analog multiplexer, and 
convert command for the A/D converter. In addition, the Sequencer controls the FIFO buffer and performs 
handshaking functions for interface with the LSI-11.
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The Sequencer is divided into the following functional sections:

• Generation of SAMPLE L
• Convert control of A/D converter
• Address sequencing of multiplexer
• FIFO buffer storage
• Interface (handshaking) with LSI-11.

Currently, 12 control bits are used by the Oscillator Alignment System; 10 by the Integrator/ADC 
package; and 2 by the Trigger Multiplexer Board (located on the rear panel of the LSI-11) which uses bits 10 
and 11 of the DRV 11 output word to select one of four trigger sources. The breakdown of control bit usage by 
the Integrator/A DC package is as follows:

15 14 13 12 11 10 9 8

Not Not Not Not Trig Trig DTARCDN TSTMDE
Used Used Used Used Mux 1 Mux 2

7 6 5 4 3 2 1 0

PN128 PN64 PN32 PN16 PN8 PN4 PN2 PN1

The eight least significant bits determine the width of the SAMPLE L pulse for the integrators. Bit 8, 
TSTMDE, determines the mode of operation, either normal or test, for the Integrators. Bit 9, DTARCDN, is 
a control bit which, when asserted (low), indicates that 12 words of data from the FIFO have been transferred 
to the LSI-11.

Generation of Integrator Sample Width

The OAS must align a variety of CW and pulsed laser oscillators. In the detection and data conver
sion process, integrators with programmable integration widths were chosen to provide a convenient method 
of gain adjustment.

The circuitry shown in Figs. 12 and 13 generate a gate for the integrators dependent on the eight-bit 
value received from the control program via the DRV-11 parallel interface. The circuit in Fig. 12 provides a 
stable clock source for the SAMPLE generation circuitry. A 20-MHz oscillator is divided and used as the in
put to an up/down counter. A combination of the MSB and LSB is then used to gate a triplet of J/K flip- 
flops, thus generating three phases of a 1-MHz clock. As shown in Fig. 13, the eight bits of sample width in
formation are used as the input to an up/down counter. The circuit is initiated upon the reception of a trigger 
signal TRIGI. If an integrator sampling is not already in progress, the counter is LOADed with the specified 
gate width and the count-down clock enabled. The timing shown in Fig. 13 considers that a l-//sec pulse has 
been specified. In this case, the counter counts down once, at which time the terminal count, BORW, is 
reached which terminates the SAMPLE L pulse and disables the counting clock. When the processing of the 
current set of data is completed, that is, the new data is stored in the FIFO buffer, an internal reset, RST1, is 
generated and used to enable further triggering of the system internal circuitry. The complete cycle time for 
the processing electronics is approximately 400 Msec from the end of sampling to the FIFO full condition. The 
triggers used by the OAS Integrator/ADC are received and multiplexed initially by the Trigger Multiplexer 
Board (LEA 78-1216) located on the rear panel of the OAS LSI-11 and routed via a KWV11-A programmable 
clock. Thus, under software control, one of four triggers may be selected and be given a programmable time 
delay of anywhere from 1 ms to approximately 65 ms before being sent to the Integrator/ADC.
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Analog Multiplexing and A/D Converter Timing

The output of each integrator is connected to an input of a 16-channel analog multiplexer, the output 
of which is a 12-bit A/D converter. At the end of each integration period (SAMPLE), the multiplexer is 
sequenced and each channel converted to digital format and stored in a FIFO buffer. Figures 14 and 15 il
lustrate the circuits used to perform these functions.

The throughput of the A/D converter is given in the data sheets (DATEL ADC-M12B2B1) as 
13 jisec; it was convenient, however, to convert at a 39-KHz rate without any degradation in performance. 
(The conversion must be fast enough so that the last data to be converted does not droop appreciably.) Since 
the signal format of the converter was such that a low state initiated conversion while a high state reset the 
device, it was necessary to ensure that, with the free running 39-KHz clock, the conversion began in a high 
state following the end of the SAMPLE period. Thus, as shown in Fig. 14, the 39-KHz clock is sampled and a 
decision made on its state so that the start conversion pulse (CONY L) to the A/D always starts in a high 
(reset) state. At the end of each conversion, the A/D returns an end-of-conversion pulse (EOC L) which is 
subsequently used to increment the analog multiplexer channel. When all 16 channels are completed (note that 
only 8 are actually used), the counter incrementing the multiplexer channel reaches its terminal count and 
generates an internal reset (RSTI) pulse so that the unit is ready for the next trigger.

FIFO Buffer Operation and I/O Control

To store alignment data until a computer request, the Integrator/ADC uses a 9403 First-in First-out 
(FIFO) buffer memory which is an expandable fall-through type optimized for communication buffer applica
tions. It is organized as 16 words by 4 bits and expanded horizontally in this application to 12-bit words in or
der to match the A/D converter.

Functionally the 9403 consists of three parts: input and output registers with parallel (or serial) in
puts, control inputs and outputs for handshaking and expansion, and a 4-bit-wide, 14-word-deep fall-through 
stack with self-contained control logic.

Figure 16 shows the horizontal expansion scheme, and timing diagrams for several phases of opera
tion. The circuit shown in Fig. 17, which generates control signals for the FIFO, is used with both the in
terrupt service and handshaking routines of OASIS in order to interface with the LSI-11.

The input register can receive data in either bit-serial or 4-bit parallel form, store data until it is sent 
to the fall-through stack, and generate and accept the necessary status and control signals.

In the configuration shown, parallel entry is performed as follows: a HIGH level on the PL input 
(EOC) loads the D0-D3 data inputs which forces IRF LOW, indicating “input register full.” During parallel 
entry, the IES input should be LOW while the CPSI input may be either HIGH or LOW.

Transfer to the fall-through stack is initiated by a LOW level on the TTS input. If the top location of 
the stack is empty, data is loaded into the stack and the input register reinitialized. This initialization is 
postponed until PL is LOW again so that, when the IRF output is connected to the TTS input, FIFO action is 
automatic.

Data falls through the stack automatically, pausing only when it is necessary to wait for an empty 
next location. When the FIFO is empty after a LOW pulse is applied to MR, the Output Register Empty 
(ORE) Output is LOW. After data has been entered into the FIFO and has fallen through to the bottom Stack 
location, it is transferred into the output register, provided the "Transfer Out Parallel” (TOP) Input is HIGH, 
and the OES Input is LOW. As a result of the data transfer ORE goes HIGH, indicating valid data on the data 
outputs (provided the 3-state buffer is enabled). TOP can now be used to clock out the next word. When TOP 
goes LOW, ORE will go LOW indicating that the output data has been extracted, but the data itself remains 
on the output bus until the next LOW-to-HIGH transition of TOP transfers the next word (if available) into 
the output register, as explained above. During parallel data extraction, TOS, CPSO, and OES should be 
LOW. ___ ___

Most conventional FIFO designs provide status signals analogous to IRF and ORE. When these 
devices are operated in arrays, however, variations in unit to unit operating speed require external gating to 
assure all devices have completed an operation. The 9403 incorporates simple but effective “master/slave” in
terlocking circuitry to eliminate the need for external gating (Table 1).
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In the 9403 array shown in Fig. 16, the leftmost device is defined as “row master” with all the other 
(2) devices being slaves. No slave will initialize its input register until it has received a LOW on its IES input 
from the row master or a slave of higher priority.

In a similar fashion, the ORE outputs of slaves will not go HIGH until their OES input has gone 
HIGH. This interlocking scheme ensures that new input data may be accepted by the array when the IRF out
put of the final slave in that row goes LOW, and that output data for the array may be extracted when the 
ORE of the final slave in the output row goes HIGH.

The row master is established by connecting its IES input to ground; a slave receives its IES input 
from the IRF output of the next higher priority device. When an array of 9403 FIFOs is initialized with a 
LOW on the MR inputs of all devices, the IRF outputs of all devices will be HIGH. Thus, only the row master 
receives a LOW on the IES input during initialization.

Whenever MR and IES are LOW, the master latch is set. Whenever TTS goes LOW the request ini
tialization flip-flop will be set. If the master latch is HIGH, the input register will be immediately initialized 
and the request initialization flip-flop reset. If the master latch is reset, the input register is not initialized until 
IES goes LOW. In array operation, activating the TTS initiates a ripple input register initialization from the 
row master to the last slave.

A similar operation takes place for the output register. Either a TOS or TOP input initiates a load- 
from-stack operation and sets the ORE request flip-flop. If the master latch is set, the last Output Register 
flip-flop is set and ORE goes HIGH. If the master latch is reset, the ORE output will be LOW until an OES in
put is received.

TABLE 1. Summary of master/slave status outputs.

OUTPUT CONDITION INTERNAL STATE

Master Operation-IES
Low when Initialized

Slave Operation OES
HIGH when Initialized

IRF LOW Input Register Full Input Register Full and IES LOW

ORE HIGH Output Register not Full Output Register not Full and IES
OES LOW

The circuit which, together with the OASIS routine, provides the handshaking between LSI-11 and 
Integrator/ADC is-shown in Fig. 17. Output data from the LSI-11 is simply strobed into Integrator/ADC 
registers by REQB; the LSI-11 sets up the output data, sets CSRI, and checks for REQB before resetting 
CSRI.

When the FIFO buffer is full, the data acquisition cycle of the Integrator/ADC will be completed 
and RSTI will be reset. This causes REQA to be set and, thus, the interrupt service routine of OASIS to be en
tered. BUFSTRB, which clocks data out of the FIFO, simply follows CSRO. Since REQA is BUFSTRB, the 
software can check for REQA = 0 before resetting CSRO. When all 16 words have been transferred to the LSI- 
11, DTARCDN is sent. This sets BUFSTRB (thus resetting REQA), reinitializing the cycle for the next RSTI.
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GROUNDING AND SHIELDING

Grounding and shielding are among the most important issues to be addressed in the design of any 
electronic system. In the case of a control system that resides in an extremely hostile noise environment and in 
which even small offsets contribute to significant degradation of system performance, particular attention 
must be paid to the system grounding scheme.

The design of the OAS electronics and, in particular, of the Integrator/ADC package, was based on 
the philosophies of single point grounding to eliminate noise-ridden ground loops, and shield-within-a-shield 
to combat radiated electrical and magnetic noise. As illustrated in Fig. 18, great care was exercised to main
tain a single point ground configuration both inside the Integrator/ADC and in interfacing with other devices.

The single point ground was defined as a large surface area located on the Integrator/ADC board. 
The Common from each of the ± 15 VDC and +5 VDC local power supplies were tied to this point as were 
the common signals from both the Analog Multiplexer and the 12-bit A/D Converter.

Each lateral-effect photodiode (four output signals each) serves as an input device to the In
tegrator/ADC; however, each of the input signals passes through a buffer amplifier and is subsequently con
nected to the Integrator/ADC, EACH INPUT WITH ITS OWN REFERENCE OR COMMON SIGNAL. 
Each signal then serves as an input to a unique integrator with its reference or common connected to the single 
point ground.

GRID

FIG. 18. Internal grounding and shielding—integrator/A DC.
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There is a shielded, twisted-pair cable connection to each of the detectors. The shields are connected 
to ground at the Integrator/ADC end of the cable only, by way of a specially designed copper shield which 
serves as the inner shield of the shield-within-a-shield, completely enclosing the circuitry on the In
tegrator/ADC board. This shield is connected to the frame grid at one point only. Figure 18 shows In
tegrator/ADC package, illustrating, in particular, the shield enclosing the analog circuitry.

Special attention was also paid to the interface with the LSI-11. Since it was extremely undesirable to 
have any electrical noise from the LSI-11 couple into the data acquisition system proper, the DRV11 Driver- 
Receiver (LEA 77-1257) was designed to isolate the Integrator/ADC from the LSI-11. In fact, this card can be 
used to isolate any user device which communicates with an LSI-11 via the parallel interface DRV11 (as 
shown in Fig. 19). All signals to be input to the LSI-11 are differentially driven from the Integrator/ADC and 
input to a DRV11 via optical isolators on the Driver-Receiver card. Similarly, all signals being output from 
the DRV11 are differentially driven by the Driver-Receiver card and received by optical isolators in the In
tegrator/ADC. Thus, the data acquisition system is totally isolated from the LSI-11 and noise coupling be
tween the two is minimized.

In addition to the grounding philosophy, there is a system consideration which has proven to be in
valuable in terms of system diagnosis: the Integrator/ADC was designed with an internal test feature, 
software initiated, which ensures that this system component has executed its data acquisition functions 
properly. This feature has contributed to minimal system down time and increased reliability.
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VI. COMPUTER INTERFACE AND CONTROL

The Oscillator Alignment System is based on an LSI-11 microprocessor which is used to monitor 
and control all phases of system operation. It is configured with 28 K of core memory, floppy disk, terminal, 
and several special purpose interface and control modules. These modules include:

• Stepping motor logic cards for interface between the LSI-11 and stepping motor drive circuitry.
• Motor clock and DRV 11 parallel interface (also for motor interface).
• Control panel interface.
• K WV11-A programmable clock used for delaying trigger signals.
• Parallel interface (DRV11) and optical isolation card for interfacing the Integrator/ADC

package.
• Serial interface DL V11 for network fiber optic link to the control room.
• A power-fail detect module used in auto-booting and (eventually) down-line loading operations. 

The LSI-11 hardware configuration is shown in Fig. 20.
Extensive software was necessary to support this diversity of hardware. The control program for 

OAS is written in REBEL/BASIC organized into two sections (“Users”): the first section performs all 
calculations, interfacing, and display and control functions; the second section or “User” is dedicated to 
network communication with the control room via SHI VANET. In general, interface functions are performed 
via calls to assembly language routines while control calculations are done in BASIC. Routines for driving 
stepping motors (MOTORS) and the control panel (PANEL) are described in detail in the LLL Stepping 
Motor Processor Manual (UCID-18701). Interface with the Integrator/ADC package is through the routine 
OASIS, through which the integrator sampling width, trigger selections, and (test) mode may be specified. The 
routine DELAY allows the specification of a programmed delay, via the KWV11-A clock module, between 
the actual system trigger and the initiating trigger signal sent to the Integrator/ADC.

The following sections include a detailed description of the OASIS and DELAY modules, along with 
a complete, yet limited, description of the control program. Due to extensive effort in documentation, this 
program is best understood by reading the source itself.

INTEGRATOR/ADC INTERFACE—OASIS

The OAS LSI-11 communicates with the Integrator/ADC package via the assembly language 
routine OASIS. This permits the control program to specify system parameters such as integration time, test 
mode, and trigger selection as well as obtain alignment data which has been processed by the integrator 
package.

OASIS is organized into three sections: an initialization part in which the system parameters are set 
up before the Integrator/ADC is triggered; a subroutine (HANSHK) which handles the details of com
munication between LSI-11 and Integrator/ADC; and an Interrupt Service Routine which services an in
terrupt generated by the condition that the FIFO buffer in the Integrator/ADC is full (and, therefore, that the 
data is ready to be transferred to the LSI-11) by transferring the alignment data.

Operation

The address and vector for the Integrator/ADC interface DRV11 were chosen to be 167670 and 350, 
respectively. Only interrupt “A” is enabled.

The philosophy of the module OASIS is such that the parameters necessary to determine the state of 
the system are initialized before enabling interrupts. In addition, a reset pulse is sent to the Integrator/ADC to 
ensure that the hardware is properly initialized. Disabling interrupts while sending the initialization pulse 
solve the problem (inherent in DRV11’s) of resetting REQ A while an interrupt is pending, which results in a 
bus error. Thus, the integration time, trigger selection, and (test) mode are specified whereupon the subroutine 
returns to the BASIC control oroeram When the Integrator/ADC has been triggered and its FIFO buffer
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filled with data, an interrupt request is sent to the LSI-11. Service is via the Interrupt Service Routine in 
OASIS (entry point: OASINT) which transfers the data into memory.

The integration time is the amount of time for which the integrators are enabled and is specified by 
the first eight bits of the output word (LSB = 1 ns).

The OAS may be triggered by any of several (4) sources, whose selection is specified by bits 10 and 11 
of the output word. These signals are physically connected to the Trigger Multiplexer located on the rear panel 
of the OAS LSI-11.

Alignment data for input to the LSI-11 is masked to 12 bits which is the extent of the A/D converter.

PROGRAMMABLE CLOCK INTERFACE—DELAY

The time delay (variable) needed to synchronize the gated integration of the laser signal with the 
signal itself is introduced in the triggering of the Integrator/ADC by a KWV11-A Programmable Clock, one 
of whose modes allows the time between input and output events to be varied under program control.

The main subroutine specifies the base clock to be used (1 MHz, in this case) along with the mode of 
operation, loads the Buffer Preset Register (BPR) with the two’s complement of the desired delay, and returns 
to the calling program. Upon receiving an input signal, an interrupt is generated causing a counter to start and 
ultimately output a signal at the appropriate (specified delay) time.

The K.WV11-A is an integral part of the OAS system; any trigger selected may be delayed for from 
1 /us to 65 ms in increments of 1 /us. The signal path for any given trigger is illustrated in Fig. 21.

Trigger delays of 10 ^s are avoided because of the settling time required in the integrator module 
analog switches.
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FIG. 21. OAS trigger signal path.
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VII. OAS CONTROL PROGRAM

One of the most important parts of the Oscillator Alignment System is the control software, written 
in REBEL/BASIC, with its wide variety of functions, from performing calculations for closed-loop alignment 
to interfacing with an operator and displaying system status information. The combination of control 
program and special assembly language routines permits convenient access to stepping motors, control panel, 
Integrator/ADC, and, in fact, all other I/O devices in the system.

The control program is organized into three main sections: Initialization, Control, and Network 
Communication. The initialization section presets all variables and constants to be used in the remaining sec
tions of the program. Operationally, it is loaded in from floppy disk, run, and deleted in order to allow as 
much space as possible for the remainder of the program.

The control program (also known as User #1) consists of several subroutines which perform specific 
system-operation functions including automatic control, manual control, test mode, sampling alignment data, 
adjustment of gain (attenuators), decoupling calculations, motor control, sampling integrator parameters 
(offsets), control panel servicing, and processing of commands from the control room.

The network communication section (User #2) handles all communication with the control room via 
calls to SHIVANET network routines. This section runs only when there is a network message and, even then, 
asynchronously from User #1. Requests for status or commands are treated separately. In the case of com
mands, Users 1 and 2 are interlocked to prevent the issuing of one command while another is being executed.

INITIALIZATION

The first section of the control program initializes all the arrays, variables, and constants needed for 
proper system operation. Many of the arrays are indexed by a variable representing the alignment mode se
lected. The modes currently available are:

CW Long Path
CW Attenuator
CW Short Path
Pulse Oscillator
Pulse Attenuator
Dye Attenuator
Pulse Synchronization System

Most of the variables are described completely in the program source; waveplate offsets and motor 
assignments, however, warrant some additional explanation.

The motor position limit switches of the waveplates used in the OAS are not positioned (with respect 
to the crystal) at points corresponding to maximum and minimum attenuation. Furthermore, the relative 
position of the limit switches with respect to the crystal is different for each waveplate. As a solution to this 
problem, the variable WOFF represents the distance from a limit switch to the point of maximum (or 
minimum, depending on how the particular waveplate is used) transmission. Also, the CW attenuator is 
positioned such that its motor sense is opposite that of the other attenuators; that is, while all other at
tenuators operate through a range of positive motor positions, the CW attenuator operates through negative 
positions.

The stepping motor interface software permits the flexibility of assigning any logical motor number 
(MNUMB array) to any port on the Stepping Motor Drive Amp package. These assignments, done in the 
initialization section, reflect the motor-device correspondence shown in Fig. 22.
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The initialization is completed after all the system waveplates have been driven to a limit in order to 
preset their positions. Since there are no potentiometers or other position decoders on the motors, this action 
defines a position to which all subsequent motor movements are referenced.

CONTROL

The OAS control program allows direct system interaction via either the LSI-11 control panel or 
network messages from the control room. In addition, a variety of system status information can be displayed 
on the control panel readouts.

The main section of code consists of a very short loop which calls any of several subroutines 
depending on the present and desired state of the system. Since operator interaction was deemed a very impor
tant aspect of the system, the control panel service subroutine, which interfaces the LSI-1 1 control panel, is 
called whenever possible, to provide nearly continuous feedback to the operator.

A general flowchart for the control section (User #1) of the program is shown in Fig. 23. The state of 
the system is defined primarily by the alignment or attenuator mode selected, together with the control mode 
configuration, namely, whether the system is in RUN or STOP, AUTO or MANUAL, and NORMAL or 
TEST modes. The main control loop first performs a number of checks to determine the state of the system 
and then sets all gimbals and waveplates, based on that determination. If the system is in an attenuator mode, 
control is passed between the main loop and the gain setting subroutine only; all other operations are in
hibited. When in an alignment mode, a second part of the main loop allows automatic or manual control of 
alignment. Except for important, subtle differences in calling order and subroutine entry points, both 
automatic and manual control involve sampling of alignment errors, applying a decoupling matrix, and mov
ing gimbal motors to compensate for the sampled errors. An additional, and often invaluable, feature of the 
OAS is a test mode in which, under program control, the Integrator/ADC uses a voltage reference as an input 
test signal instead of signals from the alignment sensor. This provides a fast, easy check of an important 
system component, even when the system is on line.

There are four primary sections of code which are part of the main control loop: subroutine 
SELECT, AUTOMATIC CONTROL, MANUAL CONTROL, and TEST MODE (see Fig. 24 flowcharts). 
When the alignment or attenuator mode is changed, the SELECT subroutine closes the sensor shutter, sets 
status bytes to a “standby” value, and updates the local control panel by calling the front panel service 
routine.

Automatic control is performed by sampling alignment errors (via a call to the OASIS handler), 
decoupling centering and pointing errors, and giving appropriate commands to motors (via the motor sub
routine) to correct the alignment errors. If the errors are found to be either out of range or within a “dead 
band,” control is passed back to the main control loop without moving any motors.

Manual control includes a number of options regarding stepping motor control. Both GOTO and 
DECLARE ZERO functions are available under manual control; DECLARE ZERO specifies a current 
motor position to be a relative zero, while GOTO ZERO commands a motor to move to the position last 
declared as zero. These functions apply in both alignment and attenuator modes.

Control of the various OAS attenuators is also available under manual control. Alignment mode 
permits control of the sensor attenuator which controls the detector signal level. In attenuator modes, the sen
sor attenuator is closed, permitting control of the waveplate corresponding to the mode selected.

Finally, manual control permits the movement of gimbal motors, but not individually. For the con
trol panel switches and the manual mode code, motor movements are decoupled error distances; that is, 
motors are moved in terms of pointing or centering errors rather than absolute motor positions. Control is 
eventually passed back to the top of the main control loop. In all manual motor operations, the speed at which 
the motors move may be selected (in terms of the number of steps moved) via the SLEW or STEP switches 
which specify 55 or 5 steps, respectively.

One of the most important features of the OAS is the test mode capability. Under automatic test, 
analog switches in the Integrator/ADC cause a voltage reference input to be provided for the integrators in
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place of the normal detector signals. In this way, the response of the integrators can be checked for proper 
operation. In manual test mode, a test program stored on floppy disk is loaded into the LSI-11 and executed, 
providing the flexibility for testing new system developments.

Figure 25 describes the subroutine that samples alignment errors of the appropriate laser oscillator. 
In addition to retrieving data from the Integrator/ADC, the OASIS handler sets up parameters pertaining 
specifically to sampling time and trigger selection. By controlling the KWV11-A programmable clock, the 
DELAY routine provides a delay between the actual oscillator trigger and the triggering pulse used to start the 
Integrator/ADC operations.

Once the data is received from the Integrator/ADC, the noise (determined by means of the in
tegrator offset subroutine which samples data while the shutter is closed) is subtracted, the signal intensity and 
alignment errors calculated, and the status array updated. If signal or alignment errors are out of range, a con
trol panel light is turned on.

With the system in manual mode, the gain of any of several waveplate-polarizer pairs (attenuators) 
may be set from the local control panel or from the control room. As shown in Fig. 26, the subroutine deter
mines which attenuator to control, calculates the distance to move the motor, and commands the motor to 
move. In these modes, if the DECLARE or GOTO ZERO switched are pushed, the attenuator either moves to 
the last declared gain position or stores the present gain position for future use.

After the motor is commanded to move, its status is checked. Motor power being on is taken to 
mean that the destination has yet to be reached, and the local control panel is updated. Eventually, the sub
routines return to the top of the main control loop.

In any of the attenuator modes, all other functions are disabled and the control program operates ex
clusively between the main control loop and the gain adjust subroutine.

To move one or more of the stepping motors in OAS, the motor subroutine shown in Fig. 27 is 
called. All motors are indexed by the alignment or attenuator mode selected, so that each set of positions may 
be stored separately.

After the motor index is calculated, a check is made to determine whether the distance to move is ex
traordinarily large. If it is, the system response time is reduced by dividing the number of steps by a factor of 
five. This provides a means for preventing large alignment errors due to system malfunction.

Once the motors are commanded to move, a request for motor status is made, and then a check for 
motor power on. Power on is, again, taken to mean that the motor destination has yet to be reached, and the 
local control panel is updated.

When the motor reaches its destination, the relative motor positions and the status array are up
dated, and control is returned to the appropriate caller.

The OAS was designed to align any of several laser oscillators. To conveniently switch between 
them, waveplate-polarizer pairs (the waveplate being stepping-motor driven) were used to steer the beams. 
The waveplate subroutine illustrated in Fig. 28 moves each of the waveplates to the proper position, 
depending on the alignment mode selected.

The routine first gets the current status of the waveplate motors and then calculates the proper dis
tance to move. In the case of SHOT MODE, which is defined as the PULSE ATTENUATOR MODE, the 
positions corresponding to the appropriate gain settings for the pulse and dye attenuators are calculated and 
the distance to move those motors determined.

After commanding the motors, the routine does the typical checking for motor power on, updating 
the local control panel and status array, and returning to the calling section.

To adjust the signal level for the OAS photodetectors, a waveplate-polarizer pair (attenuator) was 
used in the alignment sensor. This attenuator has the added feature of a shutter which closes completely when 
the attenuator is moved to its lower limit. To control the attenuator, the system must be in manual mode; the 
attenuator subroutine, which refers specifically to the sensor attenuator and is illustrated in Fig. 29, operates 
similarly to the waveplate subroutine previously mentioned.
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After calculating the distance to move the waveplate stepping motor, the command is sent via the 
assembly language MOTOR routine. As before, the motor status is requested and the local control panel up
dated while the motor power is still on. Subsequently, the relative motor positions and the system status array 
are updated, followed by a return to the calling routine.

As described in Section III, the OAS uses a two-gimbal arrangement in order to simultaneously 
correct pointing and centering alignment errors. The decoupling subroutine shown in Fig. 30 implements the 
equations derived in Section III.

After the alignment error data is read, the errors are adjusted by the proper magnification, which is 
determined by the system configuration and components. Decoupled motor distances are then calculated in 
order to correct the measured alignment errors.

To account for drift in the electronic components, AC coupling is essentially done in the software by 
subtracting off offsets from the alignment data. Integrator offsets are obtained via the integrator offsets sub
routine shown in Fig. 30 by sampling while the alignment shutter is closed. A more detailed treatment of 
offsets and normalization is contained in the decoupling section.

Offsets are obtained by calling the routine OASIS while the shutter is closed. If the offsets are within 
prescribed limits, they are stored in an array; if not, an error code and status flag are set.

In many cases, it is desirable to have the capability of storing motor positions and moving to those 
positions automatically. The DECLARE/GOTO subroutines shown in Fig. 30 perform these tasks; one sub
routine applies to gimbal and waveplate motors (including the sensor attenuator) in an alignment mode while 
the other applies to gain settings of attenuators in attenuator modes. Both subroutines operate similarly: after 
the motor status is obtained, a decision is made depending on whether the DECLARE or GOTO mode has 
been selected. In the former case, the present motor position is stored and the relative motor position is reset 
to zero. In the latter case, the distance from the desired position is calculated and calls made to move the ap
propriate motors.

Interfacing with an operator was perhaps one of the most important aspects of the OAS system 
design. It was necessary to provide means for manual or automatic operation, changing alignment and control 
modes, and monitoring and displaying many vital system parameters. Figure 31 shows the local control panel 
used in the OAS. A detailed description of its operation is given in the OAS User’s Manual.

The actual hardware and software interface to the panel is by means of an LSI-11 Control Panel In
terface Card (LEA 77-1252) together with the assembly language handler PANEL. However, the link be
tween the control system and the panel interface is performed by the control panel service subroutine shown in 
Fig. 32. Since the update of the local control panel and thus the feedback to the operator was deemed to be of 
utmost importance, the control panel is serviced whenever possible. This includes situations where no other 
functions are being performed as well as those in which an event or function is waiting to complete.

Where the panel subroutine is entered depends upon whether the situation calls for reading the panel 
or merely updating, which is done when another operation is pending. After the initial panel update, the ser
vice routine checks whether there is a command from the control room (the network and communication in
terlock scheme is described in the next sections). If there is such a command, it is copied into the PBARRY, 
decoded, the interlock flag reset, and the network user restarted. Otherwise, the panel is read and the push 
button information stored in PBARRY. Thus, commands from the control room are essentially an emulation 
of the local control panel.

Next, the alignment or attenuator mode is calculated and the status array updated. If the system is in 
an attenuator mode, a significantly different procedure is followed than for alignment modes: only certain 
limited functions are permitted and the display functions are restricted to attenuator transmissions. In the case 
of an attenuator mode, the proper motor index is calculated, the limit and display control lights are reset, and 
the control mode variables (RUN, AUTO, etc.) are calculated. Should the system be in AUTO or STOP (in 
which case control of an attenuator will not be possible), the manual control lights will be reset, the ap
propriate data read from arrays, and the panel updated before returning to the caller. Otherwise, the 
SLEW/STEP value is calculated; the manual gimbal lights reset; the attenuator control variable calculated; 
the starting, present, and change of transmission calculated; and the panel updated before exiting.

44



SUBROUTINE DECOUPLE SUBROUTINE INTEGRATOR OFFSETS

Adjust errors 
by proper 

magnification

Set
pointer to 
read data

Calculate 
decoupled motor 

distance to

Read
alignment

Return

Offsets
within
limit?

Return

Call OASIS 
to get 
offsets

Set up 
index to 

offset array

Call DELAY 
for proper 

trigger delay

Set error 
code and status 

flags

SUBROUTINE DECLARE/GO TO ZERO SUBROUTINE DECLARE/GO TO GAIN POINT

Go to zero?

Calculate 
distance 

from zero

Subroutines 
motor and

Set up

index

Call SMOTOR 
to get

Reset 
relative 

position to

position

Store
present

Return

Go to gain 
setting?

Calculate 
distance from 

setting

Call SMOTOR 
to get

motor status

Reset 
relative 

position to

Store
present
setting

Subroutine
gain

adjusts.

Return

FIG. 30. Decoupling, integrator offsets, and DECLARE subroutines.

45



OSCILLATOR ALIGNMENT SYSTEM

CENTERING MILS j—ranqe—,
©SIGNAL®

VERTICAL ELEVATION

HORIZONTAL

© ® ®
•—RANGE-1

© © ®
TRIG REC OPERATING ERRORS DET

.................. ..i

AZIMUTH

DISPLAY CONTROLS

ALIGN CENT CENT 
ERRORS DATA OFFSETS^

OFFSETS

GATE
WIDTH

® © ®
MOTOR POINT POINT 
POSIT DATA OFFSETS( ATTEN

POSIT

SELECT

DECLARE
ZERO

S
GO TO 
ZERO

(g)cwlp 

(g)cw atn

(g)cwsp

@PLS 

(g)pls atn

(g) DYE ATN 

(g) AUX 

G^PSS

LIMITS

CWCCW

®(r) VERT 

@® HORIZ 

ELEV

(rYr) AZ

R )(RN) ATTEN

MODE CONTROL 

NET RUN AUTO NORMAL 
© © © ©

© © © ® 

LOCAL STOP MANUAL TEST

MANUAL CONTROL 
+ HORIZ -f VERT

+ AZ -FELEV SLEW

©
j
1

I

©
POINT -HORIZ 

- AZ
-VERT STEP 
- ELEV

ATTEN

FIG. 31. OAS control panel.

46



FIG. 32. Subroutine control panel.
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In the case of an alignment mode, the panel is checked to see if changes have been made (i.e., if but
tons have been pushed). Momentary displays are handled immediately by resetting the display indicator, 
reading the appropriate data, and updating the panel. The mode control variables are then calculated and the 
system checked to determine if it is in AUTO or STOP. If it is not, various manual control parameters are 
calculated (pointing/centering; slew/step; manual motor switches) before the data to be displayed is read and 
the panel updated. If the system is in AUTO or STOP, the manual section is bypassed; the data is simply read 
and the panel updated.

The OPERATING light on the panel is reset on entry and set on exit (with intervening calls to the 
panel) so that the apparent blinking is an indication of the panel service routine being executed.

NETWORK COMMUNICATIONS

The OAS can also be operated from the central control room via a plasma touch panel; the panel 
communicates with OAS over fiber optic links using the LLL-designed protocol SHIVANET. To handle 
network communications efficiently without degrading or inhibiting the performance of the control software, 
a scheme was developed in the OAS whereby a second User, running asychronously, takes care of all com
munication with the control room. Since both commands and status information must be exchanged between 
the control program and the network handler, the two are interlocked so that no new command may be ini
tiated while another is yet pending. In addition, all parameters to be communicated to central control are 
passed in COMMON between the two Users.

Figure 33 illustrates the OAS communication interlock scheme. When there is no command from the 
control room, CMDFLG is zero. Thus the program receives command information from the local control 
panel via the SPANEL call.

Initially, since the OAS operates in master-slave mode, a read is posted for messages from the con
trol room and the second (network) User suspended until a valid message is detected. After redefining the 
routing information so that the return message will be directed to the sender, the program checks whether the 
message is a command or status request. In the case of a status request, the appropriate data is copied into the 
sending array (SARRAY) and a call made to SLINK to return the information. The User then suspends until 
another message is received.

In the case of a command from the control room, the second User checks the value of CMDFLG. If 
CMDFLG is set, indicating that a previous command is being copied into the PBARRY (control program 
push button array), the second User suspends until that operation is complete and the control program 
resumes the network User. Note that the control program resets CMDFLG before resuming the second User 
and that the second User rechecks CMDFLG after resuming. This alleviates any problems of contact 
switching.

If the check of CMDFLG reveals that it is reset, the array received from the control room is copied 
into a command table for subsequent copying into PBARRY in the control User. The CMDFLG is then set, 
indicating that a new command has been received and loaded, and a response sent back to the control room 
before the network User again suspends.

This efficient scheme permits use of machine time for both control functions and network com
munications, since the network User is suspended unless there is a network message. As mentioned previously, 
this scheme also provides easy implementation of both local and central control software in that all network 
commands are performed by emulating the local control panel.

To avoid an unduly complex interface when commands to the OAS are implemented from central 
control, the data structure was modified. Although commands are, in general, performed by emulating the 
local control panel, some operations (such as changing the alignment mode) needed to be simplified. The 
PBARRY, which is the array of push buttons for the local panel, was extended to include a command ID from 
the control room, which specifically identified the command being sent, the new alignment mode, a word for 
the desired setting of any attenuator and several spare words. With these few additions, implementation of 
both central control and local software was greatly simplified.
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As shown in Fig. 34, the control command is decoded by the value of the command identification 
code which is sent as part of the PBARRY. At present, there are eight possible commands available via central 
control. Only the change oscillator (alignment mode) is substantially different when executed remotely; the 
new mode is selected immediately, contrasted with the “stepping-through” of different modes necessary with 
the local control panel. Once the alignment mode is changed, the system is placed in STOP, just as if a new 
mode had been selected locally. The value of “J” must also be updated since this important variable provides 
an index into virtually every array in the system.

Should an attenuator mode (PULSE, DYE, or CW) be selected, the attenuator can be set to any 
transmission value automatically. This is done by redefining the declared gain setting for that attenuator and 
commanding the motor to move to that point. The sensor attenuator is set in a similar manner, but can be set 
in any alignment mode. Conceivably, then, the shutter could be opened during a shot, an operation that must 
be done with care and with knowledge of the circumstances.

FIG. 34. Subroutine decode control room command.
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The mode control function refers to the corresponding section of the local control panel. Any of the 
functions available locally can be enabled from central control. Thus, the system may be put into NETWORK 
or LOCAL, RUN or STOP, AUTO or MANUAL, and NORMAL or TEST modes. The DECLARE/GOTO 
ZERO command performs identically to that of the local panel. The manual control command allows direct 
control of OAS motors from the programmable switch panels located in the central console.

All commands except the change oscillator command require that a specifically formatted PBARRY 
be sent to the OAS. All commands except changing the oscillator and mode control require that the system be 
in or changing to MANUAL and RUN modes. Where appropriate, the received PBARRY is checked for 
validity (as well as MANUAL and RUN) and, if any discrepancy is discovered, an error code is set.
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VIII. SYSTEM PERFORMANCE

The closed-loop response of the OAS to alignment errors of 400 jirad (pointing) and 4 mm (center
ing) is shown in Fig. 35. Errors in the alignment are reduced to the noise level in 10-20 seconds, a noteworthy 
response time particularly from the standpoint of aligning several different oscillators. Thus, coaligning align
ment CW and pulsed oscillators typically takes a matter of minutes.

System resolution and stability are at least an order of magnitude better than any of the oscillators to 
be aligned. The system was biased in such a way that the nominally aligned signal on the detector produced a 
5-V integrator output and thus an A/D output of approximately 2000 counts out of approximately 4000 (12- 
bit A/D; full scale is 4095). The system resolution is then given by

Resolution = — 
S

M
±1 (LSB) \ 

2000 + 2000 / ’

where R/S is the figure of merit for the detectors and M is the pointing or centering magnification. With R/S 
= 250 and the pointing and centering magnifications being 4.0 and 3.68, respectively, the system resolution is 
0.25 fir for pointing and 0.23 mils for centering. That the system is stable to this degree has been verified by us
ing a stable voltage reference as an input signal.

Actual system resolution is limited by inherent wander or drift in the laser oscillator being aligned. 
By running the system open-loop and monitoring alignment errors, it was determined that beam wander 
amounted to a maximum ±10 mils and ±10 ^rad, centering and pointing alignment errors, respectively. For 
this reason, a dead band was incorporated into the system which inhibits closed-loop correction unless align
ment errors exceed a given threshold value.

Pointing

Centering

Time (sec)

FIG. 35. Closed loop performance: acquisition range = 400/nr, 4 mm.
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APPENDIX A. Schematics and Cabling

This appendix provides the minimal information necessary to build or debug the Oscillator Align
ment System. The first part consists of several schematics to provide a reasonable understanding of the con
struction and hardware operation of the system. The second part is a set of pictorial instructions on how to 
build the myriad of cables used in the system. The system is shown diagrammatically with the LEA numbers 
of each major system component so that further information may be obtained from the particular drawing set. 
The cable ID numbers are identified in the table describing each and every cable in the system, the termination 
points, the connectors to be used at each termination, the nominal length, and the type cable used, including 
the appropriate LLL stock number. Cables that require special construction procedures are described on 
separate pages with the ID number to be used in crossreferencing back to the master cable table.
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APPENDIX A - Part 2
TERMINATIONS
A B

A B LENGTH TYPE
CABLE

ID
NO.

P9 (INT/ADC)-P2(LSI - II) MS3I26F20-4IP
5935-51447

MS3I26F20-4IS
5935-51448

19 M BELDEN 8773
6145-62189

(D
PIOUNT/ADC)- PI (LSI-11 ) MS3I26F20-4IS

5935-51448
MS3I26F20-4IP
5935-51447

I9M BELDEN 8773

6145-62189
<D

P 7(INT /ADC) - P 3(SENS0R) 
(POINTING)

MS3I26FI4- 19 P
5935-51441

M S3I26FI4 - I9S
5935 - 51442

4 M BELDEN 9784 <D
P8UNT/ADC) - P2(SENS0R) 

(CENTERING)
MS3126FI4 -I9P
5935 -51441

MS3I26FI4-I9S
5935-51442

4 M BELDEN 9784 <f>

Pll (INT/ADC) - P7 (LSI- II ) 
(TRIGGER)

MS3II6F8 - 4S
5935-48868

MS3II6F8-4 P
5935-48867

I9M BELDEN 8723
6145-43545

<D
J2 (SE NSOR) - P5(DETECT0R) 

(CENTERING)
MS3I22EI4 -19 P
5935-51427

MS3I26FI4-I9S 
5935-5144 2

0.75 M BELDEN 9784 <e>

J3 (SENSOR)-P6(DETECT0R) MS3I22EI4-I9 P

5935- 51427

MS3I26F14- I9S
5935-51442

0.7 5M BELDEN 9784 <j}
JI(SENSOR) - P4/SHUTTER'\ 

(SHUTTER) \MOTOR /
MS3I22EI6-26P
5935-51429

MS3I26FI6-26S
5935-51444

0.6M

PKTRIG. MUX)-J3-J7(LSI-II) 3M 3416 -0002
5935-60485

MS3II2E8-4S
5935-48884

KC79 - 67
(BNC - 4 REQ’D) 
5935 -45319

0.3M MODIFIED
16-CONDUCTOR

6145-62776
REF LEA-78-1225

(f>
!-06

P2 (TRIG.MUX)- PI(DRV-II)

PKDRVII
DR.-REC)

3M 3406-0002
5935-59232

3M 3417-3000
5935-60484

IM MODIFIED
40-C0NDUCT0R
6145-58218
REF. LEA-78-I22S ! - 07

3M 3417-3000
5935-60484

PI(KWVII-A) P3(TRIG.MUX) 3M 3417-3000 3M 3416-0002 0.75M MODIFIED
40 CONDUCTOR
6145-58218
REFLEA-78-122

<n>

2-08

p2(drvii) 3 M 3417-3000
5935-60484

3M 3417-3000
5935-60484

0.3M 40 CONDUCTOR
6145-58218

<lD
JKLSI-II)-P3(KEC) MS3I2 2E 20-4IS

5935-51433
3 M 3417-3000
5935-60484

0.75M 40 CONDUCTOR
6145 -58218

0>
j2ILSI-"|-p<Srr«c) MS 3122E20-4IP

5935-51434
3M 3417-3000
5935-60484

0.75 M 40 CONDUCTOR
6145-58218

S

P l(SMLC)-PI(DRIVER card) 
NSN\pi(DRIVER card)

3M 3417- 3000
5935-60484

3M 3399 - 30 0 0
5935 - 60483

3M3399-3000
5935-60483

2 M MODIFIED
40 CONDUCTOR

6145-58218
REF. LE A76-I344

<g>

PI (DLVII)-EIA(FIBER 
OPTIC

SERIAL LINK)

BERG 65043-017

5935-60990

AMPHENOL
17-20250-1
5935-34163

2 M BELDEN 8427 
6145-24475

<3

STEPPING MOTOR CABLE REF. LE A76 - 1332 - 01 ( 8 REQUIRED)

SPECIAL 3-1 STEPPING MOTOR CABLE REF. LEA 76 -1332 - 01 (2 REQUIRED) (fa)

SPECIAL SINGLE STEPPING MOTOR CABLE REF L E A 76-1332-01 (6 REQUIRED) ^
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i I

o\

LEA76-I345 
LEA 7 7-1314 

. LEA78 -1222
L SI -TRIGGER SOURCES

TRIGGER 
MULTIPLEXER 
LEA78-1206

ALIGNMENT SENSOR 
A AA7 7-108886-00

DETECTORS 
\ LEA77-I20ILSI-11 

COMPUTER
INTEGRATOR

/ADC
LEA76-I323

DRV 11
DRIVER RECEIVER 

LEA77-I257

FIBER OPTIC 21-
SERIAL LINK 
LEA77- 1340STEPPING MOTOR 

DRIVE AMPLIFIER 

LEA76-I344
CONNECTOR TYPES

> BERG

ELAT h 
RIBBON Lr 
FIBER 
CABLE 
CONNECTOR

v v V
STEPPING MOTORS (10)

WAVE
PLATE
MOTORS
(4)

CONTROL
ROOM



TRIGGER
r-16-CONDUCTOR 

FLAT RIBBON 
6145-62776

MULTIPLEXER 
LEA 78-1206

J6

J5

J4

J 3

J7

J 3-J7 ARE WITH 
LEA 76-1345

ISOLATING
BNC

KC79-67
5935-45319

SPECIAL CABLE 
ID NO.

<D

MS3II2E8-4S 

5935-48884

3M 3416-0002
5935-60485 TOTAL LENGTH =0.3M

CUT LEADS TO PINS 
2,15,3,14,4,13 
APPROXIMATELY IOCM 
FROM 3M CONNECTORS
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40-CONDUCTOR 
FLAT RIBBON 
6145-58218

DRV II DRIVER-RECEIVER 
3M 3417-3000 
5935-60484

DRV II
3M 3417-3000 
5935-60484

OUT 10 JKZ)
TOTAL LENGTHJI (AA)OUT II

rSTRIP OUT 
THESE 2 
WIRES FROM 

TOTAL CABLE

1.0 M

SPECIAL CABLE 
ID NO.

<s>
p?

TRIG MUX 
3M 3406-0002 
5935-59232
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p I P 3
KWVII-A 

3 M 3417-3000 
5935-60484

TRIG MUX 
3M 3416-0002 
5935-60485

USE LAST 16 
WIRES OF CABLE

CUT OFF REMAINDER 
OF CABLE

SPECIAL CABLE 
I D NO.

TOTAL LENGTH 
0.75 M 40 CONDUCTOR 

6145-58218
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5 

8

6 

16 

22

1

2

11

RED RECEIVED DATA

WHT-BLK TRANSMITTED DATA

ORG CLEAR TO SEND

BLUE DATA SET READY

WHT PROTECTIVE GROUND

BLK SIGNAL GROUND

2

5

6 

I

7

3

40 PIN
BERG CONNECTOR

25 PIN
AMPHENOL (MALE) 

17-20250-1

El A INTERFACE CABLE 

FIBER OPTIC SERIAL LINK
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APPENDIX B. Control Program

This appendix provides a complete listing of the OAS control program which runs in the LSI-11, as a 
complement to the descriptions given earlier in Section VII.

This program initializes the OAS LSI-11, performs all necessary control calculations, communicates 
with the central control room providing information about the system and executing received commands, 
oversees all control operations, and interacts with an operator via a specially designed control panel.

The program is written in and runs under the REBEL/BASIC system.
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2 ! OSCILLATOR ALIGNMENT SYSTEM—INITIALIZATION AND CONTROL PROGRAMS
3 ! AUTHORS: JOHN PARKER AND MARK A. SUMMERS

*
!
1 ROTE:
* This program was modified by F. Holloway to allow a separate
! ’User* (OASCNTRH.BAS) to perform the control room I/O operations
! in a ’standard’ fashion. OASCNTRM.BAS contains a complete
1 description of the standard features.

" Specific Modifications Were:

! 1. All references to SARRY1,SARRY2,SARRY3,RARRAY were deleted.

! 2. The Network Update Subroutine (10000 etc.) was deleted,
? and the functions it performed were put into OASCRTRM.

! 3. The variables CMD, CMDFLG, and the array CMDTBL was added
1 to the common block.

1 4. The original arrays PBARRY and BITLIT were put In the common
! block.

---------------------------------- INITIALIZATION

4 ACTIVITY OAS

5 CMD USE 2-KBO 
9 IMP INTEGER A-Z 

10 LET NWRDS=307,C=0,BERCOD=678 
20 CALL C0RE(NWRDS,C,BERCOD)
25 LET @046=C

82 EQU J=@(C)T OSCILLATOR MODE SELECTION
J
J
J
J
J
J
J
J

CW Long Path 
CW A11 e nua tor 
CW Short Path 
Pulse Oscillator 
Pulse Attenuator 
Dye Attenuator 
Auxl1 Iary
Pulse Synchronization

The first inline arrays in the following common block have 
a similar structure in that all are indexed by the variable 
J (Oscillator Mode) defined above.

83 INTEGER AZM(7)@(C+2)=0!
84 INTEGER ELV<7)@(C+18)=0!
85 INTEGER H0RZ(7)@(C+34)=01
86 INTEGER VEKT(7)@(C+50)=0»
37 INTEGER DLY(7)@( C+66)=0!
90 INTEGER PT0L(7)@(C+82)=0!
92 INTEGER CT0L(7)@(C+93)=01
93 INTEGER PRANCE(7)@(C+114)=0!
94 INTEGER CHANGE!7)@(C+130)=0!

AZIMUTH ALIGN. ERRORS,EACH OSC. 
ELEVATION ALIGN ERRORS, EACH OSC 
HORIZ ALIGN ERRORS, EACH OSC 
VERTICAL ALIGN ERRORS, EACH OSC 
TRIGGER DELAY, EACH OSC 
POINTING TOLERANCE 
CENTERING TOLERANCE 
POINTING RANGE 
CENTERING RANGE



Motor pos I'+'-'.ons since last declare are Indexed via tlie 
Oscillator Mode (J) variable also, however, the structure is

slightly different! for each mode there are four motors (two per 
gimbal, two gimbals per mode)

95 INTEGER HOTOR( 36)@( C+146)=0!
96 EOU ERROR=(S( C+220) !
97 INTEGER INTOKFC63)@(C+222)=0*
98 INTEGER CPOSIT(40)@(G+350)=0!
99 INTEGER 1P(7)@(C+432)=0!

100 INTEGER IC(7)@(C+448)=0!

MOTOR POSITIONS SINCE DECLARE 
ERROR CODE
INTEGRATOR OFFSETS,8 PER J 
MOTOR POSITIONS 
POINTING INTENSITY 
CENTERING INTENSITY

On
00

The following Is a definition 
in terms of the push button functions 
LSI-11 control panel:

of the bytes in PRARRY 
they represent on the

} PBARRY( 0) A1Ignment Errors PBARRYC20) +Horz,+Az
T PBARRY( 1) riotor Positions PBARRYC21) -Horz,-Az
T PBAREYC 2) Centering: Data PBARRYC22) +Ver t,+E1
! PBARRY< 3) Pointing Data PBARRYC23) -Vert.-El
! PBARRY( 4) Centering Offsets PBARRYC24) Slew
t PBARRY( 5) Pointing Offsets PBARRYC25) Step
» PBARRYt6) Select Up PBARRYC26) At ten Open
! PBARRY(7) Se lec t Down PBARRYC27) Atten Close
! PBARRYt 8) Dec lare Zero PBnRRYC 28) Of f se ts
; PBARRYf 9) Go To Zero PBARRYC29) Ga t e Widthi PBARRY( 10) Ne twork PBARRYC 30) Error Code
I PBARRY( 11) Loca 1 PBARRYC 31) Trigge r De 1 a y
! PBARRYt12) Pain PBARRYC32) Atten Position
T PBARP,Y( 13) Stop PBARRYC 33) Command ID from Control Room
! PBARRY( 14) Auto PBARRYC34) Selecte Osc from Control Room
! PBARRY(15) Ma nua 1 PBARRYC35) Spare
* PBARRYt16) Norma 1 PBARRYC36) 1st byte of Waveplate Setting
? PBARRYC17) Tes t PBARRYC37) 2nd byte of Waveplate Setting
! PBARRY( 18) Cen ter PBARRYC 38) Spare
1 PBARRYC19) Point PBARRYC39) Spare

102 BYTE PBARRYC 39)Q(C+464) = 0! PANEL PUSH BU'r
1 33 P.B. *s ; 7 C<

104 EQU CMD=@( C+504)
1C5 INTEGER CMDTBLC19)@( C+506)=0
1 10 EQU CMDFLG=@(C+546)
1 1 1 BYTE OASTATC13)e(C+548) -0! OAS Status Tab
112 
1 13

BYTE BITLITt 49)@( C+562)=0 
EQU WAITFC=@(C+612)

! I



! The following is a definition of the BITL1T array
! as pertains to the Oscillator Alignment LSI-11 Control Panel:

BITLITC 0) Tr 1 g Re c e i ve <1 BITLITC24) CW Horz
BITLITC1) Vert Range BITLITC25) CCW Horz
B1TLITC2) Elv Range BITLITC26) CW Elv
BITLITC 3) Horz Range BITLITC27) CCW Elv
BITLITC 4) Signa 1 Le ve 1 BITLITC28) CW Azm
BITLITC 5) Azm Range BITLITC29) CCW Azm
B1TLITC6) Opera ting BITLITC30) CW Atten
BITLITC7) Errors Detected BITLITC31) CCW At ten
BITLITC8) A1ign Errors BITLITC32) Net
BITLITC 9) Mo tor Pos i t ion BITLITC33) Loca 1
BITLITC10) Center Data BITLITC 34) Run
BITLITC11) Point Data BITLITC35) Stop
BITLITC12) Center Offsets BITLITC36) Auto
BITLITC13) Point Of fse ts BITLITC37) Manua1
BITLITC14) CWLP BITLITC38) Norma 1
BITLITC15) CW ATN BITLITC39) Tes t
BITLITC16) CWSP BITLITC40) Cen ter
BITLITC17) PLS BITLITC 41) Point
BITLITC18) PLS ATN BITLITC42) +Horz,+Az
BITLITC19) DYE ATN BITLITC43) -Horz,-Az
BITLITC20) Auxi1iary BITLITC44) +Vert,+El
BITLITC 21) PSS BITLITC45) -Vert,-El
BITLITC22) CW Vert BITLITC46) Slew
BITLITC23) CCW Vert BITLITC47) Step

BITLITC48) Atten Open
BITLITC49) Atten Closed

115 BYTE riNUMB, TRANS, CTRAH, MSTAT
120 REAL N, M, L. RAZiiAG, VELHAG, GIMP OS, ERR. STARTT, PRF.ST 
122 REAL STRPLS, STRDYE, S'rRSVP, STRCW 
125 REAL PTRPLS, P’i ftDYT., PTRShp, PTRCW

130 Din OLDSTAl13)! BACKUP STATUS ARRAY
135 DIH TEHP(5)

’Status array entries for OAS are defineu as follows:

OASTATC0) ----------------— J (Beam selection)
OASTATC 1) -------------------- V?-' 1
OASTATC 2) -------------------- WP*^
OASTATC 3) -------------------- VP*3
OASTATC 4) -------------------- VP* 4
OASTATC 5) -------------------- WP^S
0ASTATC6) ------------------ Cimhal ^2 for pulse modes
OASTATC 7) -------------------- Cimhal ^2 for CW or PSS modes
OASTATC 8) ---------------- L- CL-jhal ^l for CW modes
OASTATC 9) ---------------- f- Cimbal " 1 for PSS mode
OASTATC 10) ------------------Giulia 1 ^1 for pulse modes
OASTATC11)--------------- 1— Pointing status
OASTATC12) --------------—— Centering status
OASTATC13)------------- 1— Change flag (one of the status bytes has changed since last time)



140 DIM MNUMBI37),TRANS(40),CTRAH(iO)I 
150 DIM CDISTI 40),HATEDVt40),DIST(40)! 
1<>0 DIM POS ITIu 40) , HSTATi 87) , HS( 20) !

170 DIM CONFIG!5),DIGLIT(4),DGARRYI 0) !

130
190

DIM AZOFFC10),ELOFFI10)!
DIM HGFF(10),VOFF(10)!

195 DIM SETGI40)!

200 DIM TRIG! 7) !

210 DIM GATE!7)!

220 DIN DATA!72)!

230 DIM IIAZMAG! 7) , VELMAG! 7) !

250 DIM GIMPOS!15)!

260 DIM ROT!40)!

270 DIM ZERO!31)!

-J 230O DIM WOFF! 7) !

290 DIM ATTEN!7)!

300 DIM ERR! 20) =0!

305
310

LET NPB= 03,NB= 50,K= 33,K= 0, NG= 5
LET P= 0,G= 0,TEST= 0, N3-0

315 LET EI310D= 2300, DED’JG 1 - G, SETGBL= 0
320 LET COURT=0,FH-230,N=3.60,K-4.0.NS( 0)=15
325 LET C= 0, EXT- 1, TDG= 0, Iu)0= 0, I D= 2
330 LET J = 2, RuT;= 0, AOTO= 0, COMi-0,C0H2=0, C0M3= 0,SLEW= 0 
335 LET RUrEl= 6, LKEiiR= 0, SFLG= w, HOiLM= I 
34G LET PHT- i), CHT= 0, ELC1D- 0 
345 LET BLAllK = -32768!
330 LET Cl'iD=0, WAITS'C=0

ARRAYS FOR MOTOR CALLS

ARRAYS FOR PANEL CALLS

OFFSET COMPENSATION FOR 
APPARENT/'ACTUAL "ZERO"

CAIN SETT 1IHC-WAVEPLATES

TRIGGER SELECTION 

INTEGRATOR SAMPLE TIME 

DATA FROM INTEGRATOR/ADC 

OPTICAL MACNIFICATIOKS

GIMBAL SPACING PARAMETERS

WAVEPLATE ANGULAR POSITIONS 

ARRAY OF DECLARED POSITIONS 

WAVEPLATE OFFSETS 

AITEH UATOR POSITIONS 

ERROR VALUES FOR CALCULATION

CODE FOR BLANKING DIGITAL DISPLAY



402 DATA 494200,2G000,C,0,6GN00,2o000,516200,156800
403 DATA 0,0,0,0,0,0,60000,147320
404 FOB Z=0 TO 7
406 DEAD GIIIP03( 2*Z) , GIPiPOSC 2^2+1)
408 KEICT Z
409 RESTORE 412

----------------------------------- CIMBAL PCSITIOriS IN KILS----------------

----------------------- INTEGRATOR GATE WIDTH IN UNITS OF MICROSECONDS

412 DATA 250,250,250,250,250,250,250,250 
414 FOR Z=0 TO 7 
416 READ GATE(Z)
418 NEXT Z
419 RESTORE 432

ATTENUATOR POSITIONS IN UNITS OF STEPS

432 DATA 320,0,320,750,0,0,0,0 
434 FOR Z=0 TO 7 
436 READ ATTEN(Z)
438 NEXT Z
439 RESTORE 442

TRIGGER DELAYS IN UNITS OF MICROSECONDS

442 DATA 999,999,999,75,999,999,999.999 
414 FOR Z=0 TO 7 
446 READ DLY( Z)
448 NEXT Z
449 RESTORE 452

-------------------------------------  NATE DIVISORS --------------------------------

452 DATA 1 , 1, 1, 1, 1 , 1, 1 , 1 , 1, 1, 1 , 1, 1,1,1, 1, 1, 1, 1, 1
453 DATA 1,1,1,1,1,1,1,1, 1,1,1,^,1,1,1,1,1,1,1,1
454 FOR Z-0 TO 40 
456 READ RATF.DVl Z)
458 NEXT Z
459 RESTORE 462

,--------------------------------------- OPTICAL CONSTANTS---------

462 DATA 2.0,-2.0,2,2,-2.2,2.2,2.0,-2.0
463 DATA 2,2,2,2,2,2,-2.2,2.2
464 FOR Z=0 TO V
466 READ HAZMAGl Z),VELMAGI Z)
468 NEXT Z
469 RESTORE 472



POINTING RANGE!

472 DATA 500,500,500,500,500,500,500,500 
474 FOR Z=0 TO 7 
476 READ PRANGE(Z)
478 NEXT Z 
■+VA RESTORE 482

I------------------------------------- CENTERING RANGE-----------------

482 DATA 200,200,200,200,200,200,200,200 
484 FOR 7= 0 TO 7 
486 READ GRANGE! Z)
488 NEXT Z 
484 RESTORE 502

t-----------------------------------------  ASSIGN TRIGGERS

502 DATA 1,1,1,2,1,1,1,1 
504 FOR Z=0 TO 7 
506 READ TRIG! Z)
568 NEXT Z
569 RESTORE 512

I-------------------------------------  POINTING TOLERANCE

512 DATA 10,10,10,10,10,10,10,10 
514 FOR Z = 0 TO 7 

K> 516 READ PTOL(Z)
518 NE17T Z
519 RESTORE 522

»-------------------------------------  CENTERING TOLERANCE

522 DATA 10,10,10,10,10,10,10,10 
524 FOR Z = 0 TO 7 
526 READ CTOL(Z)
528 NEXT Z
529 RESTORE 582

j---------------------------------------  WAVEPLATE POSITIONS

532 DATA 0,0,45,0,0,0,0,45 
534 DATA 45,0,0,0,0,0,0,0
536 DATA 45,45,0,0,45,45,45,0
537 DATA 0,0,0,45,45,45,45,0
538 FOR Z=0 TO 31 
540 READ ROT!Z)
542 NEXT Z
544 RESTORE 564

f----------------------------------------- WAVE PLATE OFFSETS

564 DATA 117,0,92,-60,0,0,0,0 
566 FOR Z=0 TO 7
568 READ WOFFIZ)
569 NEXT Z 
595

\



riOTOR ASSIGNMENTS

*

?

Associate each element of the array (motor
table) with a particular port of the Motor Drive Amp Chassis.

602 LET MNUMB(0) = 1,MNUMB( 1)=2,MNUMB(2)=4,MNUM3<3)=5
603 LET MNUMD( 4) = 7, IfNIMBt 5) =8,MNUMB( 6) = 10, fIMOMB( 7) = 11
604 LET I®UMB( 8) = 1,HNUMBi 9)=2,H«UMB( 10)=4,M«UMB( 11)=5
605 LET HNUHBC 12) = 7, MWITIUK 13) =8. MNUilH( 14) = 10, MWUMB( 15) = 11
606 LET MNUMB( 16) = 7, MNUM3( 17) = 8, MMUMBf 18) = 10, MHUIujC 19) = 11
607 LET MTIUMBI 20) = 1, MNDM3( 21) =2, MKUMBt 22) = 13, MHUMBC 23) = 14
608 LET MWUMBt24)=7,MNUMB( 25)=8,MMUMB( 26) = 10, MMUMBC 27) = 11
609 LET NNUHB(28) = 1 . MNUMB1 29) =2, fliNUMBt 30) = 13, MNUMB( 31) = 14
6 10 LET HNUHBC 32) = 19 , HNUHBC 33) = 20, HN UMBC 34) = 21, MN UMBC 35) = 22
611 LET MHUMBC 36) = 23, MNUfiBC 37 ) = 24

612 CALL 1M0T0RCNS,MNUMB.FOSITN,TRANS)1 INITIALIZE MOTORS

INITIALIZE WAVEPLATES

615 LET NSC 0)=4 
620 FOR Z=0 TO NSCO)
622 LET DISTC 32+Z)=-2000 
625 NEXT Z
630 C.ALL CMOTORC NS, MNUMBC 32) , RATEDVC 32) , D ISTC 32) )
640 CALL SMOTORCNS,MNUMBC32),CDISTC32),CPOSIT(32),CTRAN(32),MSTAT(32>)
645 IF NSC 5)< > 0 GOTO 640 1 TEST MOTOR POWER STILL ON
650 FOR Z=32 TO 31+NSC0)

w 655 IF MSTATCZlO-l ENTER "WAVEPLATE ERROR"
660 NEXT Z

663 FOR Z=0 TO NS(0):LET CDISTC32+Z)=0:NEXT ZT
665 CALL IMOTORCNS,MNUMBC32),P0S1TNC32),TRANS(32))1

GET STATUS OF INITIALIZED MOTORS

666 CALL SMOTORCNS,MNUMBC32).CDISTC32),CP0SIT(32),CTRAN(32).MSTATC 32))
667 PRINT "INITIALIZATION COMPLETE"

671 DEL 1-670

675 CMD USE 4=DX0,5=DX0
677 MORE/CN! LOAD CONTROL PROGRAM
678 PRINT "CONTROL PROGRAM - USER *1 - LOADED"

679 GOTO 700
RUN

700 CMD LOGON 2=DX0
705 SUSPEND

706 PRINT "BEGIN CONTROL OPERATIONS"
707 CALL ILINKC1,ID)

INITIALIZE
ATTENUATOR



---------------------------------- CROSS COUPLING FUNCTIONS ----------------------------------------------

710 DEF FNC1(P,Q,R,S,T)=INT((-P*(l+R/S)+0*1.E6/S)/<T*1.45))
712 OEF FNC2(P,Q,R,S,T)=1NT( ( P*R/S-G*I.E6/S)7(T*1.45))

--------------------------- LOGICAL FUJfCTION FOR PANEL SWITCHES-----------------------------------

715 DEF FNCOlP.Q^RlsCPeasQlWlRSS^PSS^Q)

---------------------------------- DATA NORMALIZATION FUNCTION -------------------------------------

717 DEF FNC4(P,Q,R,S)=INT(P*Q*(R-S)/(R+S))

---------------------------------- TRANSMISSION FUNCTION --------------------------------------------------

720 DEF FNC5(P,Q) = C0S(((0 - P)*3.14)72700)*COS( < ( d - P)*3.14)72700)

****^c***S::i:**!!:^c*ScS:*.**CONTROL PROGRAM****************************

INITIALIZE PANEL

726 LET RTN= 727:GOSUB 5032

------------------------- SEX WAVEPLATESi RE/VD INTEGRATOR OFFSETS

727 GOSUB 2310
728 GOSUB 3001

-------------------------------------- KAiN LOOP ----------------------------------------------

730 LET RTN=751:GOSUB 5000!

740 GOSUB 15000!

75 1 IF PCARRY!6)WPCjVRRY!7)WPBARRY! 13) GOSUB 76 1
752 IF (HUH=0)88(J=4> GOSUB 2310!
753 IF (RUN-0)S8( MSTATC32)=-l) GCSUB 3001: GOTO 730!
754 IF (J=1)\\(J=4)\\(J=5) GOSUB 1803!
755 IF PBARRY!12) LET RUN=1: GOSUB 2310!
756 IF PBARRY! 12) S8(AUT0= l)SS(NOR:i= 1) COSUB 25C0: LET SETGEL=
757 IF RUN=0 GOTO 730!
758 IF NORM10 GOTO 920!
759 !F AUTO=0 GOTO 830!
760 GOTO 770!

SERVICE THE FRONT PANEL 

PROCESS ANY C.R. COMMANDS

SHOT MODE
MEASURE INT. OFFSETS 
GAIN ADJUST
POSITION BEAM STEERING WAVEPLATES 

:GOSUB 3700! SHUTTER,GIMBALS
STOP
TEST
MANUAL CONTROL 
AUTO CONTROL



.... SUEF^oUTi SEFii’AiX ~

76 1 LET RUK=0: G0SUT3 25GG

762 FOR Z=1 TO 10
763 LET OL»STA(Z)=OASTftT(Z),OASTAT(Z)=5!
764 IE ( OASTATIZ)—OLDSTAtZ)< > 0) LET OAPTATI 13)=1! 
76o NEXT Z

STATUS SET TO 'STAND BY’ 
SET FLAG ON CHANGE

768 LET RTN=769:GOSUB 6000
769 RETURN

t---------------------------------------  AUTOMATIC CONTROL ---------

770 GOSUB 1000! SAMPLE ALIGNMENT ERRORS
780 IF BITLIT( 1)+BITLIT(2)+BITLITI3)+B1TLIT(4)+B1TL1T(5)+ERROR)0 GOTO 730 
722 LET BBARD= 12-7i:( J=3)
735 IF( ABS( AZK( J) ) < DBAK3) S3( AD3( ELV( J) ) < DBAND) &&( ABS( H0RZ( J)) < DBAND) 88( ABS< VERT( J) ) < DBAND) GOTO 810 
790 GOSUB 1940! j DECOUPLE
800 GOSUB 2110! COMMAND MOTORS
810 GOTO 730! RETURN AND SERVICE THE FRONT PANEL

•------------------------------------------MANUAL CONTROL------------------------------------------------

320 LET CONMAK*5+SLEW#5e
832 IF ( PBARRYI 3)\\PBARRY( 9))SSSFLG GOSUB 3700!
835 IF COH3O0 LET D IS'l'l 32) = G0M3:|;( CONRAN) , RTN=885 tGOSUB 2508 
840 IF ( COHK > Oi \\( COH2< >0X1 GOTO 885
250 LET ERR< 0) -CGIil*PNT4v GONIIAN) , ERR( 1) =COM2*FNT*( CON HAN)
860 LET ERRI2) = COMlftCITPXt CORKAM) , ERR( 3) =COn2:SCBT8(CORTUR)
870 GOSUB 1980!
230 COSUB 2110!
885 GOSUB 1009!
890 GOTO 730!

i------------------------------------------TEST MODE------------------------------------------------

920 IF AUTO=1 GOTO 960! INTERNAL TEST OF INT/ADC
925 CALL REWIND! 4,FLG,0)! REWIND EXTERNAL TEST FLOPPY
930 IF FLG= 0 LET ERROR*2400,RTN=9351GOSUB 5000 
935 IF FLGOl GOTO 960 
940 MORE
945 GOTO 20000! EXECUTE EXP. TEST PROGRAM
950 DEL 20000-29999
935 FOR Z=0 TO 49: LET BITLIT(ZX0: NEXT Z 
956 LET RUN=G,NORM*1,TEST*G,RTNf730:GOSUB 6000 
960 LET TEST*"NORM:GOSUB 1000!
965 LET TEST*0:GOTO 73G!

DECLARE ZERO/GOTO ZERO

DECOUPLE
COMMAND MOTORS
SAFIPLE ALIGNMENT ERRORS
RETURN AND SERVICE THE FRONT PANEL

EXECUTE INT. TEST PROGRAM
RESET AND RETURN TO SERVICE THE FRONT PANEL



SUBROUTINE SAMPLE

1000 LET C0TJr{T=0,SAMDEX=a*J
1001 CALL OASIS( GATE! J) ,DATA(3*J) , FLC,TEST,TR.IG( J) ) t 
1020 CALL DELAYCDLYI J) ,E>rr,DFLG) !
1025 IK DFLG=1 LET BITLITC0)=1:GOTO 1040
1026 IF DKLG>1 LET EHR0R=2510:RETURN
1030 LET COUNT=COURT+l:IF COUN'D50 LET ERROR=2300:RETURN 
1035 GOTO 1025
1040 IF FLGOl LET ERR0R= 2520: RETURN 

1110 FOR Z=0 TO 7

1115 LET DATA!SANDEX+Z) = DATA!SAMDEX+Z)- INTOFFI SAMDEX+Z) 1 
1120 NEXT Z

1 I30 LET IP( J)=DATA(SAMDEX)+DATA(SAMDEX+l)+DATA(S.'UlDEX>2)+DATA(SAMDEX+3) I 
1135 LET ICC J) =DATA< SAMREX+4) +UATAI SAMDEX+5) +!)AT.A( SAMDEX+6) +DATA( S.AP1DEX+7) T

1200 FOR Z=1 TO 5 
1205 LET BITLITC Z)=0!
1210 NEXT Z

CHECK IF SIGNAL LEVEL IS WITHIN LIMITS

1215 IF ( IFC J)< 200)\\(IFC >12000)\\CICC J)< 200)\\C ICC J)>12000) LET BITLITC4) = 1 
1250 IF BITLITC 4)>0 RETURN

! CALCULATE ALIGNMENT ERRORS FROM DATA

1300 LET HORZC J)=FNC4C N,FM,DATACSAMDEX+7),DATACSAMDEX+6))
1320 LET VERTC J) - FICvJ4( N, FH, DATAC SAi,ii»EX+4) , DA t'Ai SAMDEX+5) )
1340 LET AZMC J) =FKC4C M, FII, DATAC SAi-iDEX+2) , DATAC SAImEX+3) )
1360 LET ELVC J) = FKC4CII, FM, DATAC SAMDEX) , DATAC SAI1DEX+ 1) )

! CHECK THAT ERRORS ARE WITHIN CONVERGENCE RANGE

1620 IF ABSC AZMC J))> PRAKGE LET BITLITC5> = 1 
1625 IF ABSCELVCJ))>PRANCE LET BITLITC2)=1 
1630 IF ABSC HORZC J))>CRAHGE LET B1TLIT(3) = 1 
1635 IF ABSC VERTC J))> GRANGE LET BIiLITC1) = 1

INTEGRATOR/ADC HANDLER 
KWV11-A HANDLER - TRIGGER DELAY

SUBTRACT OFF NOISE

CALCULATE POINTING INTENSITY 
CALCULATE CENTERING INTENSITY

RESET ALIGNMENT LIMIT LIGHTS



1637
1638
1C-10
1642

1647
1650

1655
1657

1660

1662
1665

1667
1670

1700

1300
1815
1817

1820
1825
1830

1875
1830
1882
1885
1887
1390
1892
1S95

UPDATE STATUS ARRAY — POINTING AND CENTERING PARAMETERS

LET OLDSTAl 11)=0ASTAT( 11),OLDSTAC12)=OASTAT(12)1 SAVE VALUES FOR COMPARISON
LET OASTATl 11)=3,OASTATl 12)=3 
IF FGFSTA=1 LET OASTATl11)=1
IF COFSTA=1 LET OASTATl12)=1! CHECK FOR OFFSET LIMITS

IF 1 IP! JX200)\M IP! J)> 12000) LET OASTATl 11 ) = 1
IF 1IC1J)<200)\\1IClJ)>12GG0) LET OASTATl12)=11 CHECK FOR SIGNAL LIMITS

IF ( ABS1 AZMI J) ) WABSl ELVl J)) ) >PPANGE1 J) LET O/^STATl 11) = 1
IF 1 ABSt II0RZ1 J) ) WABSl VERT! J) ) ) > CFiAIIGEt J) LET OASTATl 12) = 11 CHECK FOR MAXIMUM ALIGNMENT LIMIT

IF UOASTATl11)=1)\MOASTATl12)=1)) GOTO 1667

IF (ABS1 AZMI J)) WABSl ELVl J))) > PTOL1 J) LET OASTATl 11) =2
IF tABSIHORZl J) ) WABSl VEFvTU) ) )>CTOL(J) LET OASTATl 12) =21 CHECK FOR SECONDARY ALIGNMENT LIMIT

IF 1 OASTATl 11 )-OLDSTAt 11)0 0) LET OASTATl 13) = 1
IF 1 OASTATl 12)-OLDSTAt 12)0 0) LET OASTATl 13) = 1! SET CHANGE FLAG ON STATUS CHANGE

RETURN

------------------------  SUBROUTINE GAIN ADJUST -------------------------------------------

IF AUTOO0 RETURN 730! MUST BE IN MANUAL MODE
LET CONMAN=-(5+8LEW*50>! SLEW OR STEP
IF 1J=1) LET CONMAN=5+SLEW*50! CV ATN IS BACKWARDS

IF 1 PBARRYt 8) WPBARRYl 9) )831SFLGW1 1 ELCID> =2fl8ELCID< =4) ) ) GOSUB 4000! DECLARE/GOTO ZERO
IF COM3O0 LET DISTt CANDEX) =C0ri3*C0NMAH: GOSUB 1875! MOVE WP ON COMMAND
RETURN 730

LET NSt 0) = 1
CALL CMOTOR! NS,MNUMBt GANDEX),RATEDVI GANDEX),DISTtCANDEX))
CALL SMOTORtNS,MNUMBtGANDEX),CDISTt GANDEX),CPOSIT!C ANDEX),CTRANtGANDEX),MSTATtGANDEX))
LET BITLIT1 1) = 1 MSTATt CANDEX)=1WMSTATtGANDEX)=-2)
LET BITLITt2)=1MSTATtGANDEX)=-1wMSTATtCANDEX)=-2)
IF NSt 5)00 LET ETN= 1882: GOSUB 6000
LET MOTOR!GANDEX)=HOTORlGANDEX) + DISTtGANDEX)! UPDATE RELATIVE MOTOR POSITIONS
RETURN



t-----------------------------------------  SUBROUTINE DECOUPLE -------------------------------------------

! inis subroutine calculates the proper distances to move gimbal
! motors in order to correct alienncnt errors while correcting for
! cross—coup 1ing between pointing and centering motions.

'Ooo

1940 RESTORE 1950!
1950 DATA AZNt J).ELV(J),HORZt J),VERTt J)!

1960 FOR Z=0 TO 3 
1965 READ ERR(Z)!
1970 NEXT Z

1980 LET CPLDEX-4*J,HAFnEX=CPLDEX/2»

!

1982
1985

Adjust alignment errors by the proper magnification.

LET ERR( 0) = ERIK 0) ^IIAZ”LiC( J) , ERIU 1) =EPJl( 1) ^VELMAGt J)
LET F.RR( 2) =ERR( 2) /HAZPLAGt J) , ERR( 3) = ERR.( 3) /YELIiAG( J)

Calculate motor distances to correct alignment errors.

2000 LET DISTt CPLDEX)=FNC1 ( ERR(0),ERR(2),GIMPOStHAFDEX),GlMPOStH.\FDEX+1),2)
2020 LET DISTt CPLDEX+1) = EKC1 ( ERIK 1) ,E«IU3) , GIIR’OSt 1IA1''DEX) , GIliPOSt HAFDEX+1) ,-1.414) 
2040 LET DISTt UPLDEX+2) =FHC2(-ERRt @) , -ERRt 2) , CI EPOS t IIAFSEX) , CIllFOSt IIAFDEX+I) ,2) 
2060 LET DISTtCPLDEX+3)=FHC2t EHR( 1).ERRt3),GniPOStHAKDEX).GIMPOStHAFDEX+1) ,-1.414)

2080 RETURN

PREPARE TO READ CURRENT ALIGNMENT ERRORS 
CURRENT ALIGNMENT ERRORS

READ ALIGNMENT ERRORS

SET UP INDICES

SUBROUTINE MOTORS

This subroutine performs the necessary calls to the assembly 
language handler MOTORS for moving and obtaining the status of OAS 
gimbal motors: panel light variables are cot when limit switches are 
encountered and the "motor position since last declare" is updated.

2110 LET NS(0)=4,iiOTDEX=4*J! USE FOUR MOTORS; SET INDEX
! ******* IF DISTANCE TO GO IS LARGE, REDUCE SYSTEM RESPONSE BY DIVIDING NUMBER OF STEPS BY 5. ******** t12/15/78 JP)

2112 IF DI STt PIOTDEX) > 4000 LET DISTt MOTDEM) - DISTt MOTREX) /o
2113 IF DISTtM0TDEX+1)>1600 LET DISTtM0TDEX+1)=DISTtM0TDEX+1)/5
2114 IF DI STt MOTDEX-I-S) > 4GC3 LET DISTt i-IOTDEX+2)-DIS’i't Fit)'Tn'EA+2)/5
2115 IF DISTt MOTDEX+3)>1000 LET DISTt MOT0KX+3)=DISTt MOTDEX+3)/5

2120 CALL CMOTORt NS,MNUMBt MOTDEX),RATEDVt MOTDEX),DISTt M9TDEX))! MOVE MOTORS
2140 CALL SMOTOPT NS, PINUMUtMOTDEX),CDISTtM0TBEM5,GROGITtMOTDEX),CTRANtMOTDEX),MSTATtMOTDEX)) ! GET STATUS OF MOTORS

2240 FOR Z=0 TO 3
2242 LET BITLITt2*Z+22)=(MSTATtMOTDEX+Z)=1)WtMSTATtMOTDEX+Z)=-2)!
2244 LET BITLITt2*Z+23) = tMSTATtMOTDEX+Z)=-1)\\fMSTATt PIOTDEX+Z)=-2)!
2248 NEXT Z

2249 IF NSt 5)00 LET RTN=2140:GOSUB 6000! IF MOTOR POF/ER STILL ON, UPDATE PANEL

2250 FOR Z=22 TO 29:IF BITLITtZ)=I LET ERR0R=270t>! SET ERROR CODE IF LIMIT ENCOUNTERED
2255 FOR Z=0 TO 3
2260 LET MOTORtMOTDEX+Z)=PIOTORtPiOTDEX+Z)+DISTtMOTDEX+Z)! UPDATE RELATIVE MOTOR POSITIONS
2265 NEXT Z

SET PROPER LIGHT BIT 
IF LIMIT ENCOUNTERED



! UPDATE STATUS ARRAY (GIMBALS)

2267 FOR Z = 0 TO 3
2270 LET TEMP(Z) = 5 - (AE3( KSTATCIIOTDEX+Z)) +1)
2272 NEXT Z

2273 LET TGDAT1 = TEMP( 0)STEKP( i)
2274 LET TGDAT^ = TKMP<2)8TEMP( 3)

SKIP GIMBAL UPDATE — ATN MODE 
PULSE MODES 
CW OR PSS MODE

2275 IF (J=1)\\(J=4)\\<J=5) GOTO 2306!
2276 IF (J=3) GOTO 22B0 !
2277 IF (J=0)\\(J=2)\\(J=7) GOTO 2287!
2278 GOTO 2306

2280 LET OLDSTAC6) = OASTATC6),OLDSTAC10)=OASTAT(10)! SAVE VALUES FOR COMPARE
2282 LET OASTATC6)=TCDAT1,OASTATC10)=TGBAT2! STATUS IS MIR OF MOTOR STATS
2284 IFC OASTATC 6)-OLDSTAC 6) <> 0) ^\( OASTATC 10)-OLI)STA( 10)00) LET OASTATC 13) = 1
2285 GOTO 2306

VO

2287 LET OLDSTAC7)=OASTAT( 7)
2239 LET OASTATC7)=TGDAT1
2290 I F( OASTATC 7) -OLDSTAC 7)0 0) LET OASTATC 13) = 1 !

2292 IF (J= 7) GOTO 2301!

2294 LET OLDSTAC8)=OASTATC8)
2296 LET OASTATC8)=TCDAT2
2298 IFC OASTATC 8)-OLDSTAC 3)< >0) LET OASTATC13) = 1! 

2300 GOTO 2306

FIRST GIMBAL 

PSS MODE

2ND GIMBAL IF CW

2301 LET OLDSTAC 9)= OASTATC 9)
2302 LET OASTATC9)=TGDAT2
2304 IFC OASTATC 9)-OLDSTAC 9)00) LET OASTATC 13) = 1 ! 2ND GIMBAL IF PSS

2306 RETURN

!--------------------------------------- SUBROUTINE WAVEPLATE------------------------------------------------

2310 LET NSC 0)=4
2320 CALL SKOTORCNS,KNUKBC33),CD1STC 33),CPOSITC 33),CTRANC 33),MSTATC33)) 
2325 IF C J=4)\\( J=5)SaCRUIL=S) GOTO 2855 
2330 FOR Z=0 TO 3
2335 LET DISTC33+Z)=30*R0T<8*Z+J)+VOFFCZ)-CPOSI TC 33+Z)
22 40 NE)rr z
2345 LET DISTC36)=SETG(36)-CPUSITC36)
2250 GOTO 2360

2355 LET DISTC33)=SETGC33)-CPOSITC33)
2337 LET DISTC34)=SETG(34)-CPOS FfC34)
2360 CALL CMOTORC RS, MNUNBC 33) ,Ri\TEDV(33) .DISTC 33))
2870 CALL SMOTORC NS, MINUMBC 33) , CD ISTC 33) , CPOS ITC 33) ,CTTLAN(33) .MSTATC 33)) 
2390 IF NSC 5)0 0 LET RTN= 2370: GOSUB 6000



UPDATE STATUS ARRAY —*

00
o

2305 FOR Z=1 TO 4 
2400 LET OLDSTAC Z) 
2405 LET OASTATCZ) 
2410 IF COASTATCZ) 
2415 NEXT Z

2430 RETURN

= OASTATCZ)
= MSTATC37-Z) + 3 
- OLDSTACZ) <> 0) LET OASTATC13) = 1

j---------------------------------------  SUBROUTINE ATTENUATOR -----------------------------------------

! This subroutine allows control of the OAS shutter, located
1 in the alignment senrnor. There are three entry points depending
! upon whether the current operating mode is automatic, manual, or
! changing. The shutter is automatically closed whenever the OAS
? operating mode Cbeam line or gain adjust) is changed.
! An update is done of the status array whenever a change
! is detected In the status of the attenuator motor.

2500 LET NSC 0) = 1, DISTC 32) =ATTEr!CJ)-GrCSIT( 32) : GOTO 25 10
2505 LET NSC0)=1.DISTC32)=-2000:GOTO 2510
25CQ LET NSC 0) = 1 : GOTO 2510 ! FOR MANUAL CONTROL
2509 LET NSC 0) = 1,DISTC 32)=SETCC 32)-CFOSITC 32) : GOTO 2310
2510 CALL CMOTORt NS,MNUNBC32).RATEDVt 32) ,DISTC32))
2320 CALL SEOTCF.C NS, tSJUIISC 32) , CD ISTC 32) , CPOS ITC 32) , CTRANC 32) , MSTATC 32) )
2527 LET BITLITC30) = C MSTATC 32) = 1)\\C MSTATC 32)=-2>
2320 LET BITLITC 31) = C MSTATC32)=- 1)NSC MSTATC32)=-2)
2330 IF NSC 5)< >0 LET RTN=2520:COSUB GCCO 
2532 LET M0T0RC32) = K0T0RC32) + DISTC32)1 UPDATE RELATIVE MOTOR POSITION

i------------ UPDATE STATUS ARRAY

2535 LET OLDSTAC5) = OASTATC3)
2540 LET OASTATC 5) = MSTATC32) + 3
2315 IF COASTATC3) - OLDSTAC5) <> 0) GOTO 2555
2350 LET OASTATC13) = 1

2555 RETURN

t SUBROUTINE INT. OFFSETS

This subroutine samples the offsets In the Integrator/ADC 
by performing a call to the handler OASIS while the shutter in the 
alignment scuser is fully eloacd, i.e., the signal level is zero.

3001 LET 0FFDEX=3*J!
3CG5 CALL OAS ISC GATE! J) , IHTOFFC OFFDi'.X) , FLG, 0, TRIGC J) ) 1 
3020 CALL DELAYC DLYC J),0,BFLG) !
3030 IE CJ=1)N\CJ=4) GOTO 3090!
3050 IE FLGOl LET ERR0R= 10 r RETURN 1
3090 FOR Z=0 TO 3:IF CIHTOFFCOFFDEII+Z)<1)N\<INTOFFCOFFDEX+Z)>75 
3100 FOR Z=4 TO 7:IFCIHTOFFCOFFDEX+X)< DNNCINTOFFCOFFPEX+Z)>75 
3ICS LET PCFSTA= 0,CCFSTA= 0 
3110 IK EHROR= 20 LET P0FSTA=1 *
3115 IF ERROR=25 LET C0FSTA=11 
3i2o Return

SET UP INDEX 
GET OFFSETS
WITH PROPER TRIGGER DELAY
CHECK IF IN ATTENUATOR MODE
CHECK FOR TIMEOUT IN INTEGRATOR/ADC

) LET EItR0R= 20: NEXT Z 
LET ERROR.125: NEXT Z

SET FLAG IF EXCESSIVE POINTING OFFSETS 
SET FLAG IF EXCESSIVE CENTERING OFFSETS



- SUEnOUTIKE CECLAHE ZEUO/GOTO ZEKO

37SG LET Eo ( G ) = 4, ZEGi/EX^ ‘v-i-J
3705 CALL SI'I0T0R< »S, ZRODEX) , CD I ST( ZRODEX) , CPOS IT( ZRODEX) , CTRAH( ZRODEX) , MSTAT( ZRODEX))
3715 IP' ( PBARR.Y( 9) WSETCEL) CGTO 3725
3720 FOR Z=0 TO 3: LET Z»;nO( ZRODEX+Z) =CPOS IT( ZRODEX+Z) , KOTOR.( ZP.ODEX+Z) =0: NEXT Z
3722 LET ATl’ENC J) = CTOS ITC 32) , IIGTCIlv 32) -- G
3723 GOTO 3730
3<:i5 FOR Z=0 TO 3: LET DI ST( ZRODkx+Z) = ZERO'ZROQEX+Z)-CPOS 1T( ZP.0DFX+Z) : NEXT Z:CGSUB 2110
3726 CGEOli 23G0! RESET SENSOR ATTENUATOR
3727 LET SF.TGBL = 0 
3730 IL-.iUiul

SUBROUTINE — DECLARE/GOTO GAIN POINT

4000 LET NS(«) = 1
4010 CALL SWOTORl NS,KNUMBCGANDEX),CDIST( GANDEX),CPOSIT( GANDEX),CTRAN(CANDEX),MSTAT( CANDEX)) 
4020 !F PBARRYC 0> GOTO TOGO
4«30 LET SETG(CANDEX)=CPOSIT'CANDEX),MOTOR'CANDEX)=0 
4G4G GOTO 4G7G
4030 LET DISTT GANDEX) =SETG( GANDEX) -CPOS IT( GANDP’X) , RTN= 4060: COSUB 1875 
4070 RETURN

-----------------------------SUBnGUTINE FRONT PATI"T SERVICE--------------------------------------------
80

This subroutine is used for updating the OAO LGI-11 control 
panel and includes code to interlock with the second user (CONTROL 
ROOM OPERATIONS), copy corrannd switches into PBARRY from the CNDTT5L, determine 
logical combinations of control panel switches for logical variables, 
and calculate pointers to data for proper display selection. Whenever 
possible, this routine is called to update the control panel so 
that operator interaction is effected regardless of other control operations 
in progress.

5000 LET BITLITT 6) = 0,BITLITC7) = ( ERROR)2000)! RESET OPERATING LIGHT; SET ERROR LIGHT IF ER
5003 CALL LPANELt BITLIT, I!3,0,DIGLIT,NG,G,G)! UPDATE THE PANEL LIGHTS

If no command from the control room, get switches from the control panel.

5GG5 IF CKDFLC = 0 GOTO 5G2G

! Otherwise, copy commands into the push button array.

3007 CALL ARCOPY( 40,CMDTBL, PBARRY) 
5GG3 GOSUB 10GC0!
5010 LET CMDELG = 0!
5012 RESUME WITH CMD!
5015 GOTO 50321

DECODE COMMAND FROM CONTROL ROOM 
RESET INTERLOCKING FLAG 
RESTART SECOND USER 
PROCEED WITH LOGICAL CALCULATIONS

5020 GALL SPANEL(SFLG,CONFIG,PBARRY,NPB.DCAPJIY,NO! GET INFO FROM CONTROL PANEL
Calculate the oscillator alignment mode selected.

5032 LET BITLIT(J + 14) = 0! TURN OFF PRESENT SELECT LIGHT

5035 LET J = J - PBARRYC 6) + P3ARRY(7)I 
5040 LET J = J + (J<0)*8 - (J>7)*a!
5045 LET BITLITCJ+14) = 1!

ADJUST J TO NEW VALUE
MAKE J MODULO 8
TURN ON NEW SELECT LIGHT

5050 LET OASTATC 0) = J! UPDATE STATUS ARRAY

5060 IF (J=I)\(J=4) GOTO 5070! 
5062 IE (J=5) GOTO 5072!
5065 GOTO 5100!

CHECK IF EITHER ATN MODE HAS BEEN SELECTED 
DYE ATN NODE 
IF NOT, CONTINUE



5070 LET GAKDEX = 37 - J!
5071 GOTO 5075
5072 LET GANDEX = 34!
5075 FOR Z = 8 TO 13!
5080 LET BITLIT(Z) = 0,BITLITCZ-8) = 0! 
5055 NEXT Z!
5095 GO'IO 6000!

5100 IF (SFLG= 0) GOTO 6000!

INDEX FOR ATN (EXCEPT DYE) ROTORS

INDEX FOB DYE ATN MOTOR
\
CLEAR LIMIT LIGRIS, DISPLAY CONTROL LIGHTS
/
DO LOGICAL CALCULATIONS; SET PROPER LIGHTS 

IF NO CHANGE OH PANEL, CHECK IIOIIENTARY SWITC

! If any of the Display Select push buttons have been pushed, go
! light the con-eet light (above/below the push button).

5 140 IF PBARRYC 0) GOTO 53G0! ALIGNMENT ERRORS
5 145 IF PBARRYC1) GOTO 5300 ! KOTOR POSITIONS
5 150 IF PBARRYC 2) GOTO 5300! CENTERING DATA CINT/ADC.
5 155 IF PBARRYC3) GOTO 5300! POINTING DATA (INT/ADC)
5 160 IF PBARRYC4) GOTO 5300! CENTERING OFFSETS ( INT/ADC)
5165 IF PBARRYC5) GOTO 5300! POINTING OFFSETS ( INT/ADC)

! If any of the momentary buttons have been pushed, set up the 
! pointer to read the correct data for the digital display; otherwise, 
! continue with calculating logical variables.

5180 IF PBARRYC 28) GOTO 5215!
5 185 IF PBARRYC29) GOTO 5215!
5 190 IF PBARRYCGO) GOTO 5215!
5 195 IF PBARRYC 31) GOTO 5215 !
5200 IF PBARRYC32) GOTO 5215 !

to

DETECTOR OFFSETS-N/A AT PRESENT 
INTEGRAIOR GATE WIDTH 
ERROR CODE 
TRIGGER DELAY 
A’lTENUATOR POSITION

5210 GOTO 6000

!
!
!

One of the momentary push buttons has been pushed; turn off 
the current display indicator, find out which momentary button has 
been pushed, set up the pointer to the correct data, road the data 
and exit.

5215 LET BITLITC TDC+8)=0!
5220 FOR Z=28 TO 32
5225 IF PBARRYCZ) LET MDC = Z, Z = 32! 
5230 NEXT Z

TURN OFF DISPLAY INDICATOR 

MDC IS THE MOMEN. BUTFON PUSHED

5240 RESTORE 8000+MDC-28! 
5250 FOR Z=4*(MDC<>28) TO 4! 
5260 READ DIGLITCZ)*
5270 NEXT Z!
5280 GOTO 9000!

SET POINTER TO DATA
\
"READ THE DATA
/
RESET DISPLAY INDICATOR LIGHT'S

5300 LET BITLITCTDC+8) = 0! TURN OFF DISPLAY INDICATOR
5310 FOR Z=0 TO 5
5320 IF PBARRYCZ) LET TDC = Z.BITLITCZ + 8) = !,Z = 5
5330 NEXT Z! SET POINTER TO DATA, SET PROPER INDICATOR LI



TURK ON NETWORK OR LOCAL LIGHTS

The following section calculates a number of logical variables 
used in the main control loop. Most variables are functions of push button 
values and the present value of the variable. Light values are mostly a 
function of push button and variable values. FNC3 is a logical function 
defined in line 717.

6000 LET RUN=FNC3( PBARRYt 12).PBARRYt13).RUN)
6050 LET BITLITt 34) = RUN, BITLITt 35) = *RUN!
6100 LET NET=FNC3tPBARRYt10).PBARRYt11).NET)

6150 LET BITLITt32) = NET. BITLITt33) = *NET!

6200 LET AUT0=FNC3tPBARRYt14).PBARRYt15).AUTO)
6250 LET BITLITt 36) = AUTO, BITLITt 37) = "AUTO!

6300 LET N0RM=FNC3tPBARRYt16).PBARRYt17).NORID 
6350 LET BITLITt3B) = NORM, BITLITt39) = "NORM*

6400 IF (AUT0=l)\\tRUN=0) GOTO 6420!
6410 GOTO 6500!
6420 FOR Z = 40 TO 49!
6440 LET BITLITtZ) = 0!
6450 NEXT Z!
6460 GOTO 8500!

6500 LET SLEW=FNC3<PBARRYt24).PBARRYt25).SLEW)
6520 LET BITLITt46) = SLEW, BITLITt 47) = "SLEW!

If one of 'ATN' modes has been selected, turn off the lights for 
’CENTERING/POINTING’, ’+/- VERTICAL/ELEVATION’, *+/- HORIZONTAL/AZIMUTH’.

6600 IF tJ=l)\\tJ=4)\\tJ=5) GOTO 6620
6610 GOTO 6700
6620 FOR Z = 40 TO 45
6630 LET BITLITtZ) = 0
6640 NEXT Z
6650 GOTO 6810

6700 LET CNT=FNC3tPBARRYt18).PBARRYt19),CNT)
6710 LET BITLITt 40) = CNT, BITLITt 41) = "CUT, PNT = "CNT! SET ’CENT/POINT* LIGHTS AND VARIABLES

TURN ON THE PROPER ’RUN’ LIGHT

TURN ON NETWORK OR LOCAL LIGHTS

TURN ON AUTO OR MANUAL LIGHT

TURN ON NORMAL OR TEST MODE LIGHT

IF AUTO OR STOP, TURN OFF MANUAL SECTION LIG 
OTHERWISE, CONTINUE WITH CALCULATIONS
\
“TURN OFF MANUAL LIGHTS
/
READ DISPLAY DATA AND EXIT

TURN ON SLEW OR STEP LIGHT



In the follov/ing, com«COM2, ATID C0?I3 are variables which indicate 
which of the motor control buttons in the manual control section have been 

! pushed. These refer to ’+/- KOKIZ/AZM’, ’+/- VEHT/ELV’, and ’OPEN/CLOSE’
! (ATTEN), HESPECTIVELY.

6750 LET C0m = PEAFJlY< 20)-PBARRYt 21)
6770 LET B1TLIT(42) = PBARRYt 20), BITIJITt43) = PBARRYt 21)
6790 LET OON2=PBARRYt22)-PBARRYt23)
6GOO LET BITLITt44) = PBARRYt22), BITLITt45) = PBARRYt23)

6310 LET COM3=PBARRYt26)-PBARRYt27)
6820 LEY' BITLITt 48) = PBARRYt 26) , BI TL ITt 49) = PBARRYt 27)
6320 IF t J= l)\\t J=4)S\t J=5) GO’iO 8600!

If any of the momentary buttons are be ins held, update the panel 
! a nd e x i t.

6330 IF FBABRY’t 28) WPBARRYt 29) WPBARRYt 30) WPRARRY t 31) NNPBARRYt 32) COTO 9000 

! Otherwise, read the digital display data, update panel, and exit.

6835 COTO 8500

!***************DATA FOR DIG!TAL I)ISPLAYS**^***:,•;**#***«!*******#******

"-------------------------------DATA FOR CONTINUOUS DISPLAY tTOGGLE SWITCHES)----------------

oo4^
7000 DATA VERTt J),HORZt J),ELVt J),AZMf J),INTt t IPt J) + ICt J))/ISO) !
7001 DATA MOTOR! MPLDEX) , MO TORt MPLDEX+ 1) , MOTOR' MPLnF.X+2) , MOTORt MPLDEX+3) , CPOS ITt 32) !
7002 DATA DATAt PNLDEX+4),DATAt PNLDEX+5) ,DATAt PNLDEX+6),DATA!PNLDEX+7),INTt ICt J)/80) !
7003 DATA DATAtPNLDEX),DATAt PNLDEX+1),DATAtPNLUEX+2),DATAtPNLDEX+3), INTt IPtJ)/80) 1
7004 DATA IN'TOFFtPNLDEX+4),INTOFEtPNLDEX+5),INTOFFtPNI.DEX+6),INTOFFtPNLDEX+7).TRIGtJ)
7005 DATA lNTOFFtPNLDEX),INTOFFtPNLDEX+1),INTOFFtPNLDEM+2),!NTOFFtPNLDEX+3),TRIGt J) I

,------------------------------ DATA FOR MOMENTARY DISPLAY tPUSU BUTTONS)-------------------------

8000 DATA VOFFt J),HOFFt J),ELOFFt J),AZOFFt J),50!
8001 DATA GATEtJ)1
8002 DATA ERROR!
8003 DATA DLYtJ)!
8004 DATA 100*(SINtCPOSITt32)*3.14/2700+.01))*tSINtCPOSITt32)*3.14/2700+.01))! 
8010 DATA 100*STARTT,BLANK,100*PREST,BLANK,ttPREST-STARTT)/STARTT)410«!
8015 DATA ERROR!

I--------------------------------------------------------------------------------------------------------------

! * *++* * ^+* * 'l1: * * * S’ S’ Y * T * * %?• Y # £ * * S'- ^ * T ** S': >:< S S: A ********** 4:

8500 RESTORE 70O0+TDC:LET BITLITtTDC+8)=1,PNLDEX=8*J,MPLDEX=PNLDEX/2! 
8520 FOR Z=0 TO 4 
8523 BEAD DIGLITt Z)
8525 NEXT Z!
8530 GOTO 9000i

IF ATN MODE CALCULATE TRANSMISSION

ALIGNMENT ERRORS, SIGNAL LEVEL 
MOTOR POS. SINCE DEGLR..ATTEN. POS. 
CENTERING DATA,CENTERING INTENSITY 
POINTING DATA, POINTING INTENSITY 
!INT. OFFSETS tCENTERING),TRIG SELECTED 

INTEGRATOR OFFSETS, TRIGGER SELECTED

OFFSETS FOR ABSOLUTE POSITION,NOMINAL INTENS
INTEGRATOR SAMPLE WIDTH
ERROR CODE
TRIGGER DELAY
ATTENUATOR POSITION
START TRANSMISSION,PRESENT TRANS.,X CHANGE 
ERROR CODE

POINT TO DATA SELECTED FOR DISPLAY

READ THE CHOSEN DATA 
RESET TRIG LIGHT,ERROR CODE; 
SET OP LIGHT AND EXIT



CALCULATE THE STARTING AND PRESENT TRANSMISSION FOP* ATN MODES

8600 LET STRPLS = FNC5(WOFF(0),SETC<33)), PTRTLS = FNCo(NOFFC0),CPOSIT(33))I
8601 LET STROVE = FRC5(UOEF(1),SETCC34)), PTRDYE = FNC5CU0FF(I),CPOSITC34))I
8602 LET STRCW = FNC5(WOFFC3),SETGC36)), PTRCW = FNC5CWOFFC3),CPOSITC36))!
8603 LET STRSWP = FKC5C WOFFC 2) , SETGC 35) ) , P'iTwJi.T = FNC5C WOFFC 2) , CPOSITC 35) ) !

START AND 
START AND 
START AND 
START AND

PRESENT TRANS 
PRESENT TRANS 
PRESENT TRANS 
PRESENT TRANS

(PLS)
C DYE)
CCW)
CSTEERING WP)

8605 IF CJ=1) LET STARTT 
bo06 IF (J=4) LET STARTT 
8607 IF C J=5) LET STARTT

STRCW, PPiEST = PTRCW 
STRPLS, PREST = PTRPLS 
STROVE, PREST = PTPJJYE

8609 RESTORE 8010! POINT TO ATN MODE DATA

8610 FOR Z = 0 TO 4
bo 15 READ DlGLIT(Z): NEXT Z! READ ATN MODE DATA

8620 IF PBARRYC 30) READ DIGLITC4)! READ AATTENUATOR POS. IF REQUESTED

! RESET TRIGGER LIGHT, EPJIOP. CODE; SET OPERATING LIGHT; THEN EXIT

9000 LET BITLITC0)=0,ERRORS0,EITLITC6) = 1 
9303 CALL LPAHELCBITLIT,K3,0,DIGLIT,NG,0,0)
9010 REl'URN RTN

The following; subrontine decodes a command sent from the control room 
to the OAS LSI-11. Coaiiarids such as changiuK the oscillator under control, 
RUNnlnm the system (same qs pushing RUN on the control panel), or setting any 
of the system attenuator positions are considered. In some cases, a flag 
(ELCID - the ’Command ID’ (hch-lieli)) is used so that the operation may be 
in11ia ted* from the main control loop rather than from the front panel service 
routine, thus preserving the control program philosophy. (2/16/79)

t

10000 GOTO Cl 1903 + 100 * PBARRYC33))! PROCESS COMMAND

i

12000 LET BITLITCJ + 14) = 0! 
12002 LET J = PBARRYC34)! 
12005 LET PBARRYC13) = 1! 
I20C7 IF (DEBUG1) ENTER 
12oiO RETURN

TURN OFF SELECT LIGHT
HEW OSCILLATOR SELECTED
STOP SYSTEM-DOUBLE CHECKS C.R.



12100 IF (JO-l) LET ERROR. = 2200 : IlETURK!

12102 IF <#PBARRY<9)\\*PBAIIRY(15)) LET ERROR = 2200 : RETURN!
»

12103 IF #KUN LET ERROR = 220? : RETURN!
12105 LET SETG(33) = CMDTBLCIE)!
121«7 LET GANDEX = 33, AUTO = G!
12110 LET ELCID = 2!
12112 IF (DEBUG1) ENTER 
12115 RETURN

132O0 IF (JOS) LET ERROR = 2210 : RETURN!

12202 IF (#P3ARRY(9) Vv*Pl)ARRY( 15)) LET ERROR = 2215 : RETURN!i
12203 IF #RUN LET ERROR = 2217 : RETURN!
12205 LET SETG( 31) = Cri3TEL( IS) !
12307 LET GANDEX = 34, AUTO = 0!
12210 LET ELCID = 3!
12212 IF (DEBUG1) ENTER 
12215 RETURN

123O0 IF (JOl) LET ERROR = 2220 : RETURN!

12302 IF (*PBARRY(9)VvifPBARRY( 15)) LET ERROR = 2225 : RETURN!

12303 IF #RUN LET ERROR = 2227 : RETURN!
12305 LET SETG(36) = CMD'n)L( 18) !
12307 LET GANDEX = 30, AUTO = 0!
12310 LET ELCID = 4!
12312 IF (DEBUG1) ENTER 
12315 RETURN

12400 ^OR Z = 0 TO 7
12403 IF PBARRY( 10 + Z) COTO 12410!
12405 NEXT Z
12407 LET ERROR = 2230 : RETURN!

12410 IF (DEBUG1) ENTER 
12415 RETURN

*

4

TRIED TO COMMAND PLS ATN 
W/O SELECTING THAT MODE 
TRIED TO COMMAND PLS AIN BUT 
G.R. SENT INCORRECT PBARRY 
MUST BE IN RUN STATE 
WORD CONTAINING CALCULATED DIST. 
SET MOTOR INDEX AND MANUAL MODE 
COMMAND ID FOR USE IN MAIN LOOP

TRIED TO COMMAND DYE ATN 
W/O SELECTING THAT MODE 
TRIED TO COMMAND DYE ATN BUT 
C.R. SENT INCORRECT PBARRY 
MUST BE IN RUN STATE 
WORD CONTAINING CALCULATED DIST. 
SET MOTOR INDEX AND MANUAL MODE 
COMMAND ID FOR USE IN MAIN LOOP

TRIED TO COMMAND CW ATN 
W/O SELECTING THAT MODE 
TRIED TO COMMAND CW ATN BUT 
C.R. SENT INCORRECT PBARRY 
MUST BE IN RUN STATE 
WORD CONTAINING CALCULATED DIST. 
SET MOTOR INDEX AND MANUAL MODE 
COMMAND ID FOR USE IN MAIN LOOP

CHECK AT LEAST 1 PB IS ON

I10DCTL FROM CR BUT WRONG PBARRY



t

12500 IF (^PBATJIYC 15) SSAUTO) LF.T itrroR = 2235 RETURN I MUST BE IN OR CHANGING TO MANUAL MODE

125 10 
12550

IF (DEBUG1) ENTER 
RETURN

12000 IF ( *'PBAKRY( 8) 88'*'PBARRYt 9)) WAUTO LET ERROR = 2240 RETURN'

12605
12620

IF (DEBUG1) ENTER 
RETURN

CHECK FOR MANUAL AND CORRECT PB'S

12700 IF (*PBARRY( 15)SSAUTO) LET ERROR = 2245: RETURN 
12703 IF *RUN LET ERROR = 2247 : RETURN!

12705 LET SETGC32) = CMDTELCIS) !
12707 LET AUTO = 0, ELCID = 5!

12710 IF (DEBUG1) ENTER

12730 RETURN

MUST BE IN RUN AND MANUAL

WORD CONTAINING CALC. DIST 
COMMAND ID FOR USE IN MAIN LOOP

oo
1**%*************X#**#***!t*#**X;###*:$1:#*X:»X**1;$**XX#**$*******%*****X#*X$#***#*#*
! Subroutine to process control roon coimaands: called from main loop
1 this subroutine carrles out commands sent from the control room by Inter—
i preting the command ID (ElyCID).

15000 IF ((ELCID >= 2) 88 (ELCID <= 4)) COSUB 1800!

15010 IF ELCID = 5 GOSUB 2509!
15999 RETURN

ATN MODES (’GO TO POSITION’) 

SET SENSOR ATTENUATOR FROM CR

EOT



oooo

* OAS SYSTEM CONTROL ROOM COMMUNICATION ACTIVITY
t Calculate the oscillator alltrnment mode selected.

t
!
!
t

!
!
!
t

T
!
!
I
!
!j
!
1
!
!f
»
1
!
?
i
!
1
!
1
!
1
!
?
!
!
1
I
!
J
1
t
!
!
!
!
!
f
!
1
!
!
!
t

!
!
i

This program runs concurrently with the Oscillator Alignment System 
(OAS) control loop program in the OAS *A' processor LSI-11, and 
provides communications to the control room PDF—ll/Od' for both 
status and command type messages.

A separate program (ie. USER) is employed for this operation for the 
following reasons:

1. Tills program can be run on the control room ’A’ processor 
in a test version without the normal OAS control loop
to check out the PDP-11/34 software, without disturbing the 
operating OAS system.

2. Insures flexibility to change ’packed’ contents of the 
communication arrays to suit the PDF-ll/Sd" software 
without modifying the main control programs.

3. Nearly asynchronous operations for status requests.

4. Double buffering of commands is provided. Processor 
will continue to respond to status requests from the 
control room even though a command previously sent has 
not been completely processed by the control loop.

5 Capability of providing combined ’command-status' 
requests In one message.

6 Flexibility to do (future) unrequested updates of status 
changes to the control room via ’master-master’ mode of 
Shivane t.

To interlock the operations of this program and the OAfci control loop, 
the following additions will be made to the OAS control loop program 
(see block diagram):

1. At a reasonable point where remote commands can be 
processed, the variable "CMDFLC” (which is set by the 
control room communication program when a request is ready) 
will be tes ted.
a) If zero, no further action is required.
b) IF not zero, the value is taken as a type of 

request code. The parameters defined for that 
particular type of request are then transfered 
into the proper control system parameters from 
the command table "CMDTBL".
The CMDFLG is then set to zero, and a 
RESUME WITH CMD is issued to resume the commun
ication program.

2. If there are places within the control loop where context 
switching to the coiuumu tea t ion activity might cause the 
picking up of erroneous status information, those sections 
of code should be interlock with a LOCK STAT and UNLOCK STAT 
pair. This interlock interval should be minimized to allow 
as rapid average 11/34 access as possible.

4



1
!
! The command and response messages processed by this program are formatted 
! according to the definitions in the Parameter Description File (0A3.PDE).
t
!
!
CMD USE 4-DXO,5=DX0 
OLD/CN
CMD USE 2=KB0

10 RESUME "OAS"

11 ACTIVITY CNTLRM
!
! Set up common, equates, and Initial conditions

Oo\o

20 COSUB 9000

i******************* PDP-11 COMMUWICATION LOOP ********************** 
1 
»
! Send response, post read, and wait for ne?tt request message
j

300 CALL SLINK (UNIT, NUHS, NUMR, SARRAY, RARRAY, LKSTAT, WAITFG) 
330 SUSPEND UNLESS WAI'ITC

!
! A message lias been recieved from the control room, determine type 
!

400 FOR Z = 0 TO 1
402 LET SARRAY(Z) = RARRAYC Z+2)
405 LET SARRAY( Z+2) = RAPJIAY(Z)
407 NEXT Z

410 LET TYPE=RARRAYC 4)
415 LET SARRAYC 4) = RARRAYt 4)1
416 LET SARRAYC 5) = 077!
417 IF (DEBUG2) ENTER 
426 IF (TYPE-1) GOTO 2000

ECHO RESPONSE REQUEST
PAD SEND ARRAY FOR UNPACKING LATER

PROCESS A STATUS REQUEST

10O0 IF TYPE = 1 LET OASTATC13) = 1 
1010 LET TYPE=ABS (TYPE)

;
! Check for valid type code, return null response if not valid 
t

1026 IF ( (TYPE>MAXSTY)\\(TYPE=0)) LET NUMS=1, SARRAYC4)=0 : GOTO 1095
»
t
! Temporary lock out access by control loop program to status variables 
! and go to subroutine to process this type 
!

1070 GOSUB (1010 + TYPE * 100)

1095 COTO 300



!
! Subroutine to process TYPE -1 status request

t

! Pass back status varia 
1100 1
1110 LET NBTC=14 
1122 GALL AP.GOPY (HBTC, 
i i^ii LtT NB iC=82 
l 127 CALI. ARCOPY ( NBTC, 
1130 LET NBTC=16 
11GG CALL ARCOPY (KBTC, 
liaa CALL. AKCUPY (MBTC, 
1 107 CALL ARCOPY (NBTC, 
it/''* CALL .ARCOPY (NETC, 
1113 LET RETC-G 
1145 CALL ARCOPY (NBTC. 
1147 LET NBTCM6 
1150 CALL ARCOPY( NBTC, 
1133 CALL ARCOPY( KETC, 
1157 LET NUtS = 204!

les, motor positions, an<l

OiiSTAT, SARRAY(6)>

CPOSIT, PARRAY( 20))

AZI'i, SARRAY( 102) )
ELV, SARRAY(118))
RORY, EA.RD \Y( 134) )
VEI’.t!EAJELAYI .30 )

B1TL1T(34), SARRAY! 166))!

IP SARRAY( 172))
IC, SAliAAY! luO )

a 1Icnment errors.

O

t!<5« LET OASTAT( 13) = 0
YIP'.'' T>|SprrsTTTn,TT
A A V V Allj 1 OIU.1«

! Subroutine to process TYPE -2 status request
t

1200 !
1210 LET NBTC=82
1215 CALL ARCOPY (NBTC, CPOSIT, SARRAY(C)) 
1250 LET Nlii'iS = 88!
1200 RETURN

PATI,STOP,AUTO,MANUAL,NORMAL,TEST LIGHTS

NUMBER OF BYTES TO SEND BACK

NUMBER OF BATES TO SEND BACK



»
! Subroutine to process TYPE -3 status request:

tgpn *
131C LET KETG=74
ia2w CALL AHCOPY (RBTC,MOTOR,SAHRAYt 6)) 
i33o LET i>uii-t — SO : 

nniuHn

! Subroutine to process TYPE —4 Status request

i s CA ?
l^i'iC LET LETC- 12S
1430 CALL ARCOPY ( NBTC, TTTTQFF, SARHAYf 6) )
1430 LET KOrS = 134! 
i 4 j Kr RETCRU

1
i Subroutine to process TYPE —5 status request

1500 !
1510 LET t?BTC=51
1C2C CALL ARCOPY (KBTC,BITLIT,SAKRATt6)) 
1530 LET NUMS = 571 
1500 RETURN

! Subroutine to process TYPE —6 status request 
>

1600 !
1C 1C LET KBTC=16
i6ia CALL ARCOPY( NBTC,AZN,SARRAYi 6))
1620 CALL ARCOPYC NBTC,ELV,SARRAY( 22))
!635 CALL ARCOPYi NBTC, HORZ,S.AErAy( 30) )
1630 CALL ARCOPYCUBTC,VERT,SAPAiAYt54))
1650 LET NUMS = 70!
1690 RETURN

NUMBER OF BYTES TO SEND BACK

NUMBER OF BYTES TO SEND BACK

NUMBER OF BYIES TO SEND BACK

NUMBER OF BYTES TO SEND BACK



t PROCESS A COnriATTD REQUEST-

! Check for valid command type 
!
?0O0 IF TYPE > MAXCTY LET WUI1S=5, SARRAYC 4) =077 : GOIX) 2090

j
I Hake sure previous command has been processed. If not, suspend myself 
! until it has been.
f

2030 IF CMDFLC = 0 COTO 2000 
2010 SUSPEND UNLESS CMD 
2050 GOTO 2030

! Call subroutine to unpack command for each particular type
i
20t>0 GOSUB (2010 + TYPE * 100)

!
1 Set command flag for control loop so he will get it when he cani
2070 LET CKDFLG=TY?E 
2090 LET NUMS= 5 
2092 LET SARRAY(4)=TYPE 
2099 COTO 300

Command request TYPE 1 is initialization — send back status TYPE -1

! Subroutine to process command request TYPE 2 
!
2200 1
3210 LET NUNP=40
2220 CALL ARCOPY (NUNP,RARRAYC5),CfIDTBL)
2222 LET CMDFLG = 1 
2225 IF (DEBUG2) ENTER 
2290 RETURN



DECLARATIONS

All type and array declarations, equates, and initial 
set up in this subroutine which is call once on initin 
execution. This subroutine then deletes itself to sav 
LS I - 1 1 .
This subroutine assumes that another program has been 

a) Established the common block via a core
placed the address of the common block i 

hi Initialized the necessary !■*'!IVANET links
to ILINK.

II1IT.IC1T INTEGER A-Z 
! DEE III IT ION OF CO MUG I,

GUO INTEGER C : LET 0=0046 
ii;‘ji ;:oii j = a(C)

't 1 .'SR INTEGER AZM( 7) e( C+2)
G 1 ,'S4 INTEGER ELV( 7)6(C+18)
<> 1 J5.-» 1 NTEGER HORZC 7) @( C+34)
G186 INTEGER VERT1 7)G(C+50)
GI87 INTEGER DLY(7)G(C+66)
GIG!) I NTEGER HT0L( 7) ©< C+82)
G1G2 INTEGER CT0L( 7)G(C+98)
G1GO INTEGER PRANCE! 7)@( C+114)
GIG4 INTEGER GRANGE!7)0! C+130)
0 1G5 INTEGER NOTOR!36)0! C+146)
GIG6 EOU ERR0R=@!C+220)
GIGG INTEGER INTOFF!63)0!C+222)
G200 INTEGER CPOSIT!40)0!C+3o0)
G202 INTEGER IP!7)0!C+432)
9204 INTEGER IG!7)0!C+448)
0205 BYTE PBARRYf 39)0! C+464)
9215 EOU CMD=0( C+504)
9220 INTEGER CMDTBL! 19)0! C+506)

9225 EQU CPIDFLC=0! C+546)
9226 BYTE OASTAT!13)0!C+548)
9227 BYTE BITLIT! 49)0! C+562)
9228 EQU WAITFC=0!C+612)

t
;----------------end OF COtmON BLOCK------------ f--------------
t
9320 BYI’E TYPE, S/VRRAY! 256) , RARRAY! 100)

conditions ai*e 
1 program 
e space in tiie

run and has: 
request, and 
n location 046 
via a call



! Initial 
!
9500 ! 
9514 LET 
9520 LET 
9530 LET 
9540 LET

1
! Initial 
1

cond1tIons!

UNlT=2 1 UNIT NO. FOR CONTROL ROOM LINK 
MAXSTY=10 ! MAX NO. OF STATUS REQUEST TYPES 
MAXCTY=6 1 MAX NO. OF COMMAND REQUEST TYPES 
CMDFLG=0,DEBUG2= 0

message

9600 t
9610 PRINT ■CNTLRM HAS BEEN LOADED’

t
I Initialize the control room link as a slave, and set up to post 
! a read with no write 
1
9800 !
9810 CALL ISLAV (UNIT)
9820 LET NUMS=0

I
! Delete all declarations, equates, and Initial condition statements 
! to save room 
1
9900 !
9910 DELETE 9000-9900 
9920 RETURN 

vo RUN -L



APPENDIX C. Photographs of System Components

FIG. C-l. OAS sensor.
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FIG. C-2. Integrator/ADC module.
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OAS control panel and LSI

97
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