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A LASER TEST SET FOR THE LOW-POWER ATMOSPHERIC
COMPENSATION EXPERIMENT SATELIUTE

1. INTRODUCTION

The spatial profile of a light beam altered by transmission through atmospheric turbulence can be
restored by compensation. Atmospheric compensation techniques rely on knowledge of the altered beam
intensity profile. The Low-Power Atmospheric Compensation Experiment (LACE) satellite was
developed for proof-of-concept tests for atmospheric compensation of ground-based lasers. The objective
of LACE is to measure, in real time, the absolute intensity and spatial distribution of low-energy,
atmospherically nondamaging ultraviolet, visible, and infrared radiation transmitted from ground sites to
the satellite. An array of 335 sensors is on the face of the satellite that is used to measure the intensity
profile of the laser radiation incident on the satellite in orbit. This array comprises 85 sensor pairs for
pulsed ultraviolet-visible near-infrared signals, 85 sensors for acousto optically modulated visible near-
infrared signals, and 40 sensor pairs for mechanically chopped infrared signals. Figure I schematically
vlows the sensor array.

Prior to launch, two functional tests were required for sensor and electronics performance
verification: sensor Integration in a model spacecraft (integration test) and operational evaluation In the
completed spacecrft under vacuum and thermal cycling (vacuum test). Because of the large number of
sensors and the short satellite operating times imposed by cooling requirements, it was Imperative that
irradiation of each sensor occur rapidly and automatically. To conduct these tests, a laser test set (LATS)
was developed. The principal function of the test system was to irradiate the sensor array subsystem
(SAS) with laser radiation replicating that to be employed in the LACE experiments. This provided
information to the LACE ground computer on laser power levels at the individual sensors to verify
wavelength response and dynamic range of the SAS. LATS was not designed to quantitatively calibrate
sensor parameters but to qualitatively verify sensor performance. Both individual sens•or tes.ts (small
cross-section beams scanned over the face of the satellite) and multisenor flood tests of the entire satellite
face were required for validation. Repeated irradiation of each individual sensor required a precise and
reproducible pointing scheme. Flood tests of the entire sensor array required a removable lenVimirro
combination to produce an expasled beam. The LATS was used in the integration test, and then it was
modified for use in the vacuum tests.

2. LATS

Figure 2 is a schematic drawing of the LATS configuration. The elements of LATS included a set
of lasers, a transfer mirror, a goniometer-mounted steering mirror and stepping-motor controller, a power
meter, a computer, and a network of bidirectional data buses. The laser beam was expanded and
collimated to a 2-in. diameter to provide a uniform beam profile. To provide an intensity reference, a
beamplitter reflected a portion of the light onto a power meter. The computer recorded the reference
power by using an analog-to-digital (A/D) convener. The transmitted portion of the laser beam was
reflected from a transfer mirror (TM) located in front of the plane of the seasor pane) onto the
goniometer-mounted steering mirror (SM). The computer then aimed the steering mirror to direct the
laser beam onto the specified target sensor.

WWaJ ApWoved Scmb• r , 1991.
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Generation of the required radiation was accomplished with five lasers: 25 Hz excimer and 10 Hz
Nd:YAG lasers were the pulsed-radiation sources; 25 kHz acousto-optically modulated argon ion,
1440 Hz mechanically chopped helium neon (HeNe), and 1440 Hz mechanically chopped deuterium
fluoride (DF) lasers were the continuous-wave sources. The LACE test plan [I] describes the radiation
specifications and Tables 1 and 2 summarize them.

Table 1 - Laser Characteristics

Laser Wavelength Beam Diameter Maximum PRF Pulse Length
(pm) (mm) Power (Hz) (ns)

Excimer 0.308 22 90 ml 25 19

Ar+ 0.5145 3 250 mW 25k -

Nd:YAG 0,355 8 250 mJ 10 10

Nd:YAG 1.064 8 11 10 10

DF 3.6-4.2 5 1 W 1440

HeNe 3.39 5 5 mW 1440

Table 2 - LATS Integration Requirements

Power Density (W/cm 2)Laser Wavelength (pin)
Maximum Minimum

Excimer 0.308 104 102

DF 3.6-4.2 10-4 5 x 10-6

Ar+ 05145 10O4 10-6

Nd:YAG 0.355 10' 102

Nd:YAG 1.064 10' 10'

The goniometer was a Klinger BG 120 YZ rotary cradle mounted on an RT 120 XZ rotary stage with
a Klingat CC-I programmable indexer and a step resolution of 0.01 ". Both the stage and cradle had an
inctreental encoder for precise closed-loop positioning nd speed control. These two rotary stages are
combined to produce independently controlled modion in azimuth and elevation. The goniometer mirror
was in a two-axis gimble mount positioned with the mirror center at the intersection of the goniometric
axes. Two independent stepper-motor channels controlled the motion of the two orthogonal axes and
allowed for manual as well as programmed positioning. The stepper-motor controller is able to establish
a home reference position, make absolute movemenls relative to that position, or move incrementally
relative to a given position.

For LATS, timing control was provided by an electronic circuit rather than the specified LACE
trigger laser. Sync-out pulses from the pulsed lasers and motor-driven choppers provided reference
signals to trigger sensor panel data collection. The timing circuit could function at any of the necessary
detection frequencies. No timing circuit was necessary for the acoust ically chopped laser because
of the shooP modulation times; a data pulse was always present in the detecton window.
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The LATS computer was an IBM PC-AT interfaced with two IEEE488 buses. IBM general purpose
interface bus (GPIB) adapters were installed in the PC for each required interface. Through the GPIB,
the computer communicated with the goniometer controller, the A/D converter, and the LACE microvax
sensor array subsystem test unit (SASTU) as Fig. 3 schematically shows. Two independent
communication buses were used in the PC to avoid conflicts in the working environments and to reduce
processing time. The first bus served as a data link between the LATS PC and the SASTU. The second
bus linked the PC to the stepping-motor controller and the Hewlett-Packard 59313A A/D converter. The
SASTU served as system controller-in-charge (CIC) on the first bus. The IBM PC-AT LATS computer
was controller on the second bus and operated the two independent axes of the goniometer and the A/D
converter as three independent devices. Table 3 summarizes the contents of the configuration files
(IBCONF) for the devices used with the GPIB bus. Reference 2 provides a description of GPIB control
Appendix A lists the required subroutine sequence, for goniometer movement, data acquisition, and data
transfer.

SI--

- ___ ___________

,., - "1 ~~CONTROL -- ' '

, ~GONiIGUTER (WM)

V

• • .. LASERF REERNCE P0OWER ME•TER ill_ _ , .. . .... RADIATION

Fig. 3 -Shml dmwi of tATS symm I Ttu a bu is owo in bold,

Table 3 -- GPIB Configuration Parameters for LATS

Device Address, Time Out EOS* Byte CIC EOlt Acces

GPIBO 00" 3 01H YES YES

GPIBI OIN none OAH NO YES

XAXIS 06H 3 01H YES GPIBO

YAXIS 07H 3 01H YES GPIBO

ADC 08H 10 01H YES GPIB0

MVAX 3 OAH YES GPIBI

*E. of $uIui
tSend E0i (end of data mg&s, e) with EOS

iS
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Programmed control consisted of an ASCII-coded set of high-level instruction commands written to
the goniometer controller from the LATS computer over the interface bus. These ASCII strings
controlled goniometer device velocity, acceleration, displacement, directionality, scanning interval, and
read/write information to the devices. The CC-I stepper-motor controller manual gives a full description
of the programmed and manual operation of the stepper-motor controller.

3. POINTING

Initially, it was thought that accurate pointing could be achieved by evaluating the simple planar
trigonometric relations governing a point source incident on a flat target. The computation of the tangent
of the enclosed angle, the ratio of the vertical and horizontal distances of the sensor from the origin, and
the distance from the steering mirror to the target panel yielded azimuth and elevation angles
corresponding to the pointing vector for a given sensor location. A scaled-down laboratory demonstration
ravealed the large inaccuracies of this simple approach.

The task of pointing a beam steered by an azimuth-elevation device onto a planar surface at a close
distance is to map a spherical surface onto an intersecting plane. Since the sensors on the test panel were
arranged in a flat plane indexed by Cartesian coordinates and the motion of the incident light swept out
spherical contours, a tangential geometric distortion was introduced, and it was necessary for an
appropriate mapping to be derived.

Figure 4 shows the laboratory coordinate system used to characterize the mapping of a spherical
surface onto a planar surface. The origin is at the center of the steering mirror, coincident with the
goniometer origin; angles are measured in the right-handed sense and the z-direction toward the target
is negative.

4

*y //X.;"+

+,Z

Fig. 4 - Labofiumy cou idAw sy,% L ,u1 r LATS

For notation puroe. the generalized vector is defined in team of the unit vector v as
7- V V12 a (÷V ".' V (v. 5 Cv,) (1)

where (v., , 1 ,z)T is the notation for the transpose of the column veco for matrix manipuLadios. The
magnitude of the vector v is given by

v M (V* v 2 (3)

6
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In general, as Fig. 5 shows, a reflection of a mirror is described with three vectors. -;is the vector from
the -steering mirror to the source, 7 is the vector from the steering mirror to the target, and, '; is the
mirror normal vector that is the coplanar bisector of the angle formed by ;and - shown in Fig. 5.

Unit vector toward target

r Target

Deried unt normal

7 F Source
LUit vector toward source

Fig. 5 - Scherflk reprsenataion of the
vtdom for LATS pizaLing goraihn

Two steps are required to determine the transformation to map from the goniometric system to a
planar surface. The first step is to find where the mirror normal A should be located to reflect light off
the goniometer mirror from the source at 9 to a target at t, and the secod sep is to find the angles (4,
6) that will poaitiot the goniometer steering mirror normal at this A .

The accuracy of the pointing algorithms depends on the accuracy with which the experiment
components are locaed and oriented in the laboratory system. For the goniometa', this is Implicit and
fixed. By design its coordinates define the laboratory system, and other LATS componewt must by
calibrated with respect to it.

Ideally, the target face is perfectly flat, is perpendicular to the laboratory negative z-axis, and tao
x- and y-axes parallel to the laboratory axes defined by the goniometer. The target face flatness is least
amenable to calibration. In the LATS, the target face Is the sensor panel of a precisMy machitm satellite
that is large and massive but not under unreasonable strain. The width of the beam relalve to the sin
of the irradWed sensor area made target flatms a nqgigible c•rrection.

Perpendicularity of the target (ace and the negative laboratory z-axis is achieved to adequate accuracy
through mechanical placement of the two system,. This also nures collinearity of the target ad
goniometer origins. However, it is also a simple matter to redefine the target face coorditwe system to
lie on the laboratory z-axis. Thea the "*w target seasor positioans are compued firm- the new target
Origin offset.

Finally, the target face x- and y-axes must be parallel to the lboratory axes and rot rotated by angle
a about the z axis. Two approaches are used to correct this error: position the target and the gonlorwer
so that the axes are parallel, or measure and correct for a relative displacemen: by rowing the desired
target face (xi, yr coordinates through -a into the labotr frame coordinates (xL, yd and poting
the beam at io yt) ad of (xv y7) for each sensor:

(2 ~ofZJ (4)1 i:° -c'C -snI11Y~~ -
Either approach requires calilmiAng the source steering mirror as discussed in the LATS calibration
sectim below.

7
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To measure the rotational misalignment, direct the goniometer to a convenient (x, y) position in the
laboratory frame. (0, 0) is suggested to simplify the expressions. Rearranging the expression in Eq. (4)
yields the following expressions for a. At x = 0,

sina ()= -
y

where y is the measured target frame coordinate, and at y = 0,

sina Yr (6)

Similarly, x is measured in the target frame coordinate system. The beam is pointed toward large
excursions along the x- and y-axes, and deviations xr and YT from the targets are mleasured and used to
compute a. If a nonzero a is determined, target frame coordinates are transformed to the laboratory-
parallel target frame by using Eq. (4).

Determination of the Mirror Norual

The desired normal orientation of the mirror normal vector, in teams of components along the
laboratory axes, is given as the coolanar bisector of P and .,

A• - !'' _* - 1 1 (e.- ,s., ,- r , ; - ,t' r . , • •, (7)
2nnt"

where

it (i -• *:, • ed', (B)

B-cause the source beam is reflected one or more times before impinging on the .teerting mirror at the
goniometer origin the light source s is located in the laboratory frame ai the center of the TM as Fig.
2 indicates. The vector r is defined similarly as the sensor target position in the laboratory frame, with
the origin of the vector r at the center of the steering mirror and the target at the center of the sensor,
By meauring the source and target vectors, the terms s, 1, r, and P are esily computed from Eqs. (2)
and (3), and the mirror nornal is then determined from Eqs. (1) and (8).

This approach accounts for arbitruy misalignments in almost all angles and positions with the
"exception of two: the steering mirror must be at the origin of the goniometer so that the vertex of the
reflection is at the center of rotation, and the transfer mirror i6 presumed to reflect the light beam directly
onto the origin. Arbitrary misalignments are accommodated as long as the angles required to reflect the
laswr beam from the sensor array origin to the source can be measured aomrately.

Deermutwoa of the Angles to Position the Mirror Normal

Finally, the angles (0, 6) that will position A for the chosen target must be determind. These angles
will be dependent on where the minor normal is when (4, 6) = (0, 0). This is defined as the initial
oritntation mirror nornm. 4k The goniometer angles (4h0, b•) are the angles that reflect the laser beam
from the origin directly back to the source s on the transfer mirot. Again, 40 and (0o. 8b) are measured
in the laboratory frame.

8
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The standard matrix representation of a rotation of a unit vector 0 through 6 about x is

R(6)0 = 0 cosb -sin6 VYI YC -s6 -.Sin (9)
10sinb cosb LI 1V 1Psin6 + VZcos6

Similarly, for a rotation through 0 about y,

Cs00 sin'o 0, (V'Wos +V coso
A(m)p= o 1 0 Jj (10)

ý-sino 0 COS40 0 (-V0sino V'ZCos 0

Note that the elevation rotation leaves x unchanged, and the azimuthal rotation leaves y unchanged, as
these are the corresponding orthogonal rotation axes. The combined rotation is given by the product
matrix,

Icos'0 sinosin sinocos6O r'

-40cos-si0 cosAcos6 If 0 JS

A'-(0. 6) - A T(0. 6) for thiss orthogoal matrix, thus simplifying the mrix transform oas required
to Compute the mirrt normal.

Olt~ lo osiaosina + Q~slnocosa

To determine what angecs are required to direct the source beam onto the target, the rotaion that
carries the initial mirror normal o (- 4, . k4 )r ito the desired mirnor normal - (4,. A .)
is determined from Eq. (12):

4, -0 •coso * •intswos * ksinOcoA (13)

AY &Cosf - 0:sw(14)

4A. - - A,,s , • + cososkib + Acosocos6. (15)

The trigonometric functions in 0 and 6 given in Eqs. (13) and (15) complicate rearrangemenI into closed
expressions for the angles themselves; some trigonometric substitutiko and the Pythagora relation are
required for solution; the details are described in Appendix B.

9



WELCH, LIGHT, TRUSTY, AND COSDEN

Cos-, [sy ] cos-[1 (16)

,=~-1[ -os 1  (fioysin 6+?locos 6)](7COS Co (17),,2

When the goniometer is positioned at (0, 6), light from the transfer mirror, positioned at (si,, sy, s.) and
incident on a mirror at the goniometer origin at orientation (n%, nhy, noz) when (0, 6) = (0, 0), is
reflected to the target position (ri, ry, rz).

The mirror normal vector required to direct the source onto the target is easily computed from the
values of the source and target normal vectors

ix +y1 X (18)
2

and normalizing the resultant vector.

LATS Calibration

It is important to precisely determine steering mirror position and to accommodate imperfect
S goniometer mirror mounting. The following procedure does not depend on the presumption of target
flatness nor on the determination and elimination of the rotational alignment error a that are both zero
at the origin. It is an iterative computation dependent on the two sets of goniometer angles (0, 6) that
reflect the source beam onto the target origin and the steering mirror in the laboratory frame.

The steering mirror is placed in the -z hemisphere, as close angularly to the target origin as possible
vwithout eclipsing a sensor. Since the goniometer mrror is to reflect the beam at twice the normal angle
of incidence, there is an angular precision bias between targets on the source mirror side of the target
origin and targets on the opposite side of the target origin. Angular inaccuracy and imprecision are
doubled by the reflection and are proportional to the source-goniometer/target-angle magnitude.
Therefore, all angles are minimized by keeping the steering mirror angularly close to the target origin.

the tteering mirror cannot be located angularly coincident with the target origin, the alternatives arm
to locate it in the xz-plane eliminating y bias, or in the yz-plane eliminating x bias. Because of the
nontriticai accuracy requirements of the present experiment, the steering mirror was placed approximately
_8 from the target origin.

Two simple measurements on the LATS are sufficient to permit an iterative computation of the
mirror normal that reflects a source beam onto the target origig at (0, 0, -z). These two measurements
are tie goniomet.r angles required to reflect the source beam onto the target origin, and the angles
required to reflect the souice beam back onto itself. Despitt 4iaccuracies in initial estimates of both the
source positien and the at-rest goniometer mirror normal 40, the prescribed measurements contain
sufficient information about the angle to converge numerical;y to a self-consistent and correct value of
both position vectors simultaneously.

1o
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It is convenient but not important that (0, 6) be nearly zero. The goniometr umed in the LATS
supported a logical definition of (4, 5) = (0, 0) that was used. This constitutes tb- initial orientation of
the goniometer mirror normal. The estimated position of the source (x, y, z) i% measured in the
laboratory frame. The vector is normalized and the result designated S. where the subscript denotes an
initial approximation to the true source normal. It is precisely because of the difficulty of measuring both
of these critical parameters accurately that the method described is used.

The first iterative correction to the initial mirror normal vector pointing at the sensor array origin,
r = (0, 0, -1), is given as

A040 = (2 - 290.) (so, - 0, soy - 0, soz - 1) (2 - 29z) (s, soy, so, - 1) (19)

from Eq. (7), with h0 the rotation given by Eq. (12) that reflects the source beam onto the origin. This

new 40 is used in Eqs. (13) and (15) to determine a new to from the measured angles (0o, 5o) required
to reflect the initial mirror normal onto the source. These values, in turn, are used to iteratively
determine a new initial mirror normal in Eq. (19) until the solution converges.

Because of the angle-doubling effect of beam reflection, .n error in the mirror normal causes twice
the error in the reflected beam. Conversely, an error in the reflected beam's measurement corresponds
to half the error in the mirror n',-mal. Beginning the iterative procedure with the right-hand-side of Eq.
(19) supports convergence bec>-.-- e E- ors in the position of S are halved before correcting with Eqs. (13)
and (i3) on the next iteration. Convergence is guaranteed if the experiment is designed with the
goniometer at-rest mirror normal 4, not the source position J, which Is angularly closer to the laboratory
target origin. Then the rotation required to reflect the mirror normal onto the target origin is smaller than
that required to reflect the mirror nornil onto the source. For the nominal position 40 - to. this error
is halved, which roughly cancels the angle-doubling error Introduced in Eqs. (13) and (15). Application
of Eq. (19) halves error. while application of Eqs. (13) and (15) preserves them, and the procedure
converges.

Implementation of this goniometric mapping in the laboratory demonstrated a large improvement over
the initial approach. However, the accuracy of the mapping is a function of the accuracy of the input
parameters, including presumptions of perpendicularity of the target plane and the laboratory z-axis. Fot
the supplied, not measured, sensor locations used here, each positdon was indexed by its ty distance from
the satellite origin and specified to accuracies of 1.0 cm for the infrared sensors and 0.5 cm for the
ultraviolet and visible sensors; errors larger than those specified are thought to occur for several sensor
locations in the model spacecraft used for the integration tests. These unexpectedly large Inaccuracies
in sensor placement from the indexed Cartesian coordinates required the mapping to be augmented with
manual position fine tuning to establish the final goaiometric pointing vector.

4. POWER COMPUrATION

Incident power computations were made by the LATS system and sent to the SASTU for comparison
with the powers collected at the sensors. The ratio of the beam power reflected by the beamsplitter to
that transmitted through the optical path to the target P was known with accuracies of 10% for each
wavelength used. The computation of incident power required knowledge of laser and sensor-dependent
parameters. These parameters included any neutral density filtering in the laser beam (ND), the pulse
repeition frequency (PRF) of the laser, the oulse length (PL) of the laser, and the ratio of the areas of

II
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the sensor and the laser beam. Equations. (20) and (21) give the incident power for the chopped and
pulsed sensors, respectively:

a Area.,,, (20)
Area. ,

Pp,,d = PW" 10"14 ° PRF-* ° PL-I Area" . • (21)
Area...

P1 , is the calibrated power reading from the analog to digital converter. To optimize the placement of
the laser beam at each sensor following goniometric and manual pointing, the beam was scanned over
a 0.25° x 0.250 grid in 5 x 5 steps centered on the sensor. Average power levels are measured, and
the position yielding the highest power is retained for the final vector.

5. LATS ALGORITHM

Three computer programs were msed for the LATS tests. An initialization routine created and
formatted the five sensor-dependent position information bases for the 335 satellite sensors into five
"sensor-dependent location files (pulsed high power, pulsed low power, modulated, infrared high power,
and infrared low power). The infrared and ultraviolet sensors are distinct detector pairs that cover well-
defined power ranges. A setup routine calculated the goniometer pointing vectors, allowed manual vector
correction, and wrote the final vector database. Finally, a pointing routine interfaced with the SASTU
passed sensor identification numbers, pointed the laser beami at the specified sensor, and passed power
data back to the SASTU. All programs were written in RM Professional Fortran [31, and the setup and
pointing routines are included in Appendix C.

Iniltialization Routine

The following describes the procedures in the initialization routine.

A. Prompt user for input laser identification number to distinguish among the five sensor-dependent
location files.

B. Input Cartesian coordinates of the sensor with respect to the satellite origin.

C. Write the indexed coordinates to the sensor-dependent location file.

Setup Routine

The following describes the picedures in the gonioneter setup routine.

A. Ploqpt user for the sensor Identification number and laser type.

B. Look up indexed position information from sensor location file.

C. Compute and calibrate pointing angles.

1. Compute rest mirror normal A0 from steering mirror and target vectors.
2. Compute desired normal orientation 4 from Eq. (7) knowing the target vector and the

source vector. The initial mirror normal is computed by using the solution *, to recomputel
that is then solved again for the minrrer normal until the solutions converge.

3. Compute clevation and azimuth angles for sen"or location from Eqs (16) vid ('7).

12
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D. Dire( the laser beam onto the specified sensor.

1. Covcut angular information into step interval and form ASCII string commands.*
2. Writ, the command string to the goniometer.

E. Frompc user to manually correct laser beam placement on the sensor.

F. Scan across sensor face to locate laser beam placement for maximum sensor irradiance (optional
routine').

_G. kecord position of maximum irradiance on position vector database.

Pointing Routine

[The following describes the procedures followed in the gonlometer pointing routine.

A. Read sensor identification from SASTU.

B. Obtain sensor azimuth and elevation angles from vector information database.

C. Direct laser b.am v.n the .pecifled sensor.

0D. .ecod i.lident laser beam power.

E. L.,opt A.

Upor, completion of the .-atomated individual sensor tests, a flood test was performed at each
wavelength. By reflecting the laser beam tom Oe transfer mirror to the convex mirror/concave lens
assembly illus~trated in Fig. 2, the beam was e-panded to irradiate all sensors on the satellite
simultaneously for the muliensot flood tests. These tests, used to determine whether there Is
interference between sensors, do not require precision pointing or computer control.

6. VACUUM TESTS

Figure 6 shows several mon i ications that were made on the L.ATS for the vacuum chamber test.
A doubled Nd:YAG laser, an argon-ion lasec, and an infrared qvsmz-halogen lamp were d.e three sources
used for the vacuum tests. Because of mechpnicaJ limiuations, the infrared lamn was used oply for flood
testing of the sensor array, and the two visibli lasers were used for bo4h multLscasor fo(Jd testing and
individual sensor irradiation. Interchangeable leases placed ,. '%e entrance port ýo %he vacuum chamber
provided the collimated or diverging laser beam for the two types of testS, individual and flood.

Long periods of time were required to ain the vacuum in the large satellite chamber. To avoid
having to open the chamber between thermal cycles oi between individuallflood tests modes to reestablish
the vacuum, a remoteiy controlled method of switching between multi-sesor flood testing and individwu
sensor testin& was devised. A convex mirror mounted to the backsi~e of the gonlometer gimble mount
allowed one hemisphere of the goniometer to reflect colliwat.d laser light and the other hemisphere to
reflect rapidly diverging light. To switch between the two typei of tests, the gonlioeter carousel hae

*To wri a string to the gonkiomwtrr owiIler the lagth of fth .1fing must be specified. It is noocuMy for Whis prognwn, "i
, i RM Proktskmal Forim, wou io "idividua" submuMac, to s-omI d-a- the AriRpiw of the goaWom
ommarAd.

13
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LENS
/CTM >

:t,/

GONIOMETER (SM)

~~CHOPPED L

VACUUM CHAMBER

Fig. 6 - Snop matic drawing of LATS LoourEion Usace for the vaconi etugi

only to be rotated by 180'. ITe infrared lamp was in a pressurized canister and positioned in the vacuum
chamber to provide complete irradiation of the satellite face. Except for the modifications just described,
validation tests for the scanned individual sensors and multisensor tests equivalent to those outside the
chamber were performed on the spacecraft in the vacuum chamber.

7. CONCLUSIONS

The LATS system provided precise, repeatable, and automated gonlomesric vectoring for preflight
system integration and operational evaluation of the LACE spacecraft. Ile pointing vector algorithm
developed for the gonipv leter provided placement of a laser beam at any sensor location on the satellite,
based only on the indexed Cartesian coordinates of the senso and the distance of the gonforneter steering
mirror and transfer mirror from the satellite sensor plane origin. Large errors in sewsr loc-ation from
the indexed coordinates were corrected with manual vector positioning. Cico pointing vector were
established for all satellite sensor locatiois, automated laser testing was performed.
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Appendix A

GPIB ROUTINES FOR LATS

GPIB Routine for LATS Gonlometer Motion

C move x-axis n steps (n = two digit integer, e.g. 10)
"integer*2 xaxis
character5 X$

C assign unit descriptor for x-axis
xaxis = ibfind Cxaxis')

C clear the device
call ibcir (xaxis)

C file "RATE' contains goniometer velocity and acceleration values
C write file "RATE" to the x-axis

call ibwrtf (xaxis, rate)
C clear the device

call ibclr (xaxis)
C construct string containing N number of steps

X$ = "NY' '*//10'//char(13)
C write X$ to x-axis

call ibwrt (xaxis, X$, 5)

GPIB Routine to Read the Analog to Digital Convertw

C read converted measurement from HP converter
integer*2 adc
character'2 buffera

C assign unit descriptor for analog to digital converter
adc = ibfind (Cadc*)

C command for converter to write data is *HUA'
call lbwrt (adc, 'H8AJ', 4)

C data is written as binary-coded decimal in ASCIl
call ibrd(adc, buffera, 2)

GPIB Routine to Write and Read to/from the SASTU

C assign unit descriptor for adapter linked to SASTU
integer*2 gp
characer*i0 bufferb, bufferc
gp = ibflnd ('GPIB2')

C write data to GPIB adapter
"call ibwrt (gp, bufferb, 10)

C read data from the GPIB adapter
call ibrd (gp, bufferc, 10)

15



Appendix B

DETAILED SOLUTION FOR EQUATIONS (16) AND (17)

To solve for , and 6, three equations are used in two unknowns. These trigonometric representations
must be arranged into closed expressions for the angles. By using trigonometry and the generalized
Pythagorean relation

e 2 (4i)

these expressions can be found.

From Eq. (14),

4), - 0YCos -A 0  sin 6. (B2)

By using the trigonometric construction shown in Fig. BI and making the following subttons,
a b -b yields

S- a cos 6 - b sin 6 (B3)

- c(cos a cos 6 - sin a sin 6) (84)

- c • cosQu .5) (5

by trigonometric Ientity;

Ay,- (a' b+ )cs(o( * 6) (46)

+t (I1 .Y Cos (0, +6). (B7)

c- (a2 b2)

cosa, a/c
sina- b/c

AG b

aa

i. I -1- t onoalck couu~tuoaftd to simply the
expuiuo uad to solvc fW Eq.. (16) and (17)

17
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By using the identity in Eq. (B I) and rearranging:

Cos (a + 6) Ay (M0)

- (1 -

a Cos-, [(1 £ a (B9)

6 [1cos -1 - cos' [1 40y 0310)

This is a closed-form expression for 6.

From Eq. (15),

A s - 0 + 40. Cos sin 6 + k Cos CosB 0iI)

COS (4c sin 6 cos6) - sin (4), (B12)

which is of the same form as Eq. (12). Letting a - (0, sin + k cos 6) and b A, rearranging
the expression yields

Simplification is possible by expanding the square-woot term as follows.

% sin 6 + k a 6)' + 4L 4• si 6 + 4, ws 6 + 20,ý sin 6 co 6 (8143 )

- 4(l -cos' 6) + 4(l - 40 6) +A~ 4 24WOA,,sin 6cos 6 (81S)

- +. 4)- 2 ck •o•6 cos 6 - ( B2 - 4) 6

- Ia--24,,,k sin 6 (ou 6 , sle 6) (317)

1- (40, Cos 6 - A'a sin (BIB$1)

1 -8 -19)

is



NRL REPORT 9360

from Eq. (B2). From Eq. (B13)

- (1-

Eq. (B21) is a closed form expression for .
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APPENDIX C

LATS PROGRAMS

Cl. Setup Routine

C 19 NOV 1987
C PROGRAM TARGETSET.FOR SEPTI, 1987
C MODIFIED FROM PROGRAM LATS.FOR AUGUST, 1987
C MUST BE LINKED WITH FILES PFIB, MISET, M2SET, SCAN
C PROGRAM SERVES AS AN INTERACTIVE SET UP PROGRAM
C REQUESTING SENSOR #, MOVING GONIOMETER TO SENSOR LOCUS
C PROMPTING USER TO MANUALLY POSITION BEAM, SCANNING BEAM
C ACROSS SENSOR TO MAXIMIZE IRRADIANCE, AND RECORDING
C THIS POSITION INFORMATION ON DATA FILES
C THE FOLLOWING IS GPIB PROFESSIONAL FORTRAN HEADER

COMMON /IBGLOB/ IBSTA
integer*2 ibclr, TIMO, END
integer4 2 Ibfind, IBSTA
integer'2 ibrd, ibrdf, ibtmo
Integer*2 ibwrt, ibwrtf
INTEGER02 TNONE, TI0us,T30s,TI0(a,T300us
INTEGER*2 TIms,T3ms,Tl 0ms,T30ms,Tl00ms
INTEGER*2 T300ms,Tls.T3s,T 0s.T30s
INTEGER62 Tl00s,T300sTI000s,CMPL

C VARIABLE DECLARATIONS FOR PROGRAM
INTEGER XAXIS, YAXIS, GP, DN
INTEGER*2 BD, GPIBO, lOUT. F, ENTRY
INTEGER2 PPR, SPR, IXX, IYY, IX, IY, P1, DI
REAL R(3), SH(3), MH(3)
REAL PH, DL, XP, YP
CHARACTER'2 SE, S$, 7, US, V$. G$
LOGICAL BRANCH, NEW

c EOS mode: bit values
data BIN/Z" I00'/I,XEOS/Z'80O'/,REOS/Z'400I

c Timeoz values
data TNONE/OI,TTOusI IIT3Ouiaf/,T1(00us/31,T30(hOas4/
data Tlms/1T3ms/I6/ ,TlOms7!,T30•mS1,TIOOns/91
data T300ms/iO/,Tls/l I/,T3s/12/,TI0s/13/.T3Os14/
data TIOOs/I15,T300s/I6/,TIOOOs/17/
data TI00s/151.LFII0/

C
C GIVE ONLINE INSTRUCTIONS TO USER

WRITE (¶,*)' TO RUN, THE FOLLOWING FILES MUST BE SUPPLIED:'
WRITE (0,0)' HARDWARE.DAT" CONTAINS SYSTEM MEASUREMENTS:'
WRITE (*.*)' FACTOR (1.0),'

21



WELCH, LIGHT, TRUSTY, AND COSDEN

WRITE (*,*)' HORIZ DISTANCE TO BEAM ORIGIN FROM PANEL CENTER,'
WRITE (*,*)' VERT DISTANCE TO BEAM ORIGIN FROM PANEL CENTER,'
WRITE (*,*)' HORIZ DISTANCE, STEERING TO TRANSFER MIRROR,'
WRITE (*,*)' VERT DISTANCE, STEERING TO TRANSFER MIRROR,'
WRITE (*,*)' Z DISTANCE, STEERING TO TRANSFER MIRROR,'
WRITE (*,*)' ALL DISTANCES IN CM UNITS'
WRITE (*,-)' DISPLAY' CONTAINS THE COMMAND -V 0[CR]"
WRITE (*)' WRATE.DAT- CONTAINS A,R,S,F GONIOMETER PARAMETERS:'
WRITE (*,)' "A[CRIR 250[CRIS 2[CR]F 20[CR"'
OPEN (20, FILE='DECODE.DAT', STATUS='OLD')
CALL SETUP (FR,SH,MH,XP,YP)
XAXIS= IBFIND ('XAXIS')
YAXIS= IBFIND ('YAXIS')
GP- IBFIND ('GPIB2')

C ASK USER TO SELECT DATA ENTRY MODE
WRIrE (*, *)'
WRITE (*, -) ENTER (1) FOR KEYBOARD, (2) FOR IEEE DATA BUS'
READ (*, ) ENTRY

C PERFORM DEVICE CONNECTION CHECK
WRITE (*,')' THE FOLLOWING TWO RESPONSES SHOULD BE "48"'
WRITE (*,*)' IF THEY ARE OTHERWISE, POWER DOWN SYSTEM'
CALL IBRSP (XAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) GO TO 1000
CALL IBRSP (YAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) 00 TO 1000

C LOOP HERE
SI CALL LOC (F,IX,IYDN,R,SHMH,BRANCH,XP,YP,SE,ENTRY,GP)

IF IX .LT. 0) GO TO 100
GOTO 110

to0 o $ ='-'//CHAR(13)
T="'+* //CHAR(13)
GO TO 150

110 S$= '+'//CHAR(13)
TS5 '-'/ICHAR(13)

150 IF (IY .LT. 0) GO TO 200
GO TO 210

200 US= '-'//CHAR(13)
V$ -' + '//CHAR(13)
GO TO 250

210 US±'+'//CHAR(I 3)
V$--'-'//CHAR(13)

250 G$='G'/ICHAR(13)
IF (BRANCH) GOTO 6
CALL MOVE2 (IX, IY, XAXIS, YAXIS, S$, T$, US, V$, G$)
GOTO 7

6 CALL MOVE I (IX, IY, XAXIS, YAXIS, S$, T$, US, VS. G$)
7 CALL POS (SE,DNXAXISYAXIS,GP,IXIY,ENTRY)
C GOTOHOME

IF (BRANCH) GOTO 8
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CALL MOVE2 (IX, IY, XAXIS, YAXIS, TS, S$, V$, US, G$)
GOTO 9

8 CALL MOVEI (IX, lY, XAXIS, YAXIS, TS, S$, V$, US, G$)
9 IF (ENTRY.EQ.3) GOTO 10

GOTO 1
1000 WRITE (*, 1001)
"1001 FORMAT C DEVICE CHECK FAILURE')
3 FORMAT (3A)
5 FORMAT (LI)
10 STOP

END
C
C
C

SUBROUTINE LOC (F IX,IY,DN,R,SH,MH,BRANCHXP,YP,SE,ENTRY,GP)
C ROUTINE TAKES MEASURED GONIOMETER PARAMETER AND CALCULATES
C PHI, DELTA FOR GIVEN SENSOR

REAL CD, SD, NN, RR. D
REAL R(3), N(3), RH(3), SH(3), NH(3), MH(3)
REAL X, Xl, X2, A, B, DL, PH
REAL XW, YW, P, XP, YP
INTEGER"2 DN, 1, F, IX, JY, SE
INTEGER*? ENTRY, DUM, IAX, lAY
INTEGER*2 IBRD, IBWRT, IBFIND
INTEGER GP
CHARACTER*2 UV, IR
CHARACTER*4 MESSAGE
CHARACTER06 FNAME. POWER
CHARACTER*) I LIST
LOGICAL BRANCH
IF (FNTRY.EQ. 1) THEN

C ASK WHICH TYPE OF SENSOR IS SOUGHT
SO WRITE (*,)

READ (0, 6) SE
WRITE (0, 107)
READ (, 0) DN
END IF
IF (ENTRY.EQ.2) THEN
CALL IBRD (GP, POWER, 6)
WRITE (0 ) ' DATA READ FROM BUS I'
CALL DECODE (POWER, SE, IAX, lAY, DN)
WRITE (. *) SE, DN
MESSAGE= 'INIT'
CALL ENCODE (lAX, lAY, SE, MESSAGE, LIST)
WRITE (*, ) LIST
CALL IBWRT (GP, LIST, 11)
END IF
CLOSE (7)
IF (SE.LE.3,AND.SE.GT.0) THEN
FNAME= 'UV.DAT'
ELSE IF (SE.EQ.4.OR.SE.EQ.5) THEN
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FNAME= 'IR.DAT'
ELSE
GO TO 50
END IF
OPEN (7, FILE= FNAME, STATUS= 'OLD')

C
52 READ (7,*) I, YW, XW

IF (DN.EQ.I) GO TO 53
GO TO 52

53 CLOSE (7)
R(1)= XW / F
R(1)= R(I) - XP
R(2)= YW / F
R(2)= R(2) - YP
RR= SQRT (R(1)**2 + R(2)**2 + R(3)*'2)
DO 55 I= 1,3
RHO)= RO) / RR

55 CONTINUE
C
C COMPUTE REQUIRED GONIOMETER MIRROR NORMAL, EQS 1-3

DO 60 I= 1,3
NO)= (RHO) + SH()) /2

60 CONTINUE
NN= SQRT(N(1)002 + N(2)*42 + N(3)0*2)
DO 65 1= 1,3
NH(O)= Nl) / NN

65 CONTINUE
C
C COMPUTE DELTA, EQN 19

D= SQRT (I - MH(I)**2)
X= NH(2) / D
X1 I- ACOS(X)
X- MH(2) I D
X2= ACOS(X)
DL= X2 -XI
SD= SIN (DL)
CD= COS (DL)
DL= DL * 180/ 3.14159

C COMPUTE PHI, EQN 24B
A= MH(I)
B= MH(2)*SD + MH(3)CD
XI = B3NH(1) - ANHi(3)
X2= AINH(I) + BtNH(3)
P= (Xl / X2)
PH = ATAN (XI/X2)

C CHANGE SIGN OF PHI, GONIOMETER USES POS VALUES FOR CW
PH= -PH * 180 / 3.14159

C CONVERT TO GONIOMETER COUNTS WITH ROUNDING
WRITE (0. 111) PH, DL
DL= DL * 100.0
PH= PH * 100.0
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IY= ANINT(DL)
IX= ANINT(PH)
IF (IX.GT.-100.AND.IX.LT. 100) BRANCH= TRUE.
IF (IX.GE. 100.OR.IX.LE.-100) BRANCH= .FALSE.
WRITE (*, 110) IX, IY

2 FORMAT (A)
5 FORMAT (' IS SENSOR AR(1),UVH(2),UVL(3),IRH(4),IRL(5)? 'I)
"6 FORMAT (II)
107 FORMAT (' DETECTOR NUMBER:')
110 FORMAT (' NUMBER OF X STEPS', 15, ' NUMBER OF Y STEPS ', 15)
111 FORMAT (' AZIMUTH (DEG)', F6.2, ' ELEVATION (DEG) ', F6.2)

RETURN
END

C
C

SUBROUTINE SETUP (F,R,SH,MH,XP,YP)
C ROUTINE GETS SCALING FACTOR, GONIOMETER POSTIONS REQUIRED
C FOR COMPUTATIONS

INTEGER*2 F
INTEGER02 RL
REAL DTR, PH, DL, CD, SD, CP
REAL SP, SS, MM, RR, NN, XP, YP
REAL S(3), M(3), SH(3), R(3)
REAL RH(3), N(3). NH(3), MH(3)
RL= 30
OPEN (2,FILE = 'OAR. DAT',ACCESS - 'DIRECT',RECL - RL,

/ FORM =-'FORMATTED', STATUS= 'OLD')
OPEN (3,FILE = 'UVH. DAT',ACCESS= 'DIRECT'.RECL RL,

/ FORM='FORMATTED'% STATUS= 'OLD')
OPEN (4,FILE =UVL.DAT',ACCESS 'DIRECT',RECL RL,

/ FORM= 'FORMATTED', STATUS-- 'OLD')
OPEN (8,FILE = 'IRH. DAT',ACCESS -DIRECT',RECL= RL,

I FORM ='FORMATTED', STATUS = 'OLD')
OPEN (9,FILE ='IRL.DAT'.ACCESS = 'DIRECT',RECL = RL,
FORM ='FORMATTED', STATUS = 'OLD')
OPEN (10, FILE= 'HARDWARE.DAT', STATUS= 'OLD')
READ (10, 0) F, XP, YP, S(l), S(2), S(3). PH, DL

C ITERATIVE MIRROR NORMAL SOLUTION
C RUNS 500 ITERATIONS

DTR= 3.141591180

C INPUT STEERING MIRROR COOkDINATES
C INPUT GONIOMETER ANGLES AT R=(0, 0. -I)
C CONVERT TO RADIANS. COMPUTE TRIG FUNCTIONS

DL= DL O DT-
PH-= PH * DTR
CD= COS (DL)
SD= SIN (DL)
CP= COS (PH)
SP= SIN (PH)
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C NORMALIZE STEERING MIRROR V:TOR
SS= SQRT(S(1)**2 + S(2)**2 + S(3)**2)
DO 10 I= 1,3

so= s(I / ss
10 CONTINUE

DO 25 J= 1,500
C CALCULATE GONIOMETER MIRROR NORMAL

MM= SQRT (2* (1-S(3)))
M(1)= (S(1)*CP - (S(3)-I)*SP)/MM
M(2)= (S(1)*SP*SD + S(2)*CD + (S(3)-I)*CP*SD)/MM
M(3)= (S(1)*SP*SD - S(2)*SD + (S(3)-I)*CP*CD)/MM

C COMPUTE NEW S FROM CALCULATED GONIOMETER MIRROR NORMAL
C AND MEASURED PHI, DELTA

S(1)= M(1) * CP + M(2) * SP * SD + M(3) * SP CD
S(2)= M(2) * CD - M(3) * SD
S(3)=-M(1) * SP + M(2) * CP * SD + M(3) * CP * CD

25 CONTINUE
"C
C COMPUTE REST MIRROR NORMAL NO FROM STEERING MIRROR
C AND TARGET VECTORS

SS=SQRT (S(1)**2 + S(2)**2 + S(3)"*2)
DO 30 1=1,3
SH(I)= S(I)/ SS

30 CONTINUE
C INPUT AND NORMALIZE TARGET VECTOR

"R(I)= 0.0n •R.('!)= 0.0
"k(3). -1.0
RR= 1.0

C READ (*, *) R(1), R(2), R(3)
C RR= SQRT (R(1)**2 + R(2)**' + R(3)**2)

DO 35 1=1,3
- ~RH(O)= R() / OR

35 CONTINUE
C COMPUTE REQUIRED GONIOMETER MIRROR VECTOR FROM EQS 1-3

DO 40 1= 1,3
N(I)= (RH(I) + SH(I)) / 2

40 CONTINUE
NN= SQRT(N(1)**2 + N(2)**2 + N(3)*7.,)
DO 45 1= 1,3
NI(I)= NO) / NN

45 CONTINUE
DL= 0
PH= 0
SD= SIN (DL)
CD= COS (DL)
SP- SIN (PH)
CP= COS (PH)

c
C APPLY INVERSE OF TRANSFORMATION IN EQS 8,10
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M-,(1)= NH(1) * CP - NH(3) * SP
MH(2)= NH(l) * SP * SD + NH(2) * CD + NH(3) * CP * SD
MH(3)= NH(l) * SP * CD - NH(2) 4 SD + NH(3) * CP * CD

C COMPUTE GONIOMETER ANGLES TO GIVEN TARGET COORDINATES
se•__ M(l)--- Mfl-(1)

M(2)= MH(2)
M(3)= LH(3)
MM= SQRT (M(1)**2 + M(2)**2 + M(3)**2)
DO 50 T=1,3
MH(1)= MO) / MM

50 CONTINUE
=.i C

C WRITE (*, 108)
READ (10, *) R(3)

11 FORMAT (4,)
12 FORMAT (2)

RETURN
END

C
C

SUBROUTINE POS (SE,DN,XAXIS,YAXIS,GP,PL,DL,ENTRY)
INTEGER XAXIS,YAXISGP
INTEGER DN
INTEGER*2 TIMO, RN, SE, EN-TRY,IPHIDL
INTEGER*2 PL, DL, PM, DM. PS, DS, PD, DD
INTEGER02 IBWRT, IBRD

C PL, DL ARE PHI, DELTA OF LOCUS
C PM, DM ARE PHI, DELTA OF MANUAL POSITION
C PS, DS ARE PHI, DELTA OF SCANNED MAXIMUM
C PD, DD ARE PHI, DELTA DIFFERENCES

LOGICAL BRANCH
CHARACTER*2 S$, U$, G$
CHARACTER*6 PAUSE
CHARACTER*7 BUFX. BUFY
CHARACTER*9 CONV
LOGICAL FLAG, FLAF
LOGICAL OP
CHARACTER*10 DRT, FVAR
CHARACTER• i LIST
INTEGER RCL
FLAF-.FALSE.

C ASK USER TO MANUALLY POSITION GONIOMETER
WRITE (s, 3)
IF (ENTRY.EQ. 1) THEN
PAUSE
GOTO 20
ENDIF
CALL IBRD (GP, PAUSE, 6)
LIST= #'//'99'II/': '/I'7'II'&'II'REDI'/I'@'
CALL IBWRT (GP, LIST, 11)
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C SCAN ACROSS SENSOR TO IDENTIFY POSITION OF MAX IRRADIANCE
20 CALL SCAN (XAXIS, YAXIS, GP, PD, DD, ENTRY)
C SCAN RETURNS VALUES PS, DS DISTANCES TO MAXIMUM

FLAG= .FALSE.
C NOW MOVE TO MAXIMUM

GO TO 50
55 CONTINUE
C IPH=-10
C IDLf 10
C S$='-'//CHAR(13)
C U$='+'//CHAR(13)
C G$= 'G'//CHAR(13)
C CALL IBCLR (XAXIS)
C CALL IBCLR (YAXIS)
C CALL MOVEI (IPH, IDL, XAXIS, YAXIS, S$, T$, U$, V$, G$)

CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL IBWRTF (XAXIS, 'DISPLAY')
CALL. IBWRTF (YAXIS, 'DISPLAY')
CALL IBWAIT (XAXIS, TIMO)
CALL IBWAIT (YAXIS, TIMO)
CALL IBRD (XAXIS, BUFX, 9)
CALL IBRD (YAXIS, BUFY, 9)
RN= DN
IF (SE.EQ.I) WRITE (2,5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.2) WRITE (3, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.3) WRITE (4, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.4) WRITE (8, 5, REC=RN) DN, BUFX, BUFY
IF (SE.EQ.5) WRITE (9, 5, REC=RN) DN, BUFX, BUFY

C READ CHAR STRING INTO INTEGER FORMAT
WRITE (CONV, 7) BUFX
READ (CONV, 8) PS
WRITE (CONV, 7) BUFY
READ (CONV, 8) DS
WRITE (* 1003) PS, DS
FLAG=.TRUE.
FLAF= ,FALSE.
PD= PL - PS
DD= DL - DS

50 IF (PD.GT.-I00.AND.PD.LT. 100) BRANCH= TRUE.
IF (PD.GE. 100.OR.PD.LE.-100) BRANCH= .FALSE.
IF (PD .LT. 0) GO TO 100
GO TO 110

100 SS="-'//CHAR%13)
GO TO 150

110 S$='+'IICHAR(i."
150 IF (DD .LT. 0) GO T(- ?00

GO TO 210
200 US= '-'//CHAR(13)

GO TO 250
210 US='+'//CHAR(13)
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250 G$= 'G'//CHAR(13)
IF (FLAF) GOTO 51
IF (FLAG) THEN
WRITE (*, 6)
IF (ENTRY.EQ.1) THEN
PAUSE
GOTO 21
END IF
CALL IBRD (GP, PAUSE, 6)
LIST= '#V/'99'//' '//'7'I//&'//'REDI'//'@"
CALL IBWRT (GP, LIST, 11)

21 WRITE (*, 1002) PL, PS, PD
WRITE (*, 1002) DL, DS, DD
FLAF=.TRUE.
GOT050
END IF

51 IF (BRANCH) GO TO 9
CALL MOVE2 (PD,DD,XAXIS,YAXIS,SS,T$,U$,V$,G$)
IF (FLAG) GOTO 10
GOTO 55

9 CALL MOVE1 (PD,DD,XAXIS,YAXIS,S$,TS,U$,V$,G$)
IF (FLAG) GOTO 10
GOTO 55

2 FORMAT (I I)
3 FORMAT ('OMANUALLY POSITION GONIOMETER TO DESCRIBED TARGET '/)
5 FORMAT (15,2A9)
6 FORMAT (' WAITING TO RETURN TO HOME POSITION '/)
7 FORMAT (A9)
8 FORMAT (19)
1000 FORMAT(' ',2A9)
1002 FORMAT (' LOCUS: ',15, ' SENSOR: ', 15, ' DIFFERENCE: ',15)
1003 FORMAT (' X POS OF MAX: ', 15, ' Y POS OF MAX: ',15)
10 RETURN

END
C elgoueeelelesslsols*~eeee esieeeaeelg.seele
C *alaslsoelslslse.*oeessles*l*eegesealsslaee,...s.**os

SUBROUTINE MOVEI (X,IYXAXIS,YAXIS,S$,h,U$,V$,G$)
C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
C TO MOVE GONIOMETER TO SELECTED TARGET
C THE FOLLOWING IS GPIB PROFESSIONAL FORTRAN HEADER

integer*2 ibclr
integer*2 ibrd
integer*2 ibwrt, TIMO, END
integer*2 BIN, XEOS, REOS, LF, S, CMPL
INTEGER*2 TNONE, TI0us,T30%s,TI00us,T30(us
INTEGER*2 TI ms,T3ms,Tl0ms,T30ms,TlO00rs
INTEGER*2 T300ms,T1s,T3s,Tl0s,T30s
INTEGER*2 TO00s,T300s,TI000s
REAL XSTEPS, YSTEPS, PH, DL
INTEGER XAXIS, YAXIS, IOUT
INTEGER*2 DN, A, L, K, J
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INTEGER*2 IXX, IYY, IX, 1Y
CHARACTER*1 N$
CHARACTER*2 SA, T3, US, V$, G$, BAD
CHARACTER*4 X4$, Y4$
CHARACTER*5 X3$, Y3$
CHARACTER*6 X$, Y$, XI$, Y1$
CHARACTER*7 X2$, Y2$
CHARACER*8 RATE

c GPIB Commands: values
DATA TIMO/Z'4000'/, END/Z'2000'/

c Iberr error messages: values
c EOS mode: bit values

data BIN/Z' 1000'/,XEOS/Z'800'/,REOS/Z'400'/
c Timeout values

data TNONE/O/,TlOus/Il/,T30usI2/,TIOus/3/,T300us/4/
data Tlms/5/,T3ms/6/,TlOms/7/,T3Oms/8/,TlOOms/9/
data T3O0ms/l0/,Tls/ll /,T3s/121,TIOs/13/T3Os/14/
data Tl00s/15/,T300s/16/,TlO}0s/l7/
data S/08/, LF/I0O
RATE= 'RATE.DAT'
A= DN

I FORMAT (' OUTPUT DATA FILE NAME:')
I I FORMAT (A)
16 FORMAT (04)
17 FORMAT 03)
18 FORMAT 02)
19 FORMAT (aI)
C RATE IS THE FILE WHICH CONTAINS AR,SF STATEMENTS

CALL IBCLR (XAXIS)
CALL IBWRTF (XAXISRATE)
CALL IBCLR (YAXIS)
CALL JBWRTF (YAXIS.RATE)

C
IXX=IABS(IX)
IYY=IABS(IY)
N$S&N'
IF (IXX.LT. 1000 .AND. IXX .GE. 100) WRfTE(X$,17) IXX
IF (IXX.GE. 1000) WRITE(X$,16) IXX
IF (IYY.LT. 1000 AND. IYY .GE. 100) WRITE(Y$,17) IYY
IF (IYY.GE. 1000) WRITE(YS, 16) IYY
IF (IXX.LT.100.AND.IXX.GE. 10) WRITE (X$,18) IXX
IF (IYY.LT. 100.AND.IYY.GE. 10) WRITE (Y$,18) IYY
IF QXX.LT. 10) WRITE (X$, 19) IXX
IF (IYY.LT. 10) WRITE (Y$, 19) IYY
IF (IXX.EQ.0) X$='90'
IF (IYY.EQ.0) Y$='O0'
XIS=NSIN$' 'I/XS(1:3)//CHAR(13)
X2$=NSI/' '/I/X$(l:4)//CH AR(13)
X35 = NS//' 'I/XS(1:2)//CHAR(I 3)
X4$= N$//''//X$(h: 3)/ICHAR(13)
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Y1$= N$1r '//Y$(1 :3)//CHAR(13)
Y2$ =N$//I' '/Y$(1:4)//CHAR(13)
Y3$=N$11' '//Y$(1:2)//CHAR(13)
Y4$= N$I/' '//Y$(1: I)//CHAR(13)
IF(IXX.LT. 100.AND.IXX.GE. 10.AND.IYY.LT. 100.AND.IYY.GE. 10) GOTO 800
IF (IXX.LT.100.AND.IXX.GE.10.AND.IYY.GE.1000) GO TO 900
IFQXX.LT. 100.AND.IXX.GE. 10.AND.IYY.GE. 100.AND.IYY.LT. 1000)GOTO 12
IF lXl.LT.1.AND.IYY.LT. 10) GO TO 1300
IF (IXX.LT. 10.AND.IYY.GE. 10.AND.IYY.LT. 100) GO TO 1400
IF (IXX.LT.10.AND.1YY.GE.100.AND.IYY.LT.1000) GO TO 1500
IF (IXX.LT. 10.AND.IYY.GE. 1000) GO TO 1600
IF (IXX.GE. 10.AND.IXX.LT. 100.AND.IYY.LT. 10) GO TO 1700

800 CALL IBCLR(XAXUS)
CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL MWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS.U$,2)
CALL IBWRT(YAXISG$,2)
GO TO 300

C X AXIS MOVEMENT
12 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS.X3$S5)
CALL IBWRT(XAXISS$.2)
CALL IBWRT(XAXIS.G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,YI$,6)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS.G$.2)
GO TO 300

C X AXIS MOVEMENT
1300 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX4$.4)
CALL IBWRT(XAXIS.S$.2)
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CALL IBWRT(XAX"S,G$,2)
C Y AXIS MOVEMENT

CALL TBWAIT (XAXIS, T0MO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL EBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1400 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAJUS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIs)
CALL IBWRT(YAXISY3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1500 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX4$,4)
CALL IBWRT(XAXISS$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IDWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,YI$.6)
CALL IBWRT(YAXIS,US,2)
CALL IBWRT(YAXISGS,2)
GO TO 300

C X AXIS MOVEMENT
160D CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4S,4)
CALL IBWRT(XAXIS.SS,2)
CALL IBWRT(XAXIS,GS,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS.Y2S.7)
CALL IBWRT(YAXIS.US2)
CALL IBWRT(YAXIS.G$,2)
GO TO 300

C X AXIS MOVEMENT
1700 CALL IBCLR(XAXIS)

CALL IDWRT(XAXIS.X3$S5)
CALL IBWRT(XAXISS$.2)
CALL IBWRT(XAXIS.GS.2)

C Y AXIS MOVEMENT
CALL MWAIT (XAXIS, TIMO)
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CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
300 CONTINUE

RETURN
END

C
C

SUBROUTINE MOVE2 (IX,IY,XAXIS,YAXIS,S$,T$,U$,V$,G$)
C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
C TO MOVE GONIOMETER TO SELECTED TARGET
C THE FOLLOWING IS GPIB PROFESSIONAL FORTRAN HEADER

integer*2 ibclr
integer*2 ibrd
integer*2 ibwrt
integer*2 BIN, XEOS, REOS, TIMO, END, S, LF
INTEGER*2 TNONE, TlOus,T30us,T100us,T300us
INTEGER*2 T1 ms,T3ms,Tl0ms,T30ms,Tl0oms
INTEGER*2 T300msTls,T3s,T10s,T30s
INTEGER*2 TI00s,T300s,TI000s
REAL XSTEPS, YSTEPS, PH, DL
INTEGER XAXIS, YAXIS, IOUT
INTEGER*2 DN, A. L, K, J
INTEGER*2 IXX, IYY, IX, IY
"CHARACTER*1 N$
CHARACTER*2 S$, T$, US, V$, G$, BAD
CHARACTER*4 X4$, Y45
CHARACTER05 X3$, Y3$
CHARACTER%6 XS, Y$' XI$, YI$
CHARACTER07 X2$, Y25
CHARACTER*8 RATE

c GPIB Commands: values
DATA TIMO/Z'4000'/. END/Z'2000'/

c b error messages: values
c EOS mode: bit values

data BIN/Z' 1000'/,XEOS/Z'800'/,REOSJZ'400'/
c Timeout values

data TNONE/0I,T iOus/ 1 ,T3us2/,TliOOus3/,T30(Ls/4/
data TI ais/5/,T3ms/6/,TlOms'I/,T30ms/8/,TlO0mD9/
data T300ms/10/,TIs/Il /,T3s/l 2/,Tl0s/l3/T30s/l41
data TlOOs/l5/,T300s/16/,T000s/ I
data S/08/, LF/l0/
RATE= 'RATE.DAT'
A= DN

11 FORMAT (A)
16 FORMAT (14)
17 FORMAT (13)
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18 FORMAT (12)
19 FORMAT (11)
C RATE IS THE FILE WHICH CONTAINS AR,SF STATEMENTS

CALL IBCLR (XAXIS)
CALL IBWRTF (XAXMSRATE)
CALL IBCLR (YAXIS)
CALL IBWRTF (YAXIS,RATE)

C
LXX=IABS(IX)
IYY=IABS(MY)
N$-'Ns

IF (IXX.LT. 1000 .AND. [XX .GE. 100) WRITE(X$,17) DXX
IF (1XX.GE.1000) WRITE(XS,16) IXX
IF (IYY.LT. 1000 .AND. IYY .GE. 100) WRITE(Y$,17) IYY
IF (IY.GE. 1000) WIUTE(Y$,16) IYY
IF (IXX.T. 100.AND.IXX.GE. 10) WRITE (X$,18) NXX
IF (IYY.LT.I00.AND.IXX.GE.10) WRITE (Y$,18) WYl
IF (IXX.LT. 10) WRITE (X$, 19) IXX
IF (IYY.LT. 10) WRITE (Y$, 19) IYY
IF (IXX.EQ.0) X$='00'

IF (1YY.EQ.0) Y$='O0'
X1$= N$/I' '//X$(1:3)//CHAR(13)
X2$= N$//' '//X$(I:4)//CHAR(13)
X35= N$//' '//X$(1:2)//CHAR(13)
X4$= N$//' '//XS(1:1 )//CHAR(13)
YI$ = N$//' '/IY$( 1:3)//CHAR(13)
Y2S= N$//' '//Y$(1:4)//CHAR(13)
Y35= N$S/' '//Y$(1:2)//CHAR(13)
Y4$ =N$I 'lI/Y$(1 1)i/CHAR(13)
IF (XX.LT.1000.AND.IXX.GE.100.AND.IYY.GE.1000) GO TO 500
IF (IXX.GE. 1000.AND.IYY.LT. 1000,AND.IYY.GE. 100) GO TO 600
IF (lXX .GE. 1000 .AND. IYY .GE. 1000) GO TO 700
IF(IXX.GE. 100.ANDIXX.LT. 1000.AND.IYY.LT. 100.AND.IYY.GE. 10)GOTO 10
IF (IXX.GE. 1000.AND.IYY.LT.100.AND.IYY.GE. 10) GO TO 1100
IF (1XX.GE. 100.AND.IXX.LT. 1000.AND.IYY.LT. 10) GO TO 1800
IF (IXXGE. 1000.AND.IYY.LT. 10) GO TO 1900
IF(XX.LT. 1000.ANDIXX.GE. 100.AND.IYY.LT. 1000.AND.IYY.GE. 100)
C GOTO 20

C X AXIS MOVEMENT
SOD CALL II3CLR(XAXIS)

CALL IBWRT(XAXIS.X I S,6)
CALL IDWRT(XAXIS,SS.2)
CALL IBWRT(XAXIS.GS.2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY2$,7)
CALL IBWRT(YAXIS,US,2)
CALL IBWRT(YAXISG$,2)
GO TO 300

C X AXIS MOVEMENT
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600 CALL IBCLR(XAIS)
CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL EBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y1$,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)

2 GO TO 300
C X AXIS MOVEMENT
700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX2$,7)
CALL IBWRT(XAXS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
10 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X 15,6)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMC)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3S,5)
CALL IBWRT(YAXIS,US,2)
CALL IBWRT(YAXIS,G$,2)
00 TO 300

C X AXIS MOVEMENT
1100 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,SS,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWR1f(YAXIS,US,2)
CALL IBWRT(YAXIS,G$,2)
(0 TO 300

C X AXIS MOVEMENT
1800 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X I$,6)
CALL IBWkT(XAXIS,S$,2)
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CALL IBWRT(XAXISG$,2)
C Y AXIS MOVEMENT

CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,GS,2)
GO TO 300

C X AXIS MOVEMENT
20 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X IS,6)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,YIS,6)
CALL IBWRT(YAXIS.US,2)
CALL IBWRT(YAXISGS,2)

300 CONTINUE
RETURN
END

C
C

SUBROUTINE SCAN (XAXIS. YAXIS, GP, IX, IY. ENTRY)
C ROUTINE STEPS BEAM THROUGH SCANNING OF SENSOR AND DETERMINES
C POSITION OF MAXIMUM IRRADIANCE

INTEGER XAXIS, YAXIS, GP
INTEGER62 XAR. YAR. MXAR. MYAR
INTEGER*2 IPH, IDL, IX. IY. DUM
INTEGER02 IBTMO. IBCLR, IBRD, TIMO. IBWRT
INTEGER02 T3MS. T3S, SPR
INTEGER*2 ITYPE, ENTRY
REAL ARRAY, POWVAL
CHARACTER2 SS, us, US
CHARACTER4 MESSAGE
CHARACTER06 POWER
CHARACTER*I1 LIST
DIMENSION ARRAY (1:5, 1:5)
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DATA T3MS/6/,T1S/I 1/,T3S/12/
C PERFORM DEVICE CHECK

CALL IBRSP (OP, SPR)
WRITE (*, *) SPR
IF (SPR.NE.0) GO TO 90

C MOVE BEAM FROM MANUALLY SELECTED POSITION TO BEGINNING OF SCAN
IPH=0
-IDL=0
S$='-'//CHAR(13)
U$='+'//CHAR(13)
G$='G'//CHAR(13)
CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL MOVE! (IPH, IDL, XAXIS, YAXIS, S$, T$, US, V$, G$)
IF (ENTRY.EQ. 1) GOTO 31
CALL IBRD (GP, POWER, 6)
WRITE (*, 70) POWER
CALL DECODE (POWER, ITYPE, XAR, YAR, DN)
MESSAGE= 'REDI'
IF ((XAR.NE. 1).OR.(YAR.NE. 1)) MESSAGE=*'BADDY
WRITE (, ) 'XAR AND YAR ARE:'
WRITE (', ) XAR,YAR
CALL ENCODE (XAR, YAR, ITYPE, MESSAGE, LIST)
CALL IBWRT (GP, LIST, 11)

31 U$='-'//CHAR(13)
C SCAN THROUGH 25 STEPS IN 5 INCREMENTS OF 5 STEPS EACH

DO 10 J=5
DO 20 1=1
IF (ENTRY.EQ. 1) GOTO 32
CALL IBRD (GP, POWER. 6)
CALL DECODE (POWER, ITYPE, XAR. YAR, DN)
MESSAGE= REDI'

32 K= J/2
IF (MOD(J,2).NE.0) THEN
S$-'+'//CN-AR(13)
M=I+t

END IF
IF (MOD(J,2).EQ.0) THEN
S$='-'//CHAR(13)
M= 1-I
DID IF
N=J/5
IPH =0
IDL=0
IF (ENTRY.EQ. 1) GOTO 33
IF (XAR.NE.M.OR.YAR.NE.N) MESSAGE= 'BADD'

33 CALL MOVEI (IPH, IDL, XAXIS, YAXIS, S$, 1S, US, VS, G$)
iF (ENTRY.EQ. 1) GOTO 20
CALL ENCODE (XAR, YAR, ITYPE, MESSAGE, LIST)
CALL IBWRT (GP. LIST, 11)

20 CONTINUE
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IF (J.EQ.5) GOTO 11
IPH=0
IDL=0
IF (ENTRY.EQ.I) GOTO 34
CALL IBRD (GP, POWER, 6)
CALL DECODE (POWER, ITYPE, XAR, YAR, DN)
MESSAGE= 'RED]'

34 N= N+1
IF (ENTRY.EQ.1) GOTO 35
"IF (XAR.NE.M.OR.YAR.NE.N) MESSAGE= 'BADD'

35 CALL MOVE1 (IPH, IDL, XAXIS, YAXIS, S$, T$, US, V$, G$)
IF (ENTRY.EQ. 1) GOTO 10
CALL ENCODE (XAR, YAR, ITYPE, MESSAGE, LIST)
CALL IBWRT (GP, LIST, 11)

10 CONTINUE
I I IF (ENTRY.EQ. 1) THEN

MXAR= I
MYAR= 1
GOTO 36
END IF
CALL IBRD (OP, POWER, 6)
CALL DECODE (POWER, ITYPE, MXAR, MYAR, DN)
IF (XAR.LT. I.OR.XAR.GT,5.OR.YAR.LT. 1.OR.YAR.GT.5) MESSAGE='BADD'
IF (ITYPE.GT.9.OR.ITYPE.LT.8) MESSAGE= *BADD'
IF (ITYPE.EQ.9) ENTRY=3
CALL ENCODE (MXAR, MYAR, ITYPE, MESSAGE, LIST)
CALL IBWRT (GP, LIST, 11)

36 IX= -(5*(i-MXAR))
- IY= (51(I-MYAR))

RETURN
70 FORMAT (A10)
80 FORMAT (110)
90 WRITE (,) DEVICE CHECK ERROR'

END
C
C

SUBROUTINE DECODE (POWER, ITYPE, IDX, INY, DN)
INTEGER62 ITYPE, IDX, INY, DN
CIIARACTEROI TYPE, DX. NY
CHARACTER*6 POWER, CONV
WRITE (20. 1) POWER
TYPE= POWER (2:2)
DX= POWER (4:4)
NY= POWER (5:5)
WRITE (CONV, 2) TYPE
READ (CONV, 3) ITYPE
WRITE (4, ") ITYPE
WRITE (CONV, 2) DX
READ (CONV, 3) IDX
WRITE (0, 0) IDX
WRITE (CONV. 2) NY
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READ (CONV,3) INY
WRITE (*, *) INY
DN=IDX*10
DN=DN+INY
WRITE (*, *) DN

I FORMAT (A6)
2 FORMAT (A)
3 FORMAT ( 1)

RETURN
END

C
SUBROUTINE ENCODE (IPHI, IDEL, HTYPE, MESSAGE, LIST)
INTEGER*2 IPHI, IDEL, ITYPE
CHARACTER*I PHI, DEL, TYPE, CONV
CHARACTER*4 MESSAGE
CHARACTER*1 1 LIST
WRITE (CONV, 1) IPHI
READ (CONV,2) PHI
WRITE (CONV, 1) IDEL
READ (CONV, 2) DEL
WRITE (CONV, 1) ITYPE
READ (CONV, 2) TYPE
LIST= '/#'//PHI//DELIr :'//TYPE//'&'//MESSAGE//*4@'

WRITE (o, 2) LIST
I FORMAT (11)
2 FORMAT (A)

RETURN
END
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C2. Pointing Routine

C FROM PROGRAM HITRGT.FOR SEPT 15, 1987
"C LINK WITH PFIB;
C PROGRAM TO READ TARGET POSITION DATA FILES:
C OAR.DAT, UVH.DAT, UVL.DAT, IRH.DAT, IRJ..DAT,
C FROM DATA RECEIVED FROM LACE MVAX, AND TO THEN
C EXECUTE POSITIONING OF LASER BEAM ON GIVEN TARGET
C PROGRAM ALSO TAKES POWER MEASUREMENT, CALIBRATES AND
C RETURNS POWER TO LACE MVAX.
C GPIB PROFESSIONAL FORTRAN HEADER

COMMON /IBGLOB/ IBSTA, IBERR, IBCNT
C GPIB FUNCTIONS

INTEGER*2 IBSTA, IBERR, IBCNT
INTEGER*2 IBCLR, IBCMD, IBEOS, IBFIND, IBONL
INTEGER*2 IBRD, IBRDF, IBRSP, IBSRE, IBTMO
INTEGER*2 IBWAIT, Ii3WRT, IBWRTF

C GPIB COMMANDS
INTEGER*2 UNL, UNT, GTL, SDC, PPC, GET, TCT, SPR
INTEGER*2 LLO, DCL, PPU, SPE, SPD, PPE, PPD
INTEGER*2 ERR, TIMO, END, SRQI, RQS, CMPL, LOK
INTEGER*2 REM, CIC, ATN, TACS, LACS, DTAS, DCAS

C TIMEOUT VALUES
INTEGER*2 TNONE, TIOUS, T30US, TIo0US, T300US
INTEGER*2 TIMS, T3,S, TIOMS, T30MS, T100MS
INTEGER*2 T300MS, TIS, T3S, TIOS, T30S
INIEGER*2 T100S, T300S, TIOGOS

C MAIN PROGRAM VARIABLE DECLARATIONS
INTEGER XAXIS, YAXIS, ADC, GP
INTEGER*2 PH, DL, IX, IY, DN, DATA
INTEGER*2 ITYPE, VAL, LASER, LS
REAL POUT, BEAM, PRF, PL, RATIO
CHARACTER*6 BUF
CHARACTER*I TYPE, CONV
CHARACTER*2 CDN, DONV
CHARACTER*7 BONV, CPOUT
CHARACTER*10 FNAME
CHARACTER*14 LIST
LOGICAL OP, EX

C GPIB COMMANDS: VALUES
DATA UNL/63/, UNT!95/, GTL/01/, SDC/04/, PPC/051
DATA GET/08/, TCT/09/, LLO/17/, DCL/20/, PPU/21/
DATA SPE/24/, SPD/25/, PPE/96/, PPD/112/

C GPIB STATUS BIT VECTOR: VALUES
DATA TIMO/Z'4000'!, END/Z'2000'/, SRQI/Z'1000'/
DATA CIC/Z'20'i, RQS/Z'800'/. CMPL/Z'tOO'/, LOK/Z'80'/
DATA REM/Z'40'/, ATN/Z' 10'/, TACS/Z'8'/, LACS/Z'4'/
DATA DTAS/Z'2'/, DCAS/Z'I'/

C EOS MODE: BIT VALUES
DATA BIN/Z'1000'/,XEOS/Z'800'/,REOS/Z'400'/

C TIMEOUT VALUES
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DATA TNONE/O/,TlOus/l/,T30us/2/,TlOOus/3/,T300us/4/
DATA Tlms/5/,T3rm/6/,TtOms/7/,T3Ons/8/,TlOOms/9/
DATA T300ms/10/,Tls/1 1/,T3s/12/TlOs/13/,T30s/14/
DATA TIOOs/I5/,T300s/16/,TlOOOs/17/

C DEVICE ADDRESS LOCATION
XAXIS= IEFIND ('XAXIS')
YAXIS= IBFIND ('YAXIS')
GP= IBFIND ('GPIB2')
ADC= IBFIND ('ADC')

C PERFORM DEVICE CONNECTION CHECKS
CALL IBRSP (XAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) GOTO 12
CALL IBRSP (YAXIS, SPR)
WRITE (*, *) SPR
IF (SPR.NE.48) GOTO 12
CALL IBRSP (GP, SPR)
WRITE (*, *) SPR
CALL IBRSP (ADC, SPR)
WRITE (*, *) SPR

C AN IBWRT WILL HANG ON THE BUS UNTIL MVAX READ ADDRESSES
C IBMPC TO WRITE TO BUS
C AN IBRD WILL HANG ON THE BUS UNTIL MVAX WRITES DATA ON BUS
C ASK USER WHETHER TO EXPECT DATA FROM BUS OR KEYBOARD

WRITE (,* 'EXPECT DATA FROM KEYBOARD (1), OR IEEE BUS (2)'
READ (*, *) DATA

I CONTINUE
CALL SEARCH (PH, DL, DN, ITYPE, DATA, GP)

C EXECUTE MOVEMENT
CALL MOVE (PH, DL, XAXIS, YAXIS)

C TAKE POWER MEASUREMENT READING FROM ADC
CALL POWER (ADC, ITYPE, POUT)
IF(DATA.EQ.1) GOTO I

C ENCODE POUT AS DATA WORD TO SEND BACK TO MVAX
WRITE (DONV, 20) DN
READ (DONV, 21) CDN
WRITE (CONV, 22) ITYPE
READ (CONV, 23) TYPE
WRITE (BONV, 24) POUT
READ (BONV, 25) CPOUT
LIST= '#'//CDN/I': '/rTYPE//'&'/ICPOUT//'@'

C SEND POWER MEASUREMENT TO MVAX
WRITE (*, 26) LIST
CALL IBWRT (GP, LIST, 14)

C LOOP BACK, GET ANOTHER SENSOR ID NUMBER
GO TO 1

20 FORMAT (12.2)
21 FORMAT (A2)
22 FORMAT (I1)
23 FORMAT (AI)
24 FORMAT (1-7.3)
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25 FORMAT (A7)
26 FORMAT (A)
11 FORMAT (AS)
12 WRITE (*, *) 'DEVICE CHECK FAILURE, POWER DOWN CONTROLLER'

END
C

SUBROUTINE SEARCH (PH, DL, DN, ITY.PE, K, GP)
C ROUTINE DECODES DATA READ FROM MVAX, OPENS DATA FILE,
C RETURNS WITH DN, PH, DL VALUES

INTEGER*2 PH, DL, DN, DM
INTEGER*2 ITYPE, K, IBRD, IBWRT
INTEGER RL, CODE, GP
CHARACTER*7 FILNM
CHARACTER*6 BUF
CHARACTER*4 DONV
CHARACTER*I CONV
CHARACTER*I BDN, BDM
CHARACTER*l BTYPE
RL= 30

103 IF (K.EQ. 1) THEN
WRITE (, 99)
WRITE (, 101)
READ (*, *) ITYPE, DN
GO TO 102
END IF
IF (K.EQ.2) THEN
CALL IBRD (GP, BUF, 6)
BTYPE= BUF(2:2)
BDN= BUF(4:4)
BDM= BUF(5:5)
WRITE (CONV, 4) BTYPE
READ (CONV, 6) ITYPE
WRITE (CONV, 4) BDN
READ (CONV, 6) DN
WRITE (CONV, 4) BDM
READ (CONV, 6) DM
DN=DN*10
DN=DN + DM
END IF

102 CODE= 85
IF (ITYPE.EQ.4.OR.ITYPE.EQ.3) CODE= 40
IF (ITYPE.EQ.I) FILNM=*OAR.DAT'
IF (ITYPE.EQ.2) FILNM='UVH.DAT'
IF (1TYPE.EQ,3) FILNM-'UVL.DAT'
IF (ITYPE.EQ.4) FILNM='IRH.DAT'
IF (ITYPE.EQ.5) FILNM='IRL.DAT'
IF (ITYPE.LT. I.OR.ITYPE.GT.5) GO TO 3
WRITE (,, 0) FILNM
OPEN (2, FILE=FILNM, ACCESS= 'DIRECT', RECL=RL,

I FORM= 'FORMATTED', STATUS vOLD')
C SEARCH FOR PH, DL
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READ (2, REC=DN, FMT=8) J, PH, DL
WRITE (*, *) J, PH, DL

10 CONTINUE
1 RETURN
3 WRITE (*, 9)

GOTO 103
4 FORMAT (A)
5 FORMAT (A3)
6 FORMAT (I1)
7 FORMAT (A4)
8 FORMAT (15, 219)
9 FORMAT (' SENSOR TYPE NOT PROPERLY IDENTIFIED')
99 FORMAT (' SENSOR TYPES: (1)AR, (2)UVH, (3)UVL, (4)IRH, (5)IRL')
100 FORMAT (' ENTER (1) FOR USER INPUT,

/ (2) FOR IEEE DATA XFER: ')

101 FORMAT(' ENTER SENSOR TYPE, ID#:')
END

C
SUBROUTINE MOVE (PH, DL, XAXIS, YAXIS)

C ROUTINE TAKES RETURNED STEP COUNTS AND DIRECTS CONTROLLER
C TO MOVE GONIOMETER TO SELECTED TARGET

INTEGER*2 PH, DL, IXX, IYY, IX, IY
INTEGER*2 XAXIS, YAXIS, TIMO
CHARACTER*1 N$
CHARACTER*2 S$, US, G$
CHARACTER*4 X4$, Y4$
CHARACTER*5 X3S, Y3$
CHARACTER*6 X$, Y$, XIs, Yl$
CHARACTER*7 X2$, Y2S, BUFX, BUFY
CHARACTER*8 RATE
CHARACTER*9 CV

C READ CURRENT POSITION FROM DISPLAY
CALL IBCLR (XAXIS)
CALL IBCLR (YAXIS)
CALL IBWRTF (XAXIS, 'DISPLAY')
CALl.. IBWRTF (YAXIS, 'DISPLAY')
CALL IBWAIT (XAXIS, TIMO)
CALL IDWAIT (YAXIS, TIMO)
CALL IBRD (XAXIS, BUFX, 9)
CALL IB)RD (YAXIS, BUFY, 9)
WRITE (*, 2000) BUFX, BUFY

C READ CHARACTER STRING INTO INTEGER FORMAT
WRITE (CV, 70) BUFX
READ (CV, 80) IX
WRITE (CV, 70) BUFY
READ (CV, 80) IY

C SUBTRACT PRESENT VALUES FROM DE2STINATION POSITION
PH= PH - IX
DL= DL - IY
RATE= 'RATE.DAT'

C RATE IS THE FILE WHICH CONTAINS A,R,S,F STATEMENTS
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CALL IBCLR (XAXIS)
CALL IBWRTF (XAXIS,RATE)
CALL IBCLR (YAXIS)
CALL IBWRTF (YAXIS,RATE)

C WRITE STEP COUNTS AS STRINGS
IXX=IABS(PH)
IYY=IABS(DL)

IF (IXX.LT.1000 .AND. IXX .GE. 100) WRrTE(X$,17) OXX
IF (IXX.GE.1000) WRrrE(X$,16) IXX
IF (IYY.LT.1000 .AND. IY .GE. 100) WR1TE(Y$,17) IYY
IF (IYY.GE.1000) WRrrE(YS,16) IYY
IF (IXX.LT.100.AND.IXX.GE.10) WRITE (X$,18) IXX
IF (IYY.LT.100.AND.IYY.GE.10) WRITE (Y$,18) 1YY
IF (XX.LT.10) WRITE (X$, 19) XXX
IF (IYY.LT.10) WRITE (Y$, 19) IYY
IF (IXX.EQ.0) X$=t00'
IF (IYY.EQ.0) Y$=t00
X1$=N$//"/ '/X$(1:3)//CHAR(13)
X2$= N$//' '//X$(1:4)//CHAR(13)
X35 =N$//"'//X$(1:2)//CHAR(I 3)

X4$= N$!" '//X$(I: I)//CHAR(1 3)
Y1$=N$//' 'I/Y$(1:3)//CHAR(13)
Y2S= N$//' '//Y$(1:4)//CHAR(13)
Y3$ = N$11' '/rY$(1:2)//CHAR(13)
Y4$=N$//' '//Y$(I:I)//CHAR(13)
IF (PH XT. 0) GO TO 100
GO TO 110

100 S$=-'//CHAR(13)
GO TO 150

110 S$='+'//CHAR(13)
150 IF (DL .LT. 0) GO TO 200

GO TO 210
200 U$='-'//CHAR(13)

GO TO 250
210 US= +'/I/CHAR(13)
250 G$= 'G'//CHAR(13)

IF(IXX.LT.100.AND.IXX.GE. 10.AND.IYY.LT. 100.ANDIYY.GE. 10)GOTO 800
IF (IXXLT. 100.AND.IXX.GE 10.AND.IYY.GE.1000) GO TO 900
IF(IXX.LT. 100.AND.IXX.GE. 10.AND.IYY.GE. 100.AND.IYY.LT. 1000)GOTO 12
IF OXX.LT. I0.AND.IYY.LT. 10) GO TO 1300
IF (tXXLT. O.AND.IYYGE. 1OAND.IYY.LT. 100) GO TO 1400
F (IXXLT. 10.AND.IYY.GE. 100.AND.IYY.LT. 1000) GO TO 1500

IF (IXX.LT. 10AND.IYY.GE. I000) GO TO 1600
IF (IXX.GE. I0.ANDIXX.LT. 100.AND.IYY.LT.10) GO TO 1700
IF (IXX.LT. 1000.AND.IXXGE. 100.AND.IYY.GE. 1000) GO TO 500
IF (IXX.GE. IO00.AND.IYY.LT. 10O.ANDIYY.GE. 100) GO TO 600
IF (PXX GE. 1000 .AND. IYY .GE. 1000) GO TO 700
IF(IXX.GE. 100.AND.IXX.LT. 1000AND.IYY LT. 100.AND.IYY.GE.10)GOTO 10
IF OXX.GE.I000.AND.IYYLT. IOAND.IYY.GE. 10) GO TO 1100
W (IXX.GE. 100.AND.IXX.LT. 1000.AND.IYY.LT. 10) GO TO 1800
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IF (IXX.GE. 1000.AND.IYY.LT. 10) GO TO 1900
IF(IXX.LT. 1000.AND.DXX.GE. 100.AND.IYY.LT. 1000.AND.IYY.GE. 100)

/ GOTO 20
800 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,GS,2)
GO TO 300

C X AXIS MOVEMENT
12 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X3$,5)
CALL IBWRT(XAXIS,SS,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y I $,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,GS,2)
GO TO 300

C X AXIS MOVEMENT
1300 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL IDWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
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1400 CALL IBCLR(XAXIS)
CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
"CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1500 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISUY$,6)
CALL IBWRT(YAXISG$,2)
CALL IBWRT(YAXIS,GS,2)
GO TO 300

C X AXIS MOVEMENT
1600 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X4$,4)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,GS,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX3$,5)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIM(,)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXISU$,?)
CALL IBWRT(YAXIS,G$,S)
GO TO 300

C X AXIS MOVEMErT
500 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,XIS,6)
CALL IBWRT(XAXlSS$,2)
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CALL IBWRT(XAXIS,G$,2)
C Y AXIS MOVEMENT

CALL IBWA1T (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY2$,7)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
600 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
"CALL IBCLR(YAXlS)
CALL IBWRT(YAXIS,YI$,6)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
700 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY2$.7)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXISG$,2)
GO TO 300

C X AXIS MOVEMENT
10 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISXI$,6)
CALL IBWRT(XAXIS,SS,2)
CALL IBWRT(XAXIS,GS$2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXISY3$,S)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1100 CALL IBCLR(XAXIS)

CALL IBWRT(XAXISX2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
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CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y3$,5)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,O$,2)
GO TO 300

C X AXIS MOVEMENT
1800 CALL IBCLR(XAXIS)

CALL IBWRT(XQCAS,XS$,6)
CALL TBWRT(XAIUS,S$,2)
CALL IBWRT(XAXISG$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,G$,2)
GO TO 300

C X AXIS MOVEMENT
1900 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X2$,7)
CALL IBWRT(XAXIS,S$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL IBWRT(YAXIS,Y4$,4)
CALL IBWRT(YAXIS,U$,2)
CALL IBWRT(YAXIS,GS,2)
GO TO 300

C X AXIS MOVEMENT
20 CALL IBCLR(XAXIS)

CALL IBWRT(XAXIS,X IS,6)
CALL IBWRT(XAXISS$,2)
CALL IBWRT(XAXIS,G$,2)

C Y AXIS MOVEMENT
CALL IBWAIT (XAXIS, TIMO)
CALL IBCLR(YAXIS)
CALL lBWRT(YAXIS,Y IS,6)
CALL IBWRT(YAXISU$,2)
CALL IBWRT(YAXIS,G$,2)

300 CONTINUE
II FORMAT (A)
16 FORMAT (04)
17 FORMAT (13)
18 FORMAT (12)
19 FORMAT (11)
70 FORMAT (A9)
80 FORMAT (19)
2000 FORMAT (A9)

RETURN
END
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C

SUBROUTINE POWER (ADC, ITYPE, POUT)
INTEGER*2 PIN, ADC, ITYPE, LASER
INTEGER NUM
REAL RATIO, SCALE, ND
REAL BEAM, PRF, PL, SENSAR, AREA, POUT
CHARACTER*2 BAD
CHARACTER*10 FILNM
LOGICAL EX, OP
CALL IBCLR (ADC)
CALL IBWRT (ADC, 'H8AJ', 4)
CALL IBRD (ADC, BAD, 2)
CALL CONVERT (BAD, PIN)
WRITE (*, ) PIN

C WRITE (*, 5)
C READ (, 6) SCALE

SCALE = 1.0
C WRITE (*, 7)
C READ (, 8) ND

ND= 1
23 CONTINUE
C WRITE (, 10)
C READ (*, *) LASER

LASER I 1
OPEN (9, FILE='LASERS.DAT', STATUS-"OLD')
DO 21 1= 1, 5
READ (9, *) NUM, BEAM, PRF, PL, RATIO
IF (I.EQ.5.AND.NUM.NE.LASER) GO TO 23
IF (NUM.EQ.LASER) GO TO 22

21 CONTINUE
C WHAT IS SENSOR AREA?
22 CLOSE (9)

IF (1TYPE.EQ.1) SENSAR= 1.0
IF (ITYPE.EQ.2) SENSAR= 1.0
IF (ITYPE.EQ.3) SENSAR= 1.0
IF (ITYPE.EQ.4) SENSAR = 1.0
IF (1TYPE.EQ.5) SENSAR= 1.0

C COMPUTE FACTORS
PIN= PIN + 1024
SCALE= SCALE /1024
ND= 10 0" (-ND)
PRF= IIPRF
PL= I/PL
AREA= (SENSAR / BEAM)
POUT= PIN 0 SCALE * ND "PRFP PL RATO AREA
WRITE (I 0) POUT

C FORMAT C POWER METER FULL SCALE VALUE:")
C FORMAT (F5.2)
C FORMAT C NEUTRAL DENSITY VALUE:')
C FORMAT (F5.2)
C FORMAT C SELECT LASER: (W)AR, (2)HN, (3)DF, (4)EX, (5)YAG')
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RETURN
END

c
SUBROUMINE CONVERT (BADIOUT)

"C THIS ROUTINE CONVERTS THE ADC READING TO AN INTEGER
C ROUTINE IS CALLED UP BY SUBROUTINE POWER

CHAk'ACTER*2 BAD
CHARAL-rER*1 BADABADB
INTEGER*2 IA,IBIC,ID,IE,IGF,IOUT
BADA=BAD(:I)
BADB=BAD(2:)
_IA=ICHAR(BADA)
IB=ICHAR(BADB)
IF (IA .LT. 4) GO TO 200

100 IC = 255- IA
ID = IC'256
IE = 256 - IB
IGF = ID + IE
lOUT = -1 I' GF
GO TO 300

200 IC = IA *256
lOUT = IC + IB

300 RETURN
END
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