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A REVIEW OF INDIVIDUAL PERFORMANCE IN AIR-TO-GROUND

TARGET DETECTION AND IDENTIFICATION STUDIES

INTRODUCTION

The US Army aviator has been the subject of many investigtions to determine how the
numerous flight tasks are accomplished. The US Army Human Engineering Laboratory
(USAHEL) has investigated this performance of the aIr-to-ground target detection and
Identification tasks in several studies. The results of these studies, as in almost all of the
literature, tell the reader how the group performed; how the individuals performed in general.
This report covers in some detail the Individual subject's performance from the nap-of-the-earth
(NOE) flights of the Helicopter Acquisition Tests (HELHAT) 1 , all of the flights of the
Camouflage Applications Test (HELCAT) 2 , all of the flights of the Identification Friend or Foe
Tests (HELI FF)3 , and the Cobra/Tow Follow-On Evaluation (OT-131) 4 .

It is a rare happening when a subject exceeds all other subjects In all phases of the
performance of a complicated task. The better subjects excel in several areas of the total task but
even the lowest scoring subject has, In some facet of the total task, scored well. We have
attempted to determine why there was this difference in performance among subjects that were
well trained and, in general, very experienced. In HELCAT and HELIFF we have, by the use of
eye-movement measuring devices, determined how the individual searches for targets and how
long he looks at them before he recognizes them as targets. We have, from these records of visual
activity, been able to speculate about the causes of apparent differences in target detection
performance.

We have checked, in HELIFF, the effect on the subject's performance of different seating
positions in the test towers. In HELHAT we flew them in front and rear seats of the AH-1 and in
the left seat of the OH-58 to check the effect of the different crew positions on their target
detection performance. We also checked the detection performance of a two-man OH-58 crew
against that of the left seat only.

1 Barnes, J.A. Human Engineering Laboratory helicopter acquisition test. Technical Memorandum
20-74, US Army Human Engineering Laboratory, Aberdeen Proving Ground, MD, September
1974.

2Barnes, J.A., & Doss, N.W. Human Engineering Laboratory camouflage applications test
(HELCAT) observer performance. Technical Memorandum 32-76, US Army Human Engineering
Laboratory, Aberdeen Proving Ground, MD, November 1976.

3Barnes, ).A. Human Engineering Laboratory Identification friend or foe test. Technical
Memorandum 30-77, US Army Human Engineering Laboratory, Aberdeen Proving Ground, MD,
October 1977.

4 Napier, W.R., Colston, R.C., McDonald, J.P., Robinson, R.N., & Swartz, A.). Cobra/tow follow-
on evaluation. MASSTER Test Report No. OT-131, Modern Army Selected Systems Test,
Evaluation, and Review, Fort Hood, TX, December 1974.
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The pilot/observer subjects have searched for a wide iarlety of military targets ranging in
size from a rocket launcher to bridges, but generally the targets have been armored vehicles.
These targets have been camouflaged and uncamouflaged, blended with the background and in
open fields, and moving and stationary. They have used low-level tactics, nap-of-the-earth tactics,
and pop-up tactics to attempt to detect these targets while performing route reconnaissances, 'S'
pattern searches, and Inplace searches. They have searched during the day, both with and without
optical aids, and at night, with and without night vision devices.

Finally, we have looked into their personal statistics to determine their age, length of
service, date of graduation from rotary wing flight training,. total amount of rotary wing flight
time, and rotary wing combat flight time.

SUMMARY OF RESULTS

One of the most interesting findings of this micro look into individual subject's performance

came from the HELCAT and HELIFF eye-movement records. These data showed a considerable
difference in the target detection times recorded by the different subjects. Yet, the eye fixations
indicated that there was a spread of only a few seconds between the actual visual detections of
the targets. The large differences in recorded detection times seemed to be due to each
individual's decision making process as shown by the amount of time they spent fixating on the
target before reporting the detection.

We have statistically determined the major factors that affect the pilot/observer's detection
performance against stationary targets. Twenty-five factors were investigated and six were found
to be significant; they were the relative bearing between the aircraft and the target, the aircraft's
height above the ground, the size of the target, the contrast between the target and its ground,
the distance to the target, and the ambient light available. When moving targets are considered,
there are the additional factors of movement and any smoke or dust that is generated. Thus, if
one is high enough above the ground and the moving target is well illuminated and contrasts
greatly with the ground, there will be no trouble in detecting it at extended ranges within the
visual capabilities of the eye. We did find that there is little difference in the amount of time
individuals spent fixating on any one item during a search for targets until they find the target;
the time was Y2 second and ± ¼ second.

The personal statistics of our subjects were correlated with their performance data to
determine if any of these would be predictors of target detection performance. There was no
correlation between performance in any of these factors. This indicates that the training
programs were such that our pilot/observers are at comparable skill levels across subjects and
across tactical units. We did find that the mean age of our pilot/observer population is remaining
constant, that is, the mean age of our subjects has changed as the year of the test has changed.
For example, the mean age for the 1976 test was 30; the mean age for the 1972 test was 26.

We found that the night vision goggles were a necessary item for night, target detection.
They appeared to be more effective when used with a stationary aircraft as in the pop-up
maneuver then when used on the move as in the route reconnaissance work; our subjects only
made one detection in 20 trials without the goggles and 13 detections with them.
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The Identification of targets as friend or foe (IFF) phase of the testing produced one perfect
score and 19 of lesser accuracy. The perfect score was tempered by some short observei -to-target
ranges; the minimum range was 466 meters. There was a problem of previous misinformation that
hampered the subjects who had participated in Reforger 1976. They said that they had been
instructed that all of our allies would have US equipment; therefore, if it was not recognized as
US, it was enemy and should be fired upon. Without this bias It is possible that these individuals
might have had better I FF scores. We can only surmise that these instructions were meant for the
exercise only, but were misunderstood by the individuals and applied to all situations. The overall
mean I FF score was 75 percent correct identification.

TEST ANALYSES

The criterion used for the analyses in this report was to compare each of the subject's
performance with the group mean performance for that task and to develop "Delta" values as
deviations from that mean for each subject. If the subject's performance fell within a given range
about the mean, less than ± 1 second for time measures or + 33 meters for distznce measures, it
was considered to be average, if it exceeded this range it was considered to be good and if it was
less than this range it was considered to be poor; ± 10 percent of the mean above-the-ground-level
(AGL) was considered to be average AGL.

HELHAT

The first of the currvnt USAHEL air-to-ground target detection studies was HELHAT which
was flown partially at the Naval Weapons Center, China Lake, California, and partly at Aberdeen
Proving Ground, Maryland. The final phase of the Aberdeen Proving Ground work, the NOE
flights, were the source of the data for the analysis. The other flights of HELHAT were flown at
altitudes of 100 to 300 feet AGL, altitudes which due to changes in tactics are no longer
considered tactically valid. The NOE portion of HELHAT consisted of six, two-man crews who
flew an OH-58 along a 7-mile length of roadway on an "S"-type (500 meters on either side of the
route) reconnaissance mission. All of the crewmen were combat veterans and had volunteered to
fly the test. The AGL flown varied from 5 to 35 feet depending upon the ground cover and the
pilot's discretion. The instructions were to fly as low as possible without compromising safety.

The flights lasted approximate!-., -'.) Yinutes and there were six targets available to be found
by the crews (Figure 1). Navigation ,)roycd to be the most difficult problem in this test; Crews 4,I. 5 and 6 became disoriented. Only Crew. S was able to reestablish its position arid reach the end
point of the route. The other two crews had to be directed back to the range by the control
helicopter. In addition to becoming d;sorlented, Crew 6 did not locate any of the targets so its
overall performance rating was Poor. Crew 5 did an average job of navigation; a good job of
locating targets (finding 5 of the 6 targets); their scores on the targets; i.e., the slant range to the
target were average but the AGL flown was higher than the mean so they scored Poor on AGL.
Crew 5 had an overall score of Average. Crew 4 became disoriented, thus scored poorly on

Snavigation; they found less than the mean number of targets, so they scored Poor on that phase;
the AGL flown was higher than average, therefore they scored Poor on AGL; their slant range
scores on the target4 were Good. Crew 4 had an overall score of Poor. Crew 3 flew the course
without problems for a rating of Good;they found half of the targets which gave them a rating of
Poor; the AGL they flew was high for a Poor score; their slant range scores on the targets were
Good. Crew 3 had an overall rating of Average. Crew 2 flew the course completely for a rating of

5
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Figure 1. HELHAT nap-of-the-earth route.
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good; 'hey found all but one of the targets for a rating of Good; the AGL flown was Average; the
slant .... ge scores were less than the mean for a rating of Poor. Crew 2 had an overall rating of
Good. Crew 1 flew the complete course for a rating of Good; they found an average number of
targets; they flew the lowest AGL fMr a rating of Good; their slant range scores were less than the
mean for a rating of Poor. Crew 1 had an overall rating of Good.

Table 1 gives the scores and AGLs for each crew on each of the targets and Table 2 gives the
ratings for the crews. One problem of NOE flight that was'well illustrated by these crews'

performances was that of intervisibility, the visibility or lack thereof between objects. Although
Crew 1 and Crew 2 flew at the lowest AGL, they had Poor ratings on their slant range scores.
This was an illhstration of the intervisiblity function of AGL; the lower a crew flies, the more
numerous are the obstacles that are in its visual path to the targets, thus the probability increases
that the number of detections and the detection ranges are less thin those of equally skilled
crews flying at a higher AGL.

The NOE subjects were from the 1/9 Cavalry and the 7/17 Cavalry oF the 1st Cavalry
Division.

TABLE 1

HELHAT NOE Flights

SR AGL SR AGL SR AGL SR AGL SR AGL SR AGL
15 15 14 14 13 13 12 12 11 111 10 10 TGTS

Crew 1
Score 520 5 120 10 470 5 640 5 4
Delta 150 -19 -115 -16 -332 .20 -298 -18

Crew 2
Score 160 30 370 30 350 25 770 25 220 20 5
Delta -210 6 135 4 103 -2 - 32 0 -50 0

SCrew 3
Score 780 30 320 20 1050 30 3
Delta -22 5 50 0 112 7

Crew 4
Score 460 30 230 30 1425 30 3
Delta 90 6 5 4 623 5

Crew 5
Score 340 30 220 35 145 30 565 35 125 35 5
Delta -30 6 - 15 9 -103 3 -237 10 187 12

Crew 6
Score 0
Delta

MEAN 370 2 235 2624827 802 25 27020 93823 4

SR- Slant range.

7



TABLE 2

Crew Ratings

Crew Score AGL Route Targets Overall

1 P G G A G
"2 A A G G G
3 G P G P A
4 G P ? P P
5 A P A G A
6 P P P P P

IL

G- Good
A- Average
P- Poor

HELCAT

The second of the air-to-ground detection studies was a more complex study. HELCAT
investigated the pilot/observer's ability to detect camouflaged targets during NOE flight and from
the pop-up maneuver under normal day conditions and at night, with and without, the aid of Ole
AN/PVS-5 night vision goggles. During half of the day flights, the subjects wore an eye-movement
measuring device so that their dwell times and search patterns could be recorded. There were a
total of 80 detection trials in this study.

The 10 subjects who participated in this study were members of the 82d Airborne Division;
all were current in the AH-1 helicopter and 9 of the 10 had combat experience. All of the flights
were flown in an OH-58 helicopter bv a pilot assigned to Aberdeen Proving Ground. This
arrangement eliminated any navigation problem and provided a measure of consistency in the
flights. The flight route is shown in Figure 2. The night flights were the most difficult for the
pilot/observers as the sky was overcast and there was no moon. There were no detections of the
camouflaged tank during the night NOE route reconnaissance flights when the AN/PVS-5 goggles
were not used; only one subject found the tank during the night pop-up maneuver without the
use of the goggles. The results when wearing the AN/PVS-5 goggles were much better (Tables 3
and 4).

Table 3 indicates that 70 percent of the subjects were successful in finding the tank when
they were wearing the goggles during the night NOE route reconnaissance flights. The detection
ranges recorded are quite respectable, the mean range falls between the mean rang-es achieved on
the two daylight runs shown in Tables 5 and 6. The mean AGL for the night route reconnaissance
flights were somewhat higher than those for the day flights in the interest of flight safety.
Subjects 2, 3 and 6 had overall ratings of Good with Subject 6 being the best performer. Subjects
10, 1 and 7 had overall ratings of Poor with Subject 8 being the better performer.

I
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TABLE 3

Night NOE Route Reconnaissance

Delta Delta Range AGL
Subject Range AGL Range AGL Rate Rate Overall

1 740 70 208 11 G P A
2 640 60 108 1 G A G
3 635 60 103 1 G A G
4 P P
5 P P
6 827 35 295 -24 G G G
7 134 50 -398 -9 P G A
8 140 85 -392 26 P P P
9 P P

10 611 55 79 -4 A A A

MEAN 532 59

TABLE 4

Night Pop-Up Flights

Delta Delta Time AGL
Subject Time AGL Time AGL Rate Rate Overall

1 P P
2 P P
3 30.0 90 -60.8 33 G P A
4 105.0 4.8 14.2 -10 P G A
5 P P
6 85.0 60 -5.8 2 G A G
7 85.0 56 - 5.8 - 2 G A G
8 P P
9 95.0 45 4.2 -13 P G A

10 145.0 46 54.2 -12 P 6 A

MEAN 90.8 58
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TABLE 5

Day NOE Route Reconnaissance-Camouflaged Tank

Delta Delta Range AGL
Subject Range AGL Range AGL Rate Rate Overall

1 474 65 159 25 G P A
2 .303 35 - 12 - 5 A G G
3 378 15 63 -25 A G G
4 183 45 -132 5 P P P
5 112 33 -203 - 7 p G A
6 281 29 - 34 -i1 A G G
7 183 78 -132 38 P P P
8 P P
9 P p

10 604 27 289 -13 G G G

MEAN 315 41

TABLE 6

Day NOE Route Reconnalssance-Pattern-Painted Tank

Delta Delta Range AGL
Subject Range AGL Range AGL Rate Rate Overall

1 1138 30 428 2 G A G
2 970 28 260 0 G A G
3 437 40 .273 12 p p p
4 456 30 -254 2 P A P
5 456 25 -254 -3 P G A
6 446 25 .264 - 3 P G A
7 482 20 -228 - 8 P G A
8 859 35 149 7 G P A
9 518 25 -192 - 3 P G A

10 1335 20 625 - 8 G G G

MEAN 710 28

r 11
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Although Subject 1 did not make a detection when using the AN/PVS-5 goggles during the
night pop-up flights, he did detect the tank without the gogg!es with a detection time of 30
seconds and an AGL of 90 f;et. Subjects 6 and 7 had overall ratings of Good with almost identical
performances. Subjects 3, 4, 9 and 10 had ratings of Average with Subject 3 having the shortest
detection time of all the subjects in Table 4 but also at the highest AGL. Subjects 1, 2, 5 and 8
did not detect the tank and all were rated as Poor. The mean night pop-up detection time was
also between the times for the two-day trials shown In Tahles 7 and 8. The mean night pop-up
AGL was the same as the mean night route reconnaissance AGL and 33 percent lower than the
mean day pop-up AGLs.

The day flights of HELCAT provided 40 target detection trials for the 10 subjects. Table 5
show! the results of the day route reconnaissance flights against the draped camouflaged tank,
generally referred to as the camouflaged tank, and Table 6 shows the results of those against the
pattern-painted tank. The results of the day pop-up maneuvers against the camouflaged tank are
shown in Table 7 and those for the pattern-painted tank are shown in Table 8.

The effectiveness of the draped type camouflage is reflected in the 400 meter mean
detection difference shown in Tables 5 and 6. Performance of the individual subjects was
somewhat more varied against the pattern-painted tanks. Table 6 shows a detection range spread
of 889 meters and Table 5 shows a spread of 492 meters for the eight subjects who found the
tank. The AGLs that were flown against the camouflaged tank reflect some deviation from the
desired 20-30 foot AGL; these were the result of trying to avoid causing alarm to the
construction vehicles that were using the road (route) at the time. The best performance for the
day NOE route reconnaissance was achieved by Subject 10; Subjects 2, 1 and 6 were the next
best followed by Subjects 3, 5, 7, 8, 4 and 9. When the night flights are considered the order
becomes Subjects 2, 10, 6, 3, 1, 5, 7, 8, 4 and 9.

The day pop-up maneuver times are given in Table 7 for the camouflaged tank and in Table
8 for the pattern-painted tank. There were 19 attempts made at the pop.up maneuver, the aircraft
experienced a transmission failure indication just prior to the last attempt so that trial is not
recorded.

TABLE 7

Day Pop-Up Flights-Camouflaged Tank

Delta Delta Time AGL
Subject Time AGL Time AGL Rate Rate Overall

1 P P
2 P P
3 w P P
4 w P P
5 P P
6 45.0 92 -51.7 1 G A G
7 P P
8 90.0 90 6.7 -1 G A G
9 155.0 92 58.7 1 P A P

10 *

MEAN 96.7 91
w- Wrong target

* Aircraft down
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TABLE 8

Day Pop-Up FIlghts-Pattern-Painted Tank

Delta Delta Time AGL
Subject Time AGL Time AGL Rate Rate Overall

1 26.0 90 -23.4 0 G A G
2 34.5 95 -14.9 5 G A G
3 29.0 78 .20.4 -12 G G G
4 20.5 90 -28.9 0 G A G
5 22.0 87 -27.4 - 3 G A G
6 w P P

F 7 86.0 87 36.6 - 3 P A P
8 150.0 95 100.6 5 P A P
9 40.0 97 - 9.4 7 G A G

10 50.0 90 .6 0 A A A
MEAN 49.4 90

w- Wrong target

The majority of the subjects were not able to locate the camouflaged tank (Table 7). The
tank was extremely well hidden and was actually an outstanding performance on the
part of the subjects that did locate It. The overall ranking for the day pop-up maneuver were
Subjects 6, 9, 8, 10, 1,2, 3, 4, 5 and 7.

The ovetall ratings for each of the subjects for the complete experiment are shown in Table
9. These data indicate that the best overall performance in all phases of the air-to-ground target
detection task against the two types of camouflaged tanks was achieved by Subject 10. Subject 6
was a close second followed by Subject 2, Subjects 1 and 3 were rated as Average and the
remaining subjects were Poor.

Several other measures of these subjects' performances were made; the one considered most
likely to have shown the difference in their success at the target detection task was the recording
of their eye movements and fixation points during one of the day route reconnaissance trials and
one of the day pop-up trials. Table 10 provides the mean single glance dwell/fixation time of each
subject and the maximum dwell time, the time spent looking at the target before an indication
was made that it was a target. Table 10 lists the subjects in the order of ovurall HELCAT rating to
enable the reader to easily see the obvious differences in subject eye/search behavior.

* Subject 10 had an average single glance dwell time even though he obviously made up his
mind much faster than any of the other subjects; a full 3 seconds faster than the mean time. His
search technique was to make a short, narrow, left-to-right scan of an area about 550 meters
ahead of the start point of the route and them move his attention to a point about 1,000 meters
further down the route and repeated the narrow scans. Seven of the other eight subjects used
similar search strategy for the route reconnaissance. Subject 9 was the only subject who followed
the search technique recommended In US Army Field Manual 1.80, Aerial Observer Techniques
and Procedures.

13



TABLE 9

HELCAT Overall Ratings.

Day Route Night Route Day Night
Reconnaissance Reconnaissance Pop-Up Pop-Up

Subject CAM P-P CAM P-P Overall

1 A G A P G P A
2 G G G P G P G
3 G P P P G A A
4 P P P P G A P
5 A A P P G P P
6 G A G G P G G
7 P A A P P G P
8 P A P G P P P
9 P A P P G A P

10 G G A * A A G

• - Aircraft down; no chance to score in this area.
CAM- Camouflaged tank.
P-P- Pattern-painted tank.

TABLE 10

Eye Movement Dwell Times
(Seconds)

Route Reconnaissance Po -U
Subject Single Glance Maximum Dwell Single Glance Maximum Dwell

10 .50 2.25 *
6 .75 4.63 .50 4.00 w
2 .50 5.50 .50
3 .50 6.25 .50 5.00
1 .75 6.50 .25 3.00
4 .50 4.50 .50 8.00 w
8 x x .75 13.25
5 .75 4.00 .75
7 .50 5.25 .50
9 .75 8.00 .50 8.75

MEAN .61 5.21 .53 7.00

- Aircraft down
w- Wrong target
x- No dwell times recorded

14
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The following are summaries of each observer's search scheme during the eye movement

recorded route reconnaissance and pop-up trials.:

Observer 1. Started his route reconnaissance with an out-and-back search to a point
about 500 meters from the start of the route; for future use we will call this point SP 1. He then
began a left-to-right scan from this point; the scan encompassed a sector of 30 degrees to either
side of the point; completing this he moved to a new scan point, a tree approximately 1000
meters further down the route. For future use we will call this SP 2. From this point he scanned a
30- to 45-degree sector to the left of the tree, single-glance times of 1/2 to 3/4 seconds, and on
the third scan he located the target. Detection range was 474 meters. Each of the last two scans
was closer to the arc on which the target was located than was the previous scan. The observer's
pop-up scan was slightly different, as the aircraft cleared the screening trees he was scanning to
the left of the Target Road (TR), and when the aircraft was at altitude he picked a scan point
about 500 meters down the TR and made three 45-degree sector scans of the area to the left of
TR; completing this he moved his scan down TR and located the target. Search time was 26
seconds; range 867 meters.

Observer 2. He scanned the left and right sides of the route from the start point to SP 1
and then went to SP 1 and began a systematic 15 to 20 degree left sector scan which progressed
down the route at 50-meter Intervals with single-glance times of 1/2 second.

He detected the target at a range of 970 meters.

During the climb on pop-up one he scanned about 300 meters down TR and continued
out to 600 meters on achieving hover, and returned along the right side of TR and then back out
along the left side of the road. He next checked the Left Road (LR) and the Right Road (RR)
and back out TR to the target area, he repeated this pattern several times with single-glance times
of 3/4 second. His final scan was a check of TR from the target area back to 300 meters from
the aircraft.

The second pop-up began with a scan down TR to the target area and back, and a
repeat on reaching hover, and a check of LR and RR; single-glance times were 1/2 second. He
then initiated a 10-degree left-and-right sector scan along TR from the target area to the aircraft
and back, which he repeated four times.

The third pop-up featured a close-in scan of the area to the left on climb out, followed
by a scan down LR. Once at hover he went to the target area and then over to LR at 700 meters.
He then went back onto TR and searched to the aircraft and out again to the point ending on
LR. Single-glance time was 3/4 second. No detection was made.

Observer 3. At the start of the trial he immediately went out to SP 1 and made two
scans to the left and right of the route, followed by a scan to the area just beyond SP 1 and one
more 15-degree sector scan to the left. He then directed his attention to a point approximately
.500 meters further down the route and made three 30-degree scans to the left of the route with
single-glance times of 1/4 to 1/2 second. He next moved out to SP 2 and made a 45-degree
left-sector scan; on the return scan he paused for 3/4 second in the target area but continued the
scan back to SP 2, ind then imme.iiat*dly went back to the target. The detection range was 378
meters.

The pop-up trial started with the observer picking a scan point about 400 meters down
TR as soon as the aircraft reached altitude, and he made a 45-degree sector scan to the left and a
30-degree sector scan to the right. He then came back to TR and moved his gaze out to the target
area and saw the target. The pop-up search time was 29 seconds, range was 866 meters.
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Observer 4. He scanned an area to the left of the route between the start point and SP
1, then moved out to SP 1 and started a 10- to 1 5-degree left-sector scan with single-glance times
of 1/2 second. This scan pattern was sytematically moved forward about 50 meters at the
completion of each cycle until about 100 meters prior to SP 2, at which time he found the target.
The detection range was 456 meters.

On pop-up one he scanned close-in and to the left on climb and then went to a point
150 meters ahead of the aircraft between the Left Road (LR) and the TR; from here he went out
to 300 meters to a point 10 degrees right of the RR and scanned left to a point 30 degrees left of
LR. He then scanned the left side of TR out to the 600-meter point and repeated this tactic on
LR and RR. This was followed by a 30-degree sector scan of an area to the right of RR and a
check of both sides of TR and LR to about 300 meters. He ended pop-up one looking at a clump
of trees about 250 meters down LR.

Pop-up two search was begun the same as tCe first one was, but upon reaching altitude
he went to the clump of trees and decided that it contained the target; it did not. The total
search time was 88.5 seconds.

Observer 5. He went to SP I at the start of the ,uute reconnaissance and scanned a
15-degree sector to the left of the route three times with a single-glance time of 1/2 to 3/4
second. He then moved out to a point halfway to SP 2 and made three more left-sector scans and
then back to a large tree near the route andspent several seconds in the immediate area. He next
moved out to SP 2 and made 12 fast 30-degree left-sector scans before he saw the target.
Detection range was 456 meters.

During the climb on pop-up one he scanned the area close in and to the left of the
pop-up position and upon reaching hover he looked down the TR about 300 meters, glancing
slowly to the left and to the right with single-glance times of 3/4 second; he next scanned the
right side of the road back to the aircraft. He repeated this procedure going out to 600 meters
followed by the same type of scan on the LIZ.

He started pop-up two in the same manner as the first and on reaching hover he went
out to the target area and. scanned to the left and to the right along RR back to the aircraft. Then

* he went out LR to the target area in the same manner and back to the aircraft; this pattern was
repeated twice with single-glance times of 3/4 second. Next he repeated this scan on the TR and
the RR.

Pop-up three began with a scan to 300 meters down the TR which was extended to
-* 500 meters, at hover, to a point on the left of the LR and then back to 100 meters from the

aircraft. His next scan went out to 600 meters on the TR with a single-glance time of 1/4 second
followed by the same scan on the RR with a return to the target area and a scan of the TR back
to the aircraft. The final scan of the search was of a 30-degree sector to the left of the L R at a
range of 500 meters; this was repeated three times. No detection was made.

Observer 6. Upon departure he set up an out-and-back scan of the initial portion of the
route and then went to SP 1 and made four 20-degree left-sector scans with single-glance times of
1/2 to 3/4 second. He then came back to SP 1 and spent 3 to 4 seconds in the immediate area
before he moved his scan point 100 meters further down the route and made two 20-degree
sector scans to the left where he saw something near the end of the second scan and actuated the
event switch but did not announce a detection. He moved his scan point further down the route
and did a 10-degree sector scan to the left; following this he moved to SP 2 and made another
10-degree sector scan to the left and saw the target. The detection range was 281 meters.

16



On clearing the screening trees on pop-up one he started a 30-degree sector scan to the
left from a point 300 meters down the TR. He repeated this twice and next made a 10-degree
right-sector scan followed by two 10-degree left-sector scans after which he indicated he had
detected the target. This was a false detection; It occurred at 36 seconds after start of the pop-up.

Observer 7. He scanned the woods to the left of the route at 150-meter intervals out to
SP 1 where-h-ei-wdened his sector to 45 degrees and continued the 1 50-meter pattern interval
using a 1/2 second single-glance time. The tzrget was located.before the scan front reached SP 2.
Detection range was 482 meters.

On pop-up one climb he scanned a 20-degree sector left of the pop-up position and
then inspected a clump of trees 100 meters in front of the position. At hover he scanned out the
TR to 40P meters, made a quick scan of the LR and then to the RR where he made a 30-degree
right-sector scan with single-glance time of 1/4 second. He then returned to the LR and back to_ •: the aircraft from which he Initiated two 20-degree left-sector scans at a range of 400 meters
followed by a 45-degree left-sector scan from a point on the TR at 500 meters.

As soon as the aircraft cleared the screening trees on pop-up two he started a 20-degree
left-sector scan at a range of 400 meters; returning to the TR he spent several seconds inspecting
the Immediate area. From this point he made two more 20-degree left-sector scans and three
40-degree right-sector scans followed by a final 30-degree left-sector scan.

When the aircraft reached altitude on the third pop-up he scanned down the LR 500
meters, made a 15-degree left-sector scan, came back to the aircraft and went out again on the
TR; single-glance time was 3/4 second. He next spent several seconds looking left and right of the
TR at 600 meters and then made a 45-degree right-sector scan. No detection was made.

Observer 8. There was no fixation mark v;sible on this trial, as the observer
accidentially moved the source light prior to the start point. On pop-upone he chose a scan point
400 meters down the TR and 30 meters from the road; from here he made a 15-degree left-and-
right-sector scan followed by a 30-degree and a 45-degree left-and-right-sector scan ending with a
final 15-degree scan.

At the start of the second pop-up he spent several seconds inspecting an area near the
pop-up position and then moved out the TR to the target area and repeated the scan behavior of
the first pop-up.

For the third pop-up he went out to the target area on the TR and scanned a 30-degree
sector to the left and then back to the aircraft on the TR; he went back to the target area,
repeated the 30-degree scan and saw the target as he returned to the TR. The total search time
was 150 seconds; detection range was 857 meters.

Observer 9. He went out to SP 1 at the start of the route and scanned a 30-degree left
sector and then came back along the route to the aircraft. He next moved out to the road
Intersection across from SP 1 and spent several seconds'in this area before he initiated a 10-degree
left-sector scan at 100-meter intervals towards SP 2 with a single-glance time of 3/4 second. He
continued this pattern until he saw the target. Detection range was 518 meters.
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The initial scan on pop-up one was a clump of trees 100 meters out from the pop-up
position; from here he went 300 meters down the LR and back, then the same thing an the TR
with a single-glance time of 1/2 second. Next he scanned a 30-degree left sector at 400 meters on
the LR followed by a scan out to 600 meters on the TR and back to the aircraft with a left-right
zigzag pattern along the TR; this was repeated three times. The final scan was out the TR to 700
meters with a 5-degree left-right-sector scan at this point.

He began the second pop-up in the same manner as the first and went from the clump
of trees to a point 400 meters out on the RR and made a 20-degree right-sector scan. He returned
to the TR and went out to 700 meters, then to the LR, back to the TR and back In to 400
meters and then out to 700 meters again; he repeated this four times.

He scanned close in on the TR during climb on the third pop-up and then went out to
300 meters and scanned back and out on the LR and RR. He then went back to the TR at 400
meters, spent several seconds in this area at 3/4 second single-glance time and then went out t)
the target area and found the target. The total search time was 155 seconds; detection range was
857 meters.

Observer 10. At the start of the route he went out well beyond SP 1 about 10 degrees
to the left of the route and then back to SP 1. He then made three passes out to SP 2 at 100
meters to the left of the route and found the target; single-glance time was 1/2 second. Detection
range was 1335 meters.

No pop-up was flown as the aircraft engine failed shortly after .'he route detection.

HELIFF

The Identification Friend or Foe study, Part I, was designed to determine how long it would
take a heticopter gunship crewman at hover AGL to identify, as friend or foe, a group of moving
armored vehicles er a moving convoy of trucks at a fixed range of 900 meters. HELIFF, Part II,
tested the subjects to ascertain at what range they could make the same determination against the
same vehicles.

Twenty aircrewmen currently assigned to gunship duty participated as subjects in this study;
each subject was presented 10 time trials, 5 without visual aids and 5 using 1 0-power optics to
simulate the missile sight optics, and 10 range trials, 5 with and 5 without the optics. The series
of trials were equally divided between groups of armored vehicles and truck convoys. The
vehicles presented to the subjects were actual vehicles used by the United States, Israel and Soviet
allies.

The subjects were tested in groups of 10, an 18-foot tower was used to simulate a gunship at
hover, each man wore his flight helmet and had his microphone and headset connected to an
individual circuit of the data recorder. After each trial, the subjects would move, in a
predetermined order, to another position in the tower so that for each series of 10 trials they had
one trial in each of the 10 positions. The individual performance data show the subject~s
performance deviations form the mean value for each trial and for the seat/position he was
occupying i.ar that trial. The first group of 10 aircrewmen were from the 1/17 Cavalry and their
individual performance tables aie shown in Appendix A. The second group of 10 aircrewmen was
made up uf men from the 2/17 Cavalry, the 4/9 Cavalry and the 77th Armed Helicopter
Battalion; their Individual performance tables are shown in Appendix B.
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Figure 3 Is an aerial view of the test couises used in HELIFF and the tower. The individual
performance information from Appendix A has been summarized in Table 11. These values
enable the reader to consider each of the subject's performance in every facet of the Detection
(DET) and Identification Friend or Foe (IFF) tasks and arrive at an overall rating for his
performance In relation to that of his peea: in the group.

TABLE 11

Group 1 Overall Performance

NORMAL OPTICS
RUN RUN SEAT SEAT MISS RUN RUN SEAT SEAT MISS OVERALL FINAL

SUBJECT DET IFF DET IFF IFF DET IFF DET IFF IFF RATE MISS RATING

1 Time G G P P 2 G P G P 1 A 3
Range G P G P 2 G P G A 2 A 4 A

2 Time P p P P 1 P A P A 0 P 1
Range G P A p 2 P P G P 3 P 5 P

3 Time P G A A 2 G P G A 1 A 3
Range P P P P 4 G P G G 2 P 6 A

4 Time G G G P 0 G G G G 0 G 0
Range G G G P 0 G A G A 1 G 1 G

5 Time G G G G 2 G G G G 0 G 2
Range G G G P 0 G G G G 1 G 1 G

6 Time P p P P 4 G P P P 3 P 7
Range P p A P 2 G P A P 0 P 2 p

7 Time G P G G 0 A P G P 0 G 0
Range G P G P 0 G P G A 0 G 0 G

& Time G G P G 2 G G G G I G 3 G
Range A G A A I G P A P 0 A I G

9 Time G G G G 0 G G G G 2 G 2
Range G G G A 1 G G G G 0 G 1 G

10 Time G G G G 2 G G G G 1 G 3
Range P p P P 3 P A G G I P 4 A

G. Good
A- Average
P. Poor
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The numerical values for MISS IFF have the following values: under the Normal and Optics

headings values of I and 2 are Good, 3 Is Average and 4 and 5 are Poor; under the OVERALL
heading 0, 1, 2, and 3 are Good; 4, 5, and 6 are Average; and 7, 8, 9, and 10 are Poor. The
schema for the letter ratings is as follows: G+P = A, G+A - G, P+A - P. This group of subjects
produced the only perfect MISS IFF score, Subject 7, but his scores in some of the categories
were Poor; Subject 9 had the best scores In all categories except the MISS IFF. The ranking of
thIs group Is: Subjects 7, 4, 9, 5, 8, 1,10, 3, 2 and 6.

Table 12 I a summary of the Individual performance information from Appendix B.

TABLE 12

Group 2 Overall Performance

SNORMAL OPTICS

RUN RUN SEAT SEAT MISS RUN RUN SEAT SEAT MISS OVERALL FINAL
SUBJECT DET IFF DET IFF IFF DET IFF DET IFF IFF RATE MISS RATING

1 Time A A G G 1 P P P P 2 A 3
Range P p A P 0 G P A P 3 P 3 A

S2 Time G A G G 0 P p A A 1 G 1
Range G G G G 1 A P A P 0 G 1 G

3 Time p p p p 2 p p p p o p 2
Range G G G G 0 A P G P 2 G 2 A

4 Time G G G G 0 G G G G 1 G 1iRange A P P P 1 G G G G 2 A 3 G
S Time G P P P 0 G P G A 2 A 2

Range G P G G I A P A P 2 A 3 A

6 Time G G G G I G G P G 1 G 2SRange P G P G I G G G P I G 2 G

7 Time G G G G 1 G G G P 2 G 3
Range G P G P 1 G G G G 1 G 2 G

8 Time P P P P I p P A P 2 P 3
Range P F P P 2 P G P P 2 P 4 P

9 Time G P G G 0 G P G A 2 G 2
Rangle G P G P I G P G P 2 A 3 G

10 Time A P G P 1 A P A P 2 P 3
Range G G G G 0 G P G P 2 G 2 A

G- Good
A- Average
P. Poor
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The best performance from the Group 2 subjects was by Subject 2 followed in order by
Subjects 6, 4, 7, 9, 5, 3, 10, 1 and 8. The men from this group misidentified 15 groups of vehicles
out of the 100 that were presented to them under the Normal category and 32 groups of vehicles
out of the 100 under the Optics category. It would appear that when they could see the vehicles
in greater detail they made more identity mistakes. The men from Group 1 performed in a more
expected manner, misidentifying 30 groups under the Normal category and 19 uIider the Optics.
There was a difference in the past experience of the two groups of subjects in that many of the
Group 2 subjects had participated in Refrrger in Europe and had expressed the philosophy that if
one of the vehicles in a group was retognized as a non-US vehicle, the whole group was then
classified as "FOE" because "all of our allies will be using US equipment." This, of course, was a
false assumption and led to errors when the Israeli armor groups and truck convoys were
presented as they were ma e up of a mix of US and Soviet vehicles. This type of thinking could
lead to some costly battltdield errors because much of the armor of our allies bears a close
resemblance to Soviet armor; for example, the Soviet wheeled Armored Personnel Carrier
BTR-60 is the same type of vehicle used by many of our European allies. The US has no wheeled
vehicles of this type. The use of optics, a very lightweight power, wide angle, hand-held
monocular which simulated those of the TOW sight, helped. All o,• the subjects in Group 1,
except for Subject 9 who made one error without the optics and two with them, made the same
number or fewer errors when using the optics. The story was somewhat different for Group 2, no
one made fewer errors; three subjects made the same number of errors while the rest made a
greater number of IFF errors when using the optics. It was quite obvious from listening to the
data tapes that the error increase experienced by Group 2 was induced by the philosophy
mentioned above; as soon as one vehicle was recognized ,s Soviet, the fire command would be
given.

An attempt was made to obtain eye movement data from each of the subjects of the
HELIFF test but the difficulties encountered when a reduction in the size and intensity of the
fixation indication marker to compensate for the extended ranges caused the loss of most of the
data. The Eye Mark system with the 600 field of view optics is not designed for ranges greater
than 200 to 300 meters. At these distances, the effect of the wide-angle optics reduced the size of
the targets while the fixation indication marker size remained constant; this produced a giant
marker and a small target. The eye movement data from the ranging runs of Subjects 1, 2, 8 and
10 of Group 2 was obtained.

TABLE 13
Eye Movement Dwell Times

(Seconds)

Performance
Subject Run DET IFF Single Glance Maximum Dwell - .4

1 2 A P 1/2 1
2 1 G G 1/2 4
8 5 P P 3/4 5

10 3 G A 3/4 22

jI
* Wrong I FF.
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Subject 1 was presented a friendly truck convoy to Identify, the convoy was proceeding
from Kont to T1 at a rate of 12.76 mph along a paved roadway (Figure 3) to the right of the
open area used for the tank route. He began his search by glancing to the left of the convoy route
and then back to the convoy route and generally directed his attention to the approaching trucks.
He called his direction of the vehicles when they were at a range of 2,067 meters but there was
no particular visual behavior to Indicate this determination, his single glances averaged
approximately 1/2 second with a few as long as 1 second. He continued to visually follow the
truck conivoy as it approached the turniag point at TI but never fixated on any one item. He gave
his IFF call as the vehicles were turning at point TI, the range was 466 meters.

Subject 2 had a friendly armored group to identify, the group was proceeding from Point A,
to TI at a sled of 10.4 mph across an open area. The four vehicles were In a staggered echelon
formation to prevent the dust from obscuring any of them from the view of the subjects. Subject
2 began his search by scanning to the left of the tank route prior to his initial detection at a range
of 2,516 meters. After the detection, he generally followed the vehicles progress towards his
position with occasional glances to the far right of the course. He identified the armored group at
a range of 949 meters and had a maximum dwell time of 4 seconds. His visual behavior following
the IFF was very interesting, he fixated on the vehicles for a period of 10 seconds where prior
fixations had been approximately 1/2 second. As the vehicles made a turn to the right at a range
of 900 meters to proceed to the road to Point T1, he visually followed each individual vehicle for
4 to 5 seconds as if to verify his identification. Usually the subjects would identify the vehicles
and then proceed to look elsewhere. This behavior was identifiable even when the fixation
marker was not visible because as the subject's head moved, the scene shifted on the data film.

Sibject 8 had an enemy armor group to identify. This grc-:p also moved from Point-AI to
* T' an pro•eeded at a rate oil 12.6 mph. He b-.gan the run by searching to the right of the

armored vehicle route and just before he announced his detection of the group, he made a large
head movement to the left ant cuncenteated his attention -)n the rou.e. The de.tection range was
1,603 meters and he had fixated for 5 seconds on the vehicles before hecalled the detection. His
single glance dwell times were 3/4 seconds on the average. He contirued to follow the group until
they mzde the turn at Point T1 where he incorrectly identified them at a range of 456 meters.
This was it poor performance overall and there was no apparent .- ason for the amount of time
spent searching to the right of the vehicle route as this was the last run in a series of five runs.
made in the test period.

Subject 10 was presented a friendly armor group to Identify. It proceeded from Poirt A' to
T1 at a rate of 10.97 mph. He detected the vehicles 14 seconds after %,h-y had departed foi a
detecti6n range of 2,650 rieters. After the detection announcement, he continued to scan the
area around Point A' for 45 seconds. Before he returned his attention to the vehicles, he spent
several seconds looking at the area Immediately in front ofs tC; tov,er and then at the truck
convoy-route. He finally identified the group as they crossed the road between Points A' and B'
at a range of 830 meters. He had fixated on the column for 22 seconds prior to makig tne 'fF.

* His average single glance dwell time had been 3/4 second during the run. After making the IFF,
he no longer followed the vehicles' progress to Point T1.

This limited sample from Group 2 contains data on the subjects with the best and the
poorest overall performance ratings and on two subjects who were rated as !ow average.
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A comparison of the tactics used by Subject 2 and those used by Subjects 8 and 10 reveal
some probable causes for the differences In performance. Subject 8 had a group of vehicles,
armor, that was moving slightly faster than the armor group did for Subject 2, but the obvious
difference in their performance was attention to the task at hand, or so it seems. Subject 8 was
late in his detection call because he was searching in the wrong area. He had axperlenced four
previous runs in this session; yet he was searching in the area of B1 where the truck convoys
originated and spent an excessive amount of time looking there before he turned his attention to
the A' area. From that point until he finally did make an incorrect identification of the column
at a slant range of 466 meters, he did watch their progress down the course in a proper manner.
Subject 10 had a group that proceeded at approximately the same speed as that of Subject 2. He
detected the group at maximum range but while waiting for the group to get close enough to
positively identify, he wasted valuable time looking at the area immediately In front of the tower
and at the convoy route. If he had been concentrating on the tank route, it is highly possible that
he would have seen the silhouette of the tanks and armored personnel carriers when they crested
high points in the course as they proceeded towards him and would have been able to identify
them much sooner; his was a reasonable performance that could have been an outstanding one.

The subjects that contributed to this data base were all considered by the US Army to be
fully trained. They were assigned to operational tactical units and were performing in tactical
jobs; in short, they were from top quality units that would be our first line defense. There was a
considerable difference in the flight experience of these subjects, as will be shown in the

* following tables, but they were all at a high level of competence in their assignment.

Unfortunately, the individual data from the HELHAT study had been put onto computer
cards for use in the statistical program and the original data sheets had been destroyed. Therefore,
only the amount of combat flight experience of the more experienced member of the NOE flight
crews is available. It is as follows:

Crew 1 500 hours
Crew 2 1500 hours
Crew 3 500 hours
Crevw 4 1900 hours

. Crew 5 500 hours
Crew 6 900 hours

All of the pilots were Chief Wa.rrant Officers, Grade 2, except for the pilot of Crew 4 who
wz, a Captain. All of the observers -.'ere CW-2s.

The best overall NOE performance from HELHAT was accomplished by Crews 1 and 2.
Crew 2 found more targeta but flew at a higher AGL than did Crew 1; thi.d increased the
intervisibility for Crew 2 which would have enabled it to Increase its probability of detecting
targets, bui. it would also have increased Its possibility of being detected ar.l hit by the enemy.
The poorest performance was that of Crew 6; they found no targets before they became
disoriented and were unable to complete the 7-m!le 'ong route. Crew 4 also became lost but they
did find three oF the targets before tley strayed off of the route. Crew 4 had the mosz combat
experience fo!futved by Crews 2 and 6- thus, the most experienced crews had one cf the best and
also the poorest scores of the NOE test. This would seem to indicate that skmt experience is
gouw] but that the amount of experience does not insure good performance. No mention has been
Sma.e of motivation because these 12 men volunteered to fly this test; in fact, they had asked
that the NOE portion be added to the HEI.HAT test as it was not a part of the original plan.
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The HELCAT Subject Profile (Table 14) provides a good statistical view of the subjects.

TABLE 14

HELCAT Subject Profile

Subject Total Time Combat Time Flight School Age Service (Months) Rank

1 2600 1800 1969 26 90 CW-2
2 1788 521 1971 24 72 CW-2
3 3525 1498 1969 34 219 CW-2
4 1430 952 1968 31 115 CPT
5 352 0 1975 26 42 WO.1
6 1400 434 1971 26 72 CW-2
7 1600 1000 1969 32 168 CPT
8 2800 1343 1969 31 157 CW-2
9 1000 300 1972 25 72 CW-2

10 2800 1112 1970 27 84 CW-2
MEAN 1930 896 1970 28 109

Subjects 2, 6 and 10 were the best overall performers and as in HELHAT all had had combat
experience. The poorest performances were by Subjects 4 and 8, who also had combat
experience. Subject 5 had no combat experience, very low flight time and his overall performance
was Poor but two of the six categories of performance were Average and one was Good. Subject
1 had the most combat experience and his overall performance was Average with two of the six
categories scored as Poor. Subject 3 who had the most total flight time was also an Average with
three of the six categories scored as Poor; he also had the most time in service and was the oldest
of the test subjects. Subject 2 was the youngest subject; Subject 4 was the first of The group to
complete rotary wing flight school and Subject 5 was the last. This whole group of subjects was
very cooperative and worked hard to make the study a success.

The HELIFF Group 1 Subject Profile (Table 15) shows that Subject 7, who had the best
overall performance rating, had had combat experience and that Subject 6, who had the poorest
overall rating, had not. Both had the same amount of total flight time even though there was a
6-year difference in the date that they completed rotary wing flight training. Subject 4 was the
youngest 'f the group, one of the last to complete rotary wing flight training and one of those
with the leas. amount of total flight time and no combat time; he had the next to the best overall
performance rating. Subjects 1 and 2 were the oldest of the group; Subject 1 was the first to
complete rotary wi~ig flight school, had next to the most combat time and the most service time,
and his overall performance was Average. Subject 2 had the most total flight time and was high in
combat tini but his overall performance was next to the poorest.

The Group 2 Subject Profile (Table 16) shows that Subject 2, who had the best overall
performance rating, had combat experience az did Subject 8 who had the poorest rating. Both
completed rotary wing flight training in 1969, had approximately the same amount of total flight
time and were approximately 30 year: of age.
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TABLE 15

HELl FF Subject Profile

Group I

Subject Total Time Combat Time Flight School Service (Months) Age Rank

1 1500 700 1969 120 35 WO-1
2 2700 600 1970 96 35 CW-2
3 1200 0 1975 96 26 CW-2
4 600 0 1975 36 23 WO-1
5 1020 400 1969 108 29 CW-2
6 1150 0 1975 36 30 CW-2
7 1200 450 1969 108 34 CW-2
8 1600 760 1970 96 27 CW-2
9 600 0 1975 84 25 WO-1

10 1400 0 1972 72 32 CW-2

MEAN 1297 291 1972 85 30

TABLE 16

HELI FF Subject Profile

Group 2

Subject Total Time Combat Time Flight School Service (Months) Age Rank

1 1500 0 .1972 72 26 CW-2
2 2425 776 1969 10W 28 CW-3
3 3900 1000 1969 108 30 CW-2
4 3300 1300 1969 108 33 CW-2
5 2535 1003 1968 120 41 CW-3
6 2500 850 1969 108 27 CW-2
7 1900 800 1971 84 26 CW-2
8 2550 1825 1969 108 31 CW-2
9 780 0 1975 36 25 CW-2

10 2800 1130 1969 108 31 CW-2
MEAN 2419 868 1970 96 30
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The major difference was that Subject 8 had 1000 hours more combat time than did Subject
2. Subject 5, with an overall performance rating of Average, was the oldest, the first to complete
rotary wing flight training and had the most time in service. Subject 9, with a rating of Good, was
the youngest, the last to complete rotary wing flight training and had the least flight and service
time.

There are some group differences shown in Tables 15 and 16; Group 2 had almost twice as
much total flight time and three times the combat time of Group 1, yet both had the same mean
age and completion of rotary wing flight training date and similar total service times. The group
correct IFF scores from the HELIFF study were:

Group 1 Overall Time 79% correct
Group 2 Overall Time 76% correct
Group 1 Overall Range 70% correct
Group 2 Overall Range 74% correct

The group scores for detection were:

Group 1 Mean Detection Time 12.7 seconds
Group 2 Mean Detection Time 10.9 seconds
Group 1 Mean Detection Range 2,363 meters
Group 2 Mean Detection Range 2,338 meters

The group scores for IFF were:

Group 1 Mean IFF Time 34.2 seconds
Group 2 Mean I FF Time 23.5 seconds
Group 1 Mean IFF Range 1,437 meters
Group 2 Mean IFF Range 1,453 meters

The above group scores indicate that although there was a considerable difference in the
flight experience level of the two groups, the only major group difference in performance was in
the Mean IFF Time where Group 2 was much quicker than Group 1 bu, at the cost of 3 percent
IFF error. Group 1 had a 30-meter advantage over Group 2 in the ranging tests but at the cost of
a 4 percent IFF error. Both groups had an overall IFF score of 75 percent correct Identifications
which seems to indicate that the training has been able to compensate for a large measure of
experience.

In the summer of 1974 a study was conducted at Fort Hood, Texas, that was entitled,
Cobra/Tow Follow-On Evaluation (OT-131). This study, by another Army agency, followed a
format similar to that of the USAHEL studies. The 18 subjects were all members of the 7/17
Cavalry, a unit that had furnished subjects for HELHAT and HELI FF. All were CW-2s except
Subject 2.2 (Table 17), who was a Captain and Subject 6.1 who was a WO-1. The major task of
the study was the live firing of a wire guided missile at a moving tank from the hover position of
the pop-up maneuver. The target was "handed-off" to the gunship by a scout which eliminated
the IFF requirement and considerably hastened the detection process. All of the subjects were
qualified in the AH-1Q but none had any experience in the AH-1Q. They were all given training
in the AH-1Q prior to the live fire tests and each fired five missiles. The' original report gives a
wealth of information on the training and the individual results but we will only look at the final
item; the live fire test results and how each subject performed in the areas that made up the
missile fire to Impact sequence.
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TABLE 17
OT-131 Ratings

SUBJECT DET ACQ L RM ACL RNG TSP EXP D-A A-F SCORE OVERALL

1.1 G G G G G A G P P A G G
1.2 G G G G G A P G G P G G
2.1 G G G G P G A G P G G G
2.2 G G G G G A A G P G A G
3.1 P A P P P G P P G P G P
3.2 G G G P P P G P G P G G
4.1 G G G G G A A G G A A G
4.2 G G G G P A P G G G P G
5.1 G G G G G A A G A P G G
5.2 G G G G G A A G G A G G
6.1 P P P A P P A G G G G A
6.2 P P P P P A A P P P A P
7.1 G P P P A A G P P G A A
7.2 P P P P A A A G P A G P
8.1 P P G G P A A G G G A G
8.2 P A G G G P G G A G P G

ACQ, Acquire target
L, Launch missile
RM, Remask
ACL, Height above ground cover/mask
RNG, Launching range
TSP, Target speed
EXP, Total exposed time
D-A, Detection to acquisition
A-F, Acquisition to missile fire

The mean values for the Items listed in Table 17 were as follows:

Detection 25.3 seconds
Acquisition 31.1 seconds
Launch 41.5 seconds
Remask 81.3 seconds
HCL 49.3 feet
Range 2397.0 meters
Target Speed 7.9 mph
Exposure ,56.0 seconds
D-A 5.8 seconds
A-F 10.4 seconds

As stated above, each subject fired five missiles; data values for each category of the five
firing sequences were the basis for the subject's performance rating.
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Subject 5.2 had the best overall performance rating followed in order by Subjects 4.1, 2.2,
5.1, 1.2, 2.1, 1.1,4.2, 8.2, 8.1,3.2, 6.1, 7.1, 7.2, 3.1 and 6.2. Subject 2.1 had flown In the low
level HELHAT tests in 1972 and 1973 but had not participated in the NOE tests.

The profile of these subjects is given in Table 18 and contains the same information as the
previous profile tables except for total service time.

= •TABLE 18

OT-131 Subject Profile

Subject Total Time Combat Time Flight School Age Rank

1.1 1100 636 1971 23 CW-2
1.2 1151 681 1971 24 CW-2
2.1 2277 1358 1969 25 CW-2
2.2 1006 534 1971 28 CPT
3.1 890 467 1971 28 CW-2
3.2 1121 524 1971 24 CW-2
4.1 1216 702 1973 24 CW-2
42 925 403 1972 23 CW-2
5.1 2092 1582 1970 25 CW-2
5.2 622 274 1972 32 CW-2
6.1 540 0 1972 23 WO-1
6.2 1076 556 1971 30 CW-2
7.1 1362 729 1971 27 CW-2
7.2 903 459 1972 27 CW-2
8.1 1290 808 1971 24 CW-2
8.2 1428 537 1971 25 CW-2

MEAN 1187 640 1971 26

The OT-131 subject numbering system was such that Subjects 1.1 and 1.2 flew as a crew,
when one man had the missile firing task to accomplish, the other handled the rest of the flight
duties.

Subject 5.2 was the oldest subject participating in the test but he was a rather recent
graduate of rotary wing flight school and had the lowest amount of total flight time of any of the
subjects who had combat flight time; he also was low time man In this category excluding Subject
6.1 who had no combat time. Subject 1.1 was the youngest man and ranked seventh overall.
Subjects 2.1 and 5.1 had the most total and combat flight time, they were the same age but
Subject 2.1 had completed rotary wing flight training approximately 1 year earlier; they ranked
sixth and fourth respectively. Subjects 5.2 and 6.1 had the least amount of combat and total
flight time, they both completed rotary wing flight training the same year but Subject 5.2 was
the oldest subject and 6.1 was one of the youngest; they ranked first and twelfth respectively.
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DISCUSSION

The results of HELCAT, HELHAT, and OT-131 give a good indication of what can be
expected of aircrews performing the pop-up maneuver against armor on the fringes of an armor
engagement. When the armor is stationary and conventional camouflage is used, it should take 49
seconds to locate the armor at slant ranges of 800 to 1,000 meters when the helicopter Is 60 feet
above the masking cover (ACL); HELCAT was the source of this information. When single units
of armor are moving across the aircrew's field of vision at mean slant rarnges of 2,400 meters, the
aircrew should detect the armor in 25 seconds from an ACL of 49 feet given they had had a
"hand off" from a scout, This information was from OT-131.

There are several documents in the literature that state that 950 ± 50 meters is the
maximum distance at which an object the size of a tank can be recognized with the unaided eye.
We have also found this to be a fact experimentally and thus target and course placements in
HELCAT andHELIFF, when indicated by the nature of the test, were governed by this
information.

Small groups of armor; three to four vehicles, and small vehicle convoys; four to five
vehicles, were detected in 12 seconds when crossing the field of view of the aircrews at slant
ranges of approximately 1,000 meters. When the off angle of the approach was changed from 900
to 200 and the slant range increased to approximately 3,000 meters, the detections were made In
60 seconds. The ACL was 18 feet for both test conditions. This information was from HELIFF.

The alrcrewmen's performance in the studies reviewed herein have been subjected to a
number of statistical procedures such as Step-Wise Multiple Regressions, Analyses of Variance,
Differences Between Means and Rank Correlation tests. The results of these procedures have not
provided an absolutely clear explanation of the elements of excellence or lack thereof in the
target detection and identification tasks.

The HELHAT study data which encompassed 831 low altitude (100 to 200 feet ACL) and
20 NOE target detections accomplished by a total of 53 aircrewmen of the 7/17 and 1/9 Cavalry
flying at the Naval Weapons Center and Aberdeen Proving Ground, was analyzed using the
multiple regression technique. The low altitude data indicated that the observer's sighting angle,
the aircraft AGL, the aircraft heading, the target's relative bearing, the target's range from the
aircraft, its size and conspicuity and the available ambient light were the significant factors in the
aircrewman's success In detecting targets. The linear equation used in the procedure contained 25
of the variables that were measured In the HELHAT studies. The analysis of the NOE data
indicated that the significant factors were the size of the target, its heading, its range from the
aircraft and the available ambient light.

The HELCAT route reconnaissance detections were given the same statistical treatment and
the same significant factors were evident with some minor differences. In HELCAT, the aircraft
heading and target size were constant, thus were dropped out and the aircraft speed and the
observer's combat experience were added as factors. These men were from the 1/17 Cavalry. The
data from the 871 target detections indicate that, at the .05 level of confidence, the major factors
that affect the aircrewman's ability to detect stationary targets during route reconnaissance are:

1. The relative bearing between the target and aircraft headings.

2. The height of the aircraftabove the ground (AGL).

3. The distance between the aircraft and the target.
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4. The size of the target.

5. The amount of contrast between the target and its background and foreground.

6. The ambient light available.

The individual eye movement data provides an interesting Insight to one reason why
apparently equally qualified subjects differ considerably In their target detection reporting times.
The data from HELCAT and HELIFF showed little difference in single glance dwell times and In
generally the search tactics were similar; the item that seemed to separate the excellent performer
from the average performer was a simple matter of the time spent making up one's mind and
reporting the detection. The actual detection times were close but there were extra seconds spent
looking at the target prior to reporting it.

Rank correlation coefficients were computed from the data on the subjects of HELIFF,
HELCAT and OT-131 to determine if there was any correlation between their overall
performance rankings and their total amount of flight time, amount of combat flight time, and
age. There was no evidence of correlation between any of these factors and the performance of
the subject. It must be remembered that these were not naive subjects; they were well trained
members of our "first line" US Army Air Cavalry units and the data and results reflect this. The
performance differences that have been exhibited by these subjects have been, in general, the
differences that can be expected between the members of a trained group. The additional
stimulant of actual combat might well change the performance of many of the subjects and we
do know from the Subject Profile tables that the majority of the subjects had flown many hours
of combat and successfully so; they are still flying. We also have evidence that a small lapse in
attention, such as documented from the eye motion data of HELIFF Subject 8, had a disastrous
effect on his detection performance, yet he was combat experienced and we doubt that he had
many lapses of attention during his 1,825 hours of combat flying. The data that has been
reported upon is based on 1,018 air-to-ground target detections by 109 US Army pilot/observers.
The route reconnaissance detections were 831 low level, 38 NOE, and 7 night vision detections
for a total of 876. The pop-up detections were 135 day and 7 night vision detections for a total
of 142.

The probability curves prepared from the detection and Identification data of the HELCAT
and HELIFF studies graphical!y show the impact movement and camouflage had on detection
ranges and times. They also show the effects moving and stationary aircraft had on these
measures. The graphs show that individual subjects do excede the mean detection and
identification times and slant ranges but only in a random manner. We have included the curves
of the best, the most variable and the poorest performing subjects in each category that has been
graphed.

The data from the HELCAT NOE route reconnaissance flights are shown in Figure 4. The
curve for the pattern-painted tank shows that there was one chance in 10 of detecting the
stationary tank at slant ranges greater than 1200 meters. There was a 50 percent chance of
detecting the tank at slant ranges of greater than 600 meters. The proper application of draped
camouflage to the tank caused these slant ranges to'drop to 550 and 250 meters respectively.

The slant range detection data from HELIFF Group I (Figure 5) shows the delta deviations
from the group mean slant range detection. The graph Indicates that a pilot performing a 6-meter
AGL pop-up maneuver should have one chance in 10 of detecting a small (four to five vehicles)
armored group at a slant range of greater than 2700 meters. There was a 50 percent chance of
detecting the group at ranges geater than 2450 meters. Subject 1 was the best performer; Subject
10 was the most variable and the poorest performer.
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"The HELIFF Group II data (Figure 6) for the same conditions indicates a one In 10 chance
of detecting the moving group of vehicles at slant ranges in excess of 2660 meters and a 50
percent chance at ranges greater than 2400 meters. From these two groups of data, it Is
reasonable to conclude that a pilot performing a 6-meter AGL pop-up maneuver has a 50 percent
chance of detecting a small group of moving armor at a slant range of greater than 2400 meters
and a 10 percent chance of detecting the group at a slant range greater than 2700 meters.

The requirement to identify the vehicle group as friend or foe made some drastic changes in
the slant ranges. The HELIFF Group I identification curves (Figure 7) show the 10 percent
chance level at a slant range greater than 1887 meters and the 50 percent chance level at a slant
range greater than 1550 meters. Subject 9 was the best performer, Subject 8 was the most
variable, Subject 6 was the poorest performer and Subject 7 was the only subject who identified
all groups correctly.

The HELIFF Group II identification curves (Figure 8) show that these subjects had a 10
percent chance of identifying the groups at slant ranges greater than 1900 meters and a 50
percent chance of identifying the groups at slant ranges greater than 1500 meters. Subject 4 was
the best performer of Group II, Subject 2 was the most variable and Subject 1 was the poorest
performer.

There were only three subjects in Group I who did not appear on one of the graphs in one
of the three performance categories. The same was true for the Group II subjects. This indicates
that no one subject was all good or all poor. From this we should be able to conclude that on any
given day the Army can expect 10 percent of its gunship crewmen, when at hover at 6-meters
AGL, to be able to detect small groups of moving armor at slant ranges of greater than 2700
meters and to be able to identify them as friend or foe at slant ranges of greater than 1900
meters. The Army can expect 50 percent of its gunship crewmen to be able to detect the vehicles
at slant ranges greater than 2400 meters and to identify them at slant ranges greater than 1500
meters.

The HELCAT detection time curves (Figure 9) show that the gunship crewman during a
pop-up maneuver has a 10 percent chance of detecting a tank at a slant range of greater than 900
meters in 10 seconds and a 50 percent chance of detecting it in 40 seconds. When draped
camouflage is applied to the tank, the 10 percent time becomes 65 seconds and the 50 percent
time becomes 175 seconds.

HELIFF study investigated the detection and identification times also. The subjects'
position was the same as for the ranging tests but the vehicle groups operated at a slant range of
900 meters. The Group I curves (Figure 10) show that there was one chance in 10 of detecting
the moving armor groups in less than 4.3 seconds and a 50 percent chance of detecting the group
in less than 6 seconds. The Group I performances showed that Subject 5 was the best, Subject 9
was the most variable and Subject 2 the poorest.

The Group II curves (Figure 11) indicate that there was a 10 percent chance of detecting the
target in less than 3 seconds and a 50 percent chance of detecting the group in less than 6.1
seconds. Subject 7 was the best performer, Subject 5 the most variable and Subject 3 was the
poorest performer.

The additional task of Identifying the targets as friend or foe required more time just as it
had required shorter slant ranges in the ranging portion of HELIFF. The Group I graph (Figure
1 2) shows that these subjects had a 10 percent chance of identifying the moving armor groups In
less than 14.2 seconds and that the Interval increased to 32.5 seconds for a 50 percent chance of
identification. Subject 5 was the best performer, Subject 10 was the most variable and Subject 6
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was the poorest performer. Subject 7, as in the ranging, had a perfect Identification score, his 10
percent score was 22.5 seconds and his 50 percent score was 42.5 seconds. His detection time
curve fell along the mean detection time curve; his identification time curve fell to the positive
side of the mean curve by approximately 1 C seconds.

The Group II performance curves (Figure 13) are somewhat different. These subjects had a
10 percent chance of identifying the target In less than 15.1 seconds but the time interval only
increased to 21.8 seconds for the 50 percent chance of identification. The Group 'I Identification
error rate was 3 percent greater than that of Group I which may have been attributable to the
faster identification times.

Regression curves for the detection to impact, acquisition to impact, and missileflight to
Impact times from the OT-131 study are shown in Figure 14. These curves show how long it
takes for a gunner to Impact a wire guided missile onto a moving tank. This graph shows that the
detection to impact time was essentially constant and exclusive of the slant range to the target; it
varied only about a second as the slant range varied 2000 meters. The cause Is shown clearly by
the distance between the acquisition and missile flight time curves; the acquisition to firing time
Increases as the slant range decreases because as the angular velocity of the target increases the
time necessary to acquire a lock-on increases.

Combining this information with that of the detection and identification studies, we find
that with the gunship helicopter crew, operating in accordance with current tactics using normal
and optically aided vision, can be expected to detect, identify and impact a wire guided missile as
follows:

Moving Armored Vehicle

Slant Range, 1000 meters; 10% chance in less than 43 seconds
Slant Range, 1000 meters; 50% chance in less than 60 seconds

Stationary Armored Vehicle

Slant Range, 1000 meters; 10% chance in less than 39 seconds
Slant Range, 1000 meters; 50% chance in less than 69 seconds

Draped Camouflaged Stationary Armored Vehicle

Slant Range, 1000 meters; 10% chance in less than 94 seconds
Slant Range, 1000 meters; 50% chance In less than 204 seconds

These figures are for ideal conditions in a one-on-one situation with nothing to distract the
gunship crewman from his task of locating, identifying and impacting a round on the target. They
show that we are hard pressed to get off one missile per minute at a slant range of 1000 meters.
The time will not improve as the slant range increases to 1500 meters, the distance at which there
is a 50 percent chance of target identification. If the gunships are free to fire at any target they
detect, the slant range is increased to 2400 meters for the 50 percent chance of detection;
decreasing the chance to 10 percent Increases the slant range to 2700 meters.
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We, In the Army community, must realize that using the current tactics, gunships as they
are now conflgured, cannot regularly fire effective missiles at ranges greater than those listed
above. The cold facts are that half of the time the gunships are able to Impact one missile on a
moving target at a slant range of 1000 meters in as fast as 1 minute; 10 percent of the time they
can do it in as fast as 40 seconds. The remaining 50 percent of the time it will take the gunship
longer than 1 minute to impact one missile on a moving tank at a slant range of 1000 meters.

A
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APPENDIX A

SUBJECT'S PERFORMANCE

GROUP 1
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SUBJECT'S PERFORMANCES

The following tables show in detail each of the subject's performance compared to the
experiment mean value for that particular test run and for the position in which the subject was
seated during the test run.

The delta values listed were obtained by the use of the following equation: Subject Score-
Mean Score = Delta Value. A Good rating for the time experiments would consist of a negative
delta value; for the range experiments a Good rating would result from a positive delta value.

The performance ratings were Good (G) for any delta value exceeded the Average (A) rating
and Poor (P) for any delta value that did not. Average performance rvtings were those delta

.-values that were less than ± 1 second of the mean time value and those that were less than ± 100
feet of the mean range value.

Each table shows the delta value range and median for the five runs of that phase of the
experiment and a performance rating for the runs. The table also gives the detection and IFF
performance ratings for each run and for each seat occupied by the subject. There are four tables
for each subject; unaided vision detection and IFF times, aided vision detection and I FF times,
unaided vision detection and IFF ranges, and aided vision detection and I FF ranges.
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Seat n1y P G P G E
S.. .. .. .. 'I Error

Run Detectiton P P G G P

R uIFF P G P P E
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81 0 2

RANGE MINS

RANGE (meters)

RUN VON= 1 2 3 4 5 wT DILT.A UUB,
- - ~RAMW =JUin a

1u oot 84, ,2%- 67 - -2 133] 330 133 G.

Dulta Um I" 365 232 237w -196 141 561 232 G_
. Sa A T N U W 2 a 9 t o1 0 .

Dext, abett Detect. 430 34 458 -528 477 1005 G430 1 .

IDeta &at l V 314 S99 3S4* 43 118 5S6 314 . . G.

j SUB= munumm

Seat Detection G G P IG
Seat IFF G G . G G 1 Error

Run Det4•..on G G G P G

I___F_ G G E PG

OPTICS

RUN Numm 6 7 8 9 10 DELTA ILTA SUBJECT

SDiltal hi Del;ct,. 82 241 -51 -15 -468 709 82 A

Delta ?4'n 1" -413 540 23 -483 -76 1023 2.3

BUAT Numm 7 3 4 5 6 A
Delta, 4eat ba't, at,. 114 -29 155 -160. -281 436 -29 A _

Delta Seat!: XlFF -360 , 54 203 -6721 -774 907 P

- -i I -ISUBJErCT I'ETONNA=I

Seat Detaoti.ou G G P P

Beat I" P P G P P 0 Errors

-. n Detective G G P A P

Fuu1F p G A P P
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SUB= 3

TINE HINS

TIME (secounds)

WJIN NON= 1 2 3 4 5 a 13LTA SUNIO
z~of -AN -10 - -I

____________ o___ .2 32.9 2.3 7.9 1.2 32.7 2.3 -P

Delta lim IFI -11.9* 22.31 6.0 -4.2 -6.2 24.2 -4.2 P

SILT IUMMR 3 9 10 2

D.lta bat Detect 2.2 3 4.61 1.C. 2.3 -.4 3S.0 2.

Delta Seat I -16.3" 29.21 S.3 -1.1 .6 45.5 .6 _

SUBJECT PMMWMC

Seat Detectionp p p A

eat IFFT 2 E P G A 2 Errors

Run Detection A p P p p

RunIFF 1 E P G G

OPTICS

RUN NWU 6 7 8 9 10 DILTA IDLTA SUBJECT

Delta Run Dtet. 1.0 1.4 -. S a.1 4.6 8.6 1.4 p

Delta R an 3 . 1 .3 .1 9 .8 1 1 .2 -4 .1 1S ,3 1 .3 .1 P- - - - - -I

SEAT HU14NJ1 3 4 S * 6 7 .

Delta Seat Det.ct. 14.2 5.1 -4.0 6.3 8.0 18.2 6.3 P

Delta Seat V7 9.4 -2.3 17,0 -4.8 4.3 21.8 4.3 p

Seat Dtotiol P p G P P

Seat IF? P G P 6 P 0 Errors

m nDetecton P P A P P
lt n •P A P P
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WUBM" 3

RANGE RUNS

RANGE (meters)

RiU NUw 1 2 3 5 EWLTA DWTA SUIJEOT

D 211 282 257 507 13. 274 257 G

Delta VIM 1F -39 -308 752 954 205 1268 205 G

IEAT 11Th 3 4 . 6 7

Delta Seat Dotect. _13 72 15 4 4L IAl. r.

Delta seat 1ff -406 71 4t9 699 14 105 1,5 G

a "
SUBJNUT PERFM)ANG

Seat Deteotion 6 G G G G

Sooat 1"FF p G G , G 0 Brrors

--. - I - -Run Detection ,IG GIG G

RP X P G G G

OPTJAIS

RUN MMZ 6 7 8 9 20 DELTA •SLTA SJEJZCT

Det DEn .eot. -19 -338 66 .- 205 68 406' -19 A
!Dolts anSla_. -'--* -15I6 -166' 123 384 -166 p

SLAT Vul.4. 8 9 10 1 2

Delta Seat Leteot. 214 -464 139 -449 150 678 139 G

Delta Beat IFF -2'2.3 -310 S28 -214* 206 838 -214 P

SUBJECT WlFMWI01

Seat Detection G P G P G

Seat M E P G R. G 2 Errors

Runt Detotion A P G P G

F p P EP G G

_ .. . . .
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U 4

TIME RUNS

TIME (seconds)

RiU ju m 1 2 3 4 5 ILTA MLTA SUIJEOT
- - - - -i m m

IbLta RD I~t1 Ct, o 1.7 -7.2 -. 9 -3.7 -4.1 8.9 -3.7 G

Delta a vF -11.0 -8.6 -13.S -13.6 -8.5 5.1 -11.0 1 G

SEAT NUM 9 10 1 2 8

Delta Seat Dsteoti, -4.3 1.7 -12.3 1.3 -4.6 14.0 -4.3 G

Delta Beat 37F -9.7 -1.9 -15.7 -3.5 -12.7 13.8 -9.7 G

SU BJECT PIEROR)KN0E

Beat Detection G P G P G

Seat In G G G G G 0 Error

Run DetPction p G A G G

Run 117 G G G G l

OITIOS

RUN NUYER 6 7 8 9 10 DELTA IYLTA SUBJECT

Dalta Rn Do t. -5 1. - -..3.8 -374 -10.1 6.8 -s.5 G

Delta Ru-, 1 -2.5 7.9 34.4 -13.4 -5.6' 47.8 -2.5 G

SELT NUmR 4 5 6 7 3

Delta seat Detect. 5.4 -9.5 -2.5 -6.7 .4.7 14.9 -4.7 G

Delta Seat IFF -. 4 2.6 36.6 -9.2 -3.5" 45.8 -. 4 G

SUBJECT PKWY3NA-

Seat Detection p G G G G

Seat I" A P P G E I Error

Run Detoction G G C G G

Rn P P GIE
-

G
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SUOM 4

BARBC (--twu)

HiN •U. 1 2 3 % 5 M,,A MOTA SU ,o'T

-m tecto 91 240 -213 -S 117 331 -S A

Delta am I p -118 1134 -298" -116 451 1432 -116 p

AUT MMM 4 5 6 7 3

Delta Seat Deteoto -50 -44 20 -483 284 767 -44 P

Delta Best ]v -194 945 -476*' -265 385 1421 -194 P

Boat Detection p p A P G

Beat ln p G E P G I Error

Run Detoteion p G P A G

Run X" P G E P G

OPTICS

RUN NUNER 6 7 8 9 3.0 Dmul MLTA SJDJXT

lt4 1kf, Detect. -32S 422 66 226 98 747 98 G

el.ta Bn " -331* 424 101 -340" 358 764 101 G
BUT WIUER 9 10 1 2

Delta wat Detect. -105 94 39 12 251 3r6 39 G

Delta Seat 1"? -104' 184 828 -409' 278 7!37 184 G

BJ•,,CT PNEROMIMZ
.•Seat Detec'ti:on P G G, A G

seat 137 E G G H.. G Erro-s

Ru aeteotmton P G G G
Un bM le 13 G G E, G
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TIME RUNS

TIM• (seconds)

Mun 2. 2 3 4 5 IBLA MT SURMT

Dst4 R l -2.0 33.01 1.8 -2.7 -1.7 35.71 -1.7 G

Dultseka W 18,1 34.1 -9.8 34.1 -2.8 43.9 18.1 p

SEAT NuIR 10 1 2 8 9

Delta S.at Deteet. -.8 31.0 1.0 3.4 -10.2 41.2 1.0- P

Delta Seat Iff 19.2 39.3 -5.0 33.2 -1.3 44.3 19.2 P

- --PBYUM--

Seat Deteotion A P P P G

Seat IFF p p G P G 0 Errors

r,•Deteotion G P P G G

Ru IF P G PP G

OPTICS

RUN NUN= 6 7 8 9 10 DLTA =LTA SUBM T

Det RnDeet- -. - -I -U-
l.ta h tect. •,5.-I -2.1 -3.1 -. 9 10.1 G-2.1 T
Delta Run FF .1 9.8 -20.4' .7 32.4' S2.8 .7 P

UAT VUK.M s 6 7 3 4 .

Delta Seat DeteMt. 11.4 -1.1 -2.3 -4.4 2.2 1S.8 -1.1 G

DP.Ut Seat ]F -. 7 -. S 2.0* -1.4 28.5' 29.9 L -. 7. A

UDJECT PSLFCPHANOZ

D5eat tection P G G G P

L 4t 117 A A E G H2 Errors

EN DeteotiLon P G G G A

Ran W A P H A E

S7
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8Iaam? S

um (mte")
mix3 Me 2 3 D 311* MTA IN'WIOT

Iblt nUn Detect 210 283 215 804 133 671 215 G

DeUS b• ffe -118 232 354 386* -419 805 22 P

S=AT WEON 6 7 3 4

Dalta abat Detect.s 170 2333 353 -161 429 590 233 G

Delta Seat IFI -753 220 282 231* 194 1035 220 G

WDJKT PBR WERA

3set Deteotion G G G P G

Se-t nPF P G G E G I Error

Rnm Detection G G G G G

RIMXPF P p G E P

OPTICS

RUN NUN=R 6 7 8 9 10 DrIL 5L! 5UDr',T I,-

Ds+. in Detect, W I I -RL
_________nD_____ 68 -16 -49 -385 119 504 -16 A

Delta Run L"_ -596* -5461: 2 -212' 686 1282 -212 P

SEAT NUMBP 10 1 2 8 9

Delta Seat Detect. 86 -230 23 -528 259 787 23 A

Delta Seat 3F? -486* -743 708 -444* -508 1451 -486 P

BU3ICT PERIO -

seuta tteation a P A P G

BeatI •F P G B P 2 Erors

Run atoti~o G A P P G

Ra 3FU E P A B G
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ma..5.

TD4I RUNS

TI=E (seconds)

RU Nu1 2 35 4L,&A VILTA BUDAWT

* 1 ________ 4.0 -8,4 -2.9 -8.2 S 12.4 -2.9 G

Delta sm 1"L-.7 -.Z4 .JL- .AaL 2Lb11• ml ]P~e -. 7 - .4• 4, -19,-3 -14.9 23.4 -8.7 G

SEATNME 1 2 8 9 10

Delt. Sebat. Dtt. -5.7 .2 -2.6 -10.1 -.8 12.3 -2.6 G

Delta 3eat VF -9.1 4.8 -1.7 -14-5 1-13.6 19.3 -9.1 G

SUDJCT 1WIWR - - -u-I

Seat Datv~tion G A G G A

Seat IFI G E G G G I Error

Run Detection P G G G A

Run IFF G E P G G

RUM NUMER 6 7 8 9 10 DELTA DELTA JSEI=cT

Delta hn Detet. -9.4 -1.8 -4.1 -4.4 12.0 21.4 -4.1 G

Delta R -1.8 -11.4 -10.0* -.6 10.6 22.0 -1.8 . , G

SEAT NUI4KR - 6 7 3 4 5

Dalta Seat Detect. 3 3 2 2 -2.3 -8.0 12.1 20.1 2.2 _

Delta Seat WV -7.6 -1.5 6.1' -8.7 3.3 14.8 -1.S G

SUBJECT PEIOR?'WIO

Seat Deteotion p p G G P
S- - 1 Error
Seat In G G - G P

Ran Detection G G G G P

SZFG G E G P
Mom IV C C
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6

um (uetre)

RUNtwWa 1. 3 , i M DLTA DMLTA SUWIT

vIlu A bt, -1i44 -495 -421 -315 20 1164 F-421 1 1...

Delta am v -118 221 -34* 233 481 S99 221 G

SAT 3JM 6 7 3 4 5

Delta Seat DIOUt. -950 -644 470 -851 235 1185 -640 P

Delta Seat VF -585e 315 -112' 369 147 632 147 G

SUUWCT PIRMRUM

Seat Dteotetio P p G p G

Seat I• P G E G G I Error

Rm Dteotcon P P P P A

Run IFF P G E G G

RUN w 6 7 8 9 10 DULTA DM.TA mBacMT
Delta Rua Detect. 121 -403 66 123 108 526 108 G

- - a.

Dlelta Run 1"F -86 -546 41 110' 164 910 41 G

SEAT NUM1R 1 2 8 9 10
Delta Seat Detect. 253 -5871 99 -33 46 840 AA f-

Delt. Seat Il? 67 -746 584 136' -303 1348 67 r

S3 1)ZT PFYNOEXDJSOE

Seat Deteotion G p G A G

Beat VE? G ..E G 1 Error

Run Deteotion G. P G G G

Ran I" p J P Ia 11 1 G.
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i
m 7

imglMm*

TIE RUNS

TZNll (seconds)

S1 e :1 L, 5 ULL=A XZX.
S..... . . . . .-

Delta lima n•!•lml;e -2.9 -7.9 -2.4 -7.0 -3.2 5.5 -3'2 G
I

Delta • Die1e -3.4 -3.5 -3.1 -131.8 -12.7 10.7 -3.5 G

i
9T, AT • 2 8 9 10 1

Delta hat, DetAin1;. -2.0 1.8 -10.2 -1.7 -11.4 17.2 -2,0 G
i|l)elta 8eat, lleF 3.2 -2.$! -3.6 ! -_9.2 -13.3 16.4 -3.5_ G

80BIECT

Seat Det.eot, lon G P G G G

3est ZFF P E G G G 1 Ex•or

Run ]]etaott on G G G G G

Run • G E C G G

RUM • 6 '7 8 9 10 DI•'r.A m'tTA 3UBd•T

_•bltdl • Det,•tb. -l;h5 -,8.9 -4.3 -3.4 -11.1 9.1 -8,9 G

Delta Ibm • -10.1 -14.4 -2Z.1"i-11.6 -11.8" 17.0 -11.8 C

SEAT k'Ul4Bm[ 7 3 4 5 6 m

-- 4 I
Delta Best Detaol;. -SO -2.9 -4.8 -]0.0 -6.2 7.1 -S.O G

Delta •lea• ZFIe 4.3 -10.8 -17.0" -22.6 -23.6" 27.9 -17.0

a.aacT
e tit

•iost Detootlon G G G G G __

: •lest ll• P G E G E 2 Errors

i• Item Detaot:tcm G G G G G

•, EUn ZleP G G B G E
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uu 7

DAnE (umt~ew)

RU N 1 2 3 4 5 MLTA uLTA sou

Delta .Ujw DItcto 182 257 314 -1 123 31s 1X2 J
Delta lU ZIf -118 -186 1-266* -330 308 638 -186 P

BUT? NUU 7 3 4 5 6

De•t4 Seat Deteot. 281 -75 394 -618 572 1190 281 G

Delta Beat D7? -479 2 -53* -753 142 895 -53 P

SUBJECT PIEPEIWIC

Seat DetectLon G P G P G

seat Ilr P A E P G 1 Error

Run Detsotfon G G G A G

Run IFF P P E P G

OPTZOS
RUN NUK= 6 7 8 9 10 DELTA DILTA SUBJECT

lt~a Rn Detect. 93 177 66 -8 122 270 66 G

Delta Run XFJ 128* 244 -15 169 42 259 128 G
SEAT •P HUMHM 2 a 9 10 1

Delta Soet DeteAt. 255 -290 155 -366 174 621 1S5 G

Delta Seat VI 260* -137 786 78 62 923 78 G

SUBJECT T~IW4A0E

Seat Detetion P G 0 P G

Seat I• P G G G Error

Run Detection G P G A G

Ruan E G A G G
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TDIM (seconds)

RUi VON= 2 3 $ rM•.T NI.TA SUIJlCT

93 0 2.6 20.
. * t , 1.6 -10.- .0 1.6

Delta • 317 1. .P 6.4 23.4 17.1 24.2 6.

S'ATIT NU 3 4 S 6 7

Delta Smat wtftte 1.0 -2.6 4.7 3.6 .3 7.3 1.0 P

Delta seat 37F -4.9* 8.3 .1 15,0 16.6 21.5 8.3 P

, -- - - I .i.....:m.SUJECZT PIVOPAHM

Seat Deteatioa P 6 p P A

Seat IFF p P p P 1 Error

R= Detection p G P A l P
Run IFF E A P P :P

CPT10.•

RUNN UI 6 7 8 9 10 D LM L DELTA •IDJ CT
Delta n Detect,. 2 2 6.3 8.0 o 0 5.8 5.3 P

Delta Run 1 9.7 -. 3 12.P 3.8 -2.80 15.3 3.8 p

S E AT MiU M4 RR g .1 0tlI __•

Delta Setat Detect- 7.6 6.0 1 .3 -2.9 -S.2 12.8 ,3 A

Delta Seat 1"I 10.9 1-2.1 _21.711, .s-i. i 32.8 S5 P
-- !~

SUJBJECT Pmaic*Mwgoz

Seat Detectioun p P k G G

Seati u P G E A 6 2 Errors

fun Detection p j p p A.
Run I" P A a P E

- - m63
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U3 8

3AUm (--ter,)

RN NUN= 2 3 4 MLTA ELMU MUJEOT

Ibi.a - ! o 79 -15S3 -66 -645 -984 1632 -645 P

Dalta S• X" 43 1-573 -246* -8 -41.9' 616 -246 P

SEAT NUHM 8 9 10 1 2

Delta Seat Detect. 109 -1425 490 -1133 -.483 1915 -483 P

Delta Seat IF? -451 -290 70* -120 -169' 360 -120 P_

SUBJSCT PUFCGRMACE

Seat Dete1cton G P G p p

Seat IIFF P P E P E 2 Errors

q R= Detection G P P P P

SI G P E A E

0MTCS

RUN NUN= 6 7 8 9 10 DULTA BLTA SUBJET

Delta En Detect. -11S -177 -26 -413 I 7 420 f -115 1 P

42 -11 t
Delta Bun IJ'L 303' 295 48 -212' 441 653 295 j

SEAT UM= 3 4 5 6 7

Delta Seat Detect. -39 -372 230 -522 J -41 752 -41 P .

DD!.ta Seat In 59* -449 636 -378* 445 1085 59

=.-.----- - - -SUBJECCT IEmPWCWIO

Seat Detection p P G P P

Beat IF E P G E G 2 Errors

Run Detection P P A p A

E G G E G
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81UUW;O? 9

TIME IWNS

TIM (seconds)

RUNui NU= 2 3 41 DBLTA DILTA SUDJUT

lt, l;,. -1.3 -9.0 -1.9 -1.4 1.4 10.4 -.

elta bin I" - 3.4 -7.7 7.5- -. 1 2C- - 2.4 P

SIAT NUN= 4 S 6 7 3

Delta Seat Dumtto -. 9 -3.9 -4.1 2.9 -1.7 7.0 -1.7 G

Delta Seat If? -1.5 -4.2 -6.2 2.7 14.1 20.3 -1.5 G

SUBJECT PEFO

_eat Dtection A G G P G

Seat I_ ' G G G p P 0 Errors
Run Detection G G G G P

Run IFF P G P A P

OPTICS

RU'NUIUKR 6 7 8 9 10 DELTA DILTA UBJECT
Am- - Am -rwW -

Delta ftnl Detect. -2.6 5.0 -3.1 .1 -2.9 8.1 -2.6 G

Dulta Run n, -9.5 5.1 -28.0* .9 -10.0* 33.1 -9.5 P

SEAT NU1IR 9 10 1 2 8

Dolta Sat Detect. 5.3 4.0 -10.9 -11.8 -5.3 17.1 -5.3 G

Delta Seat I" -6.8 -. 5 -13.1' -11.6 -14.8 14.5 -11.6A

JUBJECT IUUWOK

Seat Detection P P G G G

Seat n7? G A E G E 2 Errors

Run Detection G P G A G

n G P A
- - s

-- ________________:"



WU RM= 1 2 3 14 5 DKLTA NMTA SUBJEOT
Delta~~~u gnige. ... .

193 350 249 -162 133 S12 193 G
Delta M X" 178 -573 -47' -330 -419 751 I,-330 P

USAT •aIME 9 10 1 2 8

Delta Beat Detect. 545 237 377 -493 418 1038 I 377 G

Denl•t Seat 37 6 -91 -82' -169 -206 212 -91 p

SU11J3T PERFORN&RCE

Seat Detection G G G P G

Seat IFF A p E P P 1 Error

Run Detection G G I G P G

RunIFF G E P P

RUN NUMBER 6 7 8 9 10 DELTA ]•,LA SUPJ-T

Oeta Ean Detect, -' TAWCI~a • • " -61 -10 6,6 239 ý146 300 !-f I G
Delta Run I" 532" -256 14 190 .119 788 P

aSlT NUMJU 4 7 3....-

r lt! eat; jlete. 90 -161 388 -105 142 549 90 G j
DPeta Seat : 138' -592 749 42* -174 1341 42 P

SUBJECT PERFORWAH

Seat Datotion G G PIG

18.t I? ~E P A , P 2 Errors

Run Dectio c - G .Im I

_ELP



3UMT

TIME RUNS

TIME (seconds)

RUNmum= 1 2 3 4 5 IZLTA IMMTA SuWMnT

Ba m nZiM C
Delta Run Detet. -. 8 -6.6 -. 9 3.7 -1.6 10.6 -. 9 A

Dolts R3 MFF 1.1 -13.1j 5.0 -4.0 2.6 18.1 1.1 P

SEAT HIu1 _ .

Delta Seat Detects -3.7 -4.9 -2.4 7.2 -3.7 12.1 -3.7 G

Delta Seat 1FF .7 -19.41 2.5 -7.0 4.7 24.1 .7 p

SUBJECT PERFORMANCE

Seat Detection G G G P G

Seat IFF A E P G P 1 Error

R= Detection A G A P G

Run IFF G P G P

OPTICS

RUN NUMM 6 7 8 9 10 DELTA DELTA SUBJECT

Delta %an Detect. .2 5.7 3.7 -1.4 -. 1 7.1 T .A

Delta Run 1" -1.3 6.1* 7.8 -2.6 0* 10.4 0 p
a.

SEAT NUI4MR 10 1 2 8 9

Delta Seat DetcOt. 6.4 2.1 -5.1 -10.0 0 16.4 0 A
Delta Sot 1"FF -2.4 8.5* 13.5 -11.6 -. 3* 25.1 -2.4 p

SUBJECT PEEPYOIDWCE - -

Seat Detection p p G G A

seatI n G P G 2 Errors

Run Detection A P P G A

GRun J G J
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SUb= 10

lA in

RU INUKX 1 2 3 4 JMIA DLTA SMOT

-. 1 -8S 279 -1 133 386 T 210 G

Deltak am vr 43 393 -43 -264 93 657 43 G

SrAT NM 10 1 2 8 9

Delta Seat Detect. 341 230 564 -548 740 1288 341 G

Delta Seat VI 70 524 195 -140 222 664 j 91' G
-- - - - - - - -

SUBJECT PZRrcNLNOZ

Seat Deteoton G G. G P G

Seat TFF G G G P G 0 Errors

-. uDetection G G G A G

Run I" G G P P G

-•. OPtICOS

RUN NUHEER 6 7 83. 0 DELTA IELTA SUJEJCT

DeltS Ran Detect. 76 14S -64 236 108 300 o10 G

,lt, Run IFF 3926 359 -la5 350* 551 676 3S9 P

SEAT NU1MR 5 6 7 3 4

Delta Seat Detect. 277 66 23 -64 179 341 66 G

Delta Seat XFF 392* 44 502 -95" 108 597 108 P1

SUBJECT FIRrF0WI0

Seat Detection G G A P i
Seat IFF E G G E G 2 Errors

Ran Detection G G P G G

I I G1 P E
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APPENDIX B

SUB) ECT'S PERFORMANCE

GROUP 2
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SUBJECTS PERFORMANCES

The following tables show in detail each of the subject's performance comrpared to tile
experiment mean value for that particular test run and for the position in which th,.- subject was
seated during the test run.

The delta values listed were obtained by the use of the following equation: Subject Score-
Mean Score.= Delta Value. A Good rating for the time experiments would consist Of a negative
delta value; for the range experiments a Good rating would result from a positive delta value.

The performance ratings were Good (G) for any delta value exceeded the Average (A)
rating and Poor (P) for any delta value that did not. Average performance ratings were those deltR
values that were less than ± 1 second of the mean time value and those that were less than ± 100
feet of the mean range value.

Each table shows the delta value range and r.•edlan for the five runs of that phase of the
experiment and a performance rating for the runs. The table also gives the detection and IFF
performance ratings for each run and for each seat occupied by the subject. There are four tables
for each subject; unaided vision detection and IFF times, aided vision detection and IFF times,
unaided vision detection and I FF ranges, and aided vision detection and I FF ranges.
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TIN•E (s.conds)

NRY NIMUR2 2 3 mm JILTA A.T SUIK

Delta ,M16 . 4.4 2.7 -4.6 5.6 -i.9 10.0 -1.9 G

ltd -2.8 -. 1 -4.7* -7.2 19.6* 26.8 -2.8 . 6

SUT NUN 2 _ 9 10

Dieta bat DetOote 2.7 7.5 -14.8 -5.7 8.4 23.2 2.7 P

Delta Seat VY -13.7 5.6 -10.2* -8.5 52.0' 65.7 -8.5 P

SUDJECT PERMHUWIO

Seat Deteotion p p G G P

Seat IFF G P E G E 2 Errors

RunDetection _P P G G G

Ru IFF G A E G E

OPTICS

RUN NUN 6 7 8 9 10 MI•MZ MBTA SU••T?

Delta =n Deteot. -4. -8.6 -4.3 -3.2 -4.7 5.4 -4.7 G

Delta Riun M3' 32.5 14.0 3.9 5.2 17.!* 31.1 14.u p

SAT Num= 6 7 3 4 5

Delta Seat Detect. -. 3 -2.5 -7.5 -7.2 -8.1 7.8 -7.2 G

Delta Seat 1FF 36.5 17.1 18.7 1 -41 23.5* 40.6 18.7 P

SUBJECT PZMOKINO

Seat Dtotecton A G G G G

Seaet V p p p G E I Error

X.in Deteotion G G !G G

Rtun Iff p p p p E
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SUflT 1

UM (metwo)]
NUN=u 1 2 3 46 5 DKLTA DELTA SUBI• CT

I~1tal Run h ~t'. 179 259 316 271 98 218 259 G

Delta m IFF -7S8 -615 -780 165 -758 p

BUT MUM=- 6 7 3 4- -

Delta seat Detect. 4S0 -25 200 -39 272 489 200 G

Delta Seat BY -799 -333 -208 591 -333 P

SUBJECT PEFcUWMM

Seat Deteotion G A G P G

Seat IFF p p p

Run Detect-ion G G G G G

Run IF? p p p

OMTOS

RUN MUM= 6 7 8 9 10 DELTA IXLTA SUBJECT

D5ta am Detect. 145 236 151 121 191 115 121 G
t- - - - - -t

Delta Riui IF? "211 -108 "568* -289 779 -198 P

SAT NUlM 1 2 8 9 10
Delta Beat Detect. 414 105 211 134 253 309 211 G

Delta seat n7F 344 -82 -736* 93 1080 5.1 A

SUBJECT WORKSHM

Seat Detection G G G G G

seat IV G P P I Error

Ru Detectiong G G GG

RunIFF G P E G
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VM 2

TIwE RUNS

TIME (seconds)

RUN M 1 2 3 4 5 DaW IMLTA awUO
a ma Detectw.-S1.7 18.S 4.9 7.2 1.4 17.11 4.9 P

Delta am M 12.0 10.4 7.0 14.4 7.41 8.6 p

SZAT NUNM 2 8 9 10 1

Delta Seat Deteot. -2.7 20.5 -. 2 4.2 15.3 23.2 4.2 P

Delta Seat VT -. 3 10.4 3.3 48.5 48.8 6.8 P

Seat Detection G P A P P

pat ",F A p p p

Run Detection p p p p p

RunDTp- - I a pr I

OPICS

RUN NTJwR 6 7 8 9 10 DILTA ..LTA SUBJECT

Delta Run 1"_. 12.1 21.3 29.6 23.7 17.5 22.5 p

Delta • -11.6 0 -. 3 13.2 24.8 -. 15 AA

SEAT NU-I 7 3 4 5 6

Delta Seat Deteot. 13.4 23.9 26.0 15.3 12.6 19.6 p

2 ,jDelta Seat IF -10.1 8.6 13.6 -2.4 23.7 _ _3.1 A

SDBJECT FPORMIU &)f

Seat Detection p p p p

Seat n7 G p p G

Run Detectioa p p p p

RunIF! G A A P
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SUBJECT 2

UM (Mt4)"

RUN N 1 2 3 4 5 , DLA DELTA SUBJECT

Delta Min Dot.ct. 153 359 -1237 346 93 1596 153 G

Delta RM M -340 -70' -451 -276 339 _679 -276 p
SET NUN 7 3 4 S 6

Delta seat Detect. 253 -60 -1230 -4 497 1727 -4 A

Delta Beat VP -121 -577* -731 -S98 710 1308 -121 P

SUBJECT PwRpFEmOOE

Seat Detection G P P A G

Seat IFF p E P E G 2 Errori

Run Detection G G P G G

Run IF? P E P E G

oMOS
RUN NUKER 6 7 8 9 10 DILTA ZLTA SUBJECT

Delta Run Detect. 110 118 -328 -25 I -88 546 -25 P

277* 16* -83' -687 -503 964 -83 P

SEAT NUM• R 2 8 9 10 1

IDeltas %t Detect. 37 34 199 -63 251 314 37 G

SDelta Seat 1" 118* -385' 2S4' -780 -242 1034 -242 P

Seat Detection G3 (3 G P a

seat n1P E E E P p 3 Errors

Run Detection G G P p p

SRun r" E a P 1'

•" 74

7.4

IMP,



TINE RUNS

TINM (seconds)

RJUN U1 1 2 3 4 5 INLTA ULTA BUMOT

it.' Unn bt,,t, .8 .. 4.9 3.21 2.0 4.1 1 2.6 P

Delta ha X" -4,7" -2.4 -16.2 13.8 -4.7 G

V.AT NH 3 4 5 6 7

Delta Beat Detect. -3.7 -. 2 +2.2 13.4 17.1 1.0 A

Delta Seat I 16.3' -11.6 18.8 34.1 -11.6 A

SUBJECT PZUWICE

Seat Detection G A p p

Seat I7F E G P I Error

Run Detection A P P P

Run iI G G
, - --,

OPTICS

RUN N(MUR 6 7 8 2 10 DIT, nELTA SUBJECT

Delta Ran Detect. -. 4 -8.2 -1.1 '-1.0 -1.7 7.8 1.1I G

Delta Rai ' -14.7 3.4 5.9 -5.6 40.9* 55.6 3.4 P

SEAT KUM=" 8 9 10 1 2

Delta Seat Detect. -6.4 -1.2 -2.3 -5.5 -6.1 5.2 -5.5 G

Delta Seat 1"F -15.1 4.0 15.3 -27.4 39.7' 54.8 4.0 A

SUBJECT PXMPOMUM
S - - - • -

Seat Detection G G G G G

seat nT G P P G E I Error

Run Detection A G G G G

Raen I" G P P G
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S = 3

-mm-

Rum (=to")

Wsi N 2 2 3 4 ; ]rZA DLTA SUBDMOT
VAN -r - G m

Delta a 292 -309 -1237 -102 -51 1529 -102 p
-0-2 - 129 '0

82* -141* -451t 2L8 -90* -141 P--BUMT NMM a 9 10 1 -2

Delta ftat Detect. 557 -245 -1230 -426 195 1787 -245 P

Delta seat WV 56* -8010 -73d -706 240* 1041 -73 P

SUBJET PERFMWUZ

Seat Deteotion G P F P G

Seat I E E E P E 4 Errors

Ru Detection G P P P

Ru • 1" 9 E G E

RUN mum 6 7 8 9 10 DELTA DELTA SUBJECT

ta Detect. 67 198 42 123 u. m 286 I 67 I

Delta R 196 829* -165 510' -503 1332 5j 0 .. P

SEAT NUMR 3 4 5 6 7

Delta Beat Detect. -65 -11 179 36 126 244 36 G

Delta seat I 77 647' 71 436* -242 889 77 G

SUBJECT PRIDOWIOZ

Seat Detection P A G .G G

Seat IG 6 E G e P 2 Errors

Run Detection G G G G P

R V3F G R P E P
S76 , ,
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?fl49 RUNS

TIME (seconds)

5iimUM 1 2 3 =ELTA =?LA 8UUJ3T

DlI1 Dete.t, 12 -10.j 5.3 -4.5 -6.6 9.1 -5.3 G

Delta am -. ...1 .-8.S 8.6 -1.9 L 21.9 ,1.9 G

SUIT NUM 4 5 6 7 3 ._ _

Delta goat Detoet. -7.7 -3. -11.3 -6.4 4.5 -6.4 G

Delta seat 11 27.0 2.1 -29.3 7.5 32.5 a 2.5 P

Beat Detecton,. G G G G p

SeatI FF G P G p P 0 Errors

Run Deteotion G G G G G

Run FF P G P G

RUN RN= 6 7 8 9 10 DZLTA UXLTA SUBJCT

Dlta ib Deteot,. -2.3 -8.0 -3.8 -5.3 14.4 22.4 -3.8 G

Delta Rtm ]F 1.3 -14.1 -2.7 -10.9 -13.1 15.4 -10,9 G

S.T NUWU 9 10 1 2 8

Delta seat Detect. -. 1 -3.4 -7.9 -4.2 12.0 19.9 -3.4 G

Delta Seot 1.1 -3.3 -10.91 -1.3 -34.1 -6.9 32.8 -6.9 G

1 41 -6. -2. -6.

amUJZCT PRMMEK

Beat Detectioln A G G G P

Soeat I" G G G 6 G1 0 Errors

Run Detection G G G G P

Ru I" p G G G G 1
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SUUJICT 4

um (mt•uw)

NmyNU R 1 2 3 4 5 ZLTA MLTA 53m T

S292 88 -206 353 134 59 134 G_ _

DIte! M I -w'' -124 685 08 5 0 , G-L

SEAT NUM 9 10 1 2 8 1

Data &at Dbt,0te 740 -208 -213 75 825 1038 75 G

Delta Seat 1" -358 -535 785 -156 1226 1761 -156 P

SUBJECT PIRFRML

Seot Deteotion G P P G G 0 Errors I =

Beat I'F p p G P G

Run teotion G G P G G

Runf IF"F p p G G 1 G

OPTICS

RUNI NER 6 7 8 2 10 DELTA rmA SU•.BJECT

bDlta un Detect. 130 319 165 202 53 266 165 G

bitT Run ' -255 6S -246 254* 429 , 684 64 A

SEAT NUMBER 4 S 6 7 3 - -

Dilta Seat Dete'ct. -21 312 194 120 -9 333 120 G

Delta Seat I37 -168 -127 185 -118* 438 606 -118 A

SUBJECT PERrEFMAWCS

Slmat Iaec.otn P G G G A

Soat IFP P P G E _.G _ 1 Error, '

SDetetion G G G

R1n P G P E G
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SMUT S

TIME RUNS

TIME (seconds)

RU un1 2 3 4i MWELA DELTA BUNW3TmUM~~~RA m Z • h a"

mta DU t ts -. 7 -5.4 .9 3.2 6.3 -3.0 G

Delta f 31F -6.5 -7.3* -7.0 -2.3 5.0 -6.7 G

SEAT NUEE 5 6 7 3 4

Delta ftat Det~mto -3.S -12.3 -1.3 5.9 18.2 -2.4 G

Delta goat Iff -24.2 -16" -2.4 20.3 44.S -9.2 G

SUBJET FRU

Beat Dte~on G G G P

Seat IFF G E G P I Eror

Run De tecti on A G A G

Run IFF G E G G

OPTICS
, a M 6 7 8 9 10 DELTA MILTA SUBJECT

Dlta hn Detect, -2.7 -8.4 -2.8 .6 -1.8 9.0 -2.7 G

Delta Run IFF -5.2 -15.4 -29.3 1.7 -8.4 31.0 -8.4 G

SEAT WU1I9 10 1 2 8 9 - - _ __

Delta Seat Detect. -2.9 -6.7 -1.3 -6.8 4.0 10.8 -2.9 G

Delta Seat 1FF -3.6 -20.2 -29.3 -14.1 -6.4 26.7 -14.1 G

SU&JECT PEZUOWWICE

Seat Detection G G G G P

Seat IFF G G G G G 0 Errors

Run Detection G G G A G

En I G G G P C
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MONS

1uma (,,te.,)

S•1m l , 2 3 4 5 D • DELTA 5 JAI• G

. 60 82 306 394 106 454 106 G
Delta_ __ am 4"96 74 1.. 2 -129 24 618 152 G .
BSUTNUM= 10 1 2 8 9

Delta ehat Deatect, 82 -228 345 261 1 680 908 261 G

Delta Seat II 635 -615 -502 -747 56K 1382 -502 P

SUBJECT VEKS&

Seat Detection G P G G G

* Seat, M G P P P G 0 Errors

SRiu Detection p G G G G

On If' G G6 G P G

0MrCS

*RUN NUN= 6 7 8 9 10 DETA ZULU SUBJECT

Delta a Detect, 127 -322 88 176 [ 144 498 127 G

Da__a Run ... 211 -164 7 505"1 311 669 211 G
SEAT MUM= s 6 7 3 4

Delta seat Detect. 178 -437 122 14 63 615 63 G

* Delta Seat ZF 289 -160 140 39* 526 686 140 j 6

SUBJECT muou

Seat Detection G P G A G

Seat FI G P G E G I Error
lS'm Detectiom pG

Run X" G P A E G

so
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3J.l30? ...JNS

TIME (seconds)

RUN NMM 2 .3 4• M ILTA DU~rTA 81u&=

DaLta Run Dlwet .5 5.7 S.5 18.8 +9.2 18.3 5.7 ' P

Delta SmI 16.0* 12.6 1 6.3 .2 9 14.3 P

SUT EtnM .. 7 3 4

Delta Seat Deteat. -is li.O 1.7 14.1 22.0 23.8 11.0 -PL

Delta 3eat IlF -2.14 9.4 -7.2* 52.5' 59.7 3.7 P

SuIJEC PZRFMIiO

Seat Detection G P P P p

qeat IFF P - E 3 Errors
Run Detection A P P P P

Run IFF E P E E

OMTCS

RUN MUM= 6 7 8 9 10 DmLTA rLTA SOIJCT
lta B Dett -- a -

S16.t 7 3.8 -2.0 -1.S 6.9 20.S -1.5 G

Delta 1 27.9 10, -. 1 !!.3 4.81 28:.0 10.3 P

____T _N__M _ 1 2 8 9 10

I)•lta Seat Det*Ct. 13.6 3.5 -9.0 -. 7 10.3 22.6 3.S _

Delta seat Wv 21.5 4.1 7.3' -8.7 13.0' 30.2 7.3 _

alBJ2?CT PIWORUC

Seat Deotect p p G A P

Seat 3i P 9 E G E 3 Errors
, ,-,- -.-

hnD etion p G G G P

aI•a F p 9 E P H
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-__ _ __-3d2 L6S -.66 79L 678L .66

iaa

Delta b31m -363 -201 -SSG* -224" -611 410 -383 p

SIT NmU u " A .

Delta bet Diteto. -515 -606 349 -16 293 955 -16 A

Delta seat 17F -339 -640 -460' -609" -53 756 -460 P

SeatDetection P P G A G

Seat IF? p p E E P 2 Errors

Run Detectlon p p G P G

Run IFF p p H P

RUN NUNE 6 7 8 9 20 DELTA, IETA SJD'ECT
JAM -mb

elIta ku Detect. 106 107 38 174 -908 1082 106 G

Deta Rkm VP -1077 -131 -108 -957 -400 969 -400 P

EAT UMUmR 6 7 3 4 5

Dite ltet Detect. 49 -3 8 -7 -194 243 -3 A

Diat Seat Il? -804 -425 -69 -1217 -787 1141 -787 P

boat Dtection G A A A P

Seat i P P P P P 0 Errors

--- -Won Dtection G G G G P

Rmn W p p p p

82
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8ulho: 7

TIMe (seconds)

RUN U 1 2 3 4 5 DELTA DLTA SUJT

Mau RIM latmto -1.7 -2.8 -3.4 -6.6 -. 4 6.2 -2.8 G
-- - - -

Delta am F? l..S -11.1 34M.L -6.2 12.2 A6. F1. p
SOAT NUM 7 3 4 5 6

Delta bat Detest. -5.9 2.21-12.6 1 -7.1 1Lj2, -24

Dlta seat vF -8.5 -14.9 13.8 -15.0 39.1 54.0 j-8.5 CG

Beat Detection G P G G A

Seat IF7 G G P G P 0 Errors

Run Detection G G G G P

RunI" p G P G p

RUN NU 6 7 8 9 .0 DELTA DELTA SJBJECT

-Data AM Deet AWL." ~ MIL.
St Detaot. -S.1 11.4 -3.3 .1 6.2 16. S .I A

Dolts Run VF 25.5 27.4 14.6 -. 1 27.3 27.5 25.5 P

SAT •U•U __________

Delta Seat Detet. -2.6 10.2 -3.0 -1.5 6.7 13.2 -1.5 G

Delta Seat I3l 29.7 28.6 23.9 -13.9 27.5 43.6 27.5 P

SUJC P"RI,,JORI(ANCK

Seat Detection G P G G p

Beat in p p p G P 0 Errors

eun Dete•Uin G p G A P

FE nW p A P
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3&E (~m)"

RN VON= 1 2 3 mu m5 INE ZA sUJoM

L -t -30 -75 290 109 64 365 84 G

Delta am I" ]-569 -201 -6S8 -78 7 66S -201 P

AT 3D 2 8 9 10 1

_ __ta bet .'to .94 657 -21 2 93 _s_ 90

Delta Sent ]1• -451 -894 -629 -414 287 1181 -451 P
_____ _____ ____ 90i

SUBMTPUMO

Beat, Detect,,ion G P G P G

- -I" p P P P G 0 Errors

RUA Detecio. A P G G G
R=n I" p p p

p pp p A

OTIOS

RUN NUMH 6 7 8 9 10 DELTA DTA SJDBECT
lta Ban Dete-t.

D-315 258 42 96 145 573 96 G

Delta Dm I37,so -9S -33 .2.3.2._ -S7 327 -$3 P .

SEAT NUMWi 7 3 4 _5 ,, 6 -

Delta Seat Detect. -367 68 23 117 158 525 68 i

Delta Seat V? 25 -483 212 -37 344 827 25 A

Seat, Detction P G A G G

Beat, I A P G P G 0 Errors

Rn DetectionL P G G G G

flD G P . P G P

54
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TIME (seconds)

RUN NUN 1 2 3 Ii 5 3WrNTA DSLTA S OT

D1te lta Iltm O t -1.4 10.6 -S.9 -2.3 16.5 -1.9 6

4.elta 4.m4.4 -7.0-* -10.8 15.0 -S.7 I G.

SKT ND 8 9 !0 1 2

Delta Seat Detect* -8.9 2.6 -9.1 8.9 18.0 -3.2 A

Delta seat 1"? -2.6 -17.7 -9.01 21.9 39.6 -5.8 G

Seot Detection G P C P

Beat IF G G E P I Error

Run Deteotion G P G G

Run ZIFF P G E

RUN UMBEHR 6 7 8 9 10 DELTA MITA SWWTIC

Delta Ran Detect. -4.2 -5.0 -2.8 -4.2 -6.4 3.6 -4.2 G 6

Delta Run Il? -12.0 14.01 -8.5 -21.0 35. -I.S G
•AT_ HUM=ER X A S 6 :.7
Delta -eat Datot. -4 -2.8 -100 -1.5 9.8 -2.6 C

Delta Seat v -5.0 21.7 -. 9 -11. 3 -12.9 34.6 -S.0 G

SUBJXT Pl15CW[OZ
Seat Detection _ G_ C G G G

H1, t I" E A G G 1 Error

Run Detect•on G G 6 G

Inn W G E G A G
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SUB= 8

RuaID (intwe)

RUN mu= 1 2 3 4 5 LTA rELTA SUBMECT *

DI•1ta Run l)Ptt -191 -28 261 -257 69 518 -28 A

Delta Ran X" 968 213 -1190* 206 -6S4 1622 206 G

SEAT UM= 3 4 5 6 7 1

Delta Seat Deteot. -226 -324 228 j-377 29S 675 -226 P

Delta Seat IF1 1018 -40 272* -316 -23 1334 -23 A

SUBJECT -EYCU
- - - - T--

Seat Detection P P G P G

PSeat 17 G p E P A I Error

Ru Dection P A G P G

Run* G G E G P

OPTICS

RUN NUHER 6 7 8 9 10 DELTA DELTA SUBJECT

Delta Ru aeet J a AM- .mvmwM.
_______l________O__ 52 -277 74 172 121 449 74 G
Delta Run 1" 179 -128 247 -408 -363 655 -128 P

BEAT NUMIRR 8 9 10 1 2

Delta Beat Detect. 26 -292 152 -169 118 444 26 A

Delta Seat V?' 47 -218 659 '-386 -Z94 1053 -218 P

SUBJECT FED~WPO0EM
*--i- - - -

seat Deteoticn A P G P G

Seat vp G P G P P 0 Errors

ln Detection G P G G C

Ran P G p p
1- aL

86
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To~m
TIE (seconds)

IaENIME 1 3 3 4 ISL MIA 8,ni?

I•1 M • 1 -1 .4 -13. 3.0 -2.1 5.6 18.9 - 1.4 s

-. -1-.- 9 -1. G

Delta MI -1o.S -16...J: -3.4 s.3 -34.8 40.1 -10.5 G

UAT NUN= 9 10 1 2 8

Delta Seat DOt st. -3.8 -9. -5.6 -4.2 13.7 22.8 -4.2 G

Delta Seat M -20.7 -22. -13.0 1.9 3.4 25.8 -13

WUD.CT ISRCBN&EZ

Seat Detection G G G G P

Seat I" G G G P P 0 Errors

Run Deteotion G G P G P

G G G P G

F- -17 -

RUN NU) 6 8 9 20 DILTA IXSLTA 5JNJECT
Delta fti Detect -

________ -4.8 17.4 -3.7 -3.9 -2.9 22.2 -3.7 0

Delta Ran 1" -18.8 5.0 -16.5* -4.3 -16.6" 23.8 -16.5 I
S. .. ÷ --- -r- - • -_

SAT VUH 4 5 6 7 3

Delta Seat Detect. -7.4 15.2 -. 1 -4.0 -1.5 22.6 -1.S G

Delta Seat 1" -12.7 6.4 -4.70 -18.2 -3.0* 24.6 -4.7
- - - --m

SUDJCT P3U'CWIOZ

Seat Deteotian G P A G G

Beat I" G P E G E 2 lrrors

tn htoctio G P G G G

3'inW7 C T P T G '
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9

RAWS (motors)
RiUN u 1 2 3 Ii 5 lL TA BLU UeMC

_ _ _ _ -- JU i

Delta RM USSOCt. 131 -97 289 69 24 386 69 G

__________ 381 601 1274 381 _

3ZAT NUN 4 5 6 7 3

Delta Seat DetOto 219 -433 486 -229 115 919 115 G

Delta seat Iff 685 -SI 13S0* -378 1063 1728 685 A

SeetDet ectOn G P (A

Seat IFF G P E P G I Error

Run Detection G P G (3

i', 1,I03 -

RUN NUN= 6 T 8 9 10 DRLTA IXLI aUnW T

Lta tt 129 283 -140 -39 157 440 129 G

"Delta Rki 1FF 256 -164 354 646 665 829 354 G

.. 3EAT 4. 9 10 1 2 8 ......

Delta Seat Detect. 172 217 215 -142 201 359 201 G

Delta Seat IF? 435 -179 -355 140 661 1016 140 G

Seat Detection G G G P C

Seat IFF G P p G (30 Error

Run Deteotoi G p p P G

Run3VP P ( G G

88
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8 0 10

TIN (seconds)

RN 1u 2 3 5 MLTA MLTL SUMOT

1_____________ -. 7 -3.0 -2.7 -S.1 -3.6 4.4 -3.0 G

eta . .. -4.S -. 6 -6.8 -3.21 -5.5* 5.4 -5.5 U

SIAT WN 10 1 2 8 9

Deta Nat D•steto -6.0 3.7 -9.8 -10.3 9.6 19.9 -6.0 G

Delta bet mff -17.1 -12.7 -17.8 -1.1 29.3' 47.1 -12.7 G
-- -,--- -,-,- -

ISUlk, FT m

Seat Dtection G P G G G

Seat IF? G G G E E 2 Errors

RunDetection A G G G P

IRu-n I G G G E E

RUN 311 6 7 8 9 10 DICL'A DMTA SUBJECT
bet -4. 8. - -5 -5.1 -9.8 18.0 -s.1 G

S-26.5 26.3 33.3 -10.7 -31.3* 64.6 . -26.3-
MEAT NUM= 5 6 7 3 4

Delta bat Detect. -11.7 1.2 -5.2 -8.7 -8.8 12.9 -8.7 G

Delta oat In : -26.7 20.7 42.6 -19.1 -1-1.6" 69.3 -19.1 G
.iUICI IiWCWV

Seatbteotion G P G G G

3"t in G G P G E I Error

Rua Dtction G p G G G

Lau I" u G P G 1
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SUN=50 10

M (tmz)

RUN UPN, 1 2 3 4 5 DIrLTA UTA •U• T

1 , -311 6S -414 r1097 639 116t .-4141 P

Delta a Y 486 108' 477* 191* 182 378 101 P

SAT NU 5 6 7 3 4

Delta Seat Dete!t. -163 -41 -395 -1530 -425 1489 -395 P

Delta Bat ]F 6461 -495 928* -241J 898 1423 646 P

Ws=U3 PmumRN

Seat Detection p P P P P

seat I" G1  1 E E G 3 Errors

Rn Detmtion P ; P P P

IPIC

Run ]I" G1 E E E G

OM•OS

3131 NunnE 6 7 a 9 1.0 DZCLU MIZTL SJBJCT

ta Detect. -S49 -920 -132 58s 73 I1os -132 p
-- n-r-ni- -.-.-. . .. - ..

Delta slun 1"F -46 224 136 237' -68 30S j 136 * A

SAT NUM 10 1 2 8 9 _

Delta Seat Dut.ct. -SS7 -723 119 141 649 1372 119 G

Daet Seat 1"F 208 -360 135 -242* 239 602 13 G.

-- - - - -m - -

I.seat Detection p p a
3"t• vyq G P G R G I Error

fba Detectiom P P P G G

Jhm r -p G .1E P

90
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