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Azimuth Monitoring Experiment Status Report

1.  INTRODUCTION

AFGL personnel have recently completed a series of field tests designed to
establish the sensitivity and stability of an azimuth monitoring device in an opera-
tional environment. The experimental system was set up at the Satellite Tracking
Station, New Boston AFS, New Hampshire, and operated over an 8-day period.
Later, a 8-day record was collected at AFGL, Bedford, Massachusetts. Data taken
emphasized the stability of the recording equipment. Additional tests were directed
toward the sensitivity of the measuring sensors to any movement of the reflected
light sources.

2. THE REQUIREMENT

The Air Force, during facilities construction, testing of navigation and guidance
sensors, and in its ballistic weapons delivery mission, has many requirements for
verification of the directional integrity of azimuth reference markers, The azimuth
references are used for precision directional references in the operation and testing
of guidance sensors, and in the siting of various structures for operational use. A
carefully established azimuth reference requires considerable labor and the use of

(Received for publication 22 July 1982)
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expensive equipment. The most critical of these directional references are re-
observed frequently to determine if they have maintained directional validity. Be-
cause the earth is subject to many sources of movement, a requirement has evolved
for a method of monitoring the horizontal rotation and translation of these direc-
tional references. It is necessary to determine the magnitude, direction, and fre-
quency of these positional movements and the extent they affect weapons component
test precision, missile guidance precision, and structural alignment precision.
There are other considerations —station location, local topography, and so on,
which may require that the measuring unit and targets be separated by a distance
of 100 m or more. Also, a single configuration of one emitter/receiver and one
set of target reflectors will not tell whether the motionis at the emitter or the
targets (Figure 1), However, another target placed at a different azimuth will re-
duce the problem. The motions can be monitored by alternately sending the output
beams to each set of targets and noting the relative movement. A mirror in the
beam path can be used for this redirection.

'SOURCE REFLECTOR
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Figure 1. Source-Reflector Motion Combinations
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Figure 2. Azimuth Monitoring System

3. - OBJECTIVE

The Air Force Geophysics Labbtatoi'y: has developed a device which can pre-
cisely monitor the translational and rotational movements of reference pillars, test
tables, and other devices where the stability of alignment must be known, The goal
with this experiment is to be able t6 track and record these movements with a
demonstrated precision of less than one arc second for each measurement of the
four recorded motions. These motions are: (1) Xt' translation in the horirontal
plane perpendicular to the laser-beam, (2) Yt' translation in the vertical plane,

3) Xr. rotation about the vertical axis, and (4) Yr' rotation about the horizontal
axis. It is felt that this degree of precision will permit the tracking of earth
motions closely enough to learn something about their sources and predictability.
Most important, such precision should give a valid indication of the degradation of
geodetic direction references as a result of these earth movements.
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;j Figure 4. Optical Targets
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The equipment, both source and targets, was set up on a stable pier and checked
‘« for stability and repeatability. The stability tests showed some drift for about

::; three hours after turn on of the system and then settled to about 5 £m of movement
3 which is the noise level. The repeatability tests were performed concurrently

i with the calibration. - This was done by moving the reflector a known amount and

'1 recording the amount of movement on the detection/recording system. The

: repeatability was on the order of 5 um. This includes the ability to reset the

X mechanical displacement micrometers.

% The equipment was taken to the New Boston Tracking Station in New Hampshire.
1 This site was chosen because of the availability of piers (left over from WW II) that
_’_‘«, were separated by the distances of interest.

! The first portion of the experimeht'was to set up the light source and reflectors
‘ on two concrete slabs 20, 17 m apart. This portion of the experiment was per-

- formed inside of a building, the tem,peraturé of which fluctuated by only 1°C. The
equipment was allowed to ""warm up'' for four hours before starting to record

f: changes in movement.

‘:,3 The second part of the experiment was to leave the laser and associated optics
’,';’ on the slab and set up the target reflectors outside of the building on a pier located
! 34.39 m from the slab. Figure 5 shows the tripod used to mount the target re-

- flectors and the doorway where the laser was mounted.

e 5. DATA RECORDING AND REDUCTION

o

Data collection is accomplished by means of detecting a change in light position

‘ M using a biaxial Schottky photodiode, processing the resulting electrical current change
:" through an analog to digital converter and then writing this Binary Coded Decimal
: {BCD) information on magnetic tape. The magnetic tape is then input to a CDC 6600
o
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computer which in turn outputs the recorded data in either chart form, data listings,
or a combination of both.

B 'l‘,
VAl

Figure 5. External Target Mount

Main factors in the selection of the Model SC-50 biaxial Schottky barrier photo-
diode as a light image position sensor for this system were its ability to detect a
change in light position in relation to the centroid of its light sensitive surface, its
capability to resolve small motion with the provision that any nonlinearity be cor-
rectable, plus high repeatability. Figure 6 shows pictorially three different views
of the model SC-50 biaxial photodiode. Basically this device has one electrical
connection on each of the four sides of its light sensitive surface. Current flows
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. equally from each connection as long as the light spot is centered on the light sensi-
& tive surface. As the centroid of the light image moves away from the center or

null point of the sensor a current unbalance occurs. It is this difference in current

g

L
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L AT

unbalance that results in a corresponding value for the actual displacement of the
light spot centroid from the null position. The following briefly explains signal
development using the biaxial Schottky barrier photodiode.

3

¢ .
TINEIET VLI
SERPAIS VLN

.2 COVER MASK

- N X
k >

i

2 ~ v :
o POSITION

o SENSITIVE

- ACTIVE AREA

; ' Figure 6. Photodiode

j'J The photodiode is a current source. The preamplifier is a current-to-voltage
” operational amplifier and the following stage is a difference amplifier which sub-
i tracts quadrant voltage signals resulting in a voltage proportional to light spot dis-
..? placement from center. The difference voltage is proportional to light intensity as
fi well, so if no corrective action were taken the position measurement would vary
'*; with intensity. The sum of the two currents is also proportional to light intensity
= but not to light spot position changes, A straightforward solution is to divide the
:;',_. difference by the sum giving a signal proportional to poaition but not intensity.
f- Figure 7 shows schematically signal development through one axis of the biaxial

= photodiode.

:-E Several options are available to us in terms of programs than can be used to

sort our data. Basically we use a standard Fortran 4 software package that sorts
:}' our data into four specified motions, labels each of these parameters, in column
;;' form, with the appropriate channel function at the head of each column. Yr and Xr
::3 are rotational channels, Yt and X, are translational channels. This program'also
-l * keeps a progressive clock count every 23. 5 sec from the start of data recording
to the finish. The 23, 5-sec timing period is the time to sample the four data
channels, reset and then repeat this process thruugh the complate recording cycle,
; which may last as long as eight days. This timing technique has been of significant
"_'-i value since we are able to compare known time events, natural or cultural, with
, 11

]
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our data, by allowing us to determine the validity of the events that show up when -
our data is reduced. After scanning the sorted data listing for minimum and
maximum values for each of the four motions, a second program is run giving us
scaled plots of the parameters, Y ... Xr' Y’t and Xt’ showing movement (in volts)
versus time (in seconds) as shown in Figures 8-11. These plots represent data
recorded during a recent field trip and will be discussed in detail later in this

report. .
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Figure 7. Dual Axis Photodiode Position Sensor

Many options are available to us in data recording, program -eléction. both
listings and plots, and in the techniques used in the actual reduction of our data.
Plans were made to update our system to include an on line computer, terminal
and printer, giving our system the flexibility necessary to become a self sufficient,
operational field apparatus. ’
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6. RESULTS

Figure 12 is a computer plot of one of the Y rotational (angular) runs. The
following is an explanation of the data. Discounting the first hour to allow for per-
sonnel to move far enough away so as not to influence the site, the drift in Y rotational
data for the next two hours was 0,710 mm/hr or about 3'5/hr. The drift then leveled
off to 0.235 mm/hr or about 10/hr. After seven hours of running time the drift was
well under 1'0/hr. It should be noted that the large spike seen at about 432 X 102 sec
after the start of the run is the result of driving an automobile close (~5 m) to the
transmitter end of the experiment. As can be seen there is a rather large effect.
Again discounting the first hour of the run the X rotation drift was less than 2'0/hr
for the next three hours. After nine hours the drift settled to about 0'5/hr. In both
X and Y the drift increased after moving the vehicle but the sun was also coming up
so more investigation is required to determine if this is a loading effect or a diurnal
cause. The system in its present form did not allow us to observe what the data was
like while in the field which would have allowed ut to change our approach during
the experiment. This, however would be alleviated by integration on an on-line
computer, '

a8 9.8

-0 9.8 n.. 108.0 184.0 198.9 “.'.'lﬂtdstC~ l.(“x}.ﬂ) 040 i | did R0 9.8 904.9 $e0.0

2400 0400 0800 1200
Figure 12, Y Rotational Data Plot
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7. SYSTEM RESPONSE LINEARITY

The control module, operating in accordance with the manufacturer's instruc-
requires an adjustment of the sum voltage into the analog divider,
adjustment should be such that a 1-mm linear displacement of the image centroid
on the face of the receiver produces a 1 V change in the output signal. This dis-
placement is really non-linear, as Figure 13 shows.
indicated a response curve of Yt = Ym +0.01 (Ym)z' 4

where Ym are measured values in mm of a motion quantity (in this instance YT )
and Yt is the known amount of translation, introduced manually to the mirror
mounting. This conversion results in errors iess than 0,01 mm within a 6-mm radius
from the center point of the junction barrier diode. The experiments performed at
AFGL to establish response linearity produced the data shown in Figure 14, From
these values we calculated a response voltage/versus centroid movement for direct
These data yield the polynomial

tions, 2

system's nonlinearity

(non-reflected) reception of an image,

2 3

Y, = 0.115 + 2, 430Ym -0, 051Ym - 0. 039Ym .

The earliest tests of the

This

rans

tXx

-2 L3

OBSERVED VOLTAGE

2. Morse, E,P. (177) A Dual Electro-Optical Light Ima,

-'0

L
L _J
g
g
Figure 13,

Photodiode Calibration Plot

Receiver and Recorder,

AFGL-TR-77-0007, Tinal report, Contrac -16-C- . .
18
A S ey T T ot atal St N DA e N e e e i




¥ . P e L
o G B3 g - Sl o WA S N AR I R e e R A I
Lf' A A Aﬂ'.ﬂil.fm"’.;_‘.!_i\.“:..z-."..'...“-. PR A ST TR T PR SIS I VA SR R PR IR el .

e e I ot el e e i

H

PR TR &

A A

MOVEMENT MOVEMENT
Xenm VOLTAGE Xmm VOLTAGE
X v X v
0 0.05 -0 0.005
05 051 05 -0.50
1 1.01 -1, -1.01
2 2.0 2 -2.02
3 206 -3 -2.09
4 388 -4 -3.93
5 4.75 5 -4.81
] 5.56 Y] -5.62
7 8.32 -7 -6.3

Figure 14, Photodiode Calibration Data

A spectral analysis of the stability data at frequencies of 1 cycle per 10 min
and lower doe= not show any marked periodicity (Figures 15-18). The diurnal effects
acted equally on the transmitting and receiving optics as set up in this experiment
and are not recorded as degradations of the instriunentlsystem gensitivity. System

sensitivity is in the millivolt range with no meaningful equipment drift shown over
the 5-day interval,

8. CONCLUSIONS

The azimuth monitoring technique, in its prototype form, has shown a potential
for sensing and recording sub-arcsecond rotational and translational movements of
azimuth reference stations. Measurement and system stabilities are acceptable
for the system to meet such precision requirements. The non-linearity and re-
peatability of voltage response to image centroid movement can be simulated with
a polynomial to within 0.02 mm. This is also adequate to meet system objectives.

Sample integration time ‘of 15 sec minimizes atmospheric effects on image shimmer
and beam wander,
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