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This s*uuv was conducted to determine {if more accurate transformations of digital tarratn
data would significantly increase the perceived 1image quality or training effectiveness of
simulated rader imagery. While an increase in accuracy produces s more detailed fmage, 1t also
requires more computer time to generats and therefore increases the cost of database development.

Seven KC-135 navigators svaluated simulated radar images, generated at six different levels
of transformation accuracy, for usefulness in navigatfon and for training navigators. Anslyses
show that transformations which are more accurate than current standards do not produce
perceptible increases 1n {image quality or 1n rated training effectiveness, Before final
conclusfons ars drawn, howsver, this study should be replicated using a Tlarger sample of
navigators with low altitude requirements and simuiated images from lower altitudes.

e o /
N R .
' ;
R 1




Pt ar P g oV WY A AP

v -
PLLR

[ e

TER ST

v
a_

s sl giongs 2

[ i

T

-
.

L At

TURE T T Y T

-
.
v

3
B )

b
.

i

RSN VERE A LS

e VR

PREFACE

This project was conducted in support of the Air Force Human Resources Laboratory's
Teachnical ?lanning Objective 3, Airzrew Training. Tha gosl of this effort is to develop
cost-effactive strategies and equipment for adrcrew training. This experiment was
conaucted under Work Unit 6114-33-01, Analysis of Imegery for Evalustion.

The goal of this experiment was to determine 1f fncressing the digftal terrainm
transformation accuracy would increase the apparent image quality and perceived training
effectivaness of simulated radar images. Results show that increates in transformation
accuracy over current standards did not produce noticeable changes in efther the quality
or the perceived training value of simulated ground wapping rvadar images. Simulated
images produced withk less accuracy, however, were judged to be of poor quality and not
useful for training navigatore. Therefore, the current standard for vertical
transformetior. accuracy repressents an appropriate cowpromise between cost and training
effectiveness. MHowevar, operational navigators who served as subjects recommend that
this study be replicated with lower altitude imagery bsfore drawing final conclusions.

The authors wish to thank John Stengel of the Asronautical Systess

Division/Engineering for providing the stimuli and the navigators cof the 161st Air
Refueling Group, Arfzona A‘r National Guard, who participated as subjects.

11



1.

11,

111,
v,

REFERE

Figure

Table

TABLE OF CONTENTS

llTRoDmTloN...............I....l‘......'.‘.ll

METHODs ¢ o o o o ¢ - o ¢ o o o 60 060 00606806606 ¢¢06¢0saeasesseos
Applrltut ®© 8 9 0 € T O 0 8 6 4 S T S G S OGP GG B O E S IO SEOEE
SUDJECtSs o ¢« ¢ ¢ ¢ 0 ¢ o 0 0 0 0 0 0 6 000 0000 0 e 0000000 e
Procedure o « ¢ « ¢ ¢ o o 0 ¢ ¢ 060666066 ¢ 060666006000 assee0s 0o
RESULTS ¢ ¢ ¢ o ¢ ¢ o o 6 0 60 ¢ ¢ 0660060690606 0eosses0e00s000

Dlscusslo“o'-'c-oc.tov....n...uc.c..clt:l..l-

NCES.-.ocaoo.0000000'000...000.000.00.0..'

LIST OF FIGURES

Simulated redar image produced with weight = 0,6 (see text); this 1s the most
accurata transformation in the stimulus set., Altitude s 10,000 feet; range
1s 30 NM; north 1s at the top. This image was produced from terrain

elevation dats only and does not contain any surfece festures . . « « ¢ o o »

Simulated radar 1..‘. producod with '.1'ht s °o°o O EEEEEREEEEEEE

Simulated radar image produced with weight = 1, This s the current standard

2..........00...!

simulated radar image produced with weight

Simulated redar image produced with weight

‘..............I.

Simulated radar image produced with weight =~ 6. This is the least accurate
transformation fn the stimulus 8€ts & o ¢ ¢ ¢ o ¢ ¢ 0 5 ¢ 06 6 0 a ¢ 0 ¢ a oo

Thurstone scales of preference data, Higher scale values indicate grester
preference, Lowar transformation accuracy weights {ndicate greater fidelity.

LIST OF TABLES

Mean Rankingl of xllﬁ. QUATItYe o o o ¢ ¢ » ¢ 6 6 06 ¢ 0 0606 06686 e¢06 060600

Mean Ratings of Usefulness for Training Navigators, . . o ¢ o o ¢ o o ¢ ¢ ¢ o

i

Page
PO |
P |
. 1
. 8
. 8
. 8
.« 10
« 1
Poge
« 2
« 3
« 4
« &
« &
« 7
.« 9
Page
« 9
« 10

v v e e




A
k]
s

——
1
L)

.
0

: o 4 LUl
I A
o R B

4

7/

N

W
s B

el

'
»

LRI
PN
.

Te T 1TV
P
t

e

.
A

B

[ Sy
R
B+

P
A R R

R
. .
[ B

v
*

.

R
e rs
".’.'.‘".i

v
s
2

v
-

£ "

o
7

RS
O]

Y E S PR Y X Y T PR T T U W R T T U E T T T N L VT TR T T T WL W WIWTET VT VT ETY CRTWOW OW DWW S T LELN TRV

FLIGHT TRAINING SIMULATORS: EFFECTS OF
TERRAIN ACCURACY ON SIMULATED RADAR IMAGE QUALITY

I. INTRODUCTION

This preliainary experiment wes conducted to determine if a more detafled transformation of
digital terrain data would significantly {increate the trafning e’fectivaness of simulated radar
imagery. The results failed to show any signi{ficent incresse in the perceived -mage quality or
the perceivad tratning value of the simulated radar imsgery produced frum the mors detailed
transformations.

One varfable influencing the fidelity of simulated radsr imagery 1s the nuaber of polygons or.

faces used to model the earth's terrain. Current digital radar landmass sfauletors (DRLMSS) rely
on digitzl data provided by the Defense Mapping Agency for terrain elevation information, These
data typically consist of tsrrain elevatfons at intervals of 100 meters, A DRLMS transformatfon
program fits polygons around these elevation values to depict the terratn., The transformed
terrain dats sre then merged with surface fasture Information and stored for use in the real-time
sisulation,

One variable 1in the elevation data that {nfluences the transformattion program 1s terrain
roughness, For perfectly flat ground, roughness equals 26ro, and for moentains, roughness can oe
greater than 10, In effect, roughness measures the rate of elevation chenge between data posts
in a geographic region, The transformation program fits polygons about the elevation posts using
an fterative process in which the simulated terrain is tested against a criterfon @cisuring
transformation accuracy, Thig accuracy c¢riterion 4s inversely releted to roughness, As
roughniss incresses, terrain accuracy decreases; allowable difverences between the elevatfons in
the source data and the elevations of the transformed data increise. Simulated terrain
slevations are, tharefore, highly &ccurats for fFlet teFrain and Teds wuccurate fFor rough or
mountainous sreas. This accuracy criterion influences tha number of polygons and, therefore, the
fidelity or realism of the simulated radar scens, Additional polygons are added, in an fterative
manner, until the specified criterifon 1s wmet, Because of tha {terative nature of this
transformation process, the accuracy criterifon directly influences the number of polygons and the
length of time required to transform the digital terrain data, Since the accuracy criterfon
fnfluences the length of time requirel to complete the transformatfon process, it also affects
the cost of developing the simulation., Therefore, radar simulations Of the same arss produced
using differant accuracy criteria can differ significantly in both fidelity and cost,

Because fidelity and cost are both directly related to the accuracy criterfon, 1t Is
important to deteraine the relation bDetween the fidelity of the simulated radar scene and its
training effectiveness, As Roscoe (1980) points out, beyond a certain point, {ncreases in
simulatfon fidelity produce 1ittle or no incresse in training effectiveness. The purpose of this
experimant was to determine tie relation between six leve!s of transformation accuracy and (a)
the perceived similarity of the six simulated radar images and (b) the perceived training value
of those images.

11, METHOD

Az:urutus

A mai{fied KC-135 DRLMS, normalily used for engineering development, was used to transform and
display an area 40 miles southeast of XKnoxville, Tennessee, Six separate transformations cf the
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digital terrain elevaifon data for this srea were produced using different accuracy criterfa.
With the apparatus available, {t was not possible to directly wmanipulate transformation
accuracy. It was possible, however, to change vertical accuracy by altering the terrain
roughness criterion. <Since the transformation accuracy raquirement decresses with {increasing
roughness, wmultiplying terrafin roughness by weights less than one has the effect uf increasing
transformation sccuracy. Likewisw, wultiplying roughness by weights grester than one preduces
less accurate transformstions. The weights used fn this experiment were 6, 4, 2, 1, 0.8, and
0.6. These transformed torrain elevation dats were used to produce simuleted radar imuges at 18
and 30 NN ranges. The fmwages were equivalent to ground mapping radar from a KC-135 flying at
10,000 feet above sea Tevel. 6lossy, black-and-white photographs were odtaincd for each of thess
12 sisulated radar images, Figures 1 through ¢ are the different transformations of the 30 NN
imegery. Figures 1 and 2 were produced with weights of 0.6 and 0.8, respectively; these {imeges
are mors accurate than Figure 3 which 13 the current standard with weight of 1. Figures 4, §,
and 6 are less accurate transformations with weights of 2, 4, and 6, respectively.

Figure 1. Simulated radar {mage produced with weight = 0.6;
this 1s the most accurate trinsformation in the
stfmulus set. Altitude 1s 10,000 feet; range s 30
NN; north is at the top. This image was produced
from terrain elevation data only and does not contain
any surface features.
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Figure 2., Simulated radar image produced with weight = 0.8,
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Figure 3,

Simulated radar image nroduced with weight = 1.
{s the current standard.
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Figure 4,

Siaulated radar 1mage produced with weight = 2,
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Figure 5. Simulated radar image produced with weight = 4,
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Figure 6.

Simulated radar image produced with weight = 6. This
i1s the jeast accurate transformation in the stimulus
set.
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Subjects

Seven KC-135 navigators from the 161st Afr Refueling Group, Arfzona Afr Natfonal Guard,
participated in this study. Each subject was operationally qualified and current,

Procedure

Subjects were tested 1individually and asked to Judge the quelity of the simulated radar
imagery. At the beginning of the experisent, each navigator was briefed on the purpose of the
experiment and was given & 1:50,000 navigation chart of tha area, Each navigator was also given
a pair of dividers and & 30 NN sisulatad radar fimage with an accurscy criterfon of 1.0 (Figure
3). The navigators were thes asked to orient themselves and to {dentify several prominent
terrain features to ensure they were able to courrectly interpret the image. All sudjects were
able to do this without difficklty.

Following this introductfon procedure, each navigator evaluated the quality of the 30 WM
simulated imagery by performing three tasks: preference, ranking, and rating., The thres tasks
ware then repeated for the 15-mile range. al1! tasks were self-paced and tuok upprorisately 30
minutes to complete. After data collection, subjects were asked 1f they could offer any commsnts
or suggestions about the oxperimental procedures or materials.

In the preference task, each image for & specific ranga was paired with sach of the other
images for that range. Each pairing was presented twice {n rancom order for a total of 30
Judgments; the position of the 1images was counterbalanced, The subjects were {nstructed to
indicate which image In each peir they would rather use in navigation tasks and to 1indicate a
preference even if differences between the images were very slight.

After coiplcting the preference task, subjects ranked the six images from bast to poorast

quality. To perform this task, subjects were given al!l six images and {mstructed to arrange them
on a table until vhey were satisfied with the order.

It 1t possible that even images judged to be poorer In quality than others may be considsred
adequate for training. Likewise, it is possible that simulated images ranked as better than all
others may be Judged fnadeguate for effective training. Yo test this, subjects were 2lso asked
to rate each image on a five—point scale of °“uUsefulness for Training Navigators.® The scale
anchors were °1. Excellent; undistinguishadble from afrcraft radar,” and, ®"5. Unacceptable; not
useful for training.*®

111. RESWLTS

The preference data weie analyzed using & Thurstone scaling approach that converted the data
to an equal-interval scale of porceived quality (Baird & Homa, 1978, Chapter 7, Nunmaly, 1978,
Chapter 2). The zero point of this scale is arbitrary, and the interval betwesn images 18 based
on standard deviations computed from the unit normal distribution. Figure 7 shows that for the
30 ¥M range, the three most accurate trens‘orsatfons, weight = 1, 0,8, and 0,6, form a tight
cluster. tThis clustering indicetes that these three images ere not discriminably different from
each other. The results for the 16 NM rangs usre different. They show that the two most accurate
transforsations, weights of 0.8 and 0.6, are not discriminable from each other, and that the

third most accurate wefght of 1 145 discriminably poorer than the iwo wmore accurate
transformations.
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2 Transformation Weight

) 4 2 0.8,1 0.6

: Range * ~l( | - \L-

N 1 1 T

SONM 0.5 1 1.5 2 2.5

Thurstone Scale Vaiues

Transformation Weight

! ] 6 4 2 1 0.8,0.6
o omane b )

N 15 NM o 0.8 1 1.8 2 2.8
P Thurstone Scale Values

Figure 7. Thurstone scales of prefereace data. MHigher scale values
indicate greater preference., Lower transformation

L)
1S

. ecouracy wefghts indfcate greater fidelity,

j':'_i The mesn ranking dats are summarfized 1n Table 1. A Friedsan Hult{ Sample Test (Bradley,

2 1938, Chapter 8) indicates no significant differences among the mean ranks for the thres more

- accurate transformetions (alphe = ,06) at efther range. However, the differenses bLstween the

1 medn renks for thess transformations and the next trensforaztion level, 2, was significant (p<

u .06) for both ranges. These results indicate that the three most accurate transforsations were

not perceptibly differeat from sach other and that the next Jeve! was consistently ranked as

L Tower in quality.

v

L .

:.j, Teble 1. Nean Rankings of Imege Quality

B/

¥: Weighting Factor ‘
‘\1:‘ ”n.. “ . ‘ 2 ' ‘ o.. 0.‘ ?
“7, |
}_:. 30 8.8 8.4 3.6 3.0 1.6 1.9

-,H “ ..‘ 556 ,07 2.’ 2.0 106

o ,

& The mean rated ﬂ;uning value of each fmaga s shown fn Tadble 2., These data were analyzed

usfng a one-way analysis of varfance (Winer, 1971, Chapter 4). These analyses show that the
ratings assigned to the three most accurate transformations were not significantly differsnt from
each other for efther ringe (alpha = ,05) and that the mear ratfng vTor these 1mages was
stgnificantly higher than the next most accurate transformation level,
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Table 2. Mean Ratings of Usefulness for Tratning Navigators

Weighting Factor

Range, NM 6 4 2 1 0.8 0.6
30 4.7 4.6 2.9 2.4 1.6 1.6
1% 4.9 4.9 3.7 2.6 1.9 1.7

IV. DISCUSSION

Ths present project addressed two major questions. The first question dealt with the level
of fidelity or realism that 13 necessary to produce an adequate simulatfon, In this study,
increasing fideiity was achieved by {increasing terrain vertical accuracy; {1.e., changing the
accuracy criterion. Increasing transformatio:z accuracy significantly increases the processing
time necessary for the DRLMS to transform digftal data base information into a simulated radar
image. Compared witk the standard transformation, weight = 1, the most accurate transformation
with wefght = 0.5 required 25% more processing time while the ieast accurate, weight = 6,
required 39% less time. The data obtained from the preference and ranking tasks indicate that
transformations with wetghts of 1, 0.8, and 0.6 are perceptually simiiar tu one another.
Therefore, {ft can be concluded that {ncreasing the flidelity of the simulation by using a
weaighting factor less than 1.0 produces no significant gain in the percefved quality of the
simulatad image.

The second question addressed by the present study concerns training effectiveness. The
preference and ranking tasks assess the discriminability of the stimuli but not thefr usefulness
for training. The rating data, however, show that the thres more accurate transformations are
Judged to have equal trafning value and to be signiffcantly more useful thin the less accurats
images. According to Roscoe (1980), increasing realiss beyond some point can 1increase cost
without Increasing training effectiveness. These results support Roscoe's assertion. For both
ranges, radar simulations produced with ncrmal accuracy, weight = 1, (a) are findistinguishable
from more accurate sfmulatfons with weights of 0.8 and 0.6, (b) have the same treining value as
the more eccurate transformations, and {c) can be produced at significantly Jlowsr cost. Although
the training effectiveness of each level of simulatfon fidelity cannot be tested, 2 reasonadls
assumption 1s that {1f operational navigators cannot reliably distinguish between the various
levels of transformetion accuracy, then these simulations should have approximately the same
training value,

The subjects were asked to comsient on the experimental msterials and procedures. The
altitude of the stimulus {images, 10,000 feet, was consistently mentioned &s &t problem. Thesn
subJects were navigators on KC-135 aircraft, which normally fly at altitudes above 30,000 feet.
Other afrcraft, such as B-52s or FB-111s, typically fly at less than 1,000 feet above the highest
Tocal terrain. Th» stimulus images produced at 10,00C feet are therefore not representative of
nearly all Afr Force navigation environments. Since the effect of transformation accuracy on
fmage quality 1s more pronounced at low altitude than at high altitude, a level of transformetion
sccuracy which produces acceptable images for low altitudes will alsc produce acceptable images
for higher altitudes. Before a final decisfon is made, the present experiment should be repeated
using lTower altitude radar imagery and navigators fam{lfa: with Jow altitude missions,
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