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FOREWORD

This report documents a study conducted in I 977~78 by the Hughes Aircra ft Company for the
Naval Weap ons Center , China Lake, California. The work was camed out under a target acçi~~t lon
program supp or t ed  by t h e  N a v a l  A i r  Sys tems  Command under Airt as k
A03A3400/0088/7F55-5254’JOo, with Jeffrey D. Grossman as the technical monito r.

The Naval Weapon s Center Is conducting analysis and experimentation on several aspects ci
target acqu isition , including detection and identification of targets by airb orne sensors — sell as
direct vision. An algorithm has been developed which re1ate~ targe t acqui sition performance to
~~apon delivery . This report describes a study to impr ove the ~~ta base required by the algorithm.
The program to furt her expand this data base is cont inuing
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(U) Detection of Multiple-Vehicle Targets in Realistic Terrain, by L.
A. Olzak , Display Systems Department , Hughes Aircraft Company. China
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(U The interactive effects of target and background characteristics
upon visual target acquisition were investigated. Five multip le-targe t
conditions that varied in number and configuration (single tank , group of
3 tanks , convoy of 3 tanks , group of 9 tanks , and convoy of 9 tanks)
were embedded into oblique aerial photogra phs of real terrain. Proximity
of the targets to major roads in each scene was manipulated to a ssess the
effects of local context on detection performance. Terrain complexity
was evaluated by a subjective scale of scene heterogeneity. Results from
a visual search experiment indicated that performance improve d as the
number of tanks comprising a target increased. An interaction between
number of targets and proximity to roads suggested that  local context is
a relatively more important performance predictor when searching for
single tanks than when searching for multi ple targets. The heterogeneity
measure was found to be an inadequate predictor of detection
performance. An approach for the development and imp lementation of
valid predictors of detection performance was suggested.
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INTRODUCTION

The successful prediction of visual target acquisitioti depends
both on the identification of relevant parameters and on the application
of an algorithm which combines measures of these parameters in a
meaning ful way. For such an algorithm to be useful in a field situation ,
it must contain components which are easily evaluated and integrated.
Numerous studies have been conducted to isolate important character-
istics on the basis of their independent effects on pe rformance , and
several models have been developed in which these parameters are com-
bined into a predictive equation . 1, 2 Many of the models developed ,
however , are dependent on exacting physical measurements and comp lex
integrative schemes . Althoug h such models may make a contribution to
the understanding of the target  acquisition process , at their present
level of development , they are not useful in the field . In addition , the
current  models tend to be limited in scope and gene rality; most have
employed abstract stimuli and few incorporate multiple target confi gura-
tion s , terrain effects , or inte ractions of ta rget and scene
character is t ics.

V 

A review of recent experimental and modeling literature rele-
V vant to the cur ren t  stu dy is provided below . Several different approaches

are  summar ized ;  the major  areas of focus have been: a) target charac-
terist ics , b) overall analysis  of backgroun d characte ristic s , c) elemen-
tal analysis of background features , and d) the ta rget acquisition process .

TARGET CHARACTERISTICS

In mos t of the current  mathematical models , targets have been
modeled as separate elements against uniform backgrounds . A sin gle
target  has been the most frequently employed element and has been

Naval Weapon s Center.  Target Acquisition Model Evaluation:
Final Summa ry Report , by C.P.  Greening , Autonetics Division , Rock-
well International. China Lake , Calif . ,  NWC , June 1973 . (NWC
TP 5536 , publication UNCLASSIFIED.)

Naval Weapons Center ., Target Acquisition Model Evaluation:
Part 2. A Review of British Targ~ t Acquisition Models, by
C. P . Greening , Autonetics Division , Rockwell Inte rnational. China
Lake , Calif . , NWC , Augus t  1974, (NW C TP 5536 , Part 2 , publica-
tion UNC LASSIFIED.)
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generally characterized in terms of shape or a geometr ic
V 

approximation , apparent size , or apparent contrast. ~ Although these
parameters have been found to be useful when targets are presented in
isolation against uniform backg rounds , Scanlan4 has demonstrated that
detection pe rformance is significantly degraded by the presentation of
ta rgets in realistic backgrounds . For example , while detection time
for sing le targets in uniform back grounds ave raged 1 to 2 seconds ,
identical targets within realistic scenes required between 20 and 40 sec-V 
onds. It is clear from this time difference that targets in real world
situations need to be investigated in context . While independent mea-
sures of target features have some predictive power , measures that
capture the interactive relationshi ps between target and back ground
should add to this capability.

Zaitzeff 5 has addressed thi s problem in a study which included
absolute physical measures  of target  characte ristics , measures of
background features , and seve ral variables that incorporated the rela-
tional aspects between targets  and back grounds . Using a facto r ana-
lytic technique , seven parameters  which contributed significantl y to the
prediction of target detection performance were isolated from a set of
15 potential parameters . Two factors were found to specif y target
characterist ics  ( t a rge t  length and width) , two were  concerned with back-
ground complexity (heterogeneity and bri ghtness element counts),  and
the remaining three measured target-background relationships (target
contrast , detail contrast , and ambiguity or number of confusion
elements). A rid ge regression analysis using the seven variables as
predictors accounted for 79 percent of the variance; target and target-
back ground interactions were  found to be the most powerful predictors ,
while back ground complexity measures were found to have the least
predictive value. It was suggested that furthe r research would be
necessary to establish the relationship between scene comp lexity and
search effectiveness.

Naval Weapons Center. Review of Mathematica l Models of Air-to-Ground Targçt
Acquisition Using TV and FLIR Sensors, by A. D. Stathacopoulos , H. F. Gilmore and
G. Rohringer . General Research Corporation. China Lake , (‘alif. , NWC , January 1976.
(NW C TP 5840 . publicat ion UNCLASSIFIED. )

‘~ Hug hes Airc raft Company. Target Acquisition Model Development:
Effect of Realistic Terrain, by L.A . Scanlan , Display Systems Depart-
ment , Hughes Aircraf t  Company. Culver City, Calif. , December 1976 .
(HAC TP P76-484 , publication UNC LASSIFIED .)

The Boeing Company . Target Background Scaling and its Impact on
the Prediction of Ai rc rew Target Acquisition Performance,  by L. P.
Zaitzeff , Aerospace Group , Boeing Company . Seattle , Wash . ,
December 1971 . (AD737693 D 180-14 156-1 , publication UNCLASSIFIED.)
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The results of research efforts in which single targets were
employed demonstrate that although target characteristics are useful
parameters in the prediction of detection performance , their interac-
tion with background characte ristics must also be conside red . There
is some evidence, howeve r, that the contribution of scene character-
istics is diminished when multiple, rather than sing le targets are
employed.

The term “multiple targets ” may refer to two different types of
acquisition tasks . The first is actually a search for multiple single
targets in that several targets are wi~ ely spaced within a scene. Detec-tion is simila r to that expected for a sequence of single tanks , a lthough
Whittenburg has reported that detection of one target  may inhibit search
and detection of other targets in this situation . 6 The second type of
multiple target  search occurs  when targets are grouped closely enough
to fa l l  wi th in  the  o b s e r v e r ’s fovea! or  parafovea l reg ions , which are
g e n e r a L l y taken to be about 1 and 5 degrees , r e spec t ive l y. ~ Ges ta l t
theory and research provide evidence that such groupings are perceived
as a single pattern , which is easier to detect than a single target be-
cause of increased angular subtense which must vary directly with num-
ber.  Up to some limiting area (beyond which the parafoveal region is
exceeded), patte rns perceived as a unit should grow increasingly easy
to detect as the number of single elements within each increases.7,8
Some support for this is found in laboratory studies emp loying abstract
multiple targets. It has been repo rted that as number and similarity of
targets increase , detection performance increases correspondingly.9

Further evidence supporting this prediction has been reported
by Hilgendorf and Milenski. 10 A terrain board was used to simulate

6
U.S. Army Aviation Human Research Unit. Research Memoran-

dum: Research on Human A_erial Observation Part III: Summary Data
from Tactical Field Tests, by J.A . Whittenburg , C. Barlow , K . L .
Deveney , R. D. Warne , and A . L. Schreiber, U.S. Army Aviation
Human Research Unit, Fort Rucker , Alabama, .Ju ly 1960. (AD 452
708, publication UNCLASSIFIED .)

7Le Grand . “Measurement of the Visual Stimulus ,” in Hand-
book of Perception, ed. by E.C. Carterette and M.P. Friedman.
New York , Academic Press, 1975. Chapter 2, pp. 25-55.

8L. Zusne. Visual Perception of Form. New York: Academic
Press, 1970.

9W.R. Uttal and T.E. Tucker. “Complexity effects in form detec-
tion,” Vision Research, Vol. 17, 1977, pp. 359-365.

V 10 Aerospace Medical Research Laboratory . SEEKVA L project IA 1:
Effects of Target Number and Clutte r on Dynamic Target Acquisition,

V hy R . L. Hilgendorf and J. Milenski, Aerospace Medical Research
Laboratory , Wright-Patterson Air Force Base , Ohio, January 1976.
(AD A 024 166 , publication UNCLASSIFIED .)
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diffe rent target numerosity and clutte r density conditions for the Joint
Task Force project SEEKVAL. G roup confi guration s of 1 , 3 or 9 tanks
were placed in close proximity to a vary ing number of clutter objects
(0 , 30 or 60 trees per unit area). Under all conditions of clutter , the
multiple target groups were easier to detect than a sing le target .  Al-
though neithe r the clutter main effect nor the target  number-clutter
interaction was significant, clutter effects appeared to be more pro-
nounced with a sing le tank than with either of the multiple con.figura-
tions. The results of this study confirm the numerosity expectation
based on Gestalt theory; in addition , some evidence is provided that
background effects interact with target  riumerosity , with background
effects being relatively more important in the sin gle -target acquisition
task.

11A stud y reported by Barnes  in which number of targets ( 1 , 4
or 7) ,  configurat ion ( l inear  or random) , S I N  ratio , and target-background
contrast were manipulated revealed significant effects due to target
number , configuration and contrast .  The numbe r effect  was largely
due to a d i f ference  between the sing le target  and the multiple targets ,
as no d i f f e r e n c e s  w e r e  f o u n d  be tween  four  and seven  t a r g e t s . Con-
fi guration was  found to inte ract with contras t . Linear  configurations
w e r e  significantly easier to detect than random pat terns  when the tar-
gets were  dark , but no diffe rence was found when they were  light .
S- -N ratio did not have an effect , which was attributed to the restricted V

range used in the expe riment .

In genera l , the results  of experiments which include multiple
targets  suggest  that back ground cha racteristics become less important
as the number  of multiple elements comprising the target increases .
For predictive purposes , the measurement  of these back ground cha rac-
ter is t ics  wil l  be part icularly important for single target  situations ,
where  their  relative contribution is greater  than with multiple targets .
A lthough the evidence points out the importance of these back ground
characteristics , th e lack of significant results when background com-
plexity is manipulated suggests that a good measure of complexity is
not yet available . In the next section , several approache s to the prob-
lem of background complexity measurement will be reviewed.

GLOB .~L MEASURES OF BACKGROUND CHARACTERISTICS

Several psychological scales have been developed for rating
sce n es on overall complexity. In the study described in the previous

II Naval Weapons Center. Display Size and Target Acquisition
Performance, by M.J. Barnes , Systems Development Department,
NWC . China Lakc , Calif., J a n u a r y  1978 . (NW C TP 6006 , publica-
tion UNCLASSfl~”IED.)

6
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section , Zaitzeff 5 employed a heterogeneity scale which  required
subjects to rate scenes in te rm s of overall busyness  (i . e .,  variations
in texture , b r igh tness, objects and spacing).  The significance of thisV 

measure was marginal and its inclusion in the regress ion  equation con-
tributed little to the predictive power of the function .

The hete rogeneit y measure  was also employed in a stud y by
Ciavarelli , Wachte r , and Lee 12 and was found to be reliable among
subjects , and to consis tent l y sepa rate desert , ru ra l  and urban scenes .Differences  among the inte rmediate r u r a l  scenes , however , w e r e
minimal . A s imi la r  resul t  was found by Scan lan , ~ who also employed
a subjective complexity ra t ing scale in the c lass i f ica t ion of aerial ter-
rain ph o t o g t a r i l 3 . Extremel y simple and extremel y complex back-
g roun ds ~v e r e  widely sepa rated on the scale and predictive of detection
pe r fo rmance . Int e rmed ia t e  values showed a hi g h degree of variability,
and were  t h e r e f o re not  inc luded  in t he  de t ec t i on  stud y.

The results of these studies suggest  that a global rating scale isa dequate to d i f fe ren t ia te  extreme di f ferences  in t e r r a i n , but is not sen-
si tive to the f i n e r  d i f f e r e nc e s  found among most r u r a l  t e r ra in s , which
neve r the le s s  a f f ec t  detection pe r fo rmance . To isolate some of these
less obvious d i f f e r e n c e s , bac k grounds have been measured in a more
elemental m an n er  b y severa l  investi gators .

E LEMENTAL ANALYSIS OF BA CKGROUN D CHARACTERISTICS

A l a r g e  collection of elements in back ground scene s that may
affect  detection pe r f o rmance  have been isolated . The most useful ofthese fall into measu remen t s  of texture , c l u t t e r , and context features .
Texture is general l y measured  by photometric m ethods , and has been
found to be a si gnif icant  factor when measured n e a r  the t a rge t  area . 13
It may also be useful  in classif ying t e r ra in  types l4 and has been used
as a de sc r i ptor in overall background anal yses . 12 , 5

I’- Naval Weapons Cente r . Terrain  Classificat ion Stud y, byA . Ciavarelli , L . Wachte r , and W. Lee . Research  and Engineer ing
Division , Boeing Aerospace Company.  China Lake , Calif . ,  NWC ,May 1975 . (NWC TP 57b 6 , publication UNC LASSIFIED .)

13 L .M . Biberman (ed . )  Perception of Displayed In formation. New
York:  Plenum Press , 1973 .

V 
. ‘4 J .  Weszka and A.  Rosenfeld , “A comparative study of texturemeasures  for  te r rain classification . ” In Proceedings of the confer-

ence on ConWuter Grap hics, Patte rn Recognition, and Data Structure
of the insti tute of Electrical and Electronics Engineers  Computer

~~~~~~~~~~~~~~ New York:  Inst i tute of Electrical and Electronics Engi-V

t 

nee r s , 1975 . Pp 62-64 .
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Clutter and context elements categorize scene characteristics
into those that share visual features with the target and those that do
not. Compared to the target , clutter elements are of simila r size ,

V contrast , color , or shape ; their effect on the observer is to increase
processing demands and therefore degrade detection performance.
Context elements , on the other hand , do not share features with the
target and may include elements such as roads , lakes, treelines , and
steeply graded terrain. Context elements serve to decrease processing
time by acting as cues to areas which may contain targets or cues to
areas which are unlikely to contain targets.  The net effect of context
is to facilitate an active search pr ocess by reducing the area to be
searched.

Clutter has been both specifically manipulated 1 1 and measured
by counting the number  of elements present  in a natural  scene that might
be confused with a pa rticula r type of target. 12 While it seems likely
that clutter has a reliable effect on detection performance , the func-
tional relationship between clutte r and target detection performance
has not yet been adequately def ined . Clutte r has been incorporated ,
nevertheless , into at least one mathematical model in the form of a sub - V

jective rating of tota l amount of clutter. 15

The effects of context elements are not yet well understood , but
preliminary anal yses of eye-movement data obtained while observers
searched natural terrain indicate that search patterns are both spatially
and temporally correlated with particular context elements. 16 How-
eve r , furthe r research  is necessary  before the elements will be useful
in the prediction of detection performance.

TARGET ACQUISITION PROCESS

Another  approach to the prediction of detection pe rformance has
been to model a system in which the outside world is the primary source
of information and the ope rator is a terminal processor . A simplified
system is illustrated in Figure 1 , and is an example of the multiple

15 Rand Corpo ration . Target Acquisition through Visual Recogni-
tion: An Early Model, by H .H.  Bailey, Rand Corporation . Santa
Monica , Calif . ,  Rand Corporation , September 1972 . (Technical
Report P-49 18 , AD-A030 699 , publication UNC LASSIFIED .)

16 Hughes Aircraft Company. A Behavioral Model of Target Acqui.
sition in a Realistic Terrain,  by L.A. Scanlan and A . K . A gin , Dis-
play Systems Department, Hug hes Ai rc ra f t  Company. Culver City ,
Calif . ,  Hughes Aircraf t  Company, February  1978. (P78-70 , HAC
Ref No . D8983 , publication UNC LASSIFIED , )

8
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RESPONSE

FIGURE 1. A Simp lified Target  Acquis i t ion  Model .

1, 3, 4, 17component process  models  f requency emp loyed in this  approach.
Realistic backgrounds  and targets  are  elements in the vi sual world ,
but in te rven ing  components such as atmosphere, a i rc raf t , sensor,
display ,  and peri pheral  v isua l  systems may modif y this input. In
addi tion , this information may be furthe r modified by the observer. In
a dynamic system , this information may interact with the modifications
of the observe r .

Modeling efforts have concentrated on the intervening components
of the system . Atmosphere , l , 3 the visual system , 18 and sensor di s-
play system s 3 have all been modeled to the extent that their physical

17 Martin Marietta Aerospace Company . Air- to-Ground Target
Acquisition Source Book: A Review of the Lite rature, by D . Jones ,
M . Freitag , and S. Collyer , Martin Marietta Aerospace Company.
Orlando , Fla . ,  Martin Marietta Aerospace Company , September 1974 .
(Technical Report DR 12 470, AD-A0 15 079, publication

V UNCLASSIFIED.)

A .  D. Schnitzer. “Theory of spatial-frequency filtering by the
human visual system, I. Performance limited by quantum noise , II.

V Perfo rmance limited by video noise. ” Journal of the Optical Society V

of America , 1976 , vol. 66 , pp. 608-625.
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states may be measured. Recently, a Markov model of the observer ’ s
search process ove r time has been employed with some success . 16 In
general , however , complete and effe ctive models of the visual world ,
the observer , and the inte ractive properties of these two components
have not yet been developed. The need for more info rmation from the
type of studies described in the previous sections is clear , both within
the context of processing models and within the framework of practical V

field prediction .

The present study was designed to investigate both the independent
and the interactive effects of several target and background characteris-
tics on detection pe rformance in a realistic situation . Target charac-
teristics were expe rimentally manipulated by embeddin g five diffe rent
combinations of number of ta rgets and target configurations into low
altitude oblique photographs of real terrain . Target proximity to major
roads was manipulated to assess local context-target interactions and
scenes were classified into one of three complexity levels based on
heterogeneity ratings performed in a previous study. 12 The present
experiment was in part intended to evaluate the adequacy of this mea-
sure for prediction of detection performance. Although an integrative
model is not develope d in the current  stu dy, an approach toward the
goal of an easily used , valid prediction algorithm is suggested.

t

10
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Twelve aerial photogra phs of te r rain representing a variety of
background complexity levels were each embedded with five combina-
tion s of target numbe r and conf i gura t ion . Three levels of backgroun d
complexity , measured by the he te rogene i ty  scale p reviously developed
by Ciavarelli et. al. , 12 were  each represented by four  scenes. Two
of these scenes contained targets located on or near roads , while the
remaining two contained ta rgets pla c ed distant from roads in the scene.
The target combinations represented were  a sing le tank , a group of
3 tanks , a convoy of 3 tanks , a group of 9 tanks, and a convoy of
9 tanks .

Five groups of subjects were  shown all back ground scenes; how-
ever , any one group was presented scenes embedded only with a par-
ticular target  combination . Subjects viewed target  scenes which simu-
lated an out- the-window , 30-degree  f i e l d  of v iew w o r l d , and a t tempted
to locate the pre-br iefed target  combinations as qu i ck ly  as possible
within a 30-second time limit. Subjects ’ responses were  scored as
correct  or incorrect , and t ime to correct  detection was recorded .
Incorrect  responses were  ass igned the maximum allowable time .

EXPERIMENTAL DESIGN

Fou r va riables were  mani pulated in a mixed desi gn containing
both independent (between-group) and repeated (wi th in-group)  measures .
Subjects were  randomly ass igned to one of five groups , each of which
was shown background scenes embedded with a particula r target combi-
nati on ( s ing le , 3 tank group,  3 tank convoy, 9 tank group,  or 9 tank con-
voy).  This be tween-group  variable was crossed with the repeated mea-
sures , as shown in Fi gure  2 . The twelve background scenes , shown to
all subjects , were  classified as hig h , medium , or low complexity ,
based on the Ciavarell i  et. a!. ~~ he terogenei ty  scale (scene complexity).
The four scenes represent ing each of these levels were randomly
divided into two sets to provide a replication of the complexity classifi-
cation (complexity replications). One of each pair of scenes represent-
ing a complexity leve l within a rep lication set contained targets on or
near  a major  road in the scene , while the remaining scene contained

V targets in fields or othe rwise distant from a road (local context) . The
between-group  variable , then , was target combinations and the within-
group variables were  scene complexity , complexity replications , and
local context.
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V STIMULUS MATE RIALS

A total of 24 background scenes were chosen from a set of
V photographs provided by the Naval  Weapons Cente r . Twelve were used

as the experimental backgrounds , 10 were emp loyed for training pu r-
poses , and the remaining two were  targetless “catch” scenes . Targets
were embedded as described in the following section.

The 12 expe rimental scenes were  classified as representing
high , medium , or low complexity levels based on paired-comparison
heterogeneity scale values presented in the Ciava relli , et. al . study. 12
The heterogeneity measure  of complexity incorporated features such as
texture variation , brig htness , spacing and pattern variation into a rela-
tively simple ve rbal descri ption . Subjects based pair-by-pair complex-
ity decisions on this description , and the rankings obtained by this
method were t ransformed into scale values . For the purpose of the
present study,  scale ratings above 2.00 were considered to be highly
complex , ratings between 1 . 39 and 1 . 99 were designated as medium
complexity , and scenes with values below 1.39 were  categorized as low
complexity . This classif ication system yielded four examp les of each
level of comp lexity ,  for  a total of 12 back ground scenes •

Two complexity rep lication sets were created by randomly
assignin g two of the four  examp les of each comp lexity level to a second
set. By providing a rep lication based on the heterogeneity measure
employed , the validity of this measure  across different scenes could

V be assessed . I n pa rticula r , resu lts obtained with one set should be
duplicated in the othe r , within limits of experimental error , if the
heterogeneity measure  is a valid assessor of scene complexity.

Five copies of each of the 12 experimental background scenes
were prepared . One of the five target combinations (sing le tank , 3 tank
group,  3 tank convoy, 9 tank group,  and 9 tank convoy) was embedded
in each for a total of 60 different scene-target slides. The 10 training
slides were prepared so that each of the five target combinations was
represented in two slides . In one the target combination appeared on
or near  a road , while in the other it was distant from roads.

Apparent direction of target movement was determined randomly
within constraints imposed by terrain features of particular background
scenes . This allowed a variety of aspect ang les to be included in the
experiment.  Within a particular target  combination , the tanks were
evenly spaced to increase the probability that subjects responded to the
entire number-configuration patte rn rathe r than to an unintentional pat-
tern produced by gestalt clustering.  Across  scenes and target combi-
nations , however , target spacing and total visual angle subtended by the
ta rget combinations we re not controlled , but instead were dete rmined

V by scene background considerations. The orientation of individual tanks
within a target combination was varied slightly to achieve greater
realism.

13
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All target combinations appeared at a constant range-to-target,
simulating a real-world slant range of 1. 3 kilometers. To avoid the
possibility that subjects would learn to search a particular portion of
the two-dimensional displayed scene , the apparent depression angle
from which the photographs were taken was manipulated . Thus , al-
though tanks appeared equal in angula r subtense , their location with
reference to the display center was varied.

In summary, the following pa rameters were held constant in the
preparation of the experimental ta rget scenes: altitude , field of view ,
target vehicle type , ta rget range , angular subtense of an individual tank,
and target spacing within a scene. A pparent depression ang le , location
within a scene , apparent direction of movement , and orientation within
a target combination were dete rmined by limits imposed by terrain fea-
tures of pa rticular scenes . In addition , the following factors were
specifically manipulated: scene hete rogeneity , target number-
configuration combinations , and local context .

EMBEDDING PROCEDURE

The oblique aerial photographic imagery used in the present
study was provided by the Naval Weapon s Cente r . Details of the orig i-
nal photographic collection may be found in Ciava relli , et. al . 12 A sub-
set of 24 background scenes represent ing a va riety of visual complexity
levels was chosen from the pooi provided . To meet the precision
placement and size requirements of multiple target embedding, a photo -
graphic technique was developed in which images of Russian T-62 tanks
could be overlaid on back ground images to form composite images .

The imagery provided was a series of contact negatives of photo-
graphs taken f rom an alt i tude of 305 meters and encompassing a 60-
degree field of view . Detailed models of T-62 tanks (scale factor  1:285)
were obtained and photographed to provide images for  compositing.
Because of v i sua l  acuity l in ’Ii ta t ions , it was determined that an indivi-
dua l tank should subtend a minimum of 10 minutes of visual arc in the
f inal  viewing condit ion . To simulate an out-the-window view of 30
degrees and maintain the required visual subtense, the required tank
placement range in the real world was calculated to be 1. 3 kilometers.

= This d is tance  was located in each negative , and a 30-degree field of
view mask was placed on the film . This p lacement was varied across
the negat ives  to va ry  target location within the final slide. Each
masked negative was projected on a rear-projection screen , and a
35-mm photograph was taken with a Nikon F camera fitted within a
50-mm lens . The camera was placed so that the 30-degree field of

V view just filled the short dimension of the fi lm. This procedure
y ielded fi lm positives immediately upo n developing , minimizing the
required number of f i lm processing generat ions.
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The embedding technique was as follows. A f ra m e  was
constructed and placed so that when a removable rear-project ion screen
was mounted in it and the background scene projected , the view through

V the camera dup licated the viewing ang les of the original aerial photo-V 

graphs , but wit h the 30-degree field of view f i l l ing the short  d i m e n s i o n
of the film . A removable sheet of plexiglass was also placed in the
frame . While viewing through the camera , the desired location of the
ta rgets to be embedded in each scene was marked on the plexig lass .

The rear-projection screen was then removed , and the frame
apparatus was taken outdoors to use sunlight for the creation of realis-
tic shadows. At the appropriate time of day, the f rame apparatus was
positioned to obtain the correct  shadow length and direction for  a par-
ticula r scene . The model targets  were then placed so that imaginary
straight lines passed from the camera to the targets throug h the marks
on the plexiglass. The plexiglass was removed when the targets were
satisfactorily positioned , and a 35-mm photograph of the target array
was taken . This procedure was repeated for each of the target combi-
nations and back g round 8cenes .

The negatives of the target photographs were opaqued to remove
all unwanted background surrounding the target vehicle s . Film posi-
tives were then generated from the opaqued negatives , yielding 35-mm
images of the targets on a clear background . These images wereV 

matched with the appropriate background scene images , and composites
were formed by overlaying the two film positives. These were masked

V to a 2 .5-  x 2 .5-cm format and mounted in metal and glass slides ,
which served as the experimental stimuli . An example of the embedded
photographic imagery is presented in Figure 3 , and a representative
subset of the 60 embedded scenes is contained in A ppendix A .

APPARATUS

Experimental target-background scenes were presented to sub-
jects by means of a two-field projection tachistoscope , which consisted
of two Kodak Carousal 35-mm slide projectors , two Gerbrands shutters
(model G1166), a combining glass , and a rear-projection screen . Both
projectors were focused within a 0 .6l -mete r area of the projection
screen . A control panel from which the shutters were controlled also
provided a digital timer which had a synchronous onset with the open-
ing of the stimulus shutter . The subject was provided a response key
which stopped the timer , as well as a stylus to point out the location of
the detected targets . A schematic presentation of the experimental con-
fi gu ration is shown in Figure 4 .
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FIGUR E 4. Schematic Diagram of Expe rimental A pparatus.

The rear-projection screen was set 1. 14 meters from the sub-
ject’ s eye ; at this distance the 0. 61-meter display replicated an out-
the-window , 30-degree field of view . Subject’s heads were stabilized
by a chin and forehead rest attachment to a table to maintain a constant
viewing distance .

SUBJECTS

The subjects were 25 Hug hes Aircraft  Company employees who
had corrected or uncorrected Snellen acuity of 20/20 or better . Each

~~ V was randomly assigned to one of five target number-configuration
groups.
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PROCEDURE

Each subject participated individually in a session lasting about
20 minutes . Visual acuity was dete rmined to be 20/20 or bette r with a
Snellen chart at the sta rt of each session , after which subjects were
given a general briefing explaining the nature of the experiment , and then
read a set of instructions. Subjects were shown a model of the T-62
tank to familiarize them with the gene ral target  feature s . Overhead
lights were then darkened , and the subjects adapted to the luminance
level provided by a grid slide , which was used between trials to pro-
vide a starting fixation point and to locate coordinates of designated
targets . The luminance level provided by this slide was 36. 7 cd/m 2 ,
equal to the mean luminance level of the experimental slides.

A series of 10 training target scene s was shown to each subject.
The first  eig ht scenes contained target combinations other than the par-
ticula r one the subject was to search for durin g the experimental trials .
Prior to the presentation of each scene , subjects were told which ta r-
get condition would be presented . The last two target scenes contained
examples of the target  combination appropriate for the experimental
trials of that subject, and it was emphasized to the subject that the last
two scenes represented the target combination that was to be searched
for during the experimental trials .

Each tria l began with the subject fixating a cross in the center
of the g rid slide for 5 seconds. The experimenter said ‘ready ” , and
following a 1-second delay , actuated a switch on the control panel
which simultaneously replaced the grid slide with an experimental
scene and sta rted the timer . U pon locating the target , subjects pressed
a button which stopped the time r , and immediately pointed at the center
of the ta rget configuration on the screen.  The experimenter replaced
the scene with the grid slide , and the subject called out the coordinates
of the stylus position . The experimenter recorded time to detection
and the coordinates , advanced the slide projector containing the scene
slides , and indicated the start of the next trial. A maximum 30-second
viewing time was allowed on any trial .

T raining and experimental trials were conducted similarly ex-
cept th at feedback was given to subjects during the training trials . Any
training scene in which a target was missed was re-presented imme-
diately , and the correct  location was pointed out by the experimenter.
No feedback of any kind was given to subjects dur ing  experiment~i-l trials.

Following the presentation of the 10 training scenes , the 14 ex-
perimental scenes were shown , two of which were targetless “catch”
scenes. All experimental scenes shown to an individual subject con-
tained only one type of target combination , which was pre-briefed and
emphasized to the subject. Data were scored immediately following each
individual  session, and subjects were told the results of their performance
at that time.
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RESULT S AND DISCUSSION

The time and probability data were t ransformed by assigning all
incorrect responses the maximum allowable time of 30 seconds. The
data for each of the dependent variables were subjected to an analy sis
of variance , which was followed by a series of more detailed analyses
pe rformed to clarif y the effects of the variables on detection pe rfor-
mance . in particula r , detailed analyses were perfo rmed on the effects
of target number and target configuration , the effects of local context
and its interaction with target  combinations , and the effects of scene
heterogeneity .

The results of the analysis of variance procedures are presented V

in Tables 1 and 2 . Table 1 shows the results for  the probability mea-
sure . The between-group variable , target combinations , was found to
yield reliable differences . This was also found to be statistically sig-
nificant in the analysis  of the time to detection data , presented in
Table 2 . 01 the three wi th in-group variable s , only local context was
found to be statistically significant in both the time and probability analy-
ses . The complexity replications variable was not statistica lly reliable ,
which indicated that the heterogeneity measure was internally consistent
ac ross diff e rent scenes . The heterogeneity measure itself , however ,
y ielded contradictory results; no reliable effects on the probability of

V detection were  found among scenes of different complexity levels , but
statistically signif icant  differences were  obtained with the time to detec-
tion measure . This was furthe r complicated by the presence of a relia-
ble inte raction between the heterogeneity and rep licat ions va riab les
found with the time to detection data only, as well as higher-order  inter-
actions involving both variables foun d in each of the analysis of variance
procedures.  These results were subjected to a more detailed analysis
and wi ll be discussed in a separate section . A reliable inte raction was
found between target combinations and local context ; significance was
obtained in both analyses of variance. The nature of this inte raction
was  also explored in a more detailed analysis and will be reported in a
succeeding section.

TARGET NUM BER-CONFIGURATION COMBINATIONS

V The cumulative probability of detection over time for the five
target  combinations is presented in Figure 5. The steepe r slope found
with increasing numbe r of targets indicates superior pe rformance in
time to detection as the number of tanks present increases;  this trend
for improved performance with increasing number of targets is also
indicated by the consistent orde ring foun d &n the final probabilities of
detection. A series of hoc comparisons by the Newman-K euls
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TABLE 1. Summary of Analysis of Variance Results: Probability
of Detection

Error Mean Probability
Source of Variance df Term Square F-Ratio Level

Between G roups - V

T (Target Combinations) 4 S 1. 61 7 .77 <0 .001

Within Groups

L(Loca l  Context) 1 LS 1. 33 10.00 <0 .01
H (Heterogeneity) 2 I-IS 0.13 1.28 NS
R (Complexity Replications) 1 RS 0. 00 0. 00 NS

Interactions

TL 4 LS 0 .79 5.94 <0 .01
TH 8 HS 0 .36 3.49 <0 .01
TR 4 RS 0.18 1.94 NS
LH 2 LHS 0. 24 3.84 <0.05
LR I LRS 0.0 1 0 . 08 NS
HR 2 HRS 0.21 1.50 NS
TLH 8 LHS 0 .48 7 .53  <0 .001
TLR 4 LRS 0 .22  1.36 NS
THR 8 HRS 0.56 4.00 <0.01
HLR 2 HRLS 0.44 3.21 NS
THLR 8 HRLS 0.30 2.18 <0 . 05

Error  Terms

S 20 0 . 21
LS 20 0.13
HS 40 0. 10
RS 20 0.09
LHS 40 0 .06
LRS 20 0. 16
HRS 40 0. 14
HLR S 40 0. 14

1 
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TABLE 2. Summary of Analysis of Variance Results: Time to
Detection

Error Mean Probability
Source of Variance df Term Square F-Ratio Level

Between Groups

T (Target  Combinations) 4 S 1521 . 30 11 . 32 <0 . 01

Within Groups

L (Local Context) I LS 871 .43 10.76 <0.01
H (Heterogenei ty)  2 HS 229.58  3.66 <0 .05
R (Complexity Replications) 1 RS 3.97 0 .09 NS

Interactions

TL 4 LS 794 .09 9.8 1 <0.001
TH 8 HS 256 . 71 4 . 10 <0 . 01
TR 4 RS 59. 26 1 V 34 NS
LH 2 LHS 2 1 € . 6 8  6 .04 <0 .01
LR 1 LRS 0 .47 0 .01 NS
HR 2 HRS 391 . 41 4 .95 <0.05
TLH 8 LHS 523.50 14.58 <0.001
TLR 4 LRS 281 .39 3. 16 <0 . 05
THR 8 HRS 317 .98 4 .02 <0 . 01

• HLR 2 HLRS 224. 24 4.04 <0.05
THLR 8 HLRS 261 . 14 4 . 70 <0 . 001

Error Terms

S 20 134.42
LS 20 80 .98
HS 40 62 .65
RS 20 44 .24
LHS 40 35.90
LRS - 20 88.99
HRS 40 79.14
HLRS 40 55.54

t
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FIGURE 5. Cumulat ive Probability of Detection Over Time for
Target Numbe r-Configu ration Combinations.

critical range method pe rformed on differences among target combina-
tions indicated an interesting inte raction of number and configuration .
Configurational differences were not evident when only three tanks were
present (2 > 0. 10), but a slight advantage in detection of groups ove r
convoys was found with 9 tanks (2 = 0 . 054) . Furthe r evidence for the
reliability of this interaction was obtained from the results of a series
of paired comparison s performed among the two configurations contain-
ing three tanks and the two containing nine . Neither of the configura-

V 

tions containing three tanks was significantly different from the 9 tank
convoy condition (p  , 0. 10), but both produced reliably poorer pe rfo r-
mance than that f~tind with the 9 tank group condition (p < 0. 05). This
was true for both the time and probability data . —

It appears likely that this configurational advantage found with
nine tanks reflects a difference in the overall angular subtense in the
g roup  and convoy conditions. Inspection of the target scenes indicated
that w ith the 30-degree field of view , more than one fixation was gen-
erally required to view an entire convoy of nine tanks , while groups of
nine were , for the most pa rt , clustered tightly enough to be fully viewed

22
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in one fixation. All of the convoys subt ended more than 6 degrees of
visual angle (extending into the perifoveal region), while more than 60

V percent of the group configurations subtended less than 3 degrees , and
no group subtended more than 4 degrees (w ithin the parafoveal
region). Because little info rmation is extracted from the peri pheral
and perifoveal regions during a fixation8, it can be argued that mo re
target vehicle s were  visible for a given fixation in the 9 tank group con-
fi guration than in the 9 tank convoy condition . Thus , by the argument
that an increased number of targets perceived as a pattern in a single
fixation should increase detection performance9 , an explanation for the
configurational differences found with nine tanks is possible . This line
of reasoning is supported by the increase in performance found between
a single tank and both configurations containing three tanks , all of which
fall within the parafoveal or the foveal areas . The larger number of
tanks visible in a sing le fixation in the configurations containing three
tanks leads to the prediction of superior  pe rformance , and this expec-
tation is confirmed by the data . Extension of this argument  leads to the
prediction that a still greate r increase should be found in the 9 tank
group  condition , but not in the 9 tank convoy condition in which the cri-
tical area is exceeded . Results found with the 9 tank convoy condition
should ~ t1 fact more closely resemble those found with three tanks. The
data are entirely consistent  w ith the predictions generated by this rea-
son ing, and it was concluded that the advantage found with g roups of
nine over convoys of nine was caused by the differences in angula r sub -
tense between the two confi gurat ions .

LOCAL CONTEXT

Across  all target  combination s , a reliable improvement in per-
fo rmance  was found when targets were  located on or near roads . This
can be clearly seen in Figure 6 , which  plots cumulative probability of
detection over time. The effect of local context , however , is dependent
on the numbe r of tanks in a configuration . The interaction of local con-
text and ta rget combination identified in the analysis of va riance was
found to be due to the number of tanks present and not due to configura-
tion . The data were therefore averaged over configuration and are pre-
sented in Figure 7 as an interaction between local context and the num-
ber of target vehicles . The effect of local context was minimal when
multiple tanks were present , but created a large difference in perfor-
mance when the target was a single tank .

It can be seen in Figure 7 that a pronounced advantage in pe r-
formance  is found when sing le tanks are on or near roads. This
pe rformance difference disappears with multiple tanks , ~tnd probabilit y
of detection over time in these target combinations is vi rtually identical
for  targets on and off roads . An interesting diff rence is found by ex-
anim ation of the data for  the sing le and multiple target conditions within
the first 5-second period. When a single target is located on a road,
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over 50 percent of the detections occur within that time pe riod. This
is to be contrasted with the sing le tanks located at a distance from a
road where virtually no detections are made in the f i rs t  5 seconds .

A pparently in the sing le tank condition , observers search roads
preferentially ,  and the target is found quickly if it is there . If it is not ,
other areas are subsequently searched and targets  begin to be found ,
which produces the abrupt rise in slope occur r ing  after 5 seconds in the
off - road condition with a single target. The virtually flat slope in the
f i rs t  5-second period denotes the time subjects are spending fruitlessly
searching roads . A diffe rence in the f i r s t  5-second period is not evi-
dent with multiple tanks , which  argue s that subjects do not find roads
strong cues in these conditions.  The lack of any difference in the f i rs t  V

5 seconds indicates that subjects have changed their search strategy,
and roads are not searched preferentially.

It is possible that with multiple targets , the patte rn itself is so
salient that it is more efficient to search for it directly, with less re-
gard to cues provided by the back ground scene. Alternatively,  it is
possible that the salient scene cues simply change as a function of
knowledge about the expected number  of targets . Open areas large
enough to contain that numbe r of tanks might be located f irs t , or areas
of hi gh clutte r density may be salient , particularly for groups of nine.

It cannot be determined from the results of the present study
jus t  what shift in search strategy is caused by a priori knowledge about
the number  of targets , but it is evident that it occurs .  Roads are strong
scene cue s when a sing le target  is to be located , but their saliency di-
minishes as the expected number  of targets increases.  Howeve r , it is
not known what scene cues , if any,  replace roads as areas to be prefe r-
entially searched. This result is indicative of the many complex scene -
target interactions which make performance prediction on the basis of
scene characteristics alone a less than optimal procedure. When tar-
get characterist ics  such as numbe r are known prior to search , their
inclusion in prediction of detection pe rformance seems necessary  to
evaluate the relative importance of scene characterist ics.  However ,
when no a priori knowledge of the targets is available , it is reasonable
to assume that search strategies are primarily determined on the basis
of scene cha racteristics , and the relative wei ght of these characteris-
tics will  be stable regardless of the ta rget actua lly present in the scene .

HEThROGENE ITY AND COMPLEXITY REPLICATIONS

The heterogeneity measure  was found to be inte rnally consistent
as indicated by the lack of a reliable difference between replication sets
on eithe r the time or probability performance measures . That is , dif-
feren t  scenes with simila r ratings on the heterogeneity scale yielded
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similar pe rformance. However , the external validity of the
heterogeneity measure was not demonstrated by the data .

No reliable diffe rences in probability of detection were found
for the three levels of heterogeneity, and a marginally reliable diffe r-
ence was found for the time to detect measure . The results of a series
of Newman-Keuls hoc comparisons revealed that the significant
effect found with the time data was due to the difference between the
high and low heterogeneity levels (p < 0 .05) .  The actual difference in
seconds , howeve r , was quite smam this can be seen in Table 3, which
presents the mean time and probability data for each of the three het-
e rogeneity levels.

TABLE 3. Mean Time and Probability of Detection as
a Function of Heterogeneity Level

Heterogeneity Level
Response Measure Low Medium Hi gh

Time (Sec .) 10. 73 11 .56 13 . 68
Probability 0 .78  0. 73 0. 71

Because the low , medium , and hig h heterogeneity categories
did not contain ratings that were  widely separated , it was possible that
the artificial categorization of a continuous scale obscured a more pro-
nounced effect . The actual hete rogeneity ratings for each scene were ,
therefore , correlated with the time performance obtained for each
scene . The resultant correlation across all ta rget conditions was 0. 18 ,
which was not statistically significant (p > 0. 10). Thi s non-significant
correlation provides evidence that the iiiarginall y significant differences
found in the time ana lysis of variance procedure wil l  not in fact make an
important difference. The correlational analysis is in agreement with
the probability analysis of variance results , which indicate that the het-
erogeneity measure of background comp lexity is not a valid predictor
of detection performance.

Additional evidence for the inadequacy of the heterogeneity mea-
sure is illustrated in Figure 8, which represents the interactions of
heterogeneity levels w ith the target combinations. The data presented
are for the probability measure of performance, although the time to
detection data are similar . It can be seen that performance on scenes
of differing heterogeneity levels was not independent of the target corn-
binations , inconsistent with what would be expected with a valid mea-
sure of backg round characteristics .
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FIGURE 8. Interaction of Heterogeneity Level with
Target  Numbe r -Configu ration Combinations.

A furthe r problem lies in the interpretation of the inte raction ,
which is not systematic with respect to any of the manipulated va riables.
To cla r ify the nature of this interaction , a correlational analysis was
performed between the heterogeneity ratings for each scene and the
probability of detection in each target combination . These data are
presented in the body of Table 4. The results of the correlational anal-
ysis for each target combination are listed in the bottom row. No sig-
nificant correlations were found in any target combination ; in addition ,
while negative correlations were  expected (hi gh heterogeneity leading to

- 

V 

low probability of detection), this was onl y found in the 3 group conditions.
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TABLE 4. Correlational Analysis Between Heterogeneity Ratings
and Probability of Detection

V Target Number-Configurat ion
Combination

Replication Hetero. 3 3 9 9
Set Slide Rating Single Group Convoy Group Convoy Total

55 2 .42 0. 80 0 .80 0 . 60 1.00 0.40 0. 72
78 2 .23 0. 60 0 .80 0 . 20 0.80 1.00 0.68
81 1. 61 0. 00 0 .20 1. 00 1.00 1.00 0. 64
87 1.46 0.80 1.00 1. 00 1 .00 0 .80 0.92
23 1 .25  0.80 1.00 1 . 00 1 .00 1.00 0.96
89 0 . 30 0. 20 0 .80 0 .40 1.00 0.20 0 .52

37 2 .27  0. 20 0 .80 1.00 1.00 0 . 60 0 .72
70 2 . 03 0. 00 0 .60 1.00 1.00 1.00 0.72

2 53 1 .68 0.60 0.20 0.80 0.60 0.80 0.60
75 1 .39 0.60 0.60 0.80 1.00 0.80 0.76
6 1 .38 1.00 100 1 .00 1 .00 1.00 1.00

71 0 . 00 0. 20 1. 00 0 . 20 0.80 1 .00 0 .64

Correlations 0.17 -0.27 0.37 0.08 0.04 0.16

It was concluded from these results that the heterogeneity mea-
sure of scene complexity is an inadequate independent predicto r of
detection pe rformance and is not reliable even when scene-target inte r-
actions are taken into account. The significant higher order interac-
tions isolated in the analyses of variance which included the hetero-
geneity variable were therefore considered suspect , and not subjected
to further analysis .

It is evident from the detection probabilities averaged across all
target combinations, presented in the last column of Table 4 , that al-
thoug h the scene complexity measure employed was was not reliable ,
large differences are found among the individual scenes independent of
target  condition . This suggests that some set of scene characteristics ,

V not measured by the heterogeneity scale , exists and may be used as an
independent predictor of detection pe rformance. The problem of iden-
tification of these variables still remains , as does the creation of a
scale that is quickly and easily used in the field.

One problem with the heterogeneity measure may be that while
V it appears to be a global, unidimensional concept , it in fact encompasses

judgments along several different dimensions and requires the observer
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to integrate them subjectively before responding. Features that may - 
-appear to the observe r to inc rease the “busyness” of a scene and make

it more difficult to find a target may in fact be excellent cues to areas
having a high probability of containing a target. The heterogeneity mea-
sure does not give the observer guidelines as to which features of a
scene should be included in a subjective rating . In addition , no algo-
rithm is provided to the subject for combining these features . An ob-
serve r cannot be expected to understand the function of each scene
characteristic well enoug h to subjectively combine it with all others in
a useful fashion.

A more fruitful approach would be to identify each of the rele-
vant features ve ry specifically for the observers , allow jud gments to
be made along independent dimensions , and then to provide the observer
with a specific algorithm for integrating the multiple dimensions. The
f i rs t  step in this approach entails the identification of the relevant
pa rameters and the development of a reliable and valid objective mea-
sure for each . This provides a base from which a semantic-differential
type of scale may be developed for use in the field . In addition , an ob-
jective , quantitative measure will allow the development of a regression
equation or similar simp le model which effectively combines the values
obtained on each measure. This approach allows for  the inclusion of
target variables if they are available to the observer; a different set of
weights would be used in the combining algorithm when such informa-
tion is applicable .
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CONCLUSIONS AND RECOMMEND ATIONS

It is evident from the results of the present study that scene and
target characteristics both singly and in combination greatly influence
detection performance . A brief summary of these results is presented
below , followed by a possible approach to solving the problem of creat-
ing prediction algorithms that use available information , remain viable
with minimal information, and are easily used in a field situation.

TARGET EFFECTS

Target numbe r provided the most consistent effect , with pe r-
formance increasing as target  number  increased. This function de-
scribed a negative ly accelerating curve , however , and it is likely that
little increase in per formance  would be found with numbers greater
than the maximum of nine investigated in the present study. Configura-
tion produced an effect only when nine tanks were presented , and these
results were interpreted in terms of the angular subtense difference
between groups and convoys .

The loc ation of targets in relation to major  roads in a scene
yielded a reliable interaction with target number.  Detection perfo r-
mance was significantl y bette r when a sing le target was on or near a
road , but no difference was evident with 9 tanks. It was proposed that

V this target number-context interaction signified a change in search
strategy due to prior knowledge about target characte ristics. In par-

V ticular , certain scene characteristics acquired more or less efficacy
in determining where  the observe r ’s attention would be directed . In
pa rticula r , it appeared that roads became less important cues as the
number of targets increased , and other features of the scene such as
open areas may have replaced them in relative importance for deter-
mining search sequence.

It was fu rthe r suggested that cue saliencies are determined pri-
marily by scene characterist ics  if no prior information about target
numbe r is available , and these cha racteristics may be used reliably to
predict detection performance in that situation . Additional accuracy in
prediction may be provided by differential cue weig hting functions when
information about target characteristics is available .

SCENE CHARACTERISTICS

Reliable predictions of detection pe rformance on the basis of
scene character is tics  demand a valid measure  or set of measures  with
which  to evaJ~~~te ter ra in.  The heterogeneity measure  used in the
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present study did not provide an adequate assessment instrument. It
did not predict performance eithe r when used alone or when used in
conj un ction with target characteristics . The major factors appearing
to contribute to its failure are:

a) Lack of specificity

b) Forced subjective integration into unidimensionality

c) Reliance on subjective comparison among scenes rathe r
than on quantitative , objective metrics .

To correct  these deficiencies , it is proposed that a set of spe-
cific , well-defined measures  be developed to evaluate scene characte r-
istics which have been found to be relevant to the prediction of detection
pe rformance.  These measures  will have a quantitative basis originally,
but will be translated into an easily used set of verbal scales which pro-
duce jud gments that correlate highly with the objective metric result ,
and may be combined in a relatively simple way to predict detection
pe rformance.  A systematic approach to identify these dimensions , ob-
jectively measure them , and ultimately provide easily used scales on
which to evaluate them is outlined below .

MULTIDIMENSIONAL APPROAC H

The approach described briefly below is based on the assump-
tion that an adequate assessment  of scene characterist ics requires a
multidimensional set of scales , each of which makes a maximally ortho-
gonal contribution to the prediction of detection per formance .  Many
candidate factors have been proposed in previous studies , and additional
characterist ics may be dete rmined by scene analysis  and factor analy-
tic techniques . For any given terrain , the values obtained on each of
these scales can be combined in a simple weig hting algorithm or multi-
ple regression equation to generate a detection probability and/or time
estimate. The wei ghting function may be modified to include available
information on target characterist ics.  The major elements necessary
to implement the proposed approach are as follows:

a) Identification of relevant scene characteristics

b) Development of objective measures

c) Development of descriptive scale s

d) Development of model or algorithm for combining scene
characterist ics . 

V
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a • Target :  Single tank
Context: On/near  road
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b. Target: 9-tank convoy
Context: On /nea r road
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Heterogeneity Level: High
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a • Ta rge t :  3 - t a n k  g r o u p
Context: Off road
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b . Target :  3- tank convoy
Context: Off road

t Slide 37
Heterogeneity Level: Hig h
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a • Targe t :  9- tank convoy
Convoy: On/near road
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4.

V b. Target :  3-tank convoy
Context: Off road

Slide 78
Heterogeneity Level: High.
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a~ Target :  9 - tank  group
Context:  On /near  road

— at ~~~~~~~

- .

b. Target :  3-tank group
Context: Off road

Slide 55
Heterogeneity Level: High
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a~ Target :  9- tank g rou p
Context: On/near  road

q -
‘5

a..

b . Target : 9-tank convoy
Context: Off road

Slide 53
Heterogeneity Level: Medium
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a~ Target:  3-tank convoy
Context: Off road
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b . Target: 3-tank group
Context: On/near  road

Slide 75
Heterogeneity Level: Medium
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b. Target :  9-tank group
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a~ Target :  Sing le tank
Context: On/near road
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b. Target :  3- tank group
V 

Context: Off road
LV V

Slide 23
Heterogeneity Le vel: Low
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a , Target :  9 - tank  group
Context: On/near road

-- -- ~~~~~~~~~~~~~~~~~~

V b . Target :  Single tank
Context: On /near road
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Slide 6
Heterogeneity Level: Low.
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b. Target :  9-tank convoy
Context : On /nea r road

Slid e 71
Heterogeneity Level: Low.
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