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VISUAL SEARCH IN COMPLEX FIELDS 

PROGRESS REPORT 

by . • 

J . C. Bailey 

1.0 INTRODUCTION 

The science of Visibi l i ty dea ls with the p red ic t ion of human 

per formance in the accompl i shment of specified v isual t a s k s . One 

impor tant aspec t of this sc ience is the case in which the o b s e r v e r does 

not have a p r i o r i knowledge a s to the locat ion of the de s i r ed object and 

must , therefore , pe r fo rm s e a r c h in o rde r to achieve detect ion. Many 

individuals, including staff m e m b e r s of the Visibi l i ty Labora to ry , have 

contr ibuted to the evolution of techniques by which predic t ions of v i sua l 
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s ea rch pe r fo rmance can be calculated. Successful r e s u l t s have been 
achieved in predict ing visual s e a r c h pe r fo rmance for the case of objects 
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located on uniform backgrounds . Many p r a c t i c a l p r o b l e m s involve 

s e a r c h of ex t r emely c lu t te red na tu ra l or m a n - m a d e backgrounds . The 

state of the a r t of Visibil i ty Engineer ing i s not sufficiently advanced to 

p e r m i t adequate v isua l s e a r c h pe r fo rmance predic t ion for the complex 

background c a s e . 

An exper imenta l study has been ini t ia ted in an a t tempt to 

advance the s ta te of the a r t with r e s p e c t to pred ic t ion of v isua l s e a r c h 

pe r fo rmance in a c lu t te red background. Two fundamental p r e m i s e s 

under l ie the exper imenta l study: 

(1) The f i r s t p r e m i s e is that any successfu l analyt ic 

handling of this problem must involve real is t ic a s sump­

tions as to the search procedures, i . e . , the location and 

/ 



durat ion of fixations which an o b s e r v e r actual ly employs in 

the p r o c e s s of searching a complex field. Since adequate 

information on this subject does not exiet , it is n e c e s s a r y 

to gather expe r imen ta l evidence by the r ecord ing of v i sua l 

fixations during s e a r c h of complex f ie lds . 

(2) The second p r e m i s e is that any successfu l analyt ic 

handling of this p rob lem mus t involve the abil i ty to define 

the c lu t te r adequately in t e r m s of the specific s e a r c h task . 

Based upon p r e s e n t thinking, the hypothesis is advanced that 

c lut ter should be defined in t e r m s of the extent to which the background 

r e s e m b l e s the object for which the s e a r c h is being conducted. Math­

emat ica l ly this hypothesis suggests that the complex background should 

be studied in t e r m s of its co r r e l a t i on to the object. The re fo re , a l a t e r 

step in the r e s e a r c h will be to t r ans fo rm complex scenes into two-

dimensional co r re la t ion maps which define, for each point in object space , 

the co r re la t ion between the immedia te sur round of that point and the object 

for which the s e a r c h is conducted. If this hypothesis should prove to be 

t rue , it should be poss ib le , at l eas t in pa r t , to explain the pa t t e rn of f ixa­

tions used by the obse rve r in t e r m s of such co r r e l a t i on maps.I 

The study is s t i l l in its p r e l i m i n a r y s t ages , and the p r e s e n t r e ­

por t desc r ibes the work to date . This has cons is ted of (1) acquir ing a 

l a rge number of a e r i a l photographs of r ep re sen ta t ive backgrounds varying 

grea t ly in complexity, (2) the ar t i f ic ia l inser t ion of an "object" into each 

of these scenes , and (3) photographic record ing of eye movements made 

by obse rve r s in the p r o c e s s of searching these p i c t u r e s . Quantitative 

data reduct ion to date has been l imi ted to calculat ion of the probabi l i ty 

dis t r ibut ion of the t ime durat ion of the fixations made by the o b s e r v e r . It 

is in teres t ing that the mean durat ion of the fixations has been found to be 
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about 1/3 second, consonant with the results of White. The report 



contains photographs of some of the scenes with the o b s e r v e r fixation 

points super imposed . 

2. 0 GENERATION OF BACKGROUNDS AND OBJECTS 

2. 1 A e r i a l Photography 

Aer i a l photographs w e r e taken of a wide var ie ty of c lu t t e red • 

na tu ra l backgrounds . These b lack-and-whi te photographs w e r e taken 

with a Nikon 35 mm camera at a i r c ra f t al t i tudes of from 750 to 1, 000 feet. 

The major i ty of the photographs w e r e taken with a 135 m m focal length 

lens, and exposure t imes were shor t enough to p reven t any apprec iab le loss 

of resolut ion due to image motion. Each of the background scenes was 

t r ans fo rmed into a 35 mm slide for pro jec t ion on to a white s c r e e n . 

2. 2 Inser t ion of Art i f ic ia l Objects 

The choice of an object and its posit ioning within the scene w e r e 

dictated by a number of cons ide ra t ions . The purpose of the invest igat ion 

is to study backgrounds, not objec ts . It is n e c e s s a r y , however , to have 

a well defined, eas i ly identified object, in o rde r to be able to accompl i sh 

the long- t e rm goal of mapping the background as a co r re l a t ion function. 

In many p rac t i ca l cases of v isual s e a r c h in a complex field such as that 

pe r fo rmed by a t ra ined pho to - in t e rp re t e r , the o b s e r v e r ini t ia tes the 

s e a r c h task on the bas is of subtle and complicated a p r i o r i information as 

to probable object locat ions . Automobilesy~ for example , a r e not f requent ­

ly found in t r ee tops . The probable location of a pe r son in the scene is 

highly dependent on whether the pe r son wants to be seen, wants not to be 

seen, or doesn ' t c a re whether or not he is seen. The re a r e m a r k e d 

differences in individual abi l i t ies with r e s p e c t to the efficient use of £ 

p r i o r i information, and it would a l so be expected that t ra ining and 



exper ience would produce m a r k e d improvements in p e r f o r m a n c e . 

Since the o b s e r v e r s available for this expe r imen t a r e not t r a ined 

in the sense of a p r i o r i information ut i l izat ion, it was felt that the p r e s e n t 

exper iment should be designed to min imize the impor tance of a p r i o r i 

information. A second cons idera t ion is that in the l a t t e r phases of the 

invest igation, co r re l a t ion computat ions will be made , and an app ropr i a t e 

choice for the object can min imize the labor of these computa t ions . 

Fo r the r ea sons indicated above, the object was chosen to be a 

simple c r o s s , as shown in F ig . 1. This'obje'ct has the advantage of being 

a geomet r ic pa t t e rn having no intended r e a l - w o r l d in te rp re tab i l i ty in terms 

of the background scene, and a lso has the advantage of min imiz ing the 

labor of co r re l a t ion computation. The locat ion of the objects within the 

scenes was de te rmined by select ing six digits from a random number 
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t ab l e , using the f i r s t th ree to locate a hor izonta l d is tance (to th ree 

significant figures) in the pro jec ted scene and the second three to locate 

a ve r t i ca l posi t ion. 

A second projec tor was used to super impose the c r o s s on the 

projec ted background scene at the randomly se lec ted posi t ion. The flux 

in the c ros s pro jec tor was va r i ed to obtain a con t ra s t level such that the 

c ros s was jus t dist inguishable when viewed d i rec t ly . Under these cond i ­

tions the object becomes undetectable rapidly as the point of fixation is 

moved away from the c r o s s . The sett ings w e r e made subjectively but 

documented by m e a s u r e m e n t with a te lephotometer masked to cover an 

a r e a slightly l a r g e r than the c r o s s as shown in F ig . 1. Readings were 

taken with the c ro s s p ro jec tor at the se lec ted level and with it turned off. 

After the operat ion of posit ioning the c r o s s and adjusting its 

flux level , the composi te scene was rephotographed and 3 5 m m sl ides made 

of the composi te scene . The project ion of these s l ides constituted the 

scene viewed by the observers . When projected, the background scene 



subtended a horizontal angle of approximate ly 17 from the o b s e r v e r 

posit ion and approximate ly 11.5 in the v e r t i c a l d i rec t ion . The c r o s s 

subtended 42 minutes of a r c in the long dimension from the o b s e r v e r 

posi t ion and approximate ly 2. 2 minutes of a r c in the s m a l l e s t d imens ion . 

At this angular subtense , the object is eas i ly r e so lved as a c r o s s . 

The C a r r o u s e l p ro jec tor which was used produced a s c r e e n luminance 

of approximate ly 25 foot l amber t s with no film in se r t ed . F o r the s l ides 

used, the range of scene luminances was on the o rde r of 1 to 10 foot 

l a m b e r t s . 

1 
3. 0 EYE MOVEMENT RECORDING 

Eye movements have been r eco rded by many inves t iga tors 

util izing photography of the corneal ref lect ion from a sma l l light s o u r c e . 

A re la t ively crude se t -up was made for applying this technique. The 

geometry is shown in F ig . 2. The o b s e r v e r ' s head was immobi l ized by 

means of a b i teboard and a head re s t . 

A tes t char t was made consist ing of a uniform field with the 

numera l s 1 through 20 evenly spaced as shown in F ig . 3. The o b s e r v e r 

was ins t ruc ted to fixate on each of the numera l s in sequence, spending 

two seconds on each numera l . Cornea l ref lect ion movies were made as 

the obse rve r pe r fo rmed the task . After appropr ia te magnificat ion, the 

movie s t r ip was projected back onto the tes t char t , and the outline of the 

corneal reflect ion was t r aced . These t rac ings a re shown in F ig . 3. A 

slight modification in the posit ioning of the light source and movie c a m e r a 

produced the r e su l t s shown in F ig . 4 . These two figures indicate the 

level of p rec i s ion a s soc ia t ed with the locat ion of fixation. 



4. 0 EXPERIMENTAL RESULTS 

A select ion of scenes with super imposed o b s e r v e r s e a r c h p r o ­

cedure a r e shown in F i g s . 5 through 10 . The ins t ruc t ions to the o b ­

s e r v e r w e r e : 

"This is a study of locating t a rge t s in c lu t te red 

backgrounds . Scenes of meadows, t r e e s , bui ldings, 

or other na tu ra l backgrounds will be pro jec ted on 

the s c r een . In each of these scenes is a sma l l 

white c ro s s (+) which m e a s u r e s 38 x 38 x 2 mm; 

the c ro s s is located on the scene by use of random 

number tables , so there is no o rde r in its locat ion. 

The t a rge t ' s con t ras t with the a r e a immedia te ly 

surrounding it is very low and, genera l ly speaking, 

will r equ i re a d i rec t foveal detection; you m u s t 

look at the t a rge t to find it. " 

A brief study of the s ta t i s t i cs of the t ime of fixations was m a d e . 

The re su l t s which a r e shown in F ig . 11 .combined data from al l scenes and 

hence do not ref lect differences in fixation which may exis t as a function 

of the complexity of the scene . 

5.0 CONCLUSIONS 

The exper imenta l work to date is cons idered to be exp lora to ry in 

na tu re . Few, if any, concre te conclusions can be drawn for this r e a s o n . 

F r o m the p re l imina ry studies much information of value has been der ived 

re la t ive to var ious p r a c t i c a l p rob lems as soc ia t ed with the expe r imen ta l 



se t -up and to the p rec i s ion of eye movement achievable with the r a t h e r 

crude techniques ut i l ized. 

Based on the p r e l i m i n a r y data it would appear that the o b s e r v e r 

makes a g r e a t e r number of fixations in a r e a s of high c lu t te r than in a r e a s 

of low clut ter , a r e su l t which is not s u r p r i s i n g . One in te res t ing o b s e r v a ­

tion is that quite frequently the fixation jus t p r i o r to detect ion was of 

shor t durat ion and in some cases m o r e remote from the just p rev ious 

fixation. Since exper imenta l evidence in the l i t e r a tu r e indicates that 

detection thresholds a r e marked ly i nc r ea sed during the t ime in which the 

eye is in motion between fixations, this observa t ion may imply something 

about a t ime delay assoc ia ted with b ra in p roces s ing of the m e s s a g e from 

the eye. No conclusions a r e justified based on the data to date, but this 

would seem to be an in te res t ing i tem to be included in future inves t iga t ions . 

r 
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TARGET 

TELEPHOTOMETER 
PATTERN 

.Figure 1. The inner c r o s s is a super imposed ta rge t shown 
dark in this f igure, but actual ly consist ing of added light flux. 
The outer bo rde r shows the bounds of the telephotometer used 
to document the flux associated with the target. 
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Figure 2. A rough sketch of the geomet ry of the set-up used 
for recording eye movements by corneal reflection. 
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F igure 3. Trac ings of the projected movie r ecord ings of the 
cornea l spot onto the tes t cha r t which the o b s e r v e r viewed 
during this cal ibrat ion run. 
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Cen t ime te r s 
F igure 4. Trac ings of the projected movie r eco rd ings of the 
cornea l spot onto the tes t cha r t which the obse rve r viewed 
during this cal ibrat ion run. 



FIGURES 5 THROUGH 10 

The following five photographs with superimposed overlays 

illustrate observer search procedures with successive fixations. 

In these photographs the last fixation number falls over the 

target which, because of its low contrast to background, cannot 

be seen. 
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Figure 11. Experimentally determined probability distribution 
of the time of fixations. 
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