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PREFACE

Tis study was conducted at the Air Force Aerospace Medical Research

Laboratory, Wright-Patterson Air Force B~ase, Ohio. It was one of several

studies performed as part of the Manned Threat Quantification (mTQ) program.

Subsequenat reports will document additional SAM simulation experiments and

associated development of human operator models. Thle SAM system that serveo

,is the basis for this study was not identified in terms of the manufactuirtr.
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Section 1

INTRODUCTION

This study was performed in support of the Manned Threat Quantification

(MTrQ) program at AFAMRL. This program is concerned with modeling the human

operator as part of surface-to-air weapon systems. Initial work focused on

the human operator as a target tracker for antiaircraft artillery (AAA)

systems. This work was extended to surface-to-air missile syst ms (SAM) in

the study documented in this report. Subsequent experimentation will be

concerned with the human operator as a decision maker and strategist.

The two main objectives for conducting this study were to:

(1) Provide a data base for developing a model of the human operator

in the manual TV tracking mode of a SAM system.

(2) Obtain data which would assist in structuring additional MTQ SAM

simulation experiments; future experiments will emphasize decision

making processes by the human operators.

0



Section 2

EXPERIMENTAL PLAN

A. FACILITIES AND APPARATUS

The facilities and apparatus for this study were located at the Air Force

Aerospace Medical Research Laboratory, Building 33, Wright-Patterson Air

Force Base, Ohio. Figures 1 and 2 depict the SAM system and the simulation.

Tile purpose of the simulation was to present to the human operators the TV

image and control functions as in a SAM system during a combat engagement.

Hence, the target appeared to move like a real aircraft, and the simulated

tracking sight appeared to move with the same dynamics as a real sight.

I. Consoles

The consoles used by the elevation and azimuth operators are shown in

Figures 3 and /, respectively. The TV displays presented identical infor-

mation to both operators via Conrac RQB-14 black and white monitors. These

monitors were oriented to produce a vertical scan which is like many SAM

system TV displays. Horizontal and vertical lines were present on the

displays as shown in Figure 5. The black vertical lines could be used to

judge launch boundaries for the missiles by comparing line spacing with the

wingspan of the target; this was not part of this study. Subjects were

instructed to use the crosshairs as a reference and to keep the target

centered at all times.

The "perfect track" switches were used primarily during training to biypass

the inputs from the tracking operator's crank and keep the target centered

tor that axis. This helped subjects to reacquire the target if it lett the

field of view. These switches were also used during daily calibrations.

The "break lock/reacquire" switch was used to put a signal onto the data tape

so that subjects could indicate when the target had left the field of view

and if they had reacquired the target. The "run!stop" switch was used to

initiate the training and data sessions or to stop a session prematurelY, if

needed. "Break lock/ reacqu ire" and "run/stop" switches were not present on

. . . .. . . . . . . . . .. . . . . . . . . . . . .. . . .. . " • .. . .. . . . . . .. . . I . . . . II /h . ..7
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Figure 3. Elevation Operator's Console
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VE'1TCAL LINESH __ RFPRE 5FINTING
LAUNCH BOUNDARIES

11mm (TAPED ONTO CRT)

11 mm

8mm: REPRESENTS 1. 12 MRAD.

Figure 5. TV Display Lines
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the elevation operator's console since a need for duplicate controls was

never demonstrated. The handwheels allowed the trackers to make rate con-

trol inputs in order to keep the target centered for their respective axis,

azimuth, or elevation.

2. Video

The video image presented to the trackers was obtained by mixing an aircraft

image with a terrain background image. The aircraft image was generated by

having a TV camera view a scale model of an F-4 aircraft that was moved in

roll, pitch, and yaw by computer command so that the aircraft's orientation

appeared the same way it would to the trackers in a real SAM system.

Tracking error between the aircraft and the boresight was used to generate

commands for the deflection circuits of the TV camera so that the target

appeared to move up/down and left/right. The size of the aircraft image was

determined by ihe model size, path length between the model and camera, and

the camera's zoom lens. The computer used the target's slant range, con-

tained on the trajectory disc, to control the zoom lens. The size of the

aircraft image equalled the apparent size of the aircraft as a function of

slant range when viewed through IOX optics. For example, at ;i simulated

slant range at 4 km, the wingspan of the target would be 2.5 cm wide which

is equivalent to 4 mrad. The field of view observed by the trackers was

1.5 degrees in azimuth and 1.0 degree in elevation. The aircraft image was

darker than the background. The background was generated by having another

camera view a silhouette (see Figure b) which was drawnn onto the acetate

film. This film moved in left/right and up/down motions tinder computer

control so that the TV image appeared to move just as it would when the SAM

system's TV camera was moved in azimuth and elevation. Although the hack-

ground did not look like a real terrain scene, previous research (Crahtree

and Nelson, 1979) indicated that it would have no adverse aftect on tracking

performance for the target elevation angles and atmospheric conditions used

here.
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3. Plant Dynamics

The plant dynamics for the control system are shown in Figure 7, and the

resolution for the simulation is documented in Table 1. The differences in

resolution between azimuth and elevation were due to the fixed number of

"bits of resolution" which was used to scale a large dynamic range in

azimuth but a small range in elevation.

TABLE 1. SIMUIATION RESOLUTION

Axis

Resolution Parameter Azimuth Elevation

Target Position .0959 mrad .6256 mrad

Boresight Position .1 mrad .0417 mrad

"Data to Tape" .00129 mrad 100129 mrad

Total .19719 mrad .06859 mrad

B. INDEPENDENT VARIABLE

the independent variable in this study was "trajectory." In order to sample

the human operator's performance, it was decided to select various target

trajectories which were thought to affect the tracker's behavior. These

trajectories are listed in Table 2 and depicted graphically in Figure 8 and

Appendix A. Trajectories I, 2, and 5 were selected to provide a range of

azimuth rates from low to high. High was defined as a value which approxi-

mated the maximum steady state rate of the servo. 'rajectories 3 and 4 were

used to investigate the effects of nonlinear trajectories.

C. DEPENDENT VARIABLES

The depeldent variables were (1) azimuth error, (2) elevation error, and

(3) combined angular error. The first two were defined as the angular dif-

ference, In azimuth or elevation, respectively, between the target and the

--o



-~9 a:,. --

cci

crCa,0

w lui

lwf

iif

a.

++

+ ~

w u)

z -w
4 1)-D 3

ca 0 -L
> 4-I 4-

4) z

4 cc

<~fC2
W~

LO4i
>I-a

N Uc ' (r

0 j'
a: Q

+1 4



- - - -- ---



100

I II

-,-

I -~, U)
it) {(Cj<

U)

8 NrtL ta



boresiglht of the simulated TV tracker. Combined angular error was obtained

bv using the formula:

Combined Angular E:rror C (azimuth error). ' + (elevation error),

Each of the metrics was computed every 25 msec during data collection, and

the data recorded on magnetic tape.

The dependent variables (azimuth, elevation, and combined tracking errors)

were selected on the basis of providing data about the human operator's

individual and team performance. The azimuth and elevation tracking errors

are useful for development of the human operator models, and the combined

tracking error is a useful metric of total tracking performance. It relates

how well the boresight was kept on the target, independent of individual

axis error. For a more complete view of system performance, these tracking

errors must he entered into an attrition model such as TAC ZINGER so that

one can determine missile miss distance and PK The angular error provides

only limited information since it does not consider slant range, missile

trajectory, missile warhead characteristics, or any other factors normally

included in an engagement analysis.

Summary statistics, for data analysis, were computed for the above metrics

and consisted of RMS error as shown below:

(i~eI

This was calculated for azimuth error, elevation error, and combined angular

error. These statistics were selected since they have been shown to be

re/isonab I V le lb Ie and sens i t ive measu r S of human opera tor performance in

previoUs st hdiCs.

l q
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D. SUBJECTS

Subjects consisted of male and female college students in the 18 to 22 age

group. Their vision was 20-20 or corrected to that value. Subjects had

previous experience with tracking simulators including the one used in this

study.

Only two teams, Team Number I and Team Number 4, were selected from the pool

of available subjects because of the needs of the modeling effort. The

models typically require a high number of replications in order to obtain a

stable variance estimate but do not incorporate lathe numbers of subjects.

Prior to participation in the experiment, subjects were required to complete

a consent form (see Appendix B).

E. DESIGN

The plan for the training sessions, data collection sessions, and ordering

of treatments (trajectories) is documented in Figure 9 and Table 3.

Ordering of the treatments was done with an awareness for (1) subjects'

ability to "guess" the treatment and (2) sequence effects. However, within

a few seconds after the onset of the trajectory, subjects knew which trajec-

tory was being administered. Session length was limited to approximately

three quarters of an hour in an attempt to reduce boredom and fatigue for

the subjects.

F. PROCEDURES

During training, subjects were instructed to minimize the error between the

target and the crosshairs for their respective axis by using their handwheel.

To help the subjects assess how well they were tracking, a feedback score

was computed and displayed on an auxiliary CRT after each trajectory was

20
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TABLE 3. EXPERIMENTAL DESIGN - TREATMENTS

1 5 4 2 1 3 {21 2 3 1 5 4

23i 41 1 5 2 !22 14' 5 2 3 1

1 31 41 51 2 3 1 6 23 3 1 2 4 5

41 31 1 5 2 4 24 1 4 5 2 3

5 ,3 1 4 ' 2 5 1 25 5 2 3 ' 1 4

6' i 5 4 3 2 26 1 3 4 2 5

2 7 4! 1 5 3 2 1 7 27 3 4 5 1 2
8- 3- -4 1 5 - -28 4 5 3-- 2

9 i 41 5 2; 3 29 I 1 3 4 5

i0 3 5 1 2 1 4 30 41 5 3' 1 2

3 iil 2 41 11 3 ,  5 8 31 Ii 3' 2' 5' 4

12 5 I 21 41 3 32 5 ' 4 : 1 2 3

.13, 2, 3 5 4! 1 33' 2' 11 3 4 1 5

!141 5 ii 3 41, 2 34' 4' i 5' 2' 3

4 115 21 1 3:i 5 9 : 35 5 1 4 1 3

1161 11 2 4 5! 3 36' 4 3 2, 5 1

,I , ,

17 ,  3 2i 5 41 1 ' 37 '2 1 3 4, 5

:18 : 2 ', 5 1 4 3 1 38 5 3 4 2 15 19 5! 1 2 3' 4 10 39 4 5, 1" 3 ' 2

if Sf 2 f I

I20, 32 4 5 2 40 2 3 4 5'1

1: FLYBY IB 4: ER ZI(,-ZAG
2: SLOW 5A 5: FLYBY 11)

3 : ER S-PASS

Note: Team I stopped with replication 16, Team 4 st4pped with
replication 20.



comp le ted. The feedback metric was computed separate ly for each axis and

consisted of computi ng tile average of the absolute aingular error

( =  l )

based on a sample rate of 25 msec. 'The score for that trajectory was then

multiplied by 100. Multiplying by 100 was done to avoid having small num-

bers as a feedback score. Subjects in previous studies indicated that they

could relate to a scale such as ) to 100 better than .00 to 1.00. If a

sub jet had i fficulty trackirg a target, he could use the perfect track

swi tch to keep the target centered so that the target wouldn' t leave the

f ield of view and thus prevent the other subject from tracking in his axis.

n\ average was computed for the combined absolut, angular error and was used

by the training supervisor and principal investigator to judge when the

sub jects had reached an acceptable level of performance for all of the

trajectories. Mien this point was reached, data collection began.

Procedures during data collection were essentially the same as those during

training. F[laich day, prior te data collection, calibration procedures were

perfor med to insure that the simulator was operating properly (see

Appendix C). Presorted keypunch cards were loaded into the computer

aiccording to the experimental design. At the beginning of each session was

a ca ibr,it ion trajectorv during which subjects were not tracking and the

Si a ulotor was in "perfect track." This served as another check of system

o)2 ation . Use of the perfect track switch during dati collection was not

I lowed. Subjects tracked each target trajectory as well as possible, and

observed their respective feedback scores at the end of each trial. After

210 trials, the next team began tracking, ;4bile a team might have completed

two sessions in a given day, there was always a rest period between sess i ns.

2)
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K1:SI . I'S

Four data collection sessions were completed for Team 1, and five were

completed for ream 4. This was equi valenit to lb and 20 replications per

trajectory for each team, respectively. Due to hardware reliability prob-

lems, the project team agreed to terminate data collection at this point for

the following reasons:

(1) 'ream performance appeared to be relatively stable and completing

the design was not expected to cause a significant change in the

tracking error metrics.

(2) It was iIposs ible to estimate future delays. Additional delays

would be serio(us due to subject availability which would necessi-

tate (a) discarding the current data base and (b) retraining new

t' liras .

Unless otherwise noted , .111 data analysis considered onlV the first 4

sessions or It) replications. Session 5 wais deleted Ior Team 4. Approxima-

tion techniques could have been used to estimaNlte missing daitai for 'TeaimI 1;

however, becauise of the small number of subjects in the study, this would

not have been as advisihle is truncating the dat a-rom Te;m 4.

A. V[SUAI, EXAMINA'ION OF I)ATA

Plots of the average absolute comb i ned tracking error ic ores, used to mon itor

team performance on a session-by-session basis, are shown in Figures 10 and

11 for 'reams 1 and 4, respectively. These plots iii cated :

I) SLOW 5A trajectory was tracked with the lowest error, ER S-PASS

and FLYBY 11) had the highest error, and FIYNM' 111 and FR l( ;-/AG;

clustered in between.

I
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(2) Team 4's tracking accuracy was slightly better than Team I for

FLYBY ID.

(3) Tracking errors decreased as a function of replication: FLYBY 11)

and ER S-PASS showed the largest change, FR Z1(;-ZA(; and FLYBY I K

showed moderate change, and SLOW 5A showed the least change.

Plots were generated that show the average tracking error and standard

deviation as a function of time for azimuth and elevation for- each team (Ste

Appendix D). Note that these plots were based on l0 rcplications of each

experimental condition for Team I and 20 replications for Team 4. A visnal

inspection of these plots indicated:

(1) Tracking errors were not constant during the trajectory; larger

errors were seen in elevation than azimuth in the region around

crossover.

(2) Little difference was observed between teams for riean tr;cking

errors but peaks in standard deviation were higher in azimuth for

Team I and higher in elevation for Team 4.

B. STATISTICAL ANALYSIS OF EXPERIMENTAL EFFECTS

RMS tracking error scores were computed for azimuth, elevation, and combined

errors with only the first 16 replications used for analvsis purposes as

noted earlier. Examinat ions of the raw data and question ing the teams indi-

cated that there were no instances where the target left the tield Of view

(breaklocks) and no instances of perfect track switch activations. llxarillii-

tion of the RMS scores for skew and kurtosis indicated that tie data were

approximately normal, and there was no need for outlier elimiation or

transformation of the data prior to the statisticil analvsis.

;I,



I. A11iiVSiS 01 iOveral I Iftects

A MiX xei udel1 analy s is of variance (ANOVA) was performed for thle RMS

.i imulti, RMS elevat ion, and RMS combined tracking scores. The fixed effects

wereC (aI) t ra jec tory and (b) sess ion with team as thle random effect. Th e

resilits are presente'd in Tab les 4, 5, and 6. Only the first four sessions

were used in t his anal vs is in order to use thle samne number of replications

tr ea1-C C tea;U11. Tbhis anal YSis Was used to test the hypotheses of no team

diiI rece ,no t rajec tory dif ferences , no session differences, and no

intoerae .t ion. Moans and standard dev itions for each cell in thle ANOVAs are

'rt-n-enteii in Appendix F. Examination of the relationship of the cell means

.1i1d Stijidard devia~tions' did not indicate any undesirable correlat ion which

would have raised ques tions concerning thle appropriateness of the ANOVA.

2. Analysis of Trajectory Effects

in orde r to doetermine whiich tra~ ectories were responsible for "t raj ectory"

being significant inl the ANt)VAs, Tu'Lkey Honest ly Signif icant D~ifference (lISD)

stswere p~erformed . These tests were app lied to all pa irs of cell means

tii t raij(ctoir ies, andi the resul ts of these tests are shown in Appendix F.

lb is test cons is ts of Coimpa ring the dif fe rence be tweein two mea ns with a

VAUi ut bsed onl the StiidentiZed Range statistic (6tuentlior, I(Pb4 ; iKcppel

I 9),' ; lo rr i tiii, 1907 ).

A .\ genra I stiuuarv of the reskilIts from the iIS] tests, is shown in Figure 12.

1'esiii ts Of the HiS) tests were comb1ined with plots of RMS tracking error vs-.

rijeetorv aInk ire presented iii Figures; 13, 14, and I).

I.A.ilvsis of Sesstion andi Rel-)icaltion Ff1 eCtS

I-;iol S fUlto1tisglicint elfe ct ini the ANOV\As for the

.Ilil:1iut, CleV;lt iOn, anld comb1ined scores. Ini order to gain some insiight into

the tiaittirc of the n;ess ion effect, piots of meain R'IS error vs. session wer't

prepa.red (see Figutre 16). A,, caii he s een fror, these plots, tracking, error11s



TABLE 4. ANOVA FOR RMS A1,II. TIfT SOaRt.S

SUM of lh, roes Ofl h' i

Source of Variation Squares Freedom S(ire F Rat i)

Team 0. 5)08 I Hi. 1, 10). )*
''rajec tory 1./ , I 4 5 .11*
Session (.0owl I.1123

Team X Trajectory 0. 1 , (I .03 1*
Team X Session 0.01 0 .005 . .
Trajectory X Session 0 .') 1.' 0.005 ,
Team X Trajectory X

Session 1i.. I 0 .00)
Error . )h I ' I 0.(M i

*Siglnif ic;ait at the .01 lve l

TABA. ANO\'.\ FM, I]L.I.VATION SCR I>

1,1111il of ) l't't's Of

Source of Variat ion u.!rt F redom ii.

Team 4)~ 1 .

Trajectory a. I 1.I, ., *

Session . 3
'lTean X Trajectory w) 0 1 . . . *

Team X Session 0.0!,' .
l'rajectory X Session 1.1 ( 12 
Team X' rajectorv X

Sess ion 2 1.' , i

Fr ro r o).), 10 I 2(0 I

*8 i),nificant at tilt .01 l eve l

TABII: 0. ANOV\ FUR NM, (W>L"l 1 I 1.k

Suri of DIe'greucs of ',ll1
Source of Variation Squaires I Frt,ed om S;qua re I Nit i,)

Team 0o.)ll 1 Ml .I l
Trajcctory 10.782 4 290 '10 '0*

Session 0.229 3 ;4)171, 1. q. *
Team X Trajectory 0.1 13 4 0.02' 0.
Team X Session 1).008 ()1i 1 1.2

''ra jectory X Session 0.01510 1V 0. )0 1.i),
ream X rrajectory X

Session 0.079 12 11.1)) 1 .1)

Error 0.557 120 11.11]1--

*Signiiicant at the .)1 level
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5 _3 3

INCREASING 4 4
ERROR

2
2 2

AZIMUTH ELEVATION COMBINED

RMS ERROR METRIC

NON-SIGNIFICANT DIFFERENCES

: SIGNIFICANT DIFFERENCES FOR ADJACENT ENTRIES

ENTRIES ARE TRAJECTORY NUMBERS: 1. FLYBY 1 B

2. SLOW 5A

3. ER S-PASS

4. ER ZIG-ZAG

5. FLYBY 1D

Figure 12. (;eneralized Results of Tukey IISI) Tests
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decreased for every session with the least change between Sessions I and 2.

Examination of tracking scores vs. replication, rather than session, gives a

more detailed picture of progressive effects (see Appendix G). While the

overall trend is more difficult to perceive, it is obvious that the data

were not stable over time. Variations were not extremely large, however.

4. Analysis of Team Effects

Team effects were found to be statistically significant for azimuth and

elevation scores (Figures 4 and 5) but not for combined scores (Figure 0).

Additional results which suggest team differences can be found in Figures I0

and 11 and in Appendices D, E, and G.

5. Interaction Effects

Statistical significance was achieved for the interaction of team and

trajectory for the azimuth, elevation, and combined tracking scores

(Tables 4, 5, and b). Further analysis was not warranted, but the issue is

treated again in the Discussion section.

4



Section 4

D)ISCUSSION

A. TRAJECTORIES

the trajectories u ed in this study must be considered "familiar" to the

subjects due to training, number of replications, and previous experience.

Thile unfamiliar trajectories might have induced higher initial tracking

errors, the errors would likely become smaller with more replications. The

decrease in RMS error across session, shown in Figure 15, also supports this

conclusion. Requirements of the human operator model development, however,

created a need for a large number of replications. In spite of attempts to

use difficult trajectories, i.e., high angular rates or maneuvering,

tracking errors were not extremely high. They were less than 5 mrad maximum

as indicated by the ensemble average tracking error plots (Appendix )) with

no breaklocks.

The alnalvsis of the summary statistics and examination of tracking errors as

, function of time were in agreement for establishing that trajectory

effects existed. The ANOVAs for azimuth, elevation, and combined errors

indic;ited that trajectory differences did exist. The Tukey HSI) tests sub-

tautitiated this finding also (reference Figures 13, 14, and Il)), but the

trajectory ditferences were not extremely strong,. From Figure 12, it can be

seen that the trajectories fell into an almost uniform rankingj, for all three

f:atrics. Further examination, however, indicated that differences between

"ad ,jcent" trajectories were not stati',ticaltv si,:uificont except for three

in1 toices. This figure bears some resemblence to the tra jectory character-

it ics (lFab Ie ') as note'd below:

(i) Tra jectory 2, SLOW 5A, had the lowest sicres; and this trajectorv

could be considered th,, eisiest sinc it ws, a I lvbv With low

au11 ar rates for both IX(5

i )



(2) Trajectory 1, FLYBY IB, would be expected to have higher azimuith

tracking errors due to tie higher angular rate in this axis. It

is U1nusu:, that there weie significant differences between Trajec-

tories I and 2 for elevation but not for azimuth. 'his could be

due to the differences between individual operators (see "B3. TFAMIS/

SUBJECTS" below).

(3) Trajectory 4, ER ZIG-ZAG, could be expected to yield higher

azimuth tracking errors since the trajectory is not as predictable

as the flybys, Trajectories I and 2. Azimuth scores for trajec-

tories fell into an ordinal relationship of 1, 4, and 3; but

elevation scores fell into one group for these trajectories. This

ordinal relationship appears reasonable since it coincides with

the "no azimuth perturbations," "slight azimuth oscillations," and

"high azimuth rate at egress" characteristics of these

trajectories.

(4) Trajectories 3, ER S-PASS, and 5, FLYBY 11), are related as such

due possibly to the "excessive" azimuth rate of Trajectory 5 and

the "elevation maneuver" of Trajectory 3.

Trajectory effects were also observed when visual examinations of ensemble

tracking errors vs. trajectry accelerations were made for each respectie

axis (see Appendices A and D). !t was observed that as azimuth or elevation

angular acceleration increased, the ensemble tracking error and standard

deviation for that axis also increased. This typically occurred at cross-

over or during a maneuver. Trajectory 2, SLOW 5A, was an exception which

yielded relatively uniform performance over the entire trajectory. Because

this trajectory had such low angular rates and the tracking was so stable,

it could be considered a baseline for the team's best possible performance.

B. TEAMS/SUBJECTS

It is possible that the data would have fallen into more uniform patterns if

the better azimuth operator was paired with the better elevation operator.

If this was done, then one team could have been identified as "better"
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S I lICe t iI L' t I~t I~ Ck i 1', L'- ro U I-S WOl hCO I I I' OWL I-:)' ! W- h ,i th tilt

ku ' Cts S'l n thI Stdy I'h be- tIai WIl j te1l is h0 1~ 1

t'tvit i-k optrator in( rear, vs- jj~j11 tjj u jCt oj~

t[eli "el i te 'I tlI seconidi beLst t i' 11.

Iit' iseu e ave rage"L t rack i ip, erL r (Appenti ix 1)) we re gveI a Vi sualI
1i-l' tj~ tt SeC itfd1 eli r ern t s t raiItgces 1711 1it IhIa v ei~t OnlIy two

:iiner dii terences were observed:

Il) 'I"Or lriJeUCtOrY 1, l'LYll' Il, Teaml l's azimuth erroir al ternaIteti from~

the negoat ive region to the posit ive region at croissoverU, but

Team, 4 's e rror lacked the negait ive reg i onl

Z)Fe r 'Ira 1 ec to rv 2 , S 1,0k 5A , ' lrn. l' ax1 i MU tli e r rer was essenti1al 11 v'

in the positive reg ion while 'leamn 4 's was in the negat ive region.

F0'1a1 d if ferences were s igni ficant f or az imuth and e levat ion scores but not

,r the comb inetd scores. Team 4 showed lower error scores thaIn Teaml I for

a/iimuhand the reverse was true for e levat ion. Tb is reversal between

iitniid elevaition errtors most I ikelv caused the Lack Of al sig'n ificat

d itf erence bet ween teams for the combimed score. The'se team111 tiif f ele, u

wk~e A Iso cont rmed1 i n the plt--ts of ( i) -IMS errors vs . rep ii ti ens

Append~iX 1 ) anld (2) ensemble average tracking errors (Appendlix D).

C. S ESS f ONS/ EPLIICAT IONS

'here were several indicat ions that effects due to sessiotn existed. A v eratiie,

aIbso itte combined tracking errors ( Figures 10 and I I ) , and IMean RMS Error

I gure 10) indicated slight improvemlents with eacll session. Session was

found to be statistically significant for azimuth, elevation, and combinetd

RNS errors based on the ANOVAs. Final ly, the plots of RIMS error scores vs.

relIica tion (Appendix G) also showed pro~gress ive effects. These effects

were relatively small; anti if they had been larger , one would have to qies-

tiji the criterion used to determine that the subjects were adequately
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1). INTERACTIONS

The ANOVAs indicated a significant interaction between team and trajectory

for the azimuth, elevation, and combined scores. 'rhe apparent cause for

this significant interaction was an increase in disparity between teams for

the more difficult trajectories. Examination or means and standard devia-

tions (Appendix E) indicated that as trajectories become more difficult, due

to higher angular rates or maneuvering, the difference between teams

increased.



Sect iol

CONC[MJS IONS

A. FRAIE'TORI ES

lit e rences imong trajectories were observed based on the azimuth, eleva-

tion0, and combined tracking scores. The trajectories coold be grouped in

the order shown below:

TABLE 7. RANK ORDERING OF TRAJECTORIES

Highest ER S-PASS, FLYBY I)

ER 1 t(;-ZAU;

Tracking

Errors FLYBY lB

Lowest SLOW 5A

I he traickin g errors appeared to be related to the angular accelerations of

the trajectories with an increase in mean error and standard deviation as

dnlilar IcCeleration increased.

li. TE-AMS OR S1lIBIECTS

~i f erI'tes between teams were found for azimuth and elevation tracking

>co rt s hit not for combined scores.

Vcim pertormed better for minimizing aZimuth tricking errors; team I

performed better for mniimizing eclevation tracking errors. Fisemit' aver

'tg of tr,ickinh, t'rror As ,I tuIction of tiu11 indicited on illllior stratogv

,i I trel lces .es between tedims.



A;'. i tilI i , k-I LVajt I OI , j III(I comii' lied SCc, I- I'l(t 1 Li l i li ' I It t lo !,u 0

Ill I I lill Ct I I(Iul hi j(- ex e ted to i) li. i 1i ,Ish II thl. it 1 1 i l4tis. K

i ltre was I stat ist icail ty SignifIicant interact ion lietwetLIj tk-,L', l.111

rajex'torv factors for aizimuth, elevat ion, and Combined scores . liiW ii

fo()r t heL inlteract ion is believed to he leS-; (iVCIrgCeI- btlI t I rI-

Ctas V t Iad jec tori US thanI th1eL L ditf It I t t raj e ct or ie s C'eC Aj1)oii 11 i X

.\lthOIigki Statistical IV sin~if iLAtt dit tcreiie;; werc iditalilli,1,J I IIW i1

c rro rs we re re Ia t ivelIv snai 1: I l .0 89 m iii I n;l Ximtl ll ~ I I Ir r i I cIl Ii

uia'ximllii ensemble alveragt error. Ii tth c) ehagt woil dh )w xii x,il il tt

1~ I1 1 s 1 1 I 1 i tat t illS were colip I eteil S i Ilce wi ti 11 1-~ '1 1e iC t 1111 1 i I; I~ [ , I

sinai, I I ule Iuillpac t of these sisa I Iiiimlin ll o triltol t Il Ak11 5 1 ,0 , ll 1-,i \ .i

wit tpll sv5t lxiii prto ruIICe(' M 1i ss d is t alICe a ix P W i I I 1W 11u~u i

t i I m I I i ) s I II I 1. 1 v 11 1 ri w i II i



Sect ion 0

k I:cONO1EN A UION S

Sonic idditionalI work renais to be dtoile toi quant itv the cha rac t erist i cs ot

the human operator for basic, Stale trickig performance. With in this

context , thle following resea rch top ics are recommended for sub sequent exiier i

moient s

I ) Explore time tipper limits of ''t rajectory difficleIty'',' keep ing in

mind that "b reakilocks" are, II) ikely to occur when tracking in al I

madnual T'V and radar modes.

( 2) Incorpo rate trajectories with more complex maneuvers to cause

var iaitions in az imu th and ci eva tion tracking perftormance

siIoin I t ameous ly.

( 3) Use tinofain liar trajectories with wel 1i-trained suibJects to

dete rmine if a general "good tracker" exists or if numerous repIi -

cat ions are needed to become prof ic ient withi var ions types mif

t ra ictories.

Atfte r basic t rack ing performance has beI nst ib ishe'd, it is recommen-Ided

that add ititonal research be directed it experimenC~t. involving operitor

s-t r.itegvv. Speci tic emphaSiS should be given tol:

I ) Acqu isititon and hand-nttI stuid is where- t rark iio be-gins at vain ins-

slanmt ranges within the lamnch enfve lopc.

(2) Operator strategy in aI countermeasure tO CIV1 llt-llt.

I)Ab iitv of operators to es t imaitcI;i Ianch Ii nIopt- hliv vi soit I.I

and aspect of the ta rge t



Appendix A

TRAJECTORY CHARACTERISTICS

Note:

(1) Plots should be considered as approximate information only since

they have been smoothed graphically to eliminate noise.

(2) Sign conventions:

00

s imu I at ed
SAM site

-900°  +90

t1800

(3) Note that scaling of axes is not uniform across trajectories.

-i --.
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APPENDIX B

SUBJECT CONSENT FORM

Subject Consent for Participation In An Investigation
of Television Tracking Performance as a Function of Aircraft Trajectory

You are invited to participate in a study to determine the effects of
various aircraft trajectory characteristics on television tracking perfor-
mance. We hope to learn which characteristics cause the best performance
and which cause the worst. You are invited to participate in this study
because you are a member of the SRL subject pool.

If you decide to participate, you will be instructed concerning specific

details of your task. You will be tracking simulated aircraft trajectories
using either the azimuth or elevation handwheel on the AFAMRL SAM simulator.
Four trajectories will be presented to you during each fifty-minute session.
You will track for two sessions per day for approximately six days. There
are no known medical hazards associated with this task.

Any information that is obtained with this study and that can be iden-
tified with you will remain confidential and will be disclosed only with
your permission. If you give your permission by signing this document, we
plan to disclose only summary statistical data concerning your performance,

with no personal reference to you. You will be paid your regular salary
while participating.

Your decision to participate will not p judice your future relations
with SRL,. If you decide to participate, you are free to withdraw your con-

sent and to discontinue participation at any time without prejudice.

If you have any questions, we expect you to ask us. If you have any
additional questions later, Mr. ERvan Rolek or D)r. Diana Nelson (258-3960)
will he happy to answer then.

YOU WILL, NI,; GIVEN A COPY OF TIllS FORM TO KEI':P.

YO11 ARE MAK ING A IEC1SION WIIETIIER OR NOT TO PARTICIPATt'E. YOUR St(;NATURF
IND [CA'TES THAT YOU HIAVE DFC IIED TO PARTICIPATE IIAVIN(; REAl) TlHE INF(ORMA-

OION PRO)VI)E) ABOVE.

D;1 t e

AM
UieI'M,

I' i Me 
Si gui t o rc

Signiture of Witness Signaturo of Invv tigator

-s



Appendix C

SAM SIMULATOR DAILY CALIBRATION CIIECKLIST

SAM SIMULATOR DAILY CALIBRATION CHECKLIST

I. Date ________

2. Time______ ___

3. Hardware Condition:

a. Elevation Console (2nd fir) ________

b. Azimuth Console (2nd fir) ________

c. Video Equipment (3rd flr) ________

4. SAM Console TV Monitor Calibration:

a. Elevation Brightness Levels (ft-L)

Sky (center of bkg film) ________

Ground (center of hkg film)_______

Sky (EL = 17', AZ =670, darkest area) ________

Aircraft at 100% Atmospheric Transmission_______

b. Azimuth Brightness Levels (ft-L)

Sky (center of bkg film) ________

Ground (center of bkg film)________

Sky (EL = 170, AZ = 670, darkest area) ________

Aircraft at 100% Atmospheric Transmission

5. Boresight/Aircraft Alignment ________

6. Tracking Error Detection and Scoring ________

1. Strip Chart Comparison:

MAC-580 #1I jl8-7+ J18-8+ .118-9+ 'JlI-7+ 1I8-10+
Channel #/ 1 2 3 4

EL EL, 1"1, 1:1 AZ
lid .Wh. Sight Sight Er r or Ild .W11.
Input Pos Rate S ignalI In1pu t
(.05 (Corn- (Comn- 0(1t ptit (.0)5
V/Line) puted) pu ted) (0).5 V/L'i ne)

(0.5 (0).5 V/Li ne)
V/Line) V/Line)
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J1S-li+ J 18-12+ J1I-3+
6 7 8

AZ AZ AZ

Sighit S igh t Error
Fos Rate S ignalI
(corn- (Corn- Output
puted) puted) (.0)5

(0.5 (.05 V/Linc)
V/Line) V/Line)
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Appendix D

ENSEMBLE TRACKING ERROR PLOTS

Note:

(1) Condition number: means trajectory number

Subject number: means team number

Err: means error.

(2) Plots based on 16 replications for Team 1 and 20 replications for

Team 4.

(3) Sign conventions:

Axis Sign Interpretations

Azimuth + Sight leading target

- Sight lagging target

Elevation + Sight below target

- Sight ahbove target
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Appendix E

CELL MEANS AND STANDARD DEVIATIONS

CELL MEANS OF RMS AZIMUTH SCORES (mrad)

Traj ectory

FLYBY 1B SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY ID
1 2 3 4 5

1 .551 .343 .858 .694 .986
TEAM' _ _ _ _ _ _ _______ _ _ _ _ _ _ _

4 .447 .304 .785 .552 .779

CELL STANDARD DEVIATIONS RMS AZIMUTH SCORES (inrad)

Trajectory

FLYBY 111 SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY 1D
1 2 3 4 5

1 .044 .034 .053 .055 .115

4 .033 .043 .078 .034 .050
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CELL MEANS OF RMS ELEVATION SCORES (mrad)

Trajectory

FLYBY 1B SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY 11)

1 2 3 4 5

1 .408 .247 .688 .465 .588

TEAM

4 .501 .284 .842 .632 .622

CELL STANDARD DEVIATIONS RMS ELEVATION SCORES (mrad)

Trajectory

FLYBY IB SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY II)
1 2 3 4 5

1 .052 .031 .106 .068 .048
TEAM

4 .047 .044 .125 .102 .093
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CELL MEANS OF RMS COMBINED SCORES (mrad)

Trajectory

FLYBY LB SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY lD

1 2 3 4 5

1 .641 .369 1.061 .806 1.045
T EAM_____________

4 .621 .356 1.116 .808 .936

CELL STANDARD DEVIATIONS RMS COMBINED SCORES (mrad)

Trajectory

FLYBY lB SLOW 5A ER S-PASS ER ZIG-ZAG FLYBY ID

1 2 3 4 5

1 .046 .037 .107 .064 .113
TEAM

4 .049 .048 .104 .086 .076
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Appendix F

RESULTS OF TUIKEY lISD TESTS

RESULTS OF TUKEY HSD TEST:. R145 AZIMUTH SCORES

TRAJECTORIES

BEING

COMPARED

< d < 0

U) NC mJ_ _ _ _

0 >-C) DIFFERENCE
-. I: a: -
(n U) W w - BETWEEN TUKEY SIGNIFICANCE

MEANS STATISTIC

.167.54 NS

-. 323-.13.84

.14-.5.31 NS

-. 384-1646

-. 499-21.38

-. 300-12.86

.1998.53NS

-. 061-2.61NS

Note:

(t) NS: Not Significant

(2) Critical Value: 9.01, 5. 4 9.96

(3) Hesults also shown on Figure 1 2.
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RESLLTS OF TrUKEY 11SI) TrEST: RMS ELEVATrION SCORES

TRAJECTORIESI BEING
COMPARED

0

cc ccDIFFERENCE
Lw IL BETWEEN TUKEY SIGNIFICANCE

cli MMEANSSTATISTIC

.189 11.62

-. 311-19.12

.04-5.78 NS

-11-6.21 NS

-. 500-30.74

- 283 -17 40

.0070.3N

Note-

(1) NS. Not Significar-t
(2) Critical Value. 9,01. 5. 4 9 96
(3) Results also shown on Figure 13.



RESULTS OF TUKEY HSI) TEST: RMS COMBI3NED SCORES

TRAJECTORIES

BEING

COMPARED

100.
> 0 U) N co DIFFERENCE

-J - i -. 1Li. U) WU iU Li. BETWEEN TUKEY SIGNIFICANCE

-0 MEANS STATISTIC

.268 13.54

-.458 -23 13

-.176 -8.89 NS

-. 360-18.18

-76-36.66 -

-. 444-22.42

-6E-31.72

.282 14.24

.084.95 NS

-. 184 .9.29 NS

Note.

(11 NS. Not Significant

(2) Critical Value. 9.01, 5, 4 9.96

(3) Results also shown on Figure 14.
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