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SUMMARY OF RESULTS

This report describes the analysis and results of the clear air trials conducted during the Smoke 5-B
field experiment at Fort Huachuca, AZ, during October and November 1983. The experiment was
sponsored and funded by the Project Manger, Smoke and Obscurants (PM-S), Aberdeen Proving
Ground, MD, and designed and conducted by the Visionics Division, Center for Night Vision and
Electro-Optics (CNVEO), Fort Belvoir, VA. All trials were conducted during daylight hours,
generally between 0900 and 1700.

The Probability of Finding (Pf), Classification (Pc), Recognition (Pr), and Identification (Pi) of
military vehicle targets situated at ranges between 1,100 and 5,500 meters were determined for each
of the sensors available fo: this test. The results indicate that there are no statistically significant
differences in the performance of the thermal sensors with two exceptions: (1) The AN/VSG-2
Tank Thermal Sight had significantly better performance when operated in the "white hot" mode
and compared to a similar system operated in the "black hot" mode; and (2) the performance of an
ANiTAS-4 with several disabled horizontal scan lines was significantly degraded in comparison to
the performance of normally operated ANFIAS-4 sensors.

The Pf performance of the TOW Day Sight approached that of the better thermal sensors and,
interestingly, virtually all of the targets that were found while using this device were recognized
and/or identified. The performance of the Silicon TV imager was considerably less than that of any
other sensor included in these analyses.

The false target response or "false alarm" rate (FAR) for all sensors combined was one false target
response for every 18.2 minutes of search, or about one false alarm/sensor/20-minute trial. There
were no differences in FARs among the sensors.

There is an indication that a learning effect for Pf existed during the first several trials. This effect
was analyzed as a function of the target range. It was found that the observers reached near
asymptotic performance within about 10 trials for targets at ranges less than 5,000 meters. The Pf
performance for targets beyond 5,000 meters did not asymptote during the test period.

A relationship between high temperature/light cloud cover and Pf for longer range targets was
discovered. The Pf was severely degraded for targets beyond 4,000 meters when this condition
existed. An examination of calibrated forward looking infrared (FLIR) (target signature) imagery
indicated that the thermal clutter can increase dramatically under these conditions. Information
provided by the Atmospheric Sciences Laboratory (ASL), consisting of imagery taken with the ASL
SMART system, showed that this condition can be ve',, dynamic. That is, cloud movement can
cause the t'lremaa teiiain environment to change from benign to highly target competitive in a few
minutes.
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The search performance of all of the sensors was evaluated and analyzed extensively. The principal
findings were: (1) the search scan rate was generally much lower while using the visible sensors
when compared to the thermal sensors and (2) the search rate, in seconds per field of view (FOV),
was less than predicted by the CNVEO Search Model. The mean scan rates for visible sensors were
2.60 and 2.83 degrees per second for the TOW Day Sight and the Silicon TV, respectively. The
mean scan rates measured for the thermal sensors were AN/TAS-2, 3.89 degrees/second;
AN/TAS-4, 4.35 degrees/second; and AN/VSG-2, 4.01 degrees/second. The search rate, in seconds
per FOV for the thermal sensors, was about 1.25 seconds/FOV, which is about 25% less than is
currently used in the CNVEO Search Model.

The effect of the search scan rate on the target acquisition performance of thermal sensors was
examined by comparing the performance of "slow scan" observers, who searched at a rate slower
than one standard deviation from the mean search scan rate, with the remainder of the observers.
The data indicated that the Pf (all targets at all ranges) for the slow scan observers was .48 in
comparison to a Pf of .55 for the remainder of the observers. It was found, however, that about 15%
of the targets were never in the FOV of the sensors operated by the slow scan rate observers.

The analysis of search patterns revealed that most of the observers searched in a routine left-right-
left pattern, at about the same rate in each direction. One observer developed a unique and, for him,
a highly effective search pattern, searching in the left-to-right direction only. After completing one
sweep of the 60 degree field of regard (FOR), he rapidly swung the sensor back to the left side of
the search area and then resumed his search. Interviews with the observers revealed that the
rationale for this unique search pattern was that the technique enabled him to search all areas of the
FOR at a regular time interval.

In addition to providing a statistically reliable data base for several areas related to sensor and
search performance, the Smoke 5-B Test demonstrated a highly sophisticated experimental
methodology and a reliable method for evaluating and analyzing these data.
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SECTION 1. INTRODUCTION

This report describes the results of the analyses applied to the Smoke 5-B clear air trials conducted

at Fort Huachuca, AZ, during October and November 1983. The experiment was sponsored and

funded by the Project Manager, Smoke and Obscurants, and designed and conducted by the

Visionics Division of the Center for Night Vision and Electro-Optics (CNVEO), Fort Belvoir, VA.

Interpretations of the results for each area of analysis are included. The areas of analysis and the

data formats for each area are as follows.

PROBABILITY OF FINDING (Pf), CLASSIFICATION (Pc), RECOGNITION (Pr), AND

IDENTIFICATION (Pi)

The data formats inc'ude tables and data plots for visible, 3 to 5i.tm, and 8 to 12p.tm thermal imagers

for each target type at five range bands. The results and a discussion of the results are included.

The sensor descriptions are included in Appendix A. The probability data are discussed in Section

Ill. Tables showing the probability data for individual targets are presented as Appendix B, along
with sets of plots that compare the performance of individual sensors.

SEARCH SCAN RATE

Tables indicating the search scan rates (degrees/seconds) for each sensor type are presented. Also

included are search scan rate tables that show the variance between observers using the thermal

sensors. Associated search data, including the relationship between search rate and Pf, are presented
and discussed.

SEARCH PATTERNS

Representative search patterns are shown for each sensor type. The search patterns are in graphic

form and indicate the position of the sensor within the FOR as a function of time. The search

patterns are annotated with target time lines, including target type, position, and range. Included,

too, is a discussion of the search pattern data.

TARGET SIGNATURES

Target signatures were measured in three spectral bands: 0.4 to 0.7 jim (visible), 0.73 to 0.9gtm

(silicon), and 8 to 12j.m (far infrared). A discussion of the measurement techniques and the results

are included as Appendix C.
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METHODOLOGY

The test methodology is summarized in Section II. Appendix D includes the detailed methodology,
an example of a typical test matrix, target types and quantities, range details, observer training
techniques, and descriptions of the performance data acquisition equipment.

METEOROLOGICAL MEASUREMENTS

An extensive meteorological data base was compiled for each trial. These data, and a description of
the measurement techniques, are included in Appendix E. Included, too, are daily summary plots of
several of the measured meteorological parameters that permit extraction of the meteorological
conditions that existed during each trial.

SECTION 11. METHODOLOGY AND DATA BASE

METHODOLOGY

The test was conducted on the West Range of Fort Huachuca, AZ. The test area was a fan, 60
degrees in azimuth, that permitted placement of vehicle targets at ranges of 1,100 to 5,500 meters in
200-meter increments. Several positions were selected at most of the ranges. Each position had an
adjacent defilade area. As many as 15 target vehicles were positioned in defilade prior to the start of
each trial.

A trial consisted of 15 events with three cells in each event. A pseudo random matrix was derived
for each trial that permitted from zero to three targets within the search area during each event. The
targets were permitted to remain in the search area for about 80 seconds before returning to defilade,
at which time the next event would begin. This procedure was used until the trial was completed. A
typical trial lasted about 20 minutes. Each of the vehicles was equipped with a transponder that
enabled the XIY position to be determined. This system, the Multi-Target Tracker, was set up so
that a signal was received and recorded only when a vehicle was in line of sight to the sensors. The
sensors were arranged on an 8 foot high platform at the apex of the test fan. Each of sensors was
installed on a shaft encoded tripod that allowed the sensor azimuth to be recorded at a rate of four
times/second. Observer responses were recorded via multiple input console. All of the target
position, sensor azimuth, and observer responses were input to a Data General computer-the
Automatic Field Evaluation Data System (AUTOFEDS), and tagged to IRIG-B time code. The
primary observer inputs were: Detection (Finding), Aim, Classification, Recognition, and
Identification. Additional inputs were provided for FOV changes (for sensors so equipped) and an
Error input that allowed the previous response(s) to be corrected. The "aim" response was input
after an observer had found a target and centered the target in the sensor FOV. The sensor azimuth
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was then compared to the known target azimuth in order to verify the finding of a target (and
determine the false target response frequency). The continuous input of sensor azimuth was used to
determine the search scan rate and the search pattern for each sensor during each trial.

OBSERVERS

The observers were volunteer military enlisted personnel who were assigned to Fort Huachuca for
training in image interpretation or electronics and communications. Twenty-two personnel were in
the original group assigned to the observer training program. For various reasons some left the
experiment. By the end of the second week of the test, the group achieved its final and stable size of
17 personnel.

Observers always tested in pairs. The first member of the pair operated the sensor (adjusted the
focus, set the FOV, adjusted the gain and level, and scanned) and gave target acquisition responses
(find, aim, classify, recognize, identify, and start search) while the second member of the pair was
responsible for entering the target acquisition responses into a button box. The button box data and
pointing angle data frvm the sensor were entered into the central computer for subsequent data
analysis. The two members of each pair were connected by a headset communication link.

OBSERVER TRAINING

The observers were trained in techniques used to find, classify, recognize, and identify military
vehicle targets for each of the sensor types. Training included the viewing of video taped sensor
imagery and hands-on use of the various sensors. Several trials using the methodology developed
for the test were conducted as part of the training phase. The search process was explained to the
observers during the training phase. The observers were instructed that they could operate the
sensors as they wished, as long as their method was in keeping with the goal of optimizing target
acquisition. In short, the observers were told that the search process should be organized, but not
how it should be organized.

SENSORS

Two AN/TAS-4 TOW Night Sights without modification

One AN/TAS-4 TOW Night Sight with 5-6 scan lines disabled

One AN/VSG-2 Tank Thermal Sight (TTS) "White Hot" mode

One AN/VSG-2 Tank Thermal Sight ('I7S) "Black Hot" mode

One AN/TAS-2 Thermal Imager (3 to 51.tm)

One Silicon Television (RCA S-11)

One TOW Day Sight Telescope

3



The thermal imagers are all 8 to 12gim sensors unless otherwise specified.

The AN/TAS-4 with disabled scan lines was included to determine the effect of potential damage to
the detector array on sensor performance. One of the AN/VSG-2 T7S sensors was operated
exclusively in the "white hot" mode and the other in the "black hot" mode in order to obtain a direct
comparison of the two polarity modes.

The minimum resolvable temperature (MRT) of the thermal sensors was measured prior to the field
test. The results of these measurements are included in Appendix A.

TRIALS

The data are based upon the results of 117 trials, with each including, on the average, between 26
and 32 individual targets within an approximate 20 minute trial time. All trials were conducted
during daylight hours between 0900 and 1700. An additional 28 trials were conducted, but these
data were lost due to equipment malfunctions. The data base for the thermal sensors consists of
between 90 and 100 trials for each sensor. The Silicon TV data base consists of data from about 60
trials, and the TOW Day Sight data base of data from about 30 trials. Intermittent problems with the
shaft encoded tripods resulted in the loss of a substantial amount of the data for the day sensors.
Sensor and measurement equipment malfunctions were responsible for the loss of some data for
each of the thermal sensors.

DEFINITIONS

Probability of Finding (Pf)

The term Pf is used instead of the more familiar expression, Probability of Detection (Pd). Pd is
most commonly associated with method of limits or threshold performance data, as opposed to the
dynamic search techniques that were used during the Smoke 5-B trials.

Pf is defined as:

Number of targets found
Number of targets available

This definition does not require the target to have been in the sensor FOV. It simply requires that
the target vehicle was in the field of search for some period of time, in this case 60 to 80 seconds.
Each target acquisition was produced by comparing the sensor azimuth at the time of the observers'
"aim" response with the known azimuth of the target. If the two azimuths matched, the target was
"found." If the two did not match, the response was catalogued as a false response, or "false alarm."
If the observer was not able to make a higher order response, i.e., classification, recognition or
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identification, he would resume the search process. Thus, the test design did not require a response
beyond the initial target acquisition.

Probability of Classification (Pc)

Classification is defined as the determination that a target is either an armored (tracked) vehicle or a
wheeled vehicle.

Probability of Recognition (Pr)

Recognition is defined as the determination of the type of vehicle that has been acquired and
classified; for example, that a tracked vehicle is a tank. Note that there are no recognition responses
for the wheeled vehicles. Each of the wheeled vehicles was a unique type with no similar
competing vehicle.

Conditional Probability of Recognition (CPr)

The CPr is the Pr only for targets that have been found. The CPr provides an indication of the
sensor resolution and of the observer's ability to interpret the imagery.

Probability of Identification (Pi)

Identification is defined as the determination of the nomenclature of a vehicle within a given type;
for example, that a tank is an M60 tank.

DATA PRESENTATION

For analysis purposes, the target acquisition data were divided into five range bands: "l to 2km" for
targets deployed at 1,100 to 1,900 meters; "2 to 3km" for targets at 2,100 to 2,900 meters;
"3 to 4km" for targets 3,100 to 3,900 meters; "4 to 5km" for the targets at 4,100 to 4,900 meters; and
">5km" for targets between 5,100 to 5,500 meters.

TARGET MATRIX

The target matrices that were used during this field test were produced at the conclusion of each test

period in an effort to maintain a balance of each target at each range. Overall, this was
accomplished satisfactorily, with one important exception: M60 tanks experienced maintenance
problems throughout the test. As a result, the number of M60 tank trials for all systems is quite low.
The number of target replications for the thermal sensors is generally between 80 and 140 for each
vehicle at the three middle range bands and between 40 and 80 at the I to 2kn band and the
5-5.5km band, with the exception of the M60 tank and, in some cases, the M551 and the M656.
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The Silicon TV data base is comprised of between 40 and 100 replicates of most target vehicles at
most range bands. The TOW Day Sight data base includes between 20 and 40 target replications for
most vehicles at most of the range bands.

CONFIDENCE INTERVALS

The Confidence Intervals (C.I.) at the 90% Confidence Level (C.L.) were determined for probability
levels of from 90% to 50% for target replications of from 10 to 150. Confidence, intervals at the
90% C.L. are included as Table B-1 of Appendix B.

SECTION III. RESULTS-TARGET PROBABILITIES

AN/TAS-2 THERMAL IMAGER, 3 to 5jim

The Pf, Pc, Pr, and Pi data for military vehicle targets within each range band are presented as Table
B-2 of Appendix B. The Pf data indicate that, with the exception of the M561 Gamma Goat,
between about 50% and 90% of the targets within 4,000 meters were found. The C.I. for these data
are + or - 7% to 9%, dependent upon the target. The Pc and Pr are generally very close to one
another, indicating that if the observer was able to classify the target vehicle, he was usually able to
recognize it. About 75% of the vehicles that were correctly recognized were correctly identified.

AN/TAS.4 TOW NIGHT SIGHT WITHOUT MODIFICATION

Two AN/TAS-4 TOW Night Sights (S/N 545 and S/N 364-A) without display modification were
included in the sensor array. The probability data for these sensors were not combined. The data for
the AN/TAS-4 systems are shown as Table B-3 and Table B-4 of Appendix B. There are no
statistically significant differences in the probability data for the two AN/TAS-4 sensors without
display modification. Although one of the sensors (S/N 545) appears to be slightly better than the
other, the slight difference is most likely attributable to the MRT (Figures A-2 and A-3 of Appendix
A). The Pf data indicate a C.I. of between 7% and 9% for most targets that were acquired at ranges
of 3,900 meters or less. The Pc and Pr are essentially the same at all ranges for the armored
vehicles. The Pi are generally .bout 10% less than Pr (armored vehicles only).

AN/TAS-4 TOW NIGHT SIGHT WITH MISSING DETECTOR LINES

One of the AN/TAS-4 TOW sensors was modified so that several horizontal detector lines in the
center of the display could be disabled (S/N FAT-02). This sensor was operated with either five or
six missing lines. The probability data indicates that the Pf for this sensor was about 10% to 20%
less than the Pf of the unmodified AN/TAS-4 sensors for most of the targets at most ranges. These
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differences are generally greater than one confidence interval, and are statistically significant. Since
the Pc, Pr, and Pi are driven by the Pf, similar differences are seen in these data, too. The MRT data

for this sensor are essentially the same as those for the unmodified AN/TAS-4 sensors (Figure A-4
of Appendix A). Interestingly, interviews with the observer personnel indicated that they felt that
the missing lines did not affect their performance with this system. The observers stated that they

used the portions of the image above and below the missing lines. The probability data for this
system are summarized in Table B-5 of Appendix B.

AN/VSG-2 TANK THERMAL SIGHT (TTS) "WHITE HOT" MODE (S/N 013) AND
AN/VSG-2 TANK THERMAL SIGHT (TTS) "BLACK HOT" MODE (S/N 003)

The ANIVSG-2 TTS has two display modes: "white hot" and "black hot." Experience has shown
that, given a choice, most trained observers will select the "white hot" mode because observers feel
that targets are easier to find and interrogate using the white hot imagery. The data indicated that the

Pf for the AN/VSG-2 "white hot" was 1 C.I. or greater for most targets at ranges greater than 1,900
meters. Similar differences were seen for Pc, Pr, and Pi for most of the targets and ranges. There
was no noticeable difference in the MRT curves for these sensors (Figures A-5 and A-6 of Appendix

A). The probability data for the AN/VSG-2 TTS, white hot mode, are presented as Table B-6, and

the data for the AN/VSG-2, black hot mode of operation, are summarized as Table B-7 of Appendix
B.

SILICON TV

The data base for the Silicon TV was not nearly as large as for the thermal sensors. The number of
target replications was between 50 and 100 for most target vehicles at ranges 2,100 to 4,900 meters.
The probability data are included as Table B-8 of Appendix B. The Pf was between 50 and 65% for
most of the targets at a range of 4,000 meters or less. The C.I. were somewhat larger than most of
the systems due to the smaller data base, between 9 and 11%, for most vehicles. The higher order

responses indicated that the Pc and Pr were essentially the same. Nearly 90% of the armored
vehicles recognized correctly were identified as well.

TOW DAY SIGHT

The system performance data for the Day Sight is summarized as Table B-9 of Appendix B. The
data base for the TOW Day Sight w .. considerably smaller than that of the Silicon TV due to

problems with the tripod shaft encoder. On the average, data were obtained for 20 to 40 targets of
most types within most of the range bands. The performance data for the Day Sight were somewhat
unique in that the Pf, Pc, Pr, and Pi were all within (and mostly well within) 1 C.I. at all ranges out
to the maximum 5,500 meters. This result was not entirely unexpected since the Day Sight required
little or no image interpretation once a target was found.
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COMPARISON OF SENSOR PERFORMANCE

In order to compare the sensors, the probability data for all targets and ranges were combined for
each sensor (Table 1).

Table 1. Comparison of Pf, Pc, Pr, and Pi: All Targets and Ranges Combined

SYSTEM NUMBER Pf Pc Pr Pi (NUMBER) CPr

AN/TAS-2 2,699 .532 .332 .272 .234 (632) .512

AN/TAS-4 S/N545 2,964 .551 .405 .362 .327 (968) .657

AN/TAS-4 S/N 364A 2,533 .540 .389 .330 .284 (720) .610

AN/TAS-4

(Missing Lines) 2,810 .498 .334 .288 .248 (696) .579

AN/VSG-2

"White Hot" 2,814 .592 .413 .349 .311 (875) .589

VSG-2 = AN/VSG-2

"Black Hot" 2,514 .514 .334 .269 .231 (581) .524

TOW Day Sight 859 .508 .466 .455 .447 (384) .897

Silicon TV 1,835 .396 .278 .240 .216 (396) .605

The Pf (all targets at all ranges) of the unmodified "white hot" thermal sensors was essentially the
same, the mean Pf for all of these sensors combined was .554. The remaining thermal sensors,
including the AN/TAS-4 with the missing scan lines and the AN/VSG-2 "black hot," had a
combined Pf of .505. The Pf performance differences were particularly evident within the 2 to
5kin target ranges. The Pf of the TOW Day Sight was about the same as the modified and "black
hot" thermal sensors, while the Pf for the Silicon TV was substantially less than any of the other
sensors. The Pc, Pr, and Pi of the AN/TAS-2 were considerably lower than those for the remaining
unmodified white hot mode sensors. This was most likely attributable to the MRT (Figure A- 1 of
Appendix A), which showed a maximum resolution of about 2.75 cy/mrad as compared to a
maximum of 4.3 cy/mrad or greater for the other thermal sensors. The Pr and Pi of the black hot
mode AN/VSG-2 and the AN/TAS-4 with disabled scan lines were less than those of the similar
unmodified white hot systems as well. Similar differences were found in the CPr for these systems.
The TOW Day Sight data were somewhat unique because nearly 90% of the targets found were
correctly recognized and identified. The CPR of the Silicon TV approached that of the better
thermal systems, indicating that observers were able to use this system effectively after targets were
found.
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TARGET IDENTIFICATION CONFUSION

In order to determine the targets that were confused with one another when identification responses
were input, the data was reduced to indicate the Pi responses as a function of target vehicle. These
data are presented for each system as Tables B-10 through B-17 of Appendix B and are summarized
below in Table 2.

Table 2. Probability of Correct Identification Responses by System and Sensor:
All Ranges Combined

ARMORED VEHICLES WHEELED VEHICLES

SYSTEM M60 M551 M113 M577 M35 M656 M151 GG

AN/TAS-2 .90 .69 .38 .72 .69 .60 .67 .54

AN/TAS-4 SIN 545 .70 .71 .54 .73 .84 .77 .77 .63

AN/TAS-4 S/N 364A .44 .72 .51 .72 .80 .76 .58 .56

AN/TAS-4 Disabled
Scan Lines .55 .68 .46 .73 .78 .75 .57 .49

AN/VSG-2 White Hot .64 .65 .57 .70 .75 .76 .68 .62

AN/VSG-2 Black Hot .71 .57 .47 .62 .62 .54 .75 .45

TOW Day Sight 1.00 .92 .97 .97 .98 .92 1.00 .85

Silicon TV .93 .79 .64 .73 .80 .78 .82 .54

The data in Table 2 indicate that when an identification response occurred, the response was correct
about 70% of the time for most targets. The primary exceptions were the Ml 13 APC and the
Gamma Goat. The M113 was confused principally with the M577 APC and the M35 and M656
trucks. The M 113 was confused with those targets between 40 and 50% of the time with most of
the sensors, or nearly at the level of the Pi. The M60 tank was confused most frequently with the
M551 tank, whereas the M551 was confused with the other armored vehicles about equally. The
Gamma Goat was most often mistaken for one of the trucks or an APC. Interestingly though, the
other vehicles were very infrequently identified as a Gamma Goat; the probability of calling any
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other vehicle a Gamma Goat was generally less than 5%. In general, when a wrong identification
response was made, the response was for a vehicle of the same class; i.e., armored or wheeled.
When an exception occurred, the wrong identification was usually for a vehicle of similar size.
These data reinforce confidence that observers were well trained and used the sensors effectively.

LEARNING EFFECTS FOR Pf

The data presented as Figure 1 indicate a learning effect for Pf existed for the several initial trials.
These data were for all targets and all thermal sensors combined, with each data point comprising
five consecutive trials, plotted cumulatively, without regard for the number of targets presented

within each range band. The data also indicated that the observer Pf performance for targets beyond
5,000 meters did not asymptote during the trials. The conditional Pr data did not show a similar
learning effect, reinforcing that thermal signature interpretation training was adequate. Thus, the
learning effects may be influenced by the individual observers' development of a comfortable and
effective search strategy.
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Figure 1. Cumulative Probability of Finding (P0)
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False Alarm Rate (FAR)

A false alarm or false target response is defined as the input of target acquisition response caused by
confusing a natural terrain object or clutter with a vehicle target. The FAR, expressed in time of
search activity, was determined to be one false alarm per 18.2 minutes of search, or slightly over
one false alarm per sensor on the average during each 20-minute trial. The FAR was essentially the
same for each thermal sensor.

Environmental Influences on Thermal Sensor Pf

During the evaluation and analysis of the sensor performance data, it was noticed that there were
several trials that resulted in very low Pf at ranges beyond 4km for the thermal sensors.
Examination of the meteorological data indicated that the only common factors associated with the
low Pf trials were relatively high air and ground temperature combined with light or scattered cloud
cover. Therefore, the Pf data for trials conducted when the high temperature/light cloud conditions
prevailed were compared to the Pf data from all the other trials. The results of these comparisons
are shown in Table 3.

Table 3. Comparison of the Pf for Thermal Sensors for
Two Environmental Conditions

RANGE (kilometers) TARGETS TARGETS FOUND Pf

Condition I: High Air/Ground Temperature, Light Cloud Cover

<3 948 546 .576

4 to 5 274 46 .168

>5 265 23 .087

Condition II: All Other Trials

<3 9,705 6,475 .667
4 to 5 3,741 1,309 .350
>5 1,401 383 .27

The data in Table 3 indicate that there is a severe degradation of the Pf for targets at the longer
ranges, particularly under the high temperature/light cloud cover conditions. An examination of
video tapes (from the Ford DL-1 Calibrated Infrared Imager used for 8 to 12 im target signature
data collection) of several high temperature/light cloud cover trials and of trials conducted during
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periods of lower temperature/overcast conditions revealed that there was considerably more thermal
clutter when the temperature was high and the cloud cover was light than under the other
conditions. The thermal clutter under these conditions was probably bare ground, knolls, small

prominences, and possibly rock-strewn areas. Many of the clutter "patches" were approximately the

same size as the vehicle targets and were therefore competitive to the targets. There was no

corresponding increase in the observer FAR for the high temperature/light cloud cover condition.

Interestingly, the Pf for targets at ranges less than 4km during these trials was not as severely

affected, although less than the mean for the remaining trials. It is possible that the terrain clutter

was not as target competitive for the sensor observer at the shorter ranges, or that the resolution of

the sensors was sufficient to permit the observer to distinguish between the clutter and the target
vehicles because of the greater prominence of unique target cues, such as wheels, tracks, and

exhaust systems. Another possibility is that the observers, realizing that the finding of targets at the

longer ranges was of a low probability, concentrated their efforts at the shorter ranges. Information
provided by the Atmospheric Science Laboratory (ASL) indicated that the thermal clutter could be
very dramatic, changing from a rather benign homogeneous thermal environment to one of very

target competitive clutter in as little as 5 minutes. A comparison of color photographs with
photographs of thermal imagery produced at the same time by the ASL SMART system indicated

that the thermal clutter may be manifested by the movement of clouds over the test range. The
clouds could shield areas and, within a few minutes, move and permit a high thermal radiance
condition that resulted in the high thermal terrain clutter.

SECTION IV. SEARCH SCAN RATE

DEFINITION

The search scan rate is defined as the rate, in degrees/seconds, that an observer slews or scans a

sensor while performing the target acquisition task. The search scan rates derived were based upon

a pair of subjective search scan rate thresholds. Scan rates of less than 1.0 degrees/second were the
lower threshold, and scan rates of greater than 10.0 degrees/second were the upper threshold.

Sensor movement of less than the lower threshold could correspond to target interrogation, sensor

adjustment or idle time. Sensor movements faster than the upper threshold were probably too fast
to permit target acquisition. Sensor azimuths, the basis for computation of search scan rate, were

determined at I-second intervals. The search scan rate data from each trial for each sensor were
sorted into 0.5 degree/second bins. Data within the subjective threshold limits were reduced to
determine the mean search rate for each sensor during each trial. It should be noted that, with few

exceptions, search scan rates greater than the upper threshold occurred very infrequently. The

principal exception being the data from one observer who used a search procedure that was unique
compared to the other observers.
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RESULTS

Search Rates For Thermal And Visible Sensors

Table 4 describes the search rate data for each type of sensor, with the search rate expressed as

degrees/second and as seconds/sensor FOV for the fixed FOV sensors, and for the sensor that was
used predominantly in one FOV.

Table 4. Search Rates for Thermal and Visible Sensors

HORIZONTAL
FOV NUMBER degrees/sec sec/FOV

THERMAL SENSOR:

ANtTAS-2 5.0 90 3.89 1.28

AN/TAS-4 2.26 or 6.8 298 4.35 *

AN/VSG-2 5.0 or 15.0 190 4.01 1.25**

VISIBLE SENSOR:

Silicon TV 5.0 67 2.83 1.77

TOW Day Sight 5.5 31 2.60 2.20

• The observers reported that both the narrow FOV and the wide FOV were used for search.
•* Most observers reported that they searched exclusively with the narrow FOV. The search rate

(seconds/FOV) assumes narrow FOV search.

The search rate data generated several interesting implications. First, the search rates in seconds/

FOV for the thermal sensors (permitting the assumption that search was conducted in the narrow
FOV with the AN/VSG-2), were quite close. These data indicated that the search time per
horizontal FOV was about 25% less than is currently used in the CNVEO Search Model. Secondly,

the search rates (degrees/ seconds) seemed to imply that the information content of the image was an
important contributor to the overall search rate. This implication is supported by the following

observation: The test range contained significant natural terrain clutter in the form of trees, shrubs,
and other foliage. Note that the search rates were considerably slower for the visible spectrum

sensors than for the thermal sensors. The observers using the visible sensors had to contend with the
natural clutter while searching for the vehicle targets, thus requiring a slower search rate in order to
process the information content.

Search Rate and Pf

The probability of finding a target could be related to the rate at which an observer searched with a
sensor. To investigate this possibility, those observers that searched at a rate of one or more standard
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deviations less than the mean search rate of a system were extracted from the total search rate data
base. Table 5 presents the search rates and the Pf and Pr for the two resulting groups. Note that the
Pf difference is .07 while the Pr difference is only .03.

Table 5. Search Rate and Pf and Pr for Two Groups of Observers

OBSERVER SEARCH RATE TARGETS TARGETS TARGETS
T YPE deg/sec PRESENTED FOUND Pf RECOG. CPr

Slow 2.78 2,371 1,147 .48 599 61
Other 4.42 13,963 7,635 .55 4,434 58

The performance data for the slow scan observers was further analyzed and compared to the other
observers in order to gain some insight into why the slow scan rate affected the Pf. The data in
Table 6 lists the Pf, Pr, and CPr for the two observer groups, and the CPf for the slow observers.

Table 6. Comparison of Observer Groups by Target Range: Thermal Sensors

Observer Type I: Slow Scan Rate Observers

RANGE TARGETS TARGETS TARGETS
(kilometers) PRESENTED FOUND Pf CPf* RECOG. Pr CPr

1-2 336 217 .646 (.759) 165 .491 .760
2-3 609 355 .583 (.685) 241 .396 .679
3-4 603 301 .499 (.587) 187 .310 .621
4-5 525 178 .339 (.399) 74 .141 .416
>5 298 96 .322 (.379) 32 .107 .333

Observer Type II: All Other Observers

RANGE TARGETS TARGETS TARGETS
(kilometers) PRESENTED FOUND Pf RECOG. Pr CPr

1-2 1,995 1,598 .801 1,202 .602 .752
2-3 3,510 2,400 .683 1,550 .442 .646
3-4 3,600 2,150 .597 1,146 .318 .533
4-5 3,490 1,177 .337 435 .125 .370
>5 1,368 310 .226 101 .074 .326

.85 of Targets Presented
* CPf=

Targets Found
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Table 6 data shows that the slow scan observers found a smaller percentage of targets at ranges

within 4,000 meters. The Pf was essentially the same as for the other observers at the longer ranges.

The Pr, except for the shortest range targets, was about the same for both groups, and the CPr were
very similar at all ranges. These data indicated that the two observer groups were equally skilled at

recognizing targets. A large sample of search patterns, annotated with target time lines and observer
responses, were analyzed. The search pattern plots for the slow scan rate observers were compared

to the patterns for other observers. The targets that were in the FOV of a sensor at least once were
determined for each group of search patterns. This analysis revealed that 15.1% of the targets in the
slow scan group search pattern targets were never in the FOV of a sensor. (See Figure 2 for an
example.) A similar determination using the other group search patterns showed that less than 2%
of the targets were never in the FOV of the sensors. If one considers only the targets that were in
the FOV of a sensor during the slow scan group trials, then a Conditional Probability of Finding

(CPf) could be derived, as shown in Table 6. For example, the slow scan group of observers found
217 of the 336 targets present at ranges between I to 2km, for a Pf of .646. If only the 85% of the

targets that were in the field of a sensor were considered, then the CPf would be .759 compared to
the Pf of .801 for the other observer group. The CPf of the slow scan observers for targets between

2 and 3km and 3 and 4km was essentially the same as the Pf for the other observer group. The Pf
for the two groups was similar for targets at the longer ranges and, as a result, the CPf for the slow

group was somewhat greater than the Pf for the other observer group. This may be because the
slower scan rate permitted the observer to process less information per unit time, which could be an
advantage for targets that are more difficult to find. The CPf for all targets at all ranges for the slow
group would be .53 compared to the Pf of .55 for the other observers. Thus, it is apparent that the

slower search scan rate adopted by some of the observers could impose a penalty on sensor
performance in the environment used for this experiment, since the methodology permitted each

target to be within the FOR for only about 60 to 80 seconds before returning to defilade.
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SECTION V. SEARCH PATTERNS

DEFINITION

The search patterns are computer output X/Y plots of sensor azimuth vs. time. The plots were

derived from the sensor azimuth data at 1-second intervals.

RESULTS

Over the course of the trials, most observers developed a systematic approach to exploration of the

FOR. The search patterns presented as Figures 2 through 6 were selected as typical to illustrate the

variations in the approach to effective search used by the observers during the experiment. Note that

0 degrees azimuth defined the left side of the search field, and the target information (including
target type, range, azimuthal location, and duration of exposure) was annotated on each search

pattern. Figure 2 is the search pattern of an observer using the AN/TAS-2. Note that some targets
were never within the sensor FOV. This pattern is typical of the slow scan rate patterns used to

establish the relationship between search rate and Pf. Figure 3 is the search pattern of the same
observer using an AN/TAS-4, a dual FOV thermal sensor. The difference in search activity was

possibly related to FOV differences; i.e., the observer searched using both wide and narrow FOV
with the AN/TAS-4. The search rate (3.15 degrees/second) was more than one standard deviation
from the mean for the AN/'AS-4 and, as a result, included in the slow search group. Note, however,

that all of the target vehicles were in the sensor FOV, although several appeared only once and no
target was within the sensor FOV more than twice.

Figure 4 depicts the search pattern of an observer who developed a unique and highly effective
search strategy. This observer searched in one direction (left to right) then, very quickly, returned

the sensor from right to left before resuming his search of the FOR. Consequently, the actual search
activity was conducted while moving the sensor only from left to right. According to the observer,

this procedure was used to insure that the time elapsing between successive interrogations of the

same area within the FOR was the same as for any area within the FOR. Note the nearly vertical 60
to 0 degree sensor excursions depicted in the search pattern. Also interesting is that each target was
within the FOV of the sensor several times during each target presentation, in comparison to other

representative search patterns (Figures 2 and 6) where some targets were never within the sensor

FOV. Most observers, however, adopted a routine left-right-left search pattern. Figure 5 is a typical
example of the routine search procedure.

Finally, another search style characterized by incomplete sweeps of the FOR is shown as Figure 6.
This search pattern was generated by an observer using the AN/VSG-2 dual FOV sensor.
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SECTION VI. LESSONS LEARNED

Overall, the Smoke 5-B field experiment was very successful. However, deficiencies became

obvious; some during the experiment and some after it was completed and data evaluation and
analysis were underway.

The principal deficiency was Oie zechnique used to input observer response information to the
Automatic Field Evaluation Data System (AUTOFEDS) computer. The technique, which required

the observer to report responses to a data input push button console operator via a closed circuit
microphone/headphone system, was known to have a time delay for data input associated with it.

More importantly, though, was the dependence upon the clarity of the voice communication and the
accuracy of the data input console operator.

The inability to video record the imagery of the thermal sensor imagery while the operator searched
was another deficiency. As a result, it was not possible to subjectively determine what target

signature information was used to find and recognize or identify vehicles, and, at least equally
important, why targets in a sensor FOV were not found.

A third deficiency was the inability to output collated data during the experiment. In fact, much of

the software used to reduce the data to a usable format was written after the experiment ended.
Only a rudimentary capability existed during the experiment, and most of this software was
developed on site.
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SECTION VII. CONCLUSIONS

1. There are no statistically significant differences in the overall performance of the unmodified
white hot image thermal sensors for the conditions tested.

2. Modification of an AN/TAS-4 TOW Night Sight by disabling five or six (horizontal) scan lines
in the center of the display results in a statistically significant degradation of performance in
comparison to similar, but unmodified, sensors.

3. The performance of AN/VSG-2 Thermal Tank Sight operated in the white hot mode is
statistically and significantly superior to the performance of this system operated in the black hot
image mode.

4. The TOW Day Sight performance was nearly equal to the overall performance of the thermal
systems under daylight conditions, while the measured performance of the Silicon TV was
significantly less than the performance of any of the other systems.

5. The mean search rates for visible sensors (TOW Day Sight and Silicon TV) were slower than for
the thermal sensors. The reasons for this seem apparent; however, the relationship of search rate and
the ability to find targets is not fully understood.

6. Most of the observers developed a routine left-right-left search pattern regardless of the sensor
they were using. A few observers exhibited at least an occasional erratic search pattern where they
would change the direction of search prior to completing a full scan of the FOR. One observer

developed a unique and very effective search pattern. The rationale for this unique search
procedure, as explained to the analysts was very sound. The effectiveness of the pattern and the
rationale should be further expiored and, if the results indicate, should be of significant value in the
training of sensor user personnel.

7. There appears to be a relationship between search scan rate and the probability of finding vehicle
targets when using thermal sensors. The analysis shows that the performance differences are related
to targets never in the FOV of the sensor when the observer searches at a rate substantially slower
than the mean. In addition, the analysis revealed that there were no obvious differences in the target
interrogation skills when comparing the slow search rate observers with the remainder of the group.
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APPENDIX A
SENSOR DESCRIPTIONS

Five sensor types were used during the Smoke 5-B field test. Three of these sensors are presently in
the US Army inventory-the AN/TAS-4 TOW Night Sight, the AN/VSG-2 TTS, and the AN/TAS-4
TOW Day Sight. The AN/TAS-2's 3 to 51trn Thermal Imager was type classified and a small
quantity was manufactured. The Silicon TV was made up of commercially available components.
The Minimum Resolvable Temperature (MRT) data for the thermal imagers, as measured by
CNVEO, are included as Figures A-I through A-6.

NIGHT VISION SIGHT, INFRARED, AN/TAS-2

Purpose: The AN/TAS-2 is a limited production 3 to 54m imager which was
manufactured by Hughes Aircraft Company in 1971. The sensor,
though type classified for limited production, was never placed in the
US Army inventory.

Field of View: 2 x 5 degrees
Magnification: 6x
Power Requirements: 24 volts DC

NIGHT VISION SIGHT, INFRARED, AN/TAS-4 (TOW NIGHT SIGHT)

Purpose: The ANiTAS-2 is designed to mechanically interface with the TOW
weapon system and provide a day/night capability to detect,

recognize, and identify armored vehicles. The AN/TAS-4 has the
capability for both ground and vehicle (M 151 jeep, M113 APC, and
ITV/FISTV) mounted modes.

Issue Status: Initially fielded January 1980
Weight: 18.7 pounds with one battery and one coolant cartridge
Size: 11.55 inches wide x 19.6 inches long x 8.1 inches high
Ra-ige: 3,000 meters
Magnification: Narrow FOV 12x; Wide FOV 4x
Field of View: Narrow FOV 1.13 x 2.26 degrees; Wide FOV 3.40 x 6.80 degrees
Power Required: 6.5 watts; 4.8 volts DC
Deve!oper: CNVEO, Fort Belvoir, VA
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TANK, THERMAL SIGHT, ANIVSG-2

Purpose: The Tank Thermal Sight (TrS) is a daylight sight (lx and 8x)
combined with a thermal sight. The T1 S and a laser rangefinder are
coupled to an on-board ballistic computer to form a highly
sophisticated fire control system. The TS is used exclusively with
the M60A3 tank.

Technology: First Generation Thermal Imaging
Issue Status: Initially fielded January 1981; continuing on a 1:1 basis with the

M60A3 tank
Weight: Approximately 90 pounds
Magnification: 2.67x and 8x (thermal)
Field of View: Narrow FOV 2.58 x 5 degrees; Wide FOV 7.74 x 15 degrees
Power Required: 18 to 30 volts DC from vehicle power source
Developer: CNVEO, Fort Belvoir, VA

DAY SIGHT, TOW WEAPON SYSTEM

Purpose: The TOW Day Sight Telescope was furnished to provide a daylight
target acquisition capability for the TOW Weapon System during clear
weather. The Day Sights are boresighted to the TOW Night Sight and
TOW Missile Launcher and have the same deployment capability.

Weight: 32 pounds
Size: 13 inches wide x 22 inches long x 14 inches high
Range: 3,000 meters
Magnification: 13x
Field of View: 5.5 degrees

SILICON TELEVISION

The Silicon TV sensor was assembled from the following components:

- RCA Video Camera, Model S-11, 120 volts, 60Hz AC

- Nikon 50 to 300mm f=4.5, 35mm camera lens with "C" mount adapter and 0.6 tol.ll.tm
band pass filter

- Panasonic 9-inch (diagonal) black and white video monitor

The lens was set for a focal length of 230mm, providing a horizontal FOV of about 5 degrees with a
magnification of about 7.5x. The lens was stopped down to f=22; however, neutral density filters
were required most of the time, resulting in an effective aperture of about f--45.
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FIGURE A-1
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FIGURE A-3
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FIGURE A-4
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FIGURE A-5
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TABLE B-i

CONFIDENCE INTERVALS AT THE 90% CONFIDENCE LEVEL
FOR PROBABILITY LEVELS OF 90%, 80%, 70%, 60%, 50%

TARGET CONFIDENCE INTERVALS (+ OR -)
REPLICATIONS 90% 80% 70% 60% 50%

10 15.6 20.7 23.8 25.4 25.9

20 11.0 14.7 16.8 18.0 18.3

30 9.0 12.0 13.7 14.7 15.0

40 7.8 10.4 11.9 12.7 13.0

50 7.0 9.3 10.6 11.4 11.6

60 6.4 8.5 9.7 10.4 10.6

70 5.9 7.8 9.0 9.6 9.8

80 5.5 7.3 8.4 9.0 9.2

90 5.2 6.9 7.9 8.5 8.6

100 4.9 6.6 7.5 8.0 8.2

110 4.7 6.3 7.2 7.7 7.8

120 4.5 6.0 6.9 7.3 7.5

130 4.3 5.8 6.6 7.0 7.2

140 4.2 5.5 6.4 6.8 6.9

150 4.0 5.4 6.1 6.6 6.7
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TABLE B-2

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/TAS-2 3 TO 5 um THERMAL IMAGER (SERIAL # 205)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M % M
1-2 KM 5 100.0 100.0 100.0 100.0
2-3 KM 12 66.7 58.3 58.3 41.7
3-4 KM 18 55.6 38.9 38.9 33.3
4-5 KM 9 33.3 33.3 33.3 33.3
>5 KM ----------- NO TARGETS AT THIS RANGE -----------------

TARGET: M-551 TANK,

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M L% MM
1-2 KM 14 85.7 85.7 85.7 64.3
2-3 KM 85 60.0 49.4 43.5 34.1
3-4 KM 84 51.2 27.4 17.9 15.5
4-5 KM 83 18.1 6.0 3.6 1.2
>5 KM 19 15.8 5.3 5.3 5.3

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M- M M M
1-2 KM 71 73.3 54.9 49.3 31.0
2-3 KM 118 66.9 40.7 36.4 22.0
3-4 KM 122 69.7 29.5 23.8 11.5
4-5 KM 130 32.3 7.7 6.9 1.5
>5 KM 56 21.4 3.6 3.6 0.0

-- ------------------------------------------------------------

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M__ M M M__
1-2 KM 67 61.2 59.7 59.7 53.7
2-3 KM 116 67.2 56.9 53.4 44.8
3-4 KM 106 64.2 44.3 40.6 27.4
4-5 KM 115 55.7 31.3 20.0 10.4
>5 KM 80 31.3 6.3 6.3 5.0
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TABLE B-2 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/TAS-2 3 TO 5 um THERMAL IMAGER ( SERIAL # 205)

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS), TGTS (%) (%) (_%
1-2 KM 65 60.0 49.2 40.0
2-3 KM 103 44.7 25.2 18.4
3-4 KM 100 25.0 8.0 5.0
4-5 KM 108 15.7 3.7 0.0
>5 KM 55 3.6 0.0 0.0

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M .%_ Lu
1-2 KM 38 89.5 76.3 73.7
2-3 KM 67 80.6 59.7 49.3
3-4 KM 68 80.9 55.9 42.6
4-5 KM 71 46.5 23.9 9.9
>5 KM 23 52.2 21.7 4.3

TARGET: M-35A2 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS 1. I M
1-2 KM 71 87.3 73.2 59.2
2-3 KM 99 80.8 62.6 51.5
3-4 KM 108 69.4 46.3 37.0
4-5 KM 105 55.2 29.5 21.9
>5 KM 55 38.2 18.2 12.7

--- ------------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS %-%)/-% M
1-2 KM 50 72.0 34.0 32.0
2-3 KM 73 68.5 34.2 24.7
3-4 KM 73 47.9 28.8 23.3
4-5 KM 51 9.8 2.0 2.0
>5 KM 9 11.1 0.0 0.0
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TABLE B-3

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 0545)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS (%) (%) (%)
1-2 KM 5 60.0 40.0 40.0 40.0
2-3 KM 24 83.3 70.8 66.7 54.2
3-4 KM 22 45.5 54.5 45.5 36.4
4-5 KM 11 63.6 36.4 27.3 0.0
> 5 KM ----------- NO TARGETS AT THIS RANGE ------------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS Mal%
1-2 KM 14 92.9 85.7 85.7 78.6
2-3 KM 89 56.2 46.1 39.3 36.0
3-4 KM 89 56.2 39.3 38.2 31.5
4-5 KM 80 23.7 11.2 10.0 7.5
>5 KM 19 15.8 0.0 0.0 0.0

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M Mi h--
1-2 KM 80 87.5 61.2 55.0 43.8
2-3 KM 125 68.8 43.2 42.4 28.8
3-4 KM 142 59.2 36.6 35.2 28.2
4-5 KM 147 27.2 17.7 15.6 9.5
>5 KM 55 16.4 7.3 7.3 3.6

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS h A) i hM
1-2 KM 67 79.1 77.6 77.6 74.6
2-3 KM 127 75.6 62.2 61.4 51.2
3-4 KM 119 68.9 52.9 51.3 38.7
4-5 KM 135 46.7 29.6 27.4 18.5
>5 KM 82 24.4 12.2 11.0 8.5
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TABLE B-3 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 0545)

TARGET: M-561 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS Ill %) _V
1-2 KM 86 67.4 53.5 52.3
2-3 KM 107 48.6 28.0 24.3
3-4 KM 118 42.4 22.0 11.0
4-5 KM 110 18.2 8.2 1.8
>5 KM 57 10.5 1.8 1.8

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS %) % M
1-2 KM 38 81.6 63.2 57.9
2-3 KM 77 74.0 67.5 61.0
3-4 KM 73 97.3 89.0 69.9
4-5 KM 79 59.5 40.5 29.1
>5 KM 23 21.7 17.4 13.0

TARGET: M-35 2 1/2 TON TRUCK
RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS III M_%_)
1-2 KM 85 91.8 85.9 80.0
2-3 KM 114 71.9 60.5 54.4
3-4 KM 124 66.9 57.3 50.8
4-5 KM 104 45.2 33.7 26.9
>5 KM 61 27.9 19.7 16.4

--- -----------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)
RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M
1-2 KM 53 75.5 43.4 39.6
2-3 KM 85 77.6 57.6 50.6
3-4 KM 75 50.7 28.0 21.3
4-5 KM 54 11.1 9.3 7.4
>5 KM 9 0.0 0.0 0.0
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TABLE B-4

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 364A)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS Cs M M M
1-2 KM 5 80.0 60.0 60.0 40.0
2-3 KM 15 73.3 66.7 60.0 40.0
3-4 KM 20 35.0 30.0 25.0 0.0
4-5 KM 3 66.7 0.0 0.0 0.0
>5 KM ------- NO TARGETS AT THIS RANGE ----------------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS (%1) M M M
1-2 KM 12 75.0 75.0 75.0 66.7
2-3 KM 85 60.0 41.2 38.8 35.3
3-4 KM 71 53.5 39.4 32.4 23.9
4-5 KM 67 19.4 7.5 7.5 4.5
>5 KM 10 10.0 0.0 0.0 0.0

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS .1 (%1_%_ I)_
1-2 KM 74 79.1 73.0 68.9 39.2
2-3 KM 105 72.4 48.6 42.9 21.9
3-4 KM 122 65.6 38.5 32.8 24.6
4-5 KM 120 22.5 8.3 5.8 4.2
>5 KM 55 12.7 7.3 5.5 1.8

---------------------------------------------------------------

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS MI M M
1-2 KM 55 81.8 78.2 78.2 70.9
2-3 KM 112 69.6 56.3 52.7 44.6
3-4 KM 94 78.7 57.4 52.1 34.0
4-5 KM 112 47.3 27.7 22.3 16.1
>5 KM 75 29.3 13.3 12.0 9.3
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TABLE: B-4 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 364A)

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M ll M
1-2 KM 69 62.3 43.5 39.1
2-3 KM 85 44.7 25.9 2..2
3-4 KM 112 33.9 17.9 8.9
4-5 KM 100 10.0 3.0 1.0
>5 KM 44 15.9 4.5 4.5

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS - %)
1-2 KM 35 82.9 71.4 71.4
2-3 KM 65 84.6 73.8 58.5
3-4 KM 62 91.9 82.3 67.7
4-5 KM 72 45.8 30.6 18.1
>5 KM 23 26.1 13.0 4.3

TARGET: M-35 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDEN"
(METERS) TGTS M )M
1-2 KM 72 95.8 86.1 80.6
2-3 KM 101 82.2 68.3 58.4
3-4 KM ill 67.6 57.7 41.4
4-5 KM 85 49.4 37.6 25.9
>5 KM 57 35.1 28.1 21.1

---- ----------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS MLI .L
1-2 KM 52 67.3 30.8 25.0
2-3 KM 73 52.1, 30.1 24.7
3-4 KM 60 46.7 23.3 21.7
4-5 KM 43 11.65 4.7 2.3
>5 KM --- 4O TARGETS AT THIS RANGE ----------------
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TABLE B-5

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT W/DISABLED SCAN LINES
(SERIAL # FAT 2)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M M M
1-2 KM ----------NO TARGETS AT THIS RANGE ----------------
2-3 KM 24 58.3 45.8 41.7 25.0
3-4 KM 24 50.0 33.3 29.2 25.0
4-5 KM 3 66.7 66.7 33.3 0.0
>5 KM ----------- NO TARGETS AT THIS RANGE -----------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS%_ (%) (%) (0%)

1-2 KM 14 78.6 50.0 50.0 50.0
2-3 KM 83 60.2 47.0 41.0 33.7
3-4 KM 80 40.0 27.5 21.2 15.0
4-5 KM 77 15.6 6.5 3.9 3.9
>5 KM 19 21.1 10.5 5.3 5.3

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS 11)1 ) ( _ )

1-2 KM 80 80.0 67.5 63.7 41.2
2-3 KM 114 67.5 43.9 43.0 23.7
3-4 KM 139 45.3 18.0 17.3 8.6
4-5 KM 142 16.2 4.2 3.5 2.1
>5 KM 51 13.7 5.9 5.9 5.9

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M%) (%) M_. £%)

1-2 KM 67 65.7 62.7 61.2 55.2
2-3 KM 126 65.9 58.7 54.8 46.0
3-4 KM 107 61.7 41.1 37.4 22.4
4-5 KM 130 44.6 26.2 24.6 16.9
>5 KM 73 26.0 12.3 11.0 6.8
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TABLE B-5 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/TAS-4 TOW NIGHT SIGHT W/ DISABLED SCAN LINES
(SERIAL # FAT 2)

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS (%) .lL M
1-2 KM 70 62.9 44.3 37.1
2-3 KM 106 40.6 17.9 13.2
3-4 KM 120 28.3 10.8 5.0
4-5 KM 104 18.3 1.9 0.0
>5 KM 56 10.7 1.8 0.0

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS (6) _
1-2 KM 32 78.1 78.1 78.1
2-3 KM 77 84.4 58.4 51.9
3-4 KM 67 86.6 67.2 58.2
4-5 KM 79 48.1 25.3 15.2
>5 KM 23 39.1 30.4 17.4

TARGET: M-35 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M% (%) (-%)
1-2 KM 81 90.1 86.4 82.7
2-3 KM 104 73.1 61.5 57.7
3-4 KM 116 58.6 49.1 37.1
4-5 KM 103 50.5 34.0 20.4
>5 KM 61 44.3 19.7 8.2

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M ill (0)
1-2 KM 50 62.0 28.0 28.0
2-3 KM 79 59.5 31.6 25.3
3-4 KM 72 41.7 18.1 13.9
4-5 KM 57 14.0 5.3 5.3
>5 KM ---------- NO TARGETS AT THIS RANGE ------------
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TABLE: B-6

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/VSG-2 TANK THERMAL SIGHT "WHITE HOT" (SERIAL # 013)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS %M_ _%_M (%)

1-2 KM 3 100.0 66.7 66.7 66.7
2-3 KM 21 71.4 66.7 66.7 47.6
3-4 KM 24 50.0 41.7 37.5 8.3
4-5 KM 6 16.7 16.7 16.7 16.7
>5 KM -------- NO TARGETS AT THIS RANGE ---------------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS (% fnJ M__ M%

1-2 KM 14 92.9 78.6 78.6 71.4
2-3 KM 89 59.6 47.2 34.8 32.6
3-4 KM 76 56.6 32.9 27.6 21.1
4-5 KM 79 13.9 6.3 5.1 2.5
>5 KM 16 12.5 0.0 0.0 0.0

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M %.. %. % (%

1-2 KM 77 75.3 55.8 55.8 42.9
2-3 KM 115 78.3 57.4 53.9 40.9
3-4 KM 137 69.3 34.3 32.1 26.3
4-5 KM 138 31.2 9.4 8.7 5.8
>5 KM 56 17.9 3.6 3.3 3.6

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M ML M__ Ml

1-2 KM 64 78.1 76.6 75.0 65.6
2-3 KM 124 76.6 62.1 62.1 50.0
3-4 KM 109 78.0 59.6 53.2 31.2
4-5 KM 129 52.7 27.9 24.0 18.6
>5 KM 76 26.3 9.2 6.6 3.9
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TABLE B-6 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/VSG-2 TANK THERMAL SIGHT "WHITE HOT" (SERIAL # 013)

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS 1)4 (%1 M
1-2 KM 76 71.1 63.2 57.9
2-3 KM 101 50.5 25.7 23.8

7 3-4 KM 120 40.0 19.2 9.2
4-5 KM 103 22.3 6.8 1.0
>5 KM 53 9.4 3.8 3.8

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS (%) M
1-2 KM 35 74.3 68.6 62.9
2-3 KM 74 86.5 74.3 59.5
3-4 KM 70 94.3 77.1 64.3
4-5 KM 79 51.9 38.0 29.1
>5 KM 23 43.5 39.1 13.0

TARGET: M-35 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M-M
1-2 KM 81 90.1 86.4 77.8
2-3 KM 105 76.2 67.6 56.2
3-4 KM 118 71.2 50.0 37.3
4-5 KM 103 61.2 36.9 23.3
>5 KM 59 54.2 37.3 23.7

--- -----------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M-- ML
1-2 KM 53 68.8 50.9 45.3
2-3 KM 81 70.4 45.7 37.0
3-4 KM 69 52.2 24.6 20.3
4-5 KM 55 18.2 9.1 3.6
>5 KM --------- NO TARGETS AT THIS RANGE--------------------
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TABLE B-7

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: AN/VSG-2 TANK THERMAL SIGHT "BLACK HOT" (SERIAL # 003)

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M i_%. M MM
1-2 KM ---------- NO TARGETS AT THIS RANGE----------------------
2-3 KM 15 86.7 80.0 80.0 53.3
3-4 KM 22 31.8 31.8 31.8 22.7
4-5 KM 3 66.7 66.7 66.7 66.7
>5 KM ---------- NO TARGETS AT THIS RANGE----------------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS .M M%1 I M
1-2 KM 12 91.7 50.0 41.7 41.7
2-3 KM 69 68.1 46.4 39.1 31.9
3-4 KM 74 47.3 31.1 24.3 17.6
4-5 KM 77 26.0 6.5 3.9 2.6
>5 KM 10 20.0 10.0 0.0 0.0

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS C%) 0_%" (%) (t)
1-2 KM 65 78.5 41.5 36.9 27.7
2-3 KM 105 56.2 38.1 35.2 21.0
3-4 KM 134 63.4 32.1 29.9 23.1
4-5 KM 131 17.6 6.1 6.1 4.6
>5 KM 37 18.9 5.4 5.4 2.7

----------------------------------------------------------------

TAPGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS .(13 M_1 %1 1
1-2 KM 67 76.1 71.6 71.6 64.2
2-3 KM 110 72.7 55.5 50.9 39.1
3-4 KM 89 60.7 36.0 33.7 21.3
4-5 KM 117 41.9 27.4 23.1 11.1
>5 KM 68 20.6 10.3 8.8 2.9
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TABLE B-7 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: AN/VSG-2 TANK THERMAL SIGHT "BLACK HOT" (SERIAL # 003)

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M il I%
1-2 KM 60 63.3 43.3 33.3
2-3 KM 97 46.4 23.7 16.5
3-4 KM 110 33.6 13.6 7.3
4-5 KM 102 15.7 3.9 2.0
>5 KM 38 10.5 0.0 0.0

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M%%
1-2 KM 29 86.2 79.3 69.0
2-3 KM 69 75.4 49.3 37.7
3-4 KM 64 84.4 65.6 48.4
4-5 KM 65 53.8 18.5 4.6
>5 KM 23 26.1 13.0 8.7

TARGET: M-35A2 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IUENT
(METERS) TGTS .) M L%).
1-2 KM 76 85.5 67.1 51.3
2-3 KM 93 77.4 54.8 44.1
3-4 KM 100 63.0 42.0 38.0
4-5 KM 100 43.0 23.0 15.0
>5 KM 57 40.4 19.3 8.8

--- ---Z4 -----------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)
RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS Il% "k%)
1-2 KM 42 81.0 54.8 52.4
2-3 KM 76 55.3 38.2 31.6
3-4 KM 69 33.3 23.2 15.9
4-5 KM 39 10.3 7.7 7.7
>5 KM ------ NO TARGETS AT THIS RANGE-----------------------
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TABLE B-8

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: TOW DAY OPTICS

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS (%) (%)
1-2 KM 5 100.0 100.0 100.0 100.0
2-3 KM 21 71.4 66.7 66.7 57.1
3-4 KM 13 69.2 46.2 46.2 46.2
4-5 KM 8 62.5 50.0 50.0 50.0
>5 KM --------------- NO TARGETS AT THIS RANGE ----------

TARGET: M-551 TANK
RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS _%_ (%) MM
1-2 KM -------------- NO TARGETS AT THIS RANGE -----------
2-3 KM 59 66.1 54.2 49.2 45.8
3-4 KM 60 50.0 36.7 33.3 26.7
4-5 KM 57 26.3 15.8 10.5 8.8
>5 KM 6 33.3 0.0 0.0 0.0

-- -----------------------------------------------------------

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M (%) MM
1-2 KM 37 45.9 37.8 37.8 35.1
2-3 KM 78 35.9 24.4 23.1 14.1
3-4 KM 86 27.9 16.3 11.6 5.8
4-5 KM 102 5.9 1.0 1.0 0.0
>5 KM 27 0.0 0.0 0.0 0.0

TARGET: M-577 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS (%) M M %.M
1-2 KM 40 42.5 42.5 42.5 32.5
2-3 KM 100 40.0 36.0 32.0 26.0
3-4 KM 72 29.2 20.8 18.1 11.1
4-5 KM 67 14.9 3.0 3.0 0.0
>5 KM 47 14.9 10.6 10.6 0.0
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TABLE B-8 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: TOW DAY OPTICS

TARGET: M-561 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M (-%)
1-2 KM 72 68.1 51.4 40.3
2-3 KM 71 46.5 25.4 11.3
3-4 KM 67 43.3 28.4 16.4
4-5 KM 54 29.6 11.1 5.6
>5 KM 24 16.1 12.5 0.0

---- ---------------------------------------------------

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M M
1-2 KM 21 61.9 52.4 52.4
2-3 KM 43 65.1 58.1 58.1
3-4 KM 34 64.7 52.9 35.3
4-5 KM 58 44.8 22.4 20.7
5 KM 23 26.1 8.7 8.7

TARGET: M-35A-2 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS 5 1
1-2 KM 48 81.3 75.0 72.9
2-3 KM 63 52.4 36.5 :13.3
3-4 KM 85 56.5 36.5 30.6
4-5 KM 68 32.4 14.1 10.3
>5 KM 48 10.4 4.2 4.2

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS . (%) M%
1-2 KM 28 75.0 64.3 60.7
2-3 KM 36 61.1 36.1 36.1
3-4 KM 57 28.1 19.3 19.3
4-5 KM 41 9.8 0.0 0.0
>5 KM 9 11.1 0.0 0.0
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TABLE B-9

TARGET PROBABILITIES VS RANGE (ARMORED VEHICLES)

SYSTEM: SILICON-TELEVISION

TARGET: M-60 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M%) M%) ML M%)

1-2 KM ----------- NO TARGETS AT THIS RANGE -----------------
2-3 KM 9 77.8 66.7 66.7 66.7
3-4 KM 4 75.0 75.0 75.0 75.0
4-5 KM 8 62.5 62.5 62.5 37.5
>5 KM ----------- NO TARGETS AT THIS RANGE ------------------

TARGET: M-551 TANK

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS M (%) M (.6

1-2 KM 14 85.7 78.6 78.6 78.6
2-3 KM 29 58.6 44.8 44.8 44.8
3-4 KM 17 52.9 52.9 52.9 52.9
4-5 KM 19 52.6 42.1 42.1 42.1
>5 KM 9 11.1 11.. 11.1 11.1

TARGET: M-113 APC

RANGE TOTAL FIND CLASS RECOG IDENT
(METERS) TGTS % . (%) M%

1-2 KM 24 91.7 87.5 87.5 83.3
2-3 KM 33 36.4 36.4 33.3 33.3
3-4 KM 33 57.6 54.5 54.5 51.5
4-5 KM 34 32.4 32.4 32.4 32.4
>5 KM 30 33.3 26.7 23.3 23.3

TARGET: M-577 APC

RANGE TOTAL FIN CLASS RECOG IDENT
(METERS) TGTS 1 M MM

1-2 KM 21 81.0 81.0 81.0 81.0
2-3 KM 33 72.7 72.7 72.7 72.7
3-4 KM 42 42.9 40.5 40.5 38.1
4-5 KM 43 39.5 34.9 34.9 30.2
>5 KM 23 56.5 56.5 56.5 56.5
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TABLE B-9 (CONTINUED)

TARGET PROBABILITIES VS RANGE (WHEELED VEHICLES)

SYSTEM: SILICON TELEVISION

TARGET: M-651 GAMMA GOAT

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M
1-2 KM 32 71.9 65.6 65.6
2-3 KM 31 38.7 38.7 38.7
3-4 KM 21 23.8 19.0 14.3
4-5 KM 21 28.6 19.0 9.5
>5 KM 28 17.9 10.7 7.1

TARGET: M-656 5 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS (%) (%) _
1-2 KM 3 100.0 100.0 100.0
2-3 KM 22 72.7 68.2 63.6
3-4 KM 15 73.3 53.3 53.3
4-5 KM 41 58.5 51.2 48.8
>5 KM ------ NO TARGETS AT THIS RANGE --------------

---- -------------------------------------------------

TARGET: M-35 2 1/2 TON TRUCK

RANGE TOTAL FIND CLASS IDENT
(METERS) TGTS M M.M
1-2 KM 18 55.6 55.6 55.6
2-3 KM 28 67.9 67.9 64.3
3-4 KM 40 57.5 55.0 55.0
4-5 KM 25 28.0 12.0 12.0
>5 KM 14 64.3 64.3 64.3

---- -------------------------------------------------

TARGET: M-151 1/4 TON TRUCK (JEEP)

RANGE TOTAL FIND CLASS IDENT
(METERS). TGTS M L_ M_
1-2 KM 27 63.0 55.6 55.6
2-3 KM 26 46.2 46.2 46.2
3-4 KM 12 16.7 16.7 16.7
4-5 KM 21 9.5 9.5 9.5
>5 KM 9 0.0 0.0 0.0
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TABLE B-10

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/TAS-2 3 TO 5 um THERMAL IMAGER

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MI51 GG N*

M60 .90 .10 .00 .00 .00 .00 .00 .00 21
M551 .09 .69 .04 .09 .03 .00 .01 .05 77
M113 .01 .05 .38 .26 .13 .14 .01 .02 170
M577 .00 .02 .15 .72 .04 .03 .04 .00 185
M35 .00 .02 .04 .06 .69 .14 .03 .02 234
M656 .00 .03 .01 .02 .30 .60 .01 .03 164
M151 .00 .01 .05 .22 .01 .03 .67 .01 78
GG .00 .04 .10 .06 .16 .07 .03 .54 91

N* is the total number of identification responses.
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TABLE B-11

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 545

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MI51 GG N*

M60 .70 .24 .03 .00 .00 .00 .00 .03 33
M551 .06 .71 .06 .03 .07 .03 .02 .02 108
M113 .00 .02 .54 .16 .11 .11 .02 .04 234
M577 .00 .01 .13 73 .03 .04 .03 .03 263
M35 .00 .01 .04 .84 .10 .00 .01 276
M656 .00 .00 .01 .03 .18 .77 .00 .02 190
MI51 .01 .01 .09 .06 .01 .02 .77 .03 109
GG .00 .04 .11 .05 .09 .07 .01 .63 91

N* is the total number of identification responses.
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TABLE B-12

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/TAS-4 TOW NIGHT SIGHT (SERIAL # 364-A)

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MI51 GG N*

M60 .44 .39 .11 .00 .06 .00 .00 .00 18
M551 .05 .72 .07 .09 .04 .00 .01 .02 81
M113 .01 .03 .51 .20 .12 .07 .03 .03 174
M577 .00 .02 .12 .72 .06 .01 .04 .01 203
M35 .01 .00 .03 .01 .80 .11 .01 .03 246
M656 .00 .00 .01 .03 .15 .76 .01 .04 158
M151 .01 .00 .10 .22 .03 .01 .58 .04 77
GG .02 .04 .10 .04 .09 .09 .06 .56 102

N* is the total numDcr cf identification responses.
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TABLE B-13

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/TAS-4 TOW NIGHT SIGHT W/ DISABLED SCAN LINES
(SERIAL # FAT-02)

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MiSI GG N*

M60 .55 .23 .05 .09 .05 .05 .00 .00 22
M551 .08 .68 .08 .07 .07 .00 .03 .00 75
M113 .01 .02 .46 .24 .12 .12 .02 .02 171
M577 .00 .00 .13 .73 .01 .03 .06 .02 201
M35 .00 .00 .03 .04 .78 .13 .00 .02 251
M656 .00 .01 .02 .04 .15 .75 .00 .03 160
M151 .01 .04 .10 .21 .05 .00 .57 .02 82
GG .01 .03 .11 .04 .12 .15 .05 .49 94

N* is the total number of identification responses.
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TABLE B-14

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/VSG-2 THERMAL TANK SIGHT "WHITE HOT" (SERIAL # 013)

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MI51 GG N*

M60 .64 .32 .00 .00 .00 .00 .00 .04 28
M551 .04 .65 .10 .10 .05 .02 .02 .02 94
M113 .00 .01 .57 .13 .09 .10 .04 .05 225
M577 .01 .00 .14 .70 .08 .05 .03 .00 239
M35 .00 .00 .01 .03 .75 .18 .00 .02 275
M656 .00 .01 .04 .01 .15 .76 .00 .03 181
M151 .00 .00 .09 .16 .03 .03 .68 .02 108
GG .00 .02 .10 .06 .07 .08 .05 .62 133

N* is the total number of identification responses.
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TABLE B-15

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: AN/VSG-2 TANK THERMAL SIGHT "BLACK HOT" (SERIAL # 003)

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 M151 GG N*

M60 .71 .29 .00 .00 .00 .00 .00 .00 21
M551 .05 .57 .04 .08 .09 .03 .08 .05 74
M113 .00 .02 .47 .16 .10 .15 .05 .05 167
M577 .01 .01 .18 .62 .04 .04 .08 .02 193
M35 .01 .02 .05 .07 .62 .17 .01 .05 217
M656 .01 .01 .07 .03 .27 .54 .01 .06 151
M151 .00 .00 .11 .06 .02 .02 .75 .02 80
GG .00 .01 .16 .02 .12 .16 .09 .45 102

N* is the total number of identification responses.
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TABLE B-16

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: SILICON TELEVISION

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 MI51 GG N_*

M60 .93 .03 .03 .00 .00 .00 .00 .00 29
M551 .095 .79 .02 .03 .08 .02 .00 .02 61
M113 .00 .02 .64 .18 .09 .02 .02 .02 45
M577 .02 .03 .16 .73 .02 .03 .02 .00 64
M35 .01 .03 .09 .04 .80 .00 .01 .02 113
M656 .00 .00 .08 .03 .05 .78 .01 .05 79
MI51 .00 .02 .02 .12 .00 .02 .82 .00 50
GG .00 .02 .07 .01 .20 .14 .01 .54 94

N* is the total number of identification responses.
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TABLE B-17

PROBABILITY OF TARGET IDENTIFICATION RESPONSE - CORRECT AND
INCORRECT - FOR EACH SYSTEM AND EACH TARGET AT ALL RANGES

SENSOR: TOW DAY OPTICS

TARGET IDENTIFICATION PROBABILITIES
M60 M551 M113 M577 M35 M656 M151 GG N*

M60 1.00 .00 .00 .00 .00 .00 .00 .00 12
M551 .00 .92 .00 .04 .00 .04 .00 .00 48
M113 .00 .00 .97 .03 .00 .00 .00 .00 68
M577 .00 .00 .02 .97 .00 .00 .00 .01 86
M35 .00 .00 .00 .00 .98 .02 .00 .00 63
M656 .00 .00 .00 .00 .04 .92 .02 .02 49
M151 .00 .00 .00 .00 .00 .00 1.00 .00 32
GG .00 .00 .00 .02 .09 .02 .02 .85 47

N* is the total number of identification responses.
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APPENDIX C
TARGET SIGNATURE MEASUREMENTS

PROCEDURE

The target signatures were measured in three spectral regions; visible (0.4 to 0.7p.m), silicon (0.73 to
0.7pm), and 8 to 12.m. Equipment was not available to measure the 3 to 51.m target signatures.
The target signatures were measured for every target vehicle at least once during each trial, except
for a few days when the visible and silicon target contrast was measured during alternate trials.
Data reduction was performed on site during and immediately after each trial.

The sensors used to collect the target signature imagery were mounted on a servo driven platform
and boresighted to a common aim point. A matrix was provided for each trial that included the
azimuth and elevation, with respect to the target signature sensors, to permit the sensor operators to
quickly select the targets.

-MEASUREMENT EQUIPMENT

Visible: RCA TV Camera with photopic filter and Nikon 200 to 600mm lens.

Silicon: RCA Silicon TV Camera with 0.73 to 1.0rm filter and Nikon 200 to 600mm lens.

8 to 12pm: Ford Aerospace Calibrated Infrared Imager, Model DL-1, with two internal blackbodies.

FOV - 0.1 mrad
FOV - 1.0 to 7.0 degrees (zoom lens)

The imagery from each of the sensors was recorded on a Panasonic NV-2000A video recorder.
IRIG-B time code was recorded with the DL-1 8 to 12pim imagery; time code alphanumeric
generators were used to record date/time on the visible and silicon camera imagery.

The following equipment was used for data reduction of the target signature imagery:

Tektronic 1480 Waveform Monitor
Panasonic 9-inch Video Monitor
Quantex DS-30 Digital Image Processor

A Hewlett-Packard HP-85 computer was used to calcula:e the 8 to 12,um target delta T.
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DATA REDUCTION

The data reduction techniques for the visible and silicon target signatures were the same and were as
follows:

* A single frame of imagery was selected and stored by the DS-30 digital image processor and
input to a 1480 waveform monitor and a video monitor. The output image was DC restored to
the backdoor of the horizontal TV synchronization pulse.

" Selected individual lines that subtended both the target and background were analyzed using the
single line function of the waveform monitor. The synchronization pulse voltage of the target

and background of the selected lines were measured. The measured voltage values were used to
determine the apparent contrast ratio as:

Target - Background
Contrast Ratio =

Background

The 8 to 124m target signature data reduction techniques were as follows:

* One video output of the DL-1 infrared imager was input to a 1480 waveform monitor and a TV
monitor to insure that the DL-l imager was working within the linear response of the sensor.

" A second video output from the DL-1 was input through a TV monitor to a video recorder to
record both the DL-I imagery and the IRIG-B time code to permit data reduction at a later time,
if required.

" A third video output of the DL- 1 was input to a DS-30 digital image processor. The output of
the image processor was input to a second 1480 waveform monitor and to a video monitor.

" The digital image processor was set to the averaging mode to improve the signal/noise of the
DL- 1 imagery. Several frames of target imagery were then input to the digital image processor.

* The waveform monitor was set to the single line function. In this mode, each line that subtends
the target scans both blackbodies. Since the temperatures of the blackbodies are known, a direct
read out of the internal target temperature and background temperature is made possible. The
target and background values were input to the H-P-85 computer to sum the values, and added to
the tar-et weighting factors to calculate the target delta t.
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RESULTS

* Visible Contrast. A sampling of 100 signatures that were measured over several days indicated
that the visible contrast ratio of most of the targets was between -0.40 and -0.60. This
corresponded to a high target-to-background contrast. Approximately 15% of the signatures
sampled had a contrast ratio of less than -0.40 and about -10% were greater than -0.60.

* Silicon Contrast. A simpling of the silicon contrast data indicated that 65% of the targets had a
contrast ratio of between -0.15 and -0.40; 20% were between -0.05 and -0.15, while 15% where
greater than -0.40. These data indicated that the silicon target-to-background contrast was
medium to high. Note that a negative value, for both the visible and silicon target signature
measurements, indicated a target darker than the background. Very few targets measured had a
positive contrast value.

* 8 to 12 ±m Target Signatures. Two samples of 100 measurements each were made. The
signatures were measured over a period of several days. The first sample was for trials
conducted between the hours of 0900 and 1100. The second sample was for trials that took
place between 1300 and 1500 hours. The two samples were reduced to histograms and the
means and standard deviations were calculated. Both samples covered a similar delta t range;
however, the afternoon sample indicated a mean of 3.67'C, while the morning sample mean was
2.32°C. In both cases, the standard deviation was greater than 80% of the mean value. The
morning measurements showed a median delta t of 1.75' versus a median of 3.200 in the
afternoon. Thus, these data indicated that the targets had a higher contrast overall in the
afternoon than could be expected in the late morning hours. Figures C- 1 and C-2 show the
delta t histograms for morning and afternoon measurements.
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Figure C-1. 8 to 12gm Target Signature Histogram, Morning
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APPENDIX D
METHODOLOGY

Developed for the Obscurant and Clear Air Trials
of the Smoke 5-B Field Test

NOTE: The methodology included in this appendix was published in the proceedings of VIII

Smoke Symposium. It is included here in its entirety.

ABSTRACT

The purpose of the Smoke 5-B field test was to determine the search effectiveness of a variety of
night vision and electro-optical sensors in clear and obscured environments. This required that
several recently developed data acqi :sition components be successfully integrated into a functioning
system. The resulting system contributed greatly to the successful acquisition of search data at the
Smoke 5-B test. This paper presents a description of the unique range lay-out methodology and data
acquisition system used at the Smoke 5-B search test. Included are descriptions of (1) automated
meteorological capabilities, (2) range lay-out and target matrix methods, (3) target tracking system,
(4) sensor tracking system, (5) observer response recording, (6) AUTOFEDS computer, and (7)
target signature methodology. The advantages of this system and its potential in future tests are
discussed.

1.0 BACKGROUND:

The Project Manager Smoke and Obscurants (PM-S) at Aberdeen Proving Ground, MD,
sponsored and provided funding to the Center for Night Vision and Electro-Optics (CNVEO), Fort
Belvoir, VA, to design, implement, and conduct a field experiment to investigate the effects of
obscurants on search and acquisition. The test was conducted during October through November
1983 at Fort Huachuca, AZ.

2,0 INTRODUCTION:

The Smoke 5-B experiment was designed to determine the search effectiveness of a variety of
night vision and electro-optical sensors in clear and obscured environments. Experimental data will
aid in the validation of CNVEO search models and system performance models as well as provide
indications of the effects of various obscurants. It should be noted that there was not a sufficient
number of obscurant trials using any one obscurant or deployment technique to provide a reliable
data base. On the other hand, the general effects of obscurants on sensor performance, including
range for detection/recognition of targets and search technique were investigated by comparison of
adjacent clear air with obscured air trials using a similar target/range array.
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Performance measurements that were recorded for each sensor include:

1. Target detection and recognition range

2. Time to detect/recognize

3. Search pattern

4. Search rate

Atmospheric measurements, as applicable to day/night and/or clear and obscured environments,
obscurant quantification measurements, and target signatures were made and collated to the system
performance data. All recorded measurements and data were collated to IRIG-B timing.

3.0 TEST SUPPORT AND TEST SITE:

Test support was provided by the Field Engineering Branch, Electronic Proving Ground (EPG),
Fort Huachuca, AZ. Support included target vehicles, drivers, and observer personnel, as well as
logistics and materials.

The site selected for the Smoke 5-B experiment is on the West Range at Fort Huachuca, AZ.
The range is grass covered rolling terrain with the major terrain undulation nearly parallel to the line

of sight (LOS).

Foliage consists of deciduous trees restricted mainly to the areas adjacent to the major terrain
undulations, with scattered similar trees and low bushes throughout most of the remaining area.
Clutter, subjectively, appeared to be light to moderate, dependent upon the area. The clutter was
"target competitive" in that no predominantly vertical vegetation is present. A line of telephone
poles runs perpendicular to the LOS at a distance of about 1,000 meters from the apex of the search
area, but these were not competitive to the acquisition of vehicle targets. The test site affords LOS
to targets at ranges as great as 5.5km. A search fan of 60 degrees in azimuth was used for Smoke
5-B. A search fan of greater than 90 degrees is available.

A 180 feet by 160 feet fenced compound was installed by EPG for this experiment, as was an eight
foot high platform, 60 feet long and eight feet wide, used for sensor deployment. Figure D-1 depicts

the test range layout.
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Figure D-1. Smoke 5-B Test Range Layout

4.0 TARGET VEHICLES:

The ve1 '-les used as targets were selected from those that were available at Fort Huachuca. In
addition, an M551 Tank and an M113 Armored Personnel Carrier were shipped to Fort Huachuca by
CNVEO.

The target array included:

Quantity Vehicle

3 M60A3 Tanks
1 M551 Tank
3 M113 APCs
2 M577 APCs
2 M561 Gamma Goats
1 M656 5 Ton Truck
2 M35A2 21/2 Ton Trucks
I M151 1/4 TonTruck
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A maximum of 15 target vehicles were available. Maintenance problems with the M60 tanks
resulted in very few trials that included these vehicles.

5.0 SENSORS:

Nine sensors were available for performance evaluation. The sensors included:

Quantity Employed Nomenclature

2 AN/VSG-2 Thermal Tank Sight (ITS)
3 AN/TAS-4 TOW Night Sights
1 AN/TAS-2 3 to 5pLrm Night Observation Device
1 Phillips 8 to 12pm Serial Scan Imager (Netherlands)
1 TOW Day Sight
1 Silicon TV

Several other sensors, notably the AN/VSG-2 and the AN/TAS-4 Night Sights, experienced
short duration maintenance problems. However, in no case were all samples of these sensors out of
service at the same time.

6.0 TEST RANGE LAYOUT:

The target positions within the 60 degree search fan are depicted on the test site map, Figure D-2.
Note that the test fan was divided into five segments of 12 degrees each, i.e., A, B, C, D, and E, and
that the target position identifiers include a letter followed by a two digit number, for example, A35.
The identifier A35 indicates that the target is in the extreme left 12 degree segment and is 3,500
meters from the sensor array. The heavy black lines identify the major unsurfaced roads used to
access the search fan. There are three North/South roads--Left, Center, and Right- and four
East/West roads, identified for test purposes as the 1,100 Meter, 2,100 Meter, 3,500 Meter, and
Perimeter Roads. (The Perimeter Road follows the fence line along the north boundary of the
military reservation.)

The dotted lines originating from main roads are trails that were developed to provide access to
target positions that were not readily accessible from the main roads. The circle and arrow symbols
at the origin of trails depict sign locations. The signs include the target position(s) accessible from
the particular trail and the direction. Although not shown, additional signs were used, as necessary,
along the various trails.

All target positions were marked with the target position identifier, as were the defilade areas
adjacent to the target positions. The position identifiers underlined (Figure D-2) are those positions
that were easily seen from a main road. It should be emphasized that the vehicle operators had no
difficulty in finding the correct target positions, per the matrix, throughout the experiment. Thus the
rather elegant range layout eliminated a potential major source of delay in the conduct of the test.
During the range set up, the experimenters documented the terrain and the immediate vicinity of
each target position.
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7.0 TEST METHODOLOGY-MATRIX DESIGN:

A random target vehicle distribution matrix was designed for this experiment. The matrix
"rules" were as follows:

1. Each trial consisted of 15 "events."

2. Each event consisted of 3 "cells."

3. Each event may consist of 0, 1, 2, or 3 targets within the search fan; therefore, there may be,
conversely, 3, 2, 1, or 0 "No Target" cells.

4. A cell may require a target to be deployed, thus the cell would include: target type, target
aspect, and target position azimuth. A cell may otherwise require that no target be deployed;
in this case, the cell is simply designated "No Target."

5. No more than one target was permitted to appear in the same 12 degree segment (A, B, C, D,
and E) within a single event and the target positions in adjacent 12 degree sectors were
required to have a minimum separation of 6 degrees in azimuth. (This rule eliminated
having more than one valid target appear within a sensor FOV, except by design).

6. No individual target vehicle was permitted to appear in consecutive events.

7. The number of replicates for each individual's target vehicle during a 15 event/45 cell matrix
was controlled. Generally, a vehicle was not permitted to appear more than three times;
vehicle types that were duplicated were usually limited to two replicates for one of the
vehicles and three replicates for the other.

8. The number of "No Target" cells was generally limited to a total of 16; on occasion the
preceding rules would not permit the completion of the third cell of an event because, for
example, no target was available that had not appeared in the previous event or no target
vehicle was available that was not in a 12 degree sector previously used in the event. In
these cases, the cell was filled as a "No Target."
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A set of three matrices was prepared by assigning each vehicle to a target position-generally
assuring that a minimum of two vehicles were included in each of the 12 degree segments.

A program was written for an H-P 85 computer, which included all of the rules stated above,
and simply required input of the target position for each target vehicle. Randomization of the target
presentation sequence and target aspect were accomplished via the computer. A typical 15 eventl45
cell matrix included 28 to 30 targets. A representative matrix is included in Table D-1.

Table D-1. Sample Smoke 5-B Target Matrix

DEGREES
EVENT TARGET POSITION ASPECT AZIMLTH CALL SIGN

1A M113 E53 RO 51.1 Blue 3
IB None
IC M113 D25 F 40.9 Blue 13

2A None
2B M561 E51 RO 54.8 Blue 7
2C M577 A29 LO 3.3 Blue 4

3A M151 D39 RO 38.6 Blue 8
3B M60 B27 F 16.2 Blue 1
3C None

4A None
4B M35 A29 F 3.3 Blue 11
4C M577 E47 LO 55.6 Blue 5

SA M60 B27 LO 16.2 Blue I
5B M551 C31 F 25.1 Blue 12
5C None

6A M35 D33 F 36.6 Blue 10
6B M577 A29 F 3.3 Blue 4
6C None

7A M561 E51 RO 54.8 Blue 7
7B M60 B25 LO 17.6 Blue 2
7C M35 A29 LO 3.3 Blue 11

8A M113 E53 LO 51.1 Blue 3
8B M60 B27 F 16.2 Blue 1
8C M113 D25 F 40.9 Blue 13

9A M577 E47 RO 55.6 Blue 5
9B M35 A29 F 33 Blue 11
9C M35 D33 F 36.6 Blue 10

1OA M151 D39 RO 38.6 Blue 8
IOB None
10C M151 C31 LO 25.1 Blue 12

11A M656 B19 LO 14.3 Blue 9
11B M577 A29 F 3.3 Blue 4
1lC M35 D33 RO 36.6 Blue 10

12A M561 C51 LO 29.4 Blue 6
12B None
12C None
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Table D-1. Sample Smoke 5-B Target Matrix (continued)

DEGREES
EVENT TARGET POSITION ASPECT AZIMUTH CALL SIGN

13A None
13B None
13C None

14A M551 C31 RO 25.1 Blue 12
14B None
14C M113 D25 LO 40.9 Blue 13

15A M151 D39 LO 38.6 Blue 8
15B None
15C None

The following information was output with each matrix produced by the random matrix generator
program for the H-P 85.

Target Distribution

Target Type Position Replicates Percentage

M60 B27 3 6.67
M60 B25 1 2.22
M551 C31 3 6.67
M113 E53 2 4.44
M113 D25 3 6.67
M577 A29 3 6.67
M557 E47 2 4.44
M561 C37 1 2.22
M561 E51 2 4.44
M551 D39 3 6.67
M656 B 19 1 2.22
M35 A29 3 6.67
M35 C31 3 6.67
No Target 15

Total targets: 30
Total Number Targets: 15

Aspects:

F = Front
RO = Right Oblique
LO = Left Oblique
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The target vehicles were repositioned after each three trials. This technique was used to allow

bracketing of a smoke trial-designed to be the second trial of a sequence of three-with two clear air
trials to permit comparison of the smoke trial with similar data from clear air trials using the same
targets at the same ranges with reasonably similar environmental and target signature characteristics.
In actual practice, however, obscurant trials were not always bracketed by similar clear air trials due

to the unseasonable weather experienced during the obscurant phase of the experiment, which made
it impractical to deploy obscurants.

A tally system was designed to maintain a running account of the number of replications of each
target at each range. The minimum number of clear air trial replicates desired was 20 at each range
from 1,500 meters to 5,500 meters for the duplicated vehicles and 15 replications at each range for

the single targets, as listed in Section 4.0-Target Vehicles. Severe maintenance problems were
encountered with the M60 tanks and, as a result, these vehicles were available for only about 20% of
the trials. The desired number of replicates for the remaining vehicles during clear air trials was, by
the conclusion of the experiment, over 90 percent completed, with most of the deficiencies at the
nearest and longest ranges.

7.1 Target Deployment:

The original plan was to employ static targets almost exclusively and include a smaller number
of moving targets, predominantly at longer ranges-4,500 meters or greater-in order to investigate
the effect of motion on target detection capability. During the test range layout, prior to the start of
the experiment, it became obvious that all of the target vehicles would be moving while in line of
sight of the sensors when enroute from defilade to a target position. The average distance from
defilade to a target position was about 50 meters. The approximate time that a moving vehicle was
in line of sight to or from defilade was 20 seconds; the target vehicle would remain static at a target
position for about 35 to 45 seconds. Thus, targets were displayed as moving a static for about an
equal time. Data for detection of a moving target, as opposed to a static target, was collected by

simply requiring the observer (response console operator) to input "moving" along with the
detection response. (Note: In practice, this did not work out well. Several observers either did not
input the "moving" response at all, or would only provide the information on occasion. Thus, the

data analysis does not address moving versus static targets.) The observer response procedures are
further detailed in Section 8.0.

Target vehicles were positioned statically in one of three aspects; Right Oblique, Front, or Left

Oblique. This method was used because one would expect that an "attacking" vehicle would usually
be sighted within the forward 120 degree aspect. The minimum target dimension is not affected by
the aspects chosen, therefore aspect is not a data analysis consideration.
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7.2 Test Methodology--Obscurant Trials:

The methodology for obscurant trials was, as previously stated, essentially the same as that used
for the clear air trials. The methodology did, however, permit a period of clear air search-
generally 2 to 5 minutes-to precede the dispersement of an obscurant. This method was employed
to avoid cueing the sensor observers as to when an obscurant was scheduled in order to make more
obvious any abrupt change in search strategy or search pattern.

8.0 OBSERVER TRAINING:

Observers were trained on each of three areas of target acquisition using thermal, television, and
da:' sight sensors. The areas included in the instruction were: target signature interpretation, search,
and sensor operation.

8.1 Target Signature Identification:

Observers were instructed using the following target signature training aids in the order listed:

a. Still photographs-visible spectrum

b. Slides-thermographs

c. Target Signature Handbook-cues for identification

d. Video tape-actual targets used in Smoke 5-B

e. Viewing real targets with the sensors used in the experiment (hands on training).

In addition to identification of vehicle signatures, the observers were taught to use the following
definitions for the various levels of the target acquisition process.

a. Detection-the decision by the observer that an object perceived as foreign to the scene is of
possible military significance.

b. Aim-once a potential target was found, the observer was instructed to center the target in
the center of the sensor field of view or reticule and input the response "aim."

c. Classification-a decision by the observer that the target belonged to a particular class of
target; in this experiment, wheeled versus tracked vehicles.

d. Recognition-the decision that the target was of a particular type. In the Smoke 5-B

experiment, the target could be a truck, tank, or an APC.
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e. Identification-this was the highest order response required by the observer during this
experiment. Identification is defined as the decision that the target is a specific target, for example
that the tank is an M60. (Note: Recognition was the highest order response for the wheeled
vehicles.)

8.2 Search:

The search process was explained to the observers as a systematic investigation of a delineated
terrain explored such that the probability of acquiring significant military targets is optimized. They
were instructed to make target acquisition search in the wide field of view and to go to the narrow

field of view (for those sensors so equipped) to achieve the recognition or identification levels.
(Note: The observers were also instructed to input a field of view change response; i.e., "wide" or
"nanow," however, as in the case of the "moving" target response, the input was not made
consistently by all of the observers.) The observers were told that they could operate the sensors as
they wished so long as their method was in keeping with the goal of optimizing target acquisition.
In short, they were told that the search process should be organized, but not how it should be
organized.

8.3 Sensor Operation:

Observers were instructed in the operation of the sensors, with special emphasis on the unique
characteristics of each sensor. The characteristics that were stressed included:

AN/TAS-4; AN/TAS-2; and AN/VSG-2-focus adjustment, and the optimization of gain and
level.

TOW Day Sight-focus

Silicon TV-focus, and brightness, and contrast setting for the TV display.

8.4 Observer Response Consoles:

Prior to the response console training phase, the observers were divided into two person teams.
The teams remained the same throughout the test. Communication between the observer and the
console operator were emphasized as critical to the collection of valid data. Console operators were
instructed to verbally confirm each observer response in order to minimize data input errors.
Several training trials using the same methodology as the data trials were conducted. Each observer

team member was required to perform as an observer and as a console operator during the training
and, later, during the test. (Note: The response consoles have been replaced by a voice recognition
data input system. This system is programmed to a specific menu by the observer and interpret the
voice pattern of the individual. This new system should virtually eliminate data input errors.)

D-11



9.0 METEOROLOGICAL SUMMARY:

On site meteorological data collection by the Atmospheric Sciences Laboratory (ASL)
Meteorclogical Team attached to CNVEO in support of the Smoke 5-B field experiment was started
on 6 October 1983, about 2 weeks prior to the first trials, in order to establish a preliminary data
base as an indication of environmental trends or tendencies. Particular emphasis was placed on
wind speed and wind direction measurements during daylight hours in an attempt to use these data
to schedule obscurant trials.

A 10 meter high scaffold tower was erected approximately 50 meters southeast of the sensor
platform. Meteorological measurement instruments installed on the tower were remoted by
underground cable into the Smoke 5-B compound. The following environmental measurements
were either recorded directly or calculated by and recorded on the Digi-3 Data Recorder.

Recorded Directly:

1. Wind direction-10 meters elevation

2. Wind speed-10 meters elevation

3. Ambient temperature at 2 meters and 10 meters

4. Wet bulb temperature at 2 meters

5. Atmospheric pressure at 2 meters

6. Solar radiation

7. Terrestrial radiation

8. Soil temperature

Calculated Measurements:

1. 3 hour average of wind speed and direction

2. Temperature differences between 2 meters and 10 meters*

3. Minimum and maximum temperature*

4. Relative humidity*

5. Net radiation*

* Calculated at the data recording frequency.
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The frequency that the meteorological measurements were recorded varied with the test schedule
as follows:

Clear Air Trials:

All measurements and calculations were recorded at 20 minute intervals except during periods
that indicated dynamic conditions that may affect sensor performance or target signatures. For
example, precipitation or winds in excess of 20 miles/hour. When these corditions occurred, the
measurements were recorded at 5 minute intervals.

Obscurant Trials:

Measurements were recorded at 10 second intervals commencing 30 minutes prior to the
scheduled release of an obscurant (see note) and at 1 minute intervals until the obscurant was
disbursed or until the end of the trial. (Note: The 10 second interval was needed to compute the
Pasquill Stability Category that was used as a decision tool for obscurant dispersement. Only the
wind speed and wind direction were required for Pasquill Categorization; however, since the
measurements were automatically recorded, all parameters were recorded at the same frequency.)

Non-Test Periods:

During periods of no testing, including nights, weekends, and holidays, the meteorological data
was recorded at 1 hour intervals.

Libby Army Airfield Meteorological Data:

In addition to the meteorological data recorded at the Smoke 5-B test site, the ASL
meteorological team attached to Fort -Iuachuca made and provided the following measurements and
observations at a site near Libby Army Airfield, located about 8km southeast of the Smoke 5-B site.

1. Temperature

2. Relative humidity

3. Wind speed

4. Wind direction

5. Precipitation

6. Visibility

7. Cloud cover

8. Sun angle (azimuth and elevation)

9. Sun rise and sun set (from charts)
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These data were recorded at 15 minute intervals from between 0600 and 1800 on scheduled
Smoke 5-B test days. The remote measurements and observations served two purposes: (1) to
determine that the obscurants did not create a safety hazard to aviation activities, and (2) to provide
an indication of the variability or the stability of meteorological conditions in the area adjacent to
the Smoke 5-B test site. Since there is a reasonable probability that similar experiments will be
conducted by CNVEO and PM-Smoke, the ASL meteorological team has set up an automatic
measurement system to record temperature, relative humidity, and wind speed/direction
continuously 24 hours a day at the Smoke 5-B compound. These data will assist in determining the

differences, if they exist, between conditions at the permanent meteorological recording site at
Libby Army Airfield-which is the only site for historical data available from Fort Huachuca-and
the test site.

10.0 MEASUREMENT EQUIPMENT/TECHNIQUES:

The major equipments used to determine observer behavior were:

1. Data General Automatic Field Data System (AUTOFEDS) Computer

2. Shaft Encoded Tripod Heads

3. Multi-Target Tracker

4. Observer Response Consoles

(1) The AUTOFEDS computer was used to input, store, sort, collate, and output the observer
response data, search pattern data, and applicable environmental and target signature data. Target
signature and environmental data were input "off line," after a trial was completed. The remaining
data were input in real time. All data input to AUTOFEDS was IRIG-B time tagged. Software

compatible with the experimental methodology and data input and on site data output requirements
were prepared prior to and during the test. (Note: The on site software was adequate to maintain a
daily progress update; however, the software required for in-depth evaluation and analysis of the
results was not written until the test was completed.)

(2) Each sensor was installed on a shaft encoder equipped tripod to permit the recording of

search pattern data and determine the sensor azimuth simultaneous with observer responses. The
sensor azimuth was recorded at a frequency of four times per second. The accuracy of the encoders
was within 0.1 degree.

(3) The Multi-Target Tracker was used to determine, and input to the computer, when line of
sight to a target was established or broken. The Multi-Target Tracker was used to track and update
azimuth position and range of each of up to 15 vehicles once every 1.5 seconds, whether static or
moving. The tracker is accurate to within 0. 1 degrees in azimuth. The range to target accuracy is
5 meters or less.
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(4) The observer response consoles permit input of target detection and interrogation data,
sensor field of view changes, and specific responses including "aim" (centering of a target in the
sensor image) and "search" (resumpton of search after a target interrogation has been completed).
An "error" response is included to permit an observer to correct a response, as is a "moving"
response used when a target was seen to be moving at the time it was detected. Communication
between the observer and the response console operator was accomplished via microphone equipped
headsets.

10.1 Measurement Techniques:

The performance measurement equipment enabled the input of the data necessary to not only

indicate when an observer acquired a target, for example, but to verify that a specific target was
acquired by comparing the sensor azimuth, as determined by the shaft encoder on the tripod, to the
known surveyed target azimuth and the target tracker azimuth input. Thus, a "triple check"

technique was used to verify the observer response and, as a result, permit the accurate
determination of false alarm rate as well as man/sensor target acquisition performance. The
measurement equipment also permitted a highly accurate determination of observer search pattern,
variance of search pattern during obscurant events, and search scan rate.

10.2 Environmental Measurement Equipment/Techniques:

Environmental measurements include atmospheric transmission measurements, obscurant cloud
formation measurements, and target signature measurements.

10.3 Atmospheric Transmission:

Atmospheric transmission data was recorded in the visible (0.4 to 0.7pm); silicon (1.064m); and
the 3 to 5pLm and 8 to 12 . infrared bands. Several transmissometer equipments were used. These
included:

(1) Multispectral/Multi-source Transmissometer (Dutch-Danish "Du-Da" System)

The "Du-Da" system was used to measure atmospheric transmission on a 500 meter path length
through the obscurant cloud. Multispectral (3 to 5gm and 8 to 12pm) sources were set up at 5
degree intervals across the search fan. The instrument is capable of measuring the transmission to
each source in each infrared spectral band about once every 0.5 second. Short path clear air
measurements were made prior to the deployment of an obscurant. It is worth noting that the
sources for this transmissometer were baffled so they could not be readily detected by any of the

sensors. This point is addressed because conventional transmissometer sources, when placed in the
line of sight of electro-optical sensors, tend to saturate the sensor electronics and, consequently,
significantly degrade the sensor imagery. The "Du-Da" was also used to measure obscurant cloud
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radiance in the two infrared spectral bands. The system has the additional capability to measure
discrete infrared transmission and radiance. It can be used as an infrared line scanner, as well, to
measure target signatures.

(2) Long Range Variable Infrared (LOVIR) Multispectral Transmissometer (ASL)

The LOVIR transmissometer was used to measure clear air and obscurant cloud atmospheric
transmission over two paths (500 meters). The multi-color sources were located outside of the
active sensor search fan. Measurements were made in the visible, silicon, and the two infrared
bands.

(3) Long Path Multispectral Transmissometer (SMART System)

This transmissometer from ASL was used to measure clear air and obscurant cloud transmission
over 1,000 meter path. The source was set up outside the active sensor search fan and,
consequently, had a slight angular path through the obscurants. The SMART System was not part of
the Smoke 5-B measurement requirements; although the data will be available for analysis, if
needed.

Each transmissometer system has the capability to output a continuous atmospheric transmission
history. These data are being used to aid in the obscurant cloud quantification analysis by PM-
Smoke and were used by CNVEO in the analysis of sensor performance and search performance in
the obscured environment.

10.4 Obscurant Growth Measurements:

The obscurant cloud propagation measurements were made using the ASL Multispectral Digital
Imaging System (MIDIS). Multispectral imagery was recorded from two surveyed locations-two
axis-in the 3 to 5.tm, 8 to 12tm, and visible spectrums. Algorithms developed by ASL are used to
reduce and analyze the MIDIS imagery and, when correlated to the meteorological and
environmental data, result in an accurate two axis propagation pattern or "map" of the obscurant
cloud growth for each obscurant trial. The MIDIS data are used by PM-Smoke to aid in obscurant
quantification.

10.5 Target Signature Measurements:

Target signatures, or target-to-background contrast were measured for the visible, silicon (0.73
to 1.0.m), and the 8 to 12.in spectral regions. The equipment to measure 3 to 5gLm target
signatures was not available. The instrumentation required to perform the target signature
measurements was as follows:
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Model DL-I Calibrated Infrared Imager: 8 to 12gtm band

Telephotometer, Extended Red: Visible and Silicon bands

Target signatures were determined for each target at least orce during each trial for the 8 to 12
tm band, and for most targets in the visible and silicon bands. (Note: There were a few trials when

either the silicon or visible target signature, but not both, was measured.) The reduction of target
signatures data was conducted on a continuous basis and input and collated, via the AUTOFEDS, to
the relevant sensor performance data.

11.0 CONCLUSIONS:

The Smoke 5-B field test was, in most aspects, very successful. The correlation of sensor
performance and search performance data with the extensive meteorological and environmental data
base has permitted, for the first time, a comparison of electro-optical sensors in a constant stimulus
search environment for clear air and obscured conditions. Further, the Smoke 5-B experiment was
the initial attempt to quantify the effects of the deployment of substantial amounts of obscurant
material over a considerable period of time on the performance of electro-optical sensors. The
preliminary data deduction and analysis indicate that the goals set forth in the test design have been
met or exceeded. During and after the test, however, it became obvious that some areas of the
experiment could be improved upon and/or extended to provide additional information of interest.
These include:

(1) The data input software should be designed to format data for each system. Compatible
output software would then permit printouts and/or graphic data within a few hours, rather than
several days, after each trial. (Hardware limitations were in part responsible for these limitations
during the experiment. Procurement of compatible hardware has been accomplished by CNVEO;
the required software has been written as well and was used for the analysis in the final report.)

(2) Future similar field tests should limit the obscurant types to those of greater interest and/or
military potential while insuring that an adequate number of trials are conducted, using each obscurant,
to result in a statistically significant data base.

(3) Future tests of this sort should include night clear air trials and, if logistically feasible, night
obscurant trials.

(4) The technique used to input observer response data should be improved upon, if possible. The
response consoles are prone to time delays and errors that, at the least, increase the difficulty of
analyzing these data. (Note: The response consoles ha,,e been replaced by the voice response system,
as previously noted.)
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(5) The combination of the AUTOFEDS computer and the multi-target tracker will allow target
vehicles essentially "free play," if desired, during future tests. This would permit an even greater
degree of realism while not compromising data collection or ground truthing.

(6) The multi-target tracker has proved to be a very useful technology. An added benefit is that, in
contrast to other target tracking methodologies, such as the MILES system, it can be used successfully
in obscured environments.
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APPENDIX E
METEOROLOGICAL DATA SUMMARIES

On-site meteorological measurements were started about 2 weeks prior to the first data trials in
Qrder to establish a preliminary data base as an indication of weather trends and tendencies. The
meteorological measurement instrumentation was installed on a 10 meter high tower adjacent to the
rc>t site. Measured and calculated parameters were recorded at 20-minute intervals throughout each
test period. The meteorological data was recorded at 1-hour intervals during periods of no testing; i.e.,
nights, weekends, and holidays.

Meteorological measurements and observations were also made at Libby Army Airfield, about
'km southeast of the Smoke 5-B test site. The primary purpose of the Libby Field measurements was
ta determine if significant differences in meteorological conditions existed between the two relatively
c!ose sites.

The data presented in this appendix are in graphic format and include:

Visibility (Km)
Temperature (Degrees Celsius)
Relative Humidity (%)
Solar Radiation (Langleys)
Terrestrial Radiation (Langleys)
Soil Temperature (Degrees Celsius)
Sun Elevation (Degrees Above the Horizon)
Wind Speed (Miles/Hour)
Wind Direction
Atmospheric Pressure (M,ilibars)

Table E- 1 includes the date, trial number, and start time for each trial, thus the existing
meteorological conditions during each trial can be determined. (Each trial lasted approximately 20
ninutes.)

The meteorological measurement techniques are presented in more detail in Appendix D, Section
',i. Meteorologcal Summary.
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Table E-1. Meteorological Data Summaries; Trial Numbers, Dates, Start Times

1983 TRIAL START 1983 TRIAL START

DATE NUMBER TIME DATE NUMBER TIME

10-22 114 0920 11-02 156 0935
115 1153 157 1013

116 1434 160 1251
161 1331

10-24 117 1425 162 1409

118 1509 163 1445
164 1522

10-26 119 0930 165 1603
120 1059
121 1141 11-03 166 1031

122 1300 170 1549

123 1344 171 1402
124 1426 172 1438

125 1551 173 1515

10-27 126 1116 11-04 174 1014

127 1155 175 1053

128 1305 176 1131
129 1505 177 1210

178 1310

10-28 131 0849 179 1352
132 1016 180 1436
133 1057 181 1517
134 1316
135 1407 11-05 182 0929

136 1445 183 1012
184 1051

10-31 138 0903 185 1128

139 0939 186 1205

140 1015 187 1243
141 1050 188 1320

142 1200 189 1353
143 1233 190 1435
144 1320 191 1511

11-01 148 1013 11-07 192 0827
149 1048 193 0908

146 1129 194 0951
150 1233 195 1046

151 1308 196 1141
152 1348 197 1218

153 1431 198 1302

154 1525 199 1340

155 1605 201 1505
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Table E-1. Meteorological Data Summaries;
Trial Numbers, Dates, Start Times (continued)

1983 TRIAL START 1983 TRIAL START

DATE NUMBER TIME DATE NUMBER TIME

11-7 202 1536 11-10 222 0854

203 1605 223 0937

224 1019

11-08 204 0852 225 1104

205 0929 226 1209

206 1006 227 1249

207 1039 230 1505

208 1258 231 1535

209 1344
210 1425 11-11 232 0850

211 1500 233 0931
234 1010

11-09 212 0840 235 1050

213 0915 236 1149

214 0955 237 1232

215 1035 238 1322

216 1143
217 1233 11-12 240 0910

218 1315 241 0949

219 1403 242 1029

220 1458 243 1102-

221 1539 244 1150
245 1229
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