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Weapon-pointing data for the hit-probability analysis of
stabilized vehicle-mounted weapon systems have long been obtained by
high-speed photographic techniques, which do not provide a real-time
analysis capability, as film must be processed and requires excessive
data-reduction time (film reading). Infrared (ir) tracking systems,
also in use, provide no image and therefore are extremely difficult to
set up and aline. The Gated TV (GIV) system (Figure 1) consisting of

a video camera, a tracker error processor (tracker) (TEP), a video
monitor, and a digital or analog recorder, will derive weapon-pointing
errors as digital numbers or analog voltages proportional to angular
elevation-and-azimuth errors in real time. This output can be recorded
or presented directly to automatic data-processing equipment (ADPE)

to obtain wecapon-pointing data as a function of time. This instrumen-
tation provides the basis for measuring target position, lead angle,
and target angular rate. Utilizing such information, stabilization !
and tracking studies of main and secondary weapon systems are readily
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Since the error data are available (n real time, the test dirvector
can monitor constantly, providing close control of the test and
rapldly correcting situations that might result in the loss of
valuable test items or critical data; morcover, a video monitor in
the system provides a picture of where the weapon is pointing. Many
costly retests are thus avolded, and better control yvields wmore viable
data.

CONCEPT OF SYSTEM OPERATION

The GTV system determines the pointing angles of the weapons and fiyve-
control systems of combat vehicles. Flgure 1 is a block diagram of
this system. A video camera and lens are mounted on and boresighted
with the gun tube of the combat vehicle, The video picture is trans
mitted by cable or microwave link to an instrumentation van containlng
the other system components. The received composite video signal is
fed to the TEP, and an amotated video signal is fed from the tracker
to a video monitor. The tracker converts the target position within
the video picture to digital and analog values proportional in real
time to the target displacement from a predetermined boresipht. These
values are then recorded on tape or sent directly to the ADPE.

The two most important components of the GTV system are the video
camera and the video tracker. The video monitor is mervely a wmeans fou
viewing the data generation and monitoring the tracking phase of
testing., Although these capabilities are invaluable for test control,
data checking, and system installation and alinement, the video monito.
plays no part in the error-signal gencrvation. The digital and analog
recorders are time-tested devices, and while it is essential to the

operation of the GTV system that they function properly, they are simply

data loggers and have nothing to do with the errvor-signal genervation.

The video camera, long regarded as merely an im.nélng; device, plays a
primary role in the GTV system. Since the tracker input {s the video
signal from the camera, the camera is the transducer for the GTV
system. The video camera must be stable, rugged, and lincar, and have
a wide dynamic range to ensure these characteristics In the overall
system performance.  The lens on the video cameva must also possess
the same characteristics. Changing the focal length of the lens
changes the field of view (FOV) of the video camera. Since the tracke
resolutlon is a fixed percentage (0.47% vertical) of the FoV, the
resolution ov accuracy of the system Is a function of the tocal length
of the lens. For example, a 20-inch (508-mm) (focal length) lens on a
1-inch (25.4-mm) vidicon camera vields a svstem vertical YOV of 19.5
mils and an accuracy of 10,08 wmilj an 80-inch (2032-mm) lens yields an
accuracy of *0,02 mil but an FOV ot only 4.8 mils. A trade oft exists
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between the desired accuracy and the FOV required to accommodate
system errors and dynamics, lead angles, superelevation, etc,

The tracker accepts as its input the video signal from the camera.
This video signal is a high-frequency analog~-voltage stream of
sequential left-to-right top-to-bottom (ignoring image reversal by the
lens)scans of the camera image area. The tracker searches this input
signal for a discontinuity: a voltage higher than an operator-
established threshold, meaning a target brighter than the background;
or a voltage lower than a threshold, meaning a target darker than the
background. By identifying the target position in the input stream,
the tracker determines the target positicn in the FOV. This operation
is accomplished at the standard video-~field (there are two fields to,
every 2:1 interlaced frame) scanning rate of 60 times per second.
Since the standard video line-scanning rate is approximately 250 lines
per field (500 per frame) in the active image area, maximum resolution
is 1 line in 250, or 0.47 of the FOV. This resolution can be increased
by higher scan rates; for instance, another standard scanning rate is
800 lines per frame, 400 per field, yielding a resolution of 1 line in
400 or 0.25% of the FOV. The trade off is that the higher scanning
rate is somewhat specialized and the associated equipment is consider-

ably more expensive and less available. There are applications, however,

where the higher resolution is required, such as tracking through the
gunner's sight.

The tracker is capable of edge or centroid tracking. In the edge mode
the operator can select the leading edge of the target that he/she

wants to be tracked. This mode is particularly useful for large targets
that may extend out of the FOV. 1In the centroid mode the tracker
digitally performs the mathematical operations:

X = Xda/fdA Y = YvdA/ fdA g
to locate and track the center of arca (A) of the target.

A tracking gate limits the processing of target information to an areca
automatically adjustable in size from 5% to 80% of the FOV. The gate
can be manually positioned or, using an electronic servo loop, the

gate will position itself such that the center of the gate coincides
with the tracking point (edge or centroid) in the preceding video
field; thus, in the current video field, the tracker will only search
for the new target position in an area the size of the gate around the
last known target position. While somewhat limiting frequency response
with small gate sizes the gate greatly enhances the system noise
immunity and tracking ability. i
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The tracker also generates a reticle display on the wmonftor, indi-
cating the center of the FOV or the boresight reterence point, This
reticle aids in system setup and alinement. An additional feature
allows the zero reference polnt to be moved from the center of the FOV
and positioned by the operator,

The tracker has three different outputs.  The video output produces
the display on the video monitor, afding svstem sctup, alincment, and
operation. The digital outputs are the chief error output signals,
as all internal processing is digital, and digital data arc the most
desirable for further processing. These digital signals are 1's
complement or 2's complement, 8 to 12 bit (depending on the resolution
determined by the scan rate) binary numbers, indicating the target
position in a cartesian coordinate fashion, The addition of analog-
to~-digital converters within the tracker generates alternate analog
outputs varying between =5 and +5 volts, proportional to the target
position. These analog outputs provide a convenient means of checking
field data. Two digital displays on the front panel of the tracker
also provide convenient readouts of the error signals,

The feasibility of the GTV svstem was to be tested by evaluating the
system with the tollowing criteria: the system should function as
anticipated and provide at least the same amount of data as is devived
from the high-speed photographic techniques and ir tracking systoms;
the system should be practical from a standpoint of ease of installa-
tion and operation; the system accuracy under ticld Instrumcentation
conditions should be at least that demanded by the tracking and
stabllizer testing for which it would be used.

LABORATORY TESTS

Not only was the GTV system a new Instrumentation system, but the
video camera was an entirely new form of transducer to be usced tor
data collection. 7Thus the video camera and TEP, the main components
of the GTV system, first underwent extensive laboratory evaluation
designed to verily the operation and accuracy through a point-hv-
point analysis of predicted outputs versus actual outputs.  Laboratory
tests were designed to evaluate system static lincarity, dynamic
linearity, frequency response and phase lag, and mechanical scability
in a vibration cuvironment. The laboratory tests were desipned to
uncover potential problem aveas before tield testing and to provide a
data base that would minfmize the data to be evaluated durdng ticeid
testing. This would allow the chief concerns of the field testing to
be ease of installation and operation, system durability, and ticld
sultability.
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The objective of the static system cevaluation was to determine a
correlation between the target position in the FOV and the output of
the system. The evaluation of the complete system was conducted by
testing the tracker for lincarity and then adding the other components
of the system, camera and wonitor, and evaluating the system as a
whole as each component was added.

To test the lincarity of the tracker, a calibrated video-test-pattern
generator was used to gencrate a video signal consisting of a linear
dot array covering the entire FOV. The dots in the linear array were
assigned numerical labels in a cartesian coordinate fashion, A lincar
regression analysis was performed on the tracker output values for the
points as a numerical evaluation of tracker lincarity. y

An industry standard procedure exists for evaluating the lincarity of
video cameras. This procedure utilizes an EIA Standard Video
Linearity Test Chart, a vidco bar-dot mixer, and a video monitor.

The test pattern is placed so that it exactly fills the FOV of the
video camera. The video output is run through a bar-dot mixer,

where it is mixed with a calibrated electronic prid and is then fed

to the video monitor. By noting the alincment (on the monitor)
between the test pattern and the electronic grid, the camera linearity
can be verified or adjusted to 1% or less of the picture area.

During this test a new solid-state image-device video camera was
examined. The camera used a charge-coupled device (CCD) for the image
sensor, which was a 520 by 344 linear array of light-sensitive elements.
The lincarity of this camera was verified to well within 17 of the
picture area. Because the picture on the CCD camera is formed, not
by a sweeping beam but by fixed elements, this camera was considered
to be inherently stable in linecarity and picture aspect ratio, Tor
this reason, this camera was used when possible during the evaluation
of the GTV system; however, much testing was acdomplished before the
CCD camera was available.

The objective of the dynamic system lincarity test was to make the

same lincarity evaluation as the static system lincarity test, but this
time to use a moving target. This test is an extremely valuable
laboratory test because all test scenarios in which this instrumentation
would be used would be dynamic. A lincar array of 29 computer-
addressable light cmitting diodes (LEDs) (Figure 2) was placed
completely within the FOV of a CCD solid-state video camera, connected
to the tracker. The LEDs were lighted in succession by the computer
and the tracker digital output was sampled by the computer and stored
in the memory with the LED driving function for later processing,
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Figure 2 Dynamic Linearity and Frequency Evaluation Setup

Since the LEDs were arranged in a linear array, the tracker outputs &
could be compared to the known positions of the LEDs to verify the
tracker dynamic linearity. The lincarity of the tracker outputs 1

was verified using the same linear regression analysis as in the
static evaluvation. Each LED was activated 30 times in succession

and the array was swept in a sawtooth wave fashion so that 1000 data
points (3.7 milliseconds apart) were taken. As discussed in
following paragraphs, phase lag was evident in the tracker outputs
during this dynamic testing. The linear regression routine accounted
for this phase lag by iterating the regressicn subrcutine, each time
stepping the tracker output data back one sample interval, until the
standard deviation was minimized, indicating the best fit. Becausec
field data should never be discontinuous, as were the discrete LED
positions, the linear regression analysis was performed on the time-
displaced data, disregarding data points falling at the transitions
in LED positions.

]

Because the tracking system is to be used to track moving or
stationary targets in a dynamic (moving-vehicle,vibration, etc.)
environment, the frequency response of the system is an essential
parameter and could be a limiting factor for some applications. The
term "break lock" is used when the speed of target movement in the 3
FOV has exceeded the tracking ability of the TEP. Since the TEP

inserts a gate and o target tlag into the video signal going to the -
monitor, which follows the target when it is tracking properly,

breaking lock is readily visible to the operator. Breaking lock

often (and for extended periods during data acquisition) is extremely

undesirable as data output during this time is meaningless.

Phase lag 1s also an important parameter, as there is a delay
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between target acquisition and the location and presentation of the
error outputs, This phase lag must be known where precise time
correlation between target position and other data outputs is
essential to the format of the test for which this information is
being uscd.

A basic understanding of the theory of operation of the TEP leads to
the following hypothesis of system frequency response and phase lag:

a. The output of the TEP is updated once per field or 60 times
per secord; therefore, the maximum theoretical frequency for proper
track (meaning target-deflection reconstruction from the tracker
output) of pure sinc-wvave deflection would be 30 Hz. Since this
Nyquist sampling rate is theoretical and would not yield a desirable
output for test data, it is suspected that the maximum frequency
should be considered as substantially lower than 30 Hz, or as low as
10 Hz. ;

b. Because of the left-to-right top-to-bottom (of the reproduced
picture) sweep of the video image device in the camera, tarvget-
acquisition time decreaces as the target moves up and left in the FOV,
The best case of time lag in target acquisition was when the target
was in the lower right corner of the FOV (one sample) and in the upper
left corner (succeeding sample). In this case the output lag would
be the vertical retrace time plus two horizontal sweep times (two
horizontal sweeps of the target are required for target acquisition)
or approximately 627 microseconds. The worst case would be when the
target moved from upper left to lower right. The time lag here would
be the time required for two vertical scans minus two horizontal scans
plus one vertical retrace, or approximately 34 milliseconds. Since
all other forms of target movement are between these two extremes,
with the target-movement frequency being low in most instances, the
average lag orf 17 milliseconds between target position and data output
is probably a viable approximation, ignoring the persistence of the
video image device or camera delays. Only the area within the gate
is searched for target information, and the position is produced
immediately following target acquisition in the edge track mode; in
centroid track the target position is produced at the completion of
sweeping the entire gate. This will produce differing results for
rapidly varying signals.

g :

c. Since the gate position is updated once per field and is
calculated to center on the output of the preceding field, the gate
will break lock if the target-deflection horizontal component during
1/60 second exceeds half the gate width or the vertical component
excceds half the gate height.




*BROWN

i d. Because tracking and gate display is lost as soon as any

} edge of the gate goes out of the FOV, the target must remain in an
area of height equal to the FOV vertical dimension minus the

height of the gate and in width e« 1 to the FOV hevizontal dimension
minus the width of the gate.

This evaluation utilized the same method and data as the dynamic
linearity test. The sweeping LED array (Figure 2) provided a good,
accurately controlled simulation of a moving target, and it was easy |
to compare the LED driving function with the tracker output to verify
frequency response and phase lag. It was decided that frequency-
response measurements should be taken with the entire target deflec-
tion within the gate and the gate in the manual position, to eliminate
the variable of gate size, which is operator adjustable,

k Figure 3 is a sample of several plots of the LED function and the GTV
outputs versus time. These plots clearly indicated that the GTV
outputs lag the LED positions by a generally constant time, This lag
was arrived at analytically by taking the average number of data
samples that the linear regression routine had to shift the GTV output
data to achieve a best fit, and multiplying that number by the sample
interval. The average shift was 9,37 samples; samples were taken
3.7 milliseconds apart, indicating that the average lag is 34.7
milliseconds, approximately two vidco-field times.

In this experiment the LED driving function was a step function, so
the GTV outputs could be considered as a step response having an {
average rise time of 34.7 milliseconds. Applying the commonly used
formula:
3-dB frequency = 0.35 + rise time

yields a frequency of 10 Hz. Although 3 dB is rcaningless in terms (3
of the digital processing within the tracker, this frequency could
be considered to be the point above which breaking lock would occur. }

It was anticipated that the GTV system would be used extensively for
an evaluation of vehicular-mounted systems, an cnvironment that

would subject the video camera and lens to considerable vibration.

To evaluate the performance of the system in this environment, the
camera, lens, and mount were firmly mounted on a package tester

and then shaken in such a way that the test items were subjcected to
accelerations very similar to (if not more severe than) those recorded
on the camera position of a moving vehicle.
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DISCUSSTION OF LABORATORY TESTS

Because most field I'L‘t‘\\l'\lfh‘\"-‘l\hl—nh‘;l:ill!'iny. devices are calibrated
to within only 1% of full scale, this value was chosen as a
criterion by which to judge the overall accuracy of the GTV system.
The laboratory static-linearity tests demonstrate that the GIV
system (tracker and camera) is linecar within 1% of full scale,
because all differences between the observed outputs and the linecar
regression predicted outputs are less than 0.05 volt, Dynawmic
linearity was calculated using a 2.5 § (standard deviation) estimate
level, a strict linearity criterion, predicting that 99% of the time
the output will be within the calculated linearity. For centroid
track azimuth and elevation, this value was within 1%; for edge

track azimuth and elevation, this value was slightly greater than

1% but was within 2X¥. The choice of a more lentent 1 S or 1.5 8§

level would have brought the edge-track data within 1% lincarvity,

It is felt that the slightly worse lincarity performance of the
tracker in the edge mode is because the LEDs were of varving bright-
ness.  Any concentrated light source blooms somewhat on a video
sensor, depending on the brightness, and sources of varving briphtness
appear to be different sizes; therelfore, the target edge position,

in relation to the center, differs with respect to source brightness,
greatly affecting edge trvack while not appreciably attfecting centroid
track.

System frequency response was verified to the predicted 10 Ne, with
the gate being stationary in manual track and all target movement
being contained within the gate.” The average phase lag was experi-
mentally derived as approximately 35 milliscconds instead of the
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expected 17. Slight persistence was perceptible with the CCD camera
used during the phase-lag experiment. This slight persistence is

noticeable and was experimentally verified as approximately the same
for ‘all the video
any persistence or lag in the image sensor carries over into the next
field scan, this lag tends to be a quantized time equal to one field

ipe devices used with the GTV system. Because

scan (approximately 17 milliseconds). This plus the 17 millisecond
tracker lag equals 34 milliseconds, within one computer sample time
(3.7 milliscconds) of the experimentally derived lag of approximately
15 milliseconds, making the predicted and experimental numbers equal
within the sampling accuracy.

PIELD TESTS

The chief purpose of the field tests was to examine the practicality
of the CGTV system for field instrumentation. During system evaluation,
the GTV svstem was successfully installed on and removed from several
different types of vehicles; this required no more time than was
involved with photometric techniques. The GTV did not atfect vehicle
operation, nor did the vehicle affect operation or accuracy of the
GTV. Packaging was rugged and convenient enough for field usage.

The most practical installation seemed to be with the video camera
mounted on the gun tube with its video output sent by microwave link
to a data van containing the tracker, monitor, and recorder. The
camera and microwave transmitter are both ruggedized units and did
function without a problem during all testing. This setup requirved
no operator on board the vehicle, as tracker monitoring, data lopging,
and recording were all accomplished by one person in the data van.

A summary of manpower savings and associated monetary savings during
several tracking and stabilizer programs conducted during FY76 is

included as Figure 4. :
. Savings in §1000

Data Acquisition (per test)
Typical tracking test
previously required 6 weeks, 6 men, $15,000

GTV requires 2 weeks, 6§ men, $5,000 Savings of 10

Typical stabilizer test (same as above) 10
_Data Reduction (tracking or stabilizer) (per test) ST
Major Programs (data acquisition and reduction combined) B

Quick Fox (combined tracking/stabilizer/target acqui- 200

sition scries)

XM=-1 Tank (4 tracking, 4 stabllizer tests) 160

M=60 Tank (4 tracking, 10 stabilize oats) 280
Graph Angle (air detense tracking servies) hI‘O(\_
Total Major Program Savings 960

L8

MICV (3 tracking, 10 stabilizer tests) 120
F
i

Figure 4 Summary of GTV Monetary Savings FY706
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The parameters evaluated during laboratory testing were examined at
various times during fiei! testing. An analysis of this data would
indicate system degradation, mechanical or electrical drift, or an
opérator's inability to make the system function properly in the {ield.
1t was apparent from field data and results that there was no drift

or lincarity degradation beyond the 1.0% tolerance specified carlier.
This was true during linearity and boresight (zero) checks during all
phases of field testing.

An inspection of the tracking waveforms on a playback oscillograph of
analog field data showed few discontinuities that indicated loss of
lock. The situations with discontinuities were remedied by a change
in the focal length of the lens to increase the FOV. These were the
only frequency-response problems; an examination of the waveforms
indicated that the majority of the frequencies were well below the
10 Hz response determined during laboratory testing. Since the
frequency responses of the turret systems of the vehicles under test
were well below 10 Hz, the frequency components at 10 Hz or above in
the error waveforms were generally not meaningful tracking data.

CONCLUSIONS

The following conclusions were reached as a result of the evaluation
of the CGTV instrumentation system:

a. The GTV system is linear and stable in both static and vi-
bration or dyvnamic environments to within 1.0% of the FOV. The
accuracy and precision of the GTV system is, therefore, greater than
the maximum 1.0% tolerances of the data recording and processing
systems and the 1.0% tolerances required for tracking and stabilizer
testing.

b. Dynamic response is a function of the ROV of the video
camera. Changes-in focal length affect dynamic response and measure-
ment precision inversely, so the focal length of the lens must be
carefully tailored to the particular testing situation.

¢. Dynamic response 1s also affected by gate size; increasing
the gate size increases the dynamic response, but also decreases
optical signal-to-noise performance. Size also must be tailored to
the particular testing situation, but can easily be changed by the
operator during the test for best results.

d. The GIV system presented no unrcasonable problems in instal-
lation or operation during field testing. The video-monitoring
capability was most valuable and made immediate test~progress analysis
possible. The GTV system therefore appears to be a viable ticld
instrumentation system producing good data suitable for direct input

T




to the ADPE or any data-recording system.

e. Because camera linearity greatly affects data and can vary
with time and environment, linecarity and other camera specifications
must be verified at regular intervals. This requirement is

to vidicon cameras where linearity and aspect ratio are dependent on

the electronics that sweep the beam across the vidicon faceplate, but

should also be applied to solid=state cameras at less frequent intervals,

FURTHER APPLICATIONS OF VIDEO TO INSTRUMENTATION

The CGTV system represented one of the first applications of video
techniques for instrumentation instead of merely viewing. Evaluation
of the system demonstrated that the video camera is a viable tran
ducer for dynamic and static position data acquisition. The GIV's
success has led to many unique applications of video in the
instrunentation field. These applications include the: 1) Automated
Video Target Scoring System, 2) Video Muzzle Fosition System, 3) Video
Surf Measurement and Analysis System, and 4) Automatic Video Shel?
l‘r:z;‘,:t:vn: Area and Veloecity Measuring Systems.

XY DIGITIZER [ TEST ITEM
i = l.‘ {\“( i
TR \

BOMBIRL ,

,{\X\\\‘ \'H\,} 0

CAMERA

S

- :?T

VIDEO L‘t\’n\o\:':\\“'wu i
MONITOR L( ALCULATOR

Figure 5 Automated Video Target Scm'lm: System

The Automated Video Target Scoring Syvstem (AVTSS) utilizes a video
camera, a programmable calculator, and a vidco XY position ¢ .
(Figure 5). The XY digitizer is similar to the TEP in the GTV system
except that, instead of tracking a target point, an operator positions
a cursor in the video FOV and the X and Y positions of the cursor are
output as digital words. The video camera is aimed ot a cloth targe
used during testing large caliber weapons. An interactive calculator
program steps the operator through appropriate calibration such that

distances in the video FOV can be related to actual distances at the
target. The gunner's aim point is digitized and then the cursor is
placed over the images of holes made in the target by the rounds
fired and thus the target is scored remotely. At the completion of
firing the calculator outputs the mean and standard deviation of the
shot group. The AVTSS eliminates the need for measuring the cloth




target dirccetly thereby saving time and manpower to drive downrange,
lower, score and raise the target, and return,

SUN VIDEO
SCREF
MIRROR SHIELD ~ _§ f _]_‘.“_INN CAMERA

S e /J]‘r“/l) P - A 17.71'—

LASER | - \ \ \ }
TO

\\ TURRET AVTSS E

LA |

Figure 6 Video Muzzle Position System

DROOP
ANGLE

MANTLET 7

The Video Muzzle Position System (VMPS) incorporates the AVTSS to
measure gun muzzle movement with respect to the mantlet over a period
of time. A small continuous wave laser and translucent screen arce
mounted on the gun mantlet (Figure 6). A mirrvor is fastened to the
muzzle so that the laser beam is reflected back to the translucent
screen.  The video camera of the AVTSS is aimed at the back side of
the translucent screen and readings are taken by positioning the cursor
over the imapge formed by the reflected laser beam on the screen.  The
calculator output is angular displacement of the muzzle in mils or
other desired scientific units refercenced to a position taken at the
beginning of testing. Once again, application of video techniques
allows this data to be acquired remotely and logged more accurately
and rapidly than with other techniques.

ANCHOR ‘ et
e i e —————— HPROGRAMMABLE
\ & surr h CALCULATOR
— A P—— . —— ———
\ ‘XY I)HIITI'/IH% P | 4
FLOAT ettt RN ‘ ﬁ
LINE - \
e L B | ‘ .
N T T BEACH s !
NoX ‘ lrorg W BRI e
2 VIDEO VIDEO
S CAMBRE e MONTTOR
Figure 7 Video Surf Measurement and Analysis System s
The Video Surf Measurcment and Analysis System was developed to | 4

measure the helght, velocity, and period of plunging surf throughout
an  entire surf zone. Testing of a military landing craft required
that this data be obtained, howeyer all wave measuring systems in
existence prior to the development of the video based system were
incapable of measuring surf and could only obtain data for a single
location.
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A float line is anchored on the beach and beyond the surf zone (Figure
7). The same components of the AVISS are utilized with the camera
positioned on the beach such that its FOV covers the entire portion of
the float line in the surf zone., Previously determined angles and
distances are entered into the calculator during calibration. An
operator positions the cursor at the peak of a breaker and the float
line and digitizes this position. After the breaker passes the cursor
is then moved vertically to the float line as it rests at the low
water level. The calculator program then accomplishes the necessary
trigonometry to calculate the height of the breaker. The addition of
a digital time base allows the system to yield breaker velocity by
digitizing the same wave crest at two positions, and period, by
digitizing two succeeding wave crests at a single position. The
calculator also logs the data and performs any analysis as required

by the test program.

i
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Figure 8 Automatic Video Shell Fragment Area and Velocity
Mecasuring Systems

The Automatic Video Shell Fragment Area and Velocity Measuring Systems
are presently under development. Both systems utilize a video camera,
a programmable calculator, and a video digitizer (Figure 8). The
digitizer allows a single video field to be converted to a matrix of
digital words corresponding to the gray scale value of each picture
element (pixcl) comprising the entire FOV.

To measure shell fragment velocity, a shell is exploded in an arena i
with dark vinyl sheeting along one side. As the fragments pierce the
sheeting a high speed film camera reccords the holes as light passes
through the sheeting from a bank of flash bulbs on the inside. Reading
the film frame by frame to determine fragment time and position for
velocity calculation is presently a long and arduous task. The video
based system will present each film frame to the video camera, digitize
the picture, and compare the new picture matrix with that stored in
memory from the previous frame thus determining new fragment holes

and their location. Data analysis that presently takes days would

be accomplished in minutes with the video based system.
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The same system can also measure fragment arca. Collimated light
sources at several angles project silhouettes of the fragment onto a
translucent table above which the fragment is suspended, A video
caméra is placed below the table so that the silhouettes become video
images,  These video images are diglitized and the computer can then
determine the area of the various projections and thus the size of the
fragment.

Presently, applications of video to instrumentation are limited by the
speed and resolution of the video imape devices., As rescarch improves
these parameters, the applications of video to instrumentation will

greatly incrcase. Image correlation trackers will become more feasible

along with much meore extensive processing of the video image. There
is an enormous amount of data yet to be extracted from the processing
of a video image. The GIV evaluation proves the effectiveness of a
video based instrumentation system, and the further applications
discussed here are only the beginning,
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Weapon-pointing data for the hit-probability analysis of
stabilized vehicle-wounted weapon systems have long been obtained by
high-speed photographic techniques, which do not provide a real-time
analysis capability, as film must be processed and requires excessive
data-reduction time (film reading). Infrared (ir) tracking systems,
also in use, provide no image and therefore are extremely difficult to
set up and aline. The Gated TV (GIV) system (Fipure 1) consisting of
a video camera, a tracker error processor (tracker) (TEP), a video
monitor, and a digital or analog recorder, will derive weapon-peinting
errors as digital numbers or analog voltages proportional to angular
elevation-and-azimuth errors in real time. This output can be recorded
or presented directly to automatic data-processing equipment (ADPE)
to obtain weapon-pointing data as a function of time. This instrumen-
tation provides the basis for measuring target position, lead angle,
and target angular rate. Utilizing such information, stabilization
and tracking studies of main and secondary weapon systems are readily

1 Ty i |
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Figure 1 Block Diagram of GTV System

78 06 12 056 !

DISTRIBUTION STATEMENT A

Approved for public release;
Dumbuhon Unlumtod




*BROWN

Since the errvor data are available (n real time, the test divector
can monitor constantly, providing close control of the test and
rapidly correcting situations that might result in the loss ot
valuable test items or critical data; morcover, a video monitor in
the system provides a picture of where the weapon is pointing. Maay

; costly retests are thus avoided, and better control vields more viable
P ; data.

i

; CONCEPT OF SYSTEM OPERATION

The GTV system determines the pointing angles of the weapons and flre-

control systems of combat vehicles., Filgure 1 is a block diagram of
this system. A video camera and lens are mounted on and boresighted
with the gun tube of the combat vehicle, The video picture is trans-
mitted by cable or micrvowave link to an instrumentation van containing
the other system couponents. The recelved composite video signal is
fed to the TEP, and an annotated video signal is fed from the tracker
to a video monitor. The tracker converts the target position within
the video picture to digital and analog values proportional in real
time to the target displacement from a predetermined boresight. These
values are then recorded on tape or sent directly to the ADPE.

The two most important components of the GTV system are the video
camera and the video tracker. The video monitor is werely a means fon
viewing the data generation and monitoring the tracking phase of
testing. Although these capabilities are invaluable for test control,
data checking, and system installation and alinement, the video monitod
plays no part in the error-signal genevation, The digital and analog
recorders are time-tested devices, and wvhile 1t ia essential to the
operation of the GIV system that they {function properly, they arve stmply
data loggers and have nothing to do with the error-signal generation.

The video camera, long regarded as merely an inmg:lng; device, plays a
primary role in the GTV system. Since the tracker input 1s the video
signal from the camera, the camera is the transducer for the GTV
system. The video camera must be stable, rugged, and lincar, and have
a wide dynamic rnny} to ensure these characteristics in the overall
system performance.  The lens on the video cameva must also possess
the same characteristics. Changing the focal length of the lens
changes the field of view (FOV) of the video camera. Since the trackey
resolution is a fixed percentage (0.45 vertical) of the FoV, the
resolution or accuracy of the system is a function ot the toeal length
of the lens. For example, a 20-inch (508-mm) (focal length) lens on a
1-inch (25.4-mm) vidicon camera vields a system vertical FOV of 1905
mils and an accuracy of '0.08 wmilj an 80-inch (2032=mm) lens yields an
accuracy of *0,02 mil but an FOV ot only 4.8 mils. A trade oft exists

i . 5 @
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between the desired accuracy and the FOV required to accommodate
system errors and dynamics, lead angles, superelevation, etc,

The tracker accepts as its input the video signal from the camera.
This video signal is a high-frequency analog-voltage stream of
sequential left-to-right top-to-bottom (ignoring image reversal by the
lens)scans of the camera image area, The tracker searches this input
signal for a discontinuity: a voltage higher than an operator-
established threshold, meaning a target brighter than the background;
or a voltage lower than a threshold, meaning a target darker than the
background. By identifying the target position in the input stream,
the tracker determines the target positicn in the FOV. This operation
is accomplished at the standard video-field (there are two fields to,
every 2:1 interlaced frame) scanning rate of 60 times per second.
Since the standard video line~scanning rate is approximately 250 lines
per field (500 per frame) in the active image area, maximum resolution
is 1 line in 250, or 0.4% of the FOV. This resolution can be increased
by higher scan rates; for instance, another standard scanning rate is
800 lines per frame, 400 per field, yielding a resolution of 1 linc in
400 or 0.25% of the FOV. The trade off is that the higher scanning
rate is somewhat specialized and the associated equipment is consider-
ably more expensive and less available. There are applications, however,
where the higher resolution is required, such as tracking through the
gunner's sight.

The tracker is capable of edge or centrold tracking. In the edge mode
the operator can select the leading edge of the target that he/she

wants to be tracked. This mode is particularly useful for large targets
that may extend out of the FOV. In the centroid mode the tracker
digitally performs the mathematical operations:

X =  Xda/fdA Y = YdA/ fdA .
to locate and track the center of arca (A) of the target.

A tracking gate limits the processing of target information to an areca
automatically adjustable in size from 5% to 80% of the FOV. The gate
can be manually positioned or, using an electronic servo loop, the

sate will position itself such that the center of the gate coincides
with the tracking point (edge or centroid) in the preceding video
field; thus, in the current video field, the tracker will only secarch
for the new target position in an area the size of the gate around the
Jast known target position. While somewhat limiting frequency response
with small gote sizes the gate greatly cnhances the system noise
immunity and tracking ability.

o Gy it 3 v s
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The tracker also generates a reticle display on the wmonitor, indi~ |
cating the center of the FOV or the boresight reference point, This ‘
reticle aids in system sctup and alinement. An additional feature

allows the zero reference point to be moved from the center of the FOV

and positioned by the operator,

The tracker has three different outputs. The video output produces
the display on the video monitor, ailding system scetup, alinement, and
operation. The digital outputs are the chief ervor output signals,

as all internal processing is digital, and digital data are the most
desirable for further processing. These digital signals are 1's
complement or 2's complement, 8 to 12 bit (depending on the resolution
determined by the scan rate) binary numbers, indicating the target
position In a cartesian coordinate fashion. The addition of analog-
to-digital converters within the tracker generates alternate analog
outputs varying between =5 and +5 volts, proportional to the target |
position. These analog outputs provide a convenient means of checking i
field data. Two digital displays on the front panel of the tracker :
also provide convenient readouts of the error signals,

The feasibility of the GTV svstem was to be tested by evaluating the
system with the following criteria:  the system should function as
anticipated and provide at least the same amount of data as is derived
from the high-speed photographic techniques and {r tracking systoms;
the system should be practilcal from a standpoint of ease of installa-
tion and operation; the system accuracy under ticld Instrumentation
conditions should be at least that demanded by the tracking and
stabilizer testing for which it would be used.

LABORATORY TESTS ’
]
Not only was the GTV system a new fastrunmentation system, but the (4
video camera was an entirely new form of transducer to be used tor !
data collection. Thus the video cawmera and TEP, the main components i
of the GTV system, first underwent extensive laboratory evaluation i

designed to verity the operation and accuracy through a point-bhy- i
point analysis of predicted outputs versus actual outputs.  Laboratory
tests were designed to evaluate system static lincarity, dynamic
linearity, frequency response and phase lag, and mechanical stability
in a vibration environment. The laboratory tests were desipned to
uncover potential problem arveas before field testing and to provide a ‘
data base that would minimize the data to be evaluated during tield

testing. This would allow the chief concerns of the field testing to

be ease of installation and operation, system durability, and ticld

suitability.
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The objective of the static system evaluation was to determine a
correlation between the target position in the FOV and the output of
the system. The evaluation of the complete system was conducted by
testing the tracker for lincarity and then adding the other components
of the system, camera and monitor, and evaluating the system as a
whole as each component was added.

To test the lincarity of the tracker, a calibrated video~test-pattern
generator was used to gencrate a video signal consisting of a linear
dot array covering the entire FOV. The dots in the linear array were
assigned numerical labels in a cartesian coordinate fashion, A linear
regression analysis was performed on the tracker output values for the
points as a numerical evaluation of tracker lincarity. i

An industry standard procedure exists for evaluating the lincarity of
video cameras. This procedure utilizes an EIA Standard Video
Linearity Test Chart, a video bar-dot mixer, and a video monitor.

The test pattern is placed so that it exactly fills the FOV of the
video camera. The video output is run through a bar-dot mixer,

where it is mixed with a calibrated electronic prid and is then fed

to the video monitor. By noting the alinement (on the monitor)
between the test pattern and the electronic grid, the camera linearity
can be verified or adjusted to 1% or less of the picture arvea,

During this test a new solid-state image-device video camera was
examined. The camera used a charge-coupled device (CCD) for the image
sensor, which was a 520 by 344 linear arrvay of light-sensitive elements.,
The linearity of this camera was verified to well within 1% of the
picture area. Because the picture on the CCD camera is formed, not

by a sweeping beam but by fixed elements, this camera was considered
to be inherently stable in linearity and picture aspect ratio, Tor
this reason, this camera was used when possible during the evaluation
of the GTV system; however, much testing was accomplished before the
CCD camera was available,

The objective of the dynamic system lincarity test was to make the

same linearity evaluation as the static system lincarity test, but this
time to use a moving target. This test is an extremely valuable
laboratory test because all test scenarios in which this instrumentation
would be used would be dvnamle. A lincar array of 29 computer-
addressable light emitting diodes (LEDs) (Figurce 2) was placed
completely within the FOV of a CCD solid-state video camera, connected
to the tracker. The LEDs were lighted in succession by the computer
and the tracker digital output was sampled by the computer and stored
in the memory with the LED driving function for later proccessing.
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Figure 2 Dynamic Linearity and Frequency Evaluation Setup

Since the LEDs were arranged in a linear array, the tracker outputs
could be compared to the known positions of the LEDs to verify the
tracker dynamic linearity. The lincarity of the tracker outputs
was verified using the same linear regression analysis as in the {
static evaluation. Each LED was activated 30 times in succession

and the array was swept in a sawtooth wave fashion so that 1000 data
points (3.7 milliseconds apart) were taken, As discussed in
following paragraphs, phase lag was evident in the tracker outputs
during this dynamic testing. The linear regression routine accounted
for this phase lag by iterating the regressicn subrcutine, each time ,
stepping the tracker output data back one sample interval, until the i
standard deviation was minimized, indicating the best fit. Becausec
field data should never be discontinuous, as were the discrete LED
positions, the linear regression analysis was performed on the time-
displaced data, disregarding data points falling at the transitions
in LED positions.

Because the tracking system is to be used to track moving or
stationary targets in a dynamic (moving-vehicle,vibration, etc.)
environment, the frequency respounse of the system is an essential
parameter and could be a limiting factor for some applications. The
term "break lock'" is used when the speed of target movement in the
FOV has exceeded the tracking ability of the TEP. Since the TEP
inserts a gate and a target flag into the video signal going to the .
monitor, which follows the target when it is tracking properly,
breaking lock is readily visible to the operator. Breaking lock
often (and for extended periods during data acquisition) is extremely
undesirable as data output during this time is meaningless.

Phase lag 1s also an important parameter, as there is a delay




*BROWN

between target acquisition and the location and presentation of the
error outputs, This phase lag must be known where precise time
correlation between target position and other data outputs is
essential to the format of the test for which this information is
being usecd.

A basic understanding of the theory of operation of the TEP leads to
the following hypothesis of system frequency response and phase lag:

a. The output of the TEP is updated once per field or 60 times
per secord; therefore, the maximum theoretical frequency for proper
track (mcaning target-deflection reconstruction from the tracker
output) of pure sinc-wave deflection would be 30 Hz, Since this
Nyquist sampling rate is theoretical and would not yield a desirable
output for test data, it is suspected that the maximum frequency
should be considered as substantially lower than 30 Hz, or as low as
10 Hz. :

b. Because of the left-to-right top-to-bottom (of the reproduced
picture) sweep of the video image device in the camera, tarvget-
acquisition time decrecaces as the target moves up and left in the FOV.
The best case of time lag in target acquisition was when the target
was in the lower right corner of the FOV (one sample) and in the upper
left corner (succeeding sample). In this case the output lag would
be the vertical retrace time plus two horizontal sweep times (two
horizontal sweeps of the target are required for target acquisition)
or approximately 627 microseconds. The worst case would be when the
target moved from upper left to lower right. The time lag here would
be the time required for two vertical scans minus two horizontal scans
plus one vertical retrace, or approximately 34 milliseconds. Since
all other forms of target movement are between these two extremes,
with the target-movement frequency being low in most instances, the
average lag of 17 milliseconds between target position and data output
is probably a viable approximation, ignoring the persistence of the
video image device or camera delays. Only the area within the gate
is searched for target information, and the position is produced
immediately following target acquisition in the edge track mode; in
centroid track the target position is produced at the completion of
sweeping the entire gate. This will produce differing results for
rapidly varying signals.

g L

c. Since the gate position is updated once per field and is
calculated to center on the output of the preceding field, the gate
will break lock if the target-deflection horizontal component during
1/60 second exceeds half the gate width or the vertical component
excceds half the gate height.
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d. Because tracking and gate display is lost as soon as any
edge of the pate goes out of the FOV, the target must remain in an
arca of height equal to the FOV vertical dimension minus the
height of the gate and in width equal to the FOV horizontal dimension
minus the width of the gate.

This evaluation utilized the same method and data as the dynamic
linearity test. The sweeping LED array (Figure 2) provided a good,
accurately controlled simulation of a moving target, and it was ecasy
to compare the LED driving function with the tracker output to verify
frequency response and phase lag. It was decided that frequency-
response measurements should be taken with the entire target deflec-
tion within the gate and the gate in the manual position, to eliminate
the variable of gate size, which is operator adjustable.

Figure 3 is a sample of several plots of the LED function and the GTV
outputs versus time. These plots clearly indicated that the GTV
outputs lag the LED positions by a generally constant time. This lag
was arrived at analytically by taking the average number of data
samples that the linear regression routine had to shift the GTV output
data to achieve a best fit, and multiplying that number by the sample
interval. The average shift was 9.37 sawples; samples were taken

3.7 milliseconds apart, indicating that the average lag is 34.7
milliseconds, approximately two vidco-field times.

In this experiment the LED driving function was a step function, so
the GTV outputs could be considered as a step response having an
average rise time of 34.7 milliseconds. Applying the commonly used
formula:

3-dB frequency = 0.35 ¢ rise time

yields a frequency of 10 Hz. Although 3 dB is recaningless in terms
of the digital processing within the tracker, this frequency could
be considered to be the point above which breaking lock would occur.

It was anticipated that the GTV system would be used extensively for
an evaluation of vehicular-mounted systems, an cenviromment that

would subject the video camera and lens to counsiderable vibration.

To evaluate the performance of the system in this environment, the
camera, lens, and mount were firmly mounted on a package tester

and then shaken in such a way that the test items were subjected to
accelerations very similar to (if not more severe than) those recorded
on the camera position of a moving vehicle.

PR "
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DISCUSSION OF LABORATORY TESTS

Because most field recording-and-measuving devices are calibrated

to within only 1¥ of full scale, this value was chosen as a

criterion by which to judge the overall accuracy of the GTV system.

The laboratory static~linearity tests demonstrate that the GIV

system (tracker and camevra) is lincar within 1% of full scale,

because all differences between the observed outputs and the linear

regression predicted outputs are less than 0,05 volt, Dynamic

linearity was calculated using a 2.5 § (standard deviation) estimate

level, a strict linearity criterion, predicting that 99% of the time

the output will be within the calculated linearity, For centroid

track azimuth and elevation, this value was within 1%; for edpc

track azimuth and elevation, this value was slightly greater than

1% but was within 2X. The choice of a wmore lentent 1 S or 1.5 §

level would have brought the edge-track data within 1% lincarvity.,

It 1s felt that the slightly worse lincarity performance of the P4
tracker in the edge mode is because the LEDs were of varying bright-
ness. Any concentrated light source blooms somewhat on a video
sensor, depending on the brightness, and sources of varving brightuness
appear to be ditferent sizes; therelore, the target edge position,

in relation to the center, differs with respect to source brightness,
greatly affecting edge track while not appreciably attfecting centroid
track.

System freoquency response was verified to the predicted 10 Nz, with
the gate being stationary in manual track and all target movement
being contained within the gate.” The average phase lag was oxperi-
mentally derived as approximately 35 mfll{scconds instead of the
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expected 17, Slight persistence was perceptible with the CCD camera
used during the phase-lag experviment. This slight persistence is
noticeable and was experimentally verified as approximately the same
for "all the video image devices used with the GTV system.  Because
any persistence or lag in the image sensov carries over into the next
field scan, this lag tends to be a quantized time equal to one fiecld
scan (approximately 17 milliseconds). This plus the 17 millisecond
tracker lag equals 34 milliseconds, within one computer sample time

(3.7 milliscconds) of the experimentally derived lag of approximately
15 milliceconds, making the predicted and experimental numbers equal
within the sampling accuracy.

FIELD TESTS

The chief purpose of the field tests was to examine the practicality
of the CTV system for field inst
the GTV syvstem was succ
different tvpes of vehicles; this required no more time than was
involved with photometric techniques. The GTV did not affect vehicle
operation, nor did the vehicle atfect aperation or accuracy of the
GTV. Packaging was rugged and convenient enough for field usage.

The most practical installation seemed to be with the video camera
mounted on the gun tube with its video output sent by microwave link

rumentation., During system evaluation,
ssfully installed on and removed from several

to a data van containing the tracker, monitor, and recorder. The

camera and microwave transmitter are both ruggedized units and did !
function without a problem during all testing. This setup required !
no operator on board the vehicle, as tracker monitoring, data lopging, !

and recording were all accomplished by one person in the data van.
A summary of manpower savings and associated monetary savings during
several tracking and stabilizer programs conducted during FY76 is

included as Figure 4. e fo
: ut Savings in §1000

Data Acquisition (per test) |
Typical tracking test | L
previously required 6 weeks, 6 men, $15,000 '
GIV requires 2 weeks, 6 men, $5,000 Savings of 10 !
Typical stabilizer test (same as above) 10 i
_Data Reduction (tracking or stabilizer) (per test) S RRE !
Major Programs (data acquisition and reduction combined) '
Quick Fox (combined tracking/stabilizer/target acqui- 200 5 S
sition series)
XM-1 Tank (4 tracking, 4 stabilizer tests) 160
MICV (3 tracking, 10 stabilizev tests) 120
M=-60 Tank (4 tracking, 10 stabilizer tests) 280
Graph Angle (air detense tracking sevies) 200 1

Total Major Program Savings 960

Figure 4  Summary of GTV Monetary Savings FY70
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The parameters evaluated during laboratory testing were examined at
various times during field testing. An analysis of this data would
indicate system degradati o, mechanical or electrical drift, or an
opérator's inability to make the system function properly in the field.
It was apparent from field data and results that there was no drift

or lincarity degradation beyond the 1.0% tolerance specified carlier.
This was true during linearity and boresight (zero) checks during all
phases of field testing.

An inspection of the tracking waveforms on a playback oscillopgraph of
analog field data showed few discontinuities that indicated loss of
lock. The situations with discontinuities were remedied by a change
in the focal length of the lens to increase the FOV. These were the
only frequency-response problems; an examination of the waveforms
indicated that the majority of the frequencies were well below the
10 Hz response determined during laboratory testing. Since the
frequency responses of the turret systems of the vehicles under test
were well below 10 Hz, the frequency components at 10 Hz or above in
the error waveforms were generally not meaningful tracking data.

CONCLUSIONS

The following conclusions were reached as a result of the evaluation
of the GTV instrumentation system:

a. The GTV system is linear and stable in both static and vi-
bration or dynamic environments to within 1,08 of the FOV. The
accuracy and precision of the GTV system is, therefore, greater than
the maximum 1.0% tolerances of the data recording and processing
systems and the 1.0% tolerances required for tracking and stabilizer
testing.

b. Dynamic response is a function of the ROV of the video
camera. Changes-in focal length affect dynamic response and measuve-
ment precision inversely, so the focal length of the lens must be
carefully tailored to the particular testing situation.

c¢. Dynamic response is also affected by gate size; increasing
the gate size increases the dynamic response, but also decreases
optical signal-to-noise performance. Size also must be tailored to
the particular testing situation, but can casily be changed by the

operator during the test for best results,

y
<

d. The GTV system presented no unreasonable problems in instal-
lation or operation during field testing. The video-monitoring
capability was most valuable and made immediate test-progress analysis
possible. The GTV system therefore appears to be a viable ficld
instrumentation system producing good data suitable for direct input




to the ADPI

or any data-recording system.

e. Because camera linearity greatly affects data and can vary

with time and environment, linearity and other camera specifications

must be verified at regular intervals., This requirement is importan

to vidicon

the electronics that sweep the beam across the vidicon faceplate, but
should also be applied to solid-state cameras at less frequent intervals,

cameras where linearity and aspect ratio are dependent on

FURTHER APPLICATIONS OF VIDEQ TO INSTRUMENTATION

The CTV svstem represented one of the first applications of video

techniques for instrumentation instead of merely viewing. Evaluatio

of the system demonstrated that the video camera is a viable trans-

ducer for dynamic and static position data acquisition. The GTV's
success has

instrumenta

i
Video Target Scoring System, 2) Video Muzzle FPosition Sy

ted to many unique applications of video in the
tion field. These applications include the: 1) Automatec

stem, 3) Vide

Surf Measurement and Analvsis System, and 4) Automatic Video Shell
Fragment Area and Velocity Measuring Systems.
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Figure 5 Automated Video Target Scoring System

The Automated Video Target Scoring Svstem (AVTSS) utilizes a video
camera, a programmable calculator, and a video XY position digitizer

(Figure 5).

a cursor in

The XY digitizer is siwmilar to the TEP in the GTV system
except that, instead of

the video FOV and the X and Y positions of the cursor are

output as digital words. The video camera is aimed at a cloth target
used during testing large caliber weapons. An interactive calculator

program steps the operator through appropriate calibration such that
distances in the video FOV can be related to actual distances at the
target. The gunner's aim point is digitized and then the cursor is
placed over the images of holes made in the target by the rounds
fired and thus the target is scored remotely. At the completion of
ralculator outputs the mean and stondard deviation of the
The AVTSS eliminates the need for measuring the cloth

firing the
shot group.
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tracking a target peint, an operator positions
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target dircctly thereby saving time and manpower to drive downrange,
lower, score and raise the target, and return,
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The Video Muzzle Position System (VMPS) incorporates the AVTSS to
measure gun muzzle movement with rospect to the mantlet over a period
of time. A small continuous wave lascer and translucent screen aice
mounted on the gun mantlet (Figure 6). A mirror is fastened to the
muzzle so that the lascer beam is reflected back to the translucent
screen.  The video camera of the AVTSS is aimed at the back side of

the translucent screen and readings are taken by positioning the cursor
over the image formed by the reflected laser beam on the screen.  The
calculator output is angular displacement of the muzzle in mils or
other desired scientific units referenced to a position taken at the
beginning of testing. Once again, application of video techniques
allows this data to be acquired remotely and logged more accurately

and rapidly than with other techniques. Rt
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Figure 6 Video Muzzle Position System
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Figure 7 Video Surf Mcasurcment and Analysis System

The Video Surf Measurement and Analysis System was developed to
measure the height, velocfty, and period of plunging surf throughout
an  entire surf zone. Testing of a military landing craft required
that this data be obtained, howeyer all wave measuring systems in
existence prior to the development of the video based system were

incapable of measuring surf and could only obtain data for a single
location.
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A float line is anchored on the beach and beyond the surf zone (Figure
7). The same components of the AVISS are utilized with the camera
positioned on the beach such that its FOV covers the entire portion of
the float line in the surf zone., Previously determined angles and
distances are entered into the calculator during calibration. An
operator positions the cursor at the peak of a breaker and the float
line and digitizes this position. Atter the breaker passes the cursor
is then moved vertically to the float line as it rests at the low
water level. The calculator program then accomplishes the necessary
trigonometry to calculate the height of the breaker. The addition of
a digital time base allows the system to yield breaker velocity by
digitizing the same wave crest at two positions, and period, by
digitizing two succeeding wave crests at a single position, The
calculator also logs the data and performs any analysis as required
by the test program.
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Figure 8 Automatic Video Shell Fragment Arvea and Velocity
Measuring Systems

The Automatic Video Shell Fragment Area and Velocity Measuring Systems
are presently under development. Both systems utilize a video camera,
a programmable calculator, and a video digitizer (Figure 8). The
digitizer allows a single video field to be converted to a matrix of
digital words corresponding to the gray scale value of each picture
element (pixel) comprising the entire FOV,

To measure shell fragment velocity, a shell is exploded in an arena |
with dark vinyl sheeting along one side. As the fragments picrce the
sheeting a high speed film camera records the holes as light passes
through the sheeting from a bank of flash bulbs on the inside. Reading
the film frame by frame to determine fragment time and position for
velocity calculation is presently a long and arduous task. The video
based system will present each film frame to the video camera, digitize
the picture, and compare the new picture matrix with that stored in
memory from the previous frame thus determining new fragment holes

and their location. Data analysis that presently takes days would

be accomplished in minutes with the video based system.
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The same system can also measure fragment area., Collimated 1ight
sources at scveral angles project silhouettes of the fragment onto a
translucent table aboVe which the fragment is suspended, A video
caméra is placed below the table so that the silhouettes become video
images. These video images are digitized and the computer can then
determine the asea of the various projections and thus the size of the
fragment.

Precontly, applications of video to instrumentation are limited by the
speed and resolution of the video imape devices, As rescarch improves
these parameters, the applications of video to instrumentation will

greatly incrcase. Image correlation trackers will become more feasible

along with much mere extensive processing of the video image. There
is an enormous amount of data yet to be extracted from the processing
of a video image. The CGTV evaluation proves the effectivencss of a
video based instrumentation system, and the further applications
discussed here are only the beginning.
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