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ABSTRACT

Two measures of visual complexity in real images of natural and 
man-made scenes were carried out. One method produced an observer 
index of visual complexity based on a series of aerial visual scenes 
presented as a paired-comparison task. In the second method an optical 

scanner and subsequent analysis of adjacent density differences were 
employed to determine an index of complexity. Male observers showed 

significant agreement on a scale of visual complexity for a series of 
10 scenes, producing five classes of different complexity within the 

series. A unique pattern of density shifts was. obtained, for each 

scene, from the computerized analytic techniques. These patterns had 
features that correlated with the psychophysical results.
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INTRODUCTION

With the advent of high altitude optical systems, cameras, 

strip cameras, and improved aerial photographic equipment in general, 

it is becoming apparent that other areas of photographic reconnaissance 

need improvement.. This need is most apparent in the role of the photo
graphic interpreter. If he is to interpret these improved photographs 

completely and efficiently, then similar improvement should be made in 
the techniques and equipment available to him. Before this can be 
done, however,we need to know what makes one scene more difficult to 

interpret than another, and why. With this knowledge we could relate 

problems of interpretation and visual search.patterns to the difficulty 

of the scene. Such information could then be used to aid photographic 
interpreters in developing optimum search techniques for different 

degrees of difficulty. Possibly an instrument could be designed that 

would aid an interpreter in searching various fields. Studies have 

shown that search patterns do vary with the difficulty of the scene 

being viewed. Enoch (1959) found, in the case of aerial maps, that eye 

fixations tend to be centered and that fixation times increased as the 

size of the map was decreased. Ford, White, and Lichtenstein (1959) 

noted that in simple fields the pattern of search concentrates on a 

band between the center and edge. Bailey . (1966) reported that observ

ers search the most complex areas of a visual scene first, with.
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concentration on high-contrast objects, when searching for a target 

within the scene. These studies indicate that there is a relationship 

between search pattern and the type of field searched. It is, there

fore, likely that we can improve information retrieval from an aerial, 
scene, by aiding a photographic interpreter in his method of search. 

This would involve teaching him unique search patterns for scenes with 
varying amounts of clutter or complexity.

If it is considered that "complexity" is a characteristic that 

makes one scene more difficult to interpret than another, then the 

concept of visual complexity must be characterized or defined. Here we 

discuss visual complexity in low-altitude, aerial, visual scenes. We 

employed two techniques. First we determined whether or not observers 

can consistently agree that one scene is more complex than another; 

whether, in short, they agree on visual complexity. Ten visual scenes 

were evaluated and scaled psychophysically. Grades or classes of 

complexity were determined by this procedure. Second, we developed an 

instrumental method that was hoped would characterize complexity and 

would agree with the behavioral responses. It would be important to 

find an instrumental method of ranking scenes for complexity, a method 

that would agree consistently with the average observer. This tech

nique could then be applied to all other scenes, for the practical 

purposes discussed above.
Our instrumental technique was based on the hypotheses that 

complexity in a visual scene can be measured in terms of local> 
adjacent-density differences. Gibson (1950) indicated that the visual
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world calx be interpreted as a series of textures that provide the 

necessary cues for full visual perception. These textures are composed 

of local densities; changes within and between these textures, charac

terized by local density changes could be indicators of complexity.
For example, a uniformly textured scehe would be simpler than a scene 
of many differing textures. This statement is supported by Attneave 

(1957) who has found that complexity is highly correlated with the 

number of angles or curves in a figure or contour. This statement, 
applied to a complex visual scene, could refer to the number of bound
ary angles separating adjacent textures. Scattered bushes in a grassy 

field,, for instance, would have more angles at texture boundaries than 

would a lake and horizon. The field scene, consequently, would be more 

complex. To examine separate objects in a scene is scarcely feasible 
since they vary from scene to scene at random, but if one could look 

at adjacent densities, then there would be a simple, general method of 

scanning. Since textures form adjacent density differences, scanning 

densities would also involve scanning textures. The size of the 

resolution element to be used in scanning scenes would be an important 

question. The scanning aperture could correspond to the resolution 

limit of the eye. This, resolution, however, is so fine that it would 

take a great deal of time to scan a given scene. In addition, such 

resolution is realizable only under ideal conditions and is, thus, not 

representative of visual reactions to real scenes. The sizes of objects 

which make a scene complex are, furthermore, considerably larger than 

those of objects that correspond to the resolution limit of the eye.



4
- ' ' . ■

A study of object size and observer attention would be useful, because
an object size that evokes (maximum) attention could provide a clue

to the optimum scanning element size for measuring complexity.
Many visual-behavior studies have been based on single charac

teristics of visual perception. This study, on the other hand, involves 

multiple characteristics of perception. Complexity, as investigated 

here, was defined for real scenes. Object size, shape, and symmetry, 

as well as placement of objects and groups of objects at many different 

levels of density, probably affected the results. Separate studies of 
these variables would be useful. These would help to bridge the gap 
between laboratory models and this study and would yield some insight 

into how real scenes might best be treated instrumentally. We might 

discover why observers respondas they do to different visual scenes, 

where complexity is the variable of interest.

(



PROCEDURE

Since the application of the results of this study will be to 

aid photographic interpreters, the stimuli were selected with this in 

mind. Ten, low-altitude, aerial scenes were selected from a group of 
36. They were selected as representative of a , variety of. backgrounds, 

both natural and man-made. The original scenes were photographed and 
35mm black and white transparencies were made. They were photographed 

in Southern California in April with near noon sunlight using an expo
sure of 1/1000 second at f/5.6. A Nikor camera with a 135mm lens was 

used for photography. Prints (4" X 5") of the transparencies were 

mounted on gray cards, in pairs, for presentation to observers. The 

paired comparison set for ten scenes required 45 cards, with each scene 

appearing nine times. The observers were 24 males with an average age 

of 29.4 years and an average education of 17.8 years. The scenes were 

illuminated with a standard "daylight" source (C.I.E. "C"), in an 

otherwise dark room. The observers were seated at a viewing distance 

of 18" from the prints, a standard distance. The instructions., read 

to the observers, explained why they were being asked to participate

and what they were to consider. No definition of complexity was
*

included in the instruction, thus assuring that any response would be 

the observer's own. Each observer was asked to indicate which of the 
pair was more complex, was asked not to consider previous pairs, and

5
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was told that he was not being timed (so his decisions would not be 
rushed). Each observer viewed the 45 pairs twice, with each run 

randomized separately.. All observers were interviewed at the conclu

sion of the final run and were questioned about the criteria on which 

they based their decisions of visual complexity. Ten observers said 

that the number of different objects in the scene indicated complexity 

and three more said that the number of different shapes made a scene 
complex. Evidence of culture made a scene complex .for three observers, 
higher contrast was complex for three other observers, and additional 

indicators (one each) were lack of obvious detail, higher level of 

darkness, lack of form, and the difficulty of being able to find some

thing in the scene. The final observer could not indicate his cri

teria.

The instrumental treatment involved the scanning of the scenes 

with a digital microdensitometer and the computer analysis of the scan 

data. As indicated earlier, the assumption was that complexity can be 
characterized by analysis of local, adjacent-density differences. We 

hoped it would be possible to develop an . analysis of these adjacent 

differences that would be representative of the behavioral complexity 
responses.

The original transparencies were read with a digital scanner 

similar to a .microdensitometer having a 200 micron (y)/side, square 

aperture. . The carriage stepped 199.7y between samples, leaving a .3p 
overlap between samples. The carriage step was rounded off to 200p. 

Each transparency was scanned in a 100 X 150 sample array



corresponding to an area of 2Omni X 30mm. The portions scanned were 

the Same as the portions presented to the observers.

The output of the digital scanner was analyzed by first fixing 

10 classes of coded density or voltage and then by finding and summing 

the differences of adjacent densities along rows. Both the number of 
„ classes , and the class interval used were pre-specified. Lower voltages 

indicated high density areas and higher voltages .indicated low density 
areas. Ten classes, each .5 volts wide, gave a range of 5 volts. Any

number of classes of any width were possible, provided all classes were

of equal width. Voltages were read across the rows of the array, from 

the scanner, and as each sample voltage was read, it was assigned to 

one of the classes mentioned above. Similarly, the next value of 

voltage was read and assigned to a class. If the two classes were dif

ferent > then a shiff was . scored from the first class to the second.

If, on the other hand, the two classes were the same, which meant that 

the adjacent sample voltages were in the same class, then a null shift 

or zero shift was scored. The entire array of 100 X 150 samples was . 

treated in this manner. A two-dimensional matrix was printed with 

"shift from" listings in the rows and "shift to" listings in the

columns and with the sums of the null shifts down the major axis. The

inter-class shifts were listed on each side, permitting a shift from 

class one to class two to be scored differently than a shift from class 

two to class one. Although this analysis is a type of directional 

derivative, it is not a smooth one, as it considers only certain 

shifts.or slopes as significant. This type of analysis could print a
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149-element shift matrix for each row of 150 samples, or a larger 

shift matrix for any number of rows. In our investigation we used 

14,900 element matrices.; a scene was divided into one strip of 100 rows, 
with each row containing 149 shifts. Under this grouping, therefore, 

we looked only at the total number of shifts in the scene and not at 
relationships between rows or groups of rows. Finally the two-dimen

sional matrices were plotted in three dimensions with row number or 

"shift from", column number or "shift to", and frequency of shift as 
axis.



RESULTS

Each paired scene chosen as more complex was given a score of 

one, while the other was:assigned a score of zero. Thus, the maximum 

score possible in a run was nine for the most complex scene. At the 

end of a run 45 points had been distributed among the 10 scenes.

Table I shows these scores tabulated by cumulative frequency. For 

example scene 1 received a zero score 19 times, a score of one or less 
32 times, a score of two or less 32 times, arid so on. As indicated in 

Table I, below, all scenes received a score of nine or less 48 times.

; Table I. Tabulation of Cumulative Frequencies by Scene
-gte^pap/irp.iimmii »| r           11 n -n r .il . w in»iiu»a.'n.-<nirfTiT»iv»«n-rpimTt?n!T-erTgaao.«na>iW n «i»in.'ir«r<»«T̂ CTi»a» .i njnm».in ■■nr nwi n. w . - mm

SCENE NUMBER
ore 1_ 2_ 3 4 5_ 6_ 7_ 8_ 9_ 10

0 19 17 4
1 32 26 5 6 16
2 37 34 19 11 5 2 2 - - 22
3 40 39 25 24 14 9 7 1 - 26
4 43 40 36 33 21 16 10 3 1 31
5 44 41 45 41 36 27 18 7 1 34
6 45 45 46 43 42 39 22 11 3 44
7 48 . 46 47 45 48 45 40 29 5 46
8 48 48 48 48 48 48 48 48 7 48
9 48 48 48 48 48 48 48 48 48 48

9
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Figure 1 illustrates the cumulative frequencies, plotted by 
scene number. Figure 2 illustrates the cumulative frequencies plotted, 
by quartiles. This means that the values were plotted for frequencies 

of 12, 24, and 36, corresponding to 25%, 50%, and 75%. For example. 

Scene 1 received a score of zero or less 12 times (25%), .2 or less 24 

times (50%), and 1.8 or less 36 times (75%). These plots of cumulative 
frequencies by quartiles.clearly indicate the scaling.of the complexity 

of the scenes.

Scores were tabulated by scene and observer for tests of sig
nificance between scenes, between observers, and between scenes and 
observers; the estimate of error was within-observer variance. F tests 

indicated a significant difference between complexity ratings of dif

ferent scenes, over all observers as a group. The interaction between

scenes and observers was also significant (see Table II). Significance
■' ' ' " ,

was indicated by the fact that the calculated F/ratio was larger than 

the F test. Because of the. manner of scoring, the sum of squares for 

observers was zero for the group of 45 pairs. This meant that the 
design could riot be tested for inter-observer differences; these were 

tested, therefore, by individual scenes. With significance between 

scenes established, trtests were run to verify differences between 

individual scenes or groups of scenes. Results of these tests are 

illustrated in Figure 3, with significance shown by the heavy arrows.

As illustrated, the tests indicate at least five significant classes 
out of 10 scenes. Note that Figure 3 also contains a plot of the var

ious scenes versus their average scores, to show the scale of averages.
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Table II. Analysis of Variance for Betwecn-Scene Differences

Source Sum Squares V Mean Square F/ratio F Test

Scenes 2061.6 23 89 51.4 1.79
Observers 0 9 0 0 —
Interaction 1063.9 207 5.13 2.96 1.00
Error 415 240 1.73 —  — —  —
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Fig. 3. Scale of Scenes According to Percentages of First Choice 
as "Complex", Showing Five Significantly Different Classes

of Complexity
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Figures 4 thru 13 illustrates the three-dimensional plots of 
the "shift" matrices mentioned in the procedure section. These are . 

shown with the scenes they represent. It can be seen that the three- 
dimensional plot reaches a maximum along the null shift line and de

creases about equally on each side of this line. The shifts between 
cells were about the same in each direction. In general, results 
indicate that,as the scenes became more complex, the length of the 

ridge on the surface tended to increase in length. This is clarified 
in Figure 14, a log plot of the ridge lines. The scaling of most 

scenes by ridge line length is evident over a large range and, further

more, the scaling agrees with the scaling by complexity produced by 
the observers with the exception of Scenes 3 and 4.
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DISCUSSION

Our results indicated that observers did agree on a scale of 

complexity for this set of prints and that they produced significantly 

different classes of complexity. This investigation should, however, 

be repeated, with certain modifications. The 10 scenes in this study 

were from two classes: one consisted mainly of natural backgrounds
with little or no evidence of.culture, the other consisted of scenes 

containing great evidence of culture. If, indeed, differences within 

and between textures are indicators of complexity, then there should 
be scaling of natural and man-made,backgrounds within their separate 

classes. Scenes having much evidence of culture appear to be more 

inhomogeneously textured than natural scenes and, thus, are considered 

to be more complex. It would, accordingly, be useful to test for com

plexity within each of these two classes and then test for complexity 
between classes, with an equal number of scenes from each class. This 

procedure would eliminate the possibility that the difference between 

natural and cultural information was what made the scenes more or less 

complex and might provide more convincing evidence that perceived com
plexity is determined largely by texture inhomogeneities.

We purposely avoided a definition of complexity in our instruc

tions, so that observers would, themselves, define the concept and 

produce the scale. While the resulting information is useful as a 

basis for further wbik in this field, it might not be completely
20
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applicable to the stated goal of this investigation. It may be that 

complexity, as defined here, will have only marginal correlation with 

the search task of a photographic interpreter. Since the job of the 

photographic interpreter is to locate items in a complex scene, it 
would be useful to know whether there is, in fact, a relationship 

between search difficulty and complexity as defined here. For this 
reason it would be helpful to present these 10 scenes to a new group of 
observers, preferably photographic interpreters, and include in the 

instructions the idea that complexity is defined as the difficulty of 
target detection within the scene. If this produced the same scaling 

as did our instructions, then our instrumental technique could be used 

to aid photographic interpreters in their search of complex fields.

If, on the other hand, the change in the instructions produced a change 

in scaling, the present instrumental technique might not be applicable 

and modification would be necessary.

It is interesting to consider the post-interview responses of 

the observers against a background of other studies. Many of the 

observers said the number of different objects in the scene was their 

criterion for complexity. This is compatible with studies indicating 

that complexity is a function of the number of curves or angles in a 

contour. Our observer responses go one step farther and indicate that 

complexity is also a function of different textures. For instance, a 

grassy field with different types of trees and shrubs would be more 
complex than a field with homogeneous overgrowth, even with an iden

tical number of items in each case. .
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The results from the instrumental technique are not as clear as 
the results from observers and pose additional questions. Additional 

discussion of the shapes of the three-dimensional surfaces would be help

ful. The sides of the slope indicate that there were many transitions 

between the homogeneous density areas because of edges and texture 

changes. Most of these transitions' are adjacent to ridge lines, indi

cating that most shifts were small. The exceptions are Scenes 3 and 4, 
where some.shifts were quite large and fell at some distance from the 

ridges. These shifts as well as the longer ridge lines were due to the 

high contrasts of the scenes and, consequently, they do not scale well 

with the others as can be seen in Figure 14. The other scenes were all 

of similar contrasts which was much lower than that of these scenes.

This problem should be considered in future work, with the goal of 

developing some contrast normalization procedure that would eliminate 

this problem.

As with the scaling obtained from the observers, the instru- - 

mental results should be verified by replication. The procedure should 

be repeated with a different set of scenes to determine whether the 

same type of scaling would be produced and whether it would again agree 

with the behavioral scaling.



TECHNICAL COMMENTS

Our scanning spot was selected to correspond roughly to the 
resolution element of the eye for solid objects at low contrasts. It 

would be difficult to specify a unique, universal resolution element, 
since visual resolving power is a function of many variables such as 
contrast, object shape, and incident illumination. Our.scan spot 

corresponded to a subtense of 6 minutes of arc, when the scene was 

enlarged to 4" X 5" and viewed at 18". This is considerably larger 

than the optimum resolving power of the eye, but such power is possible 

only under ideal contrasts and illumination. These did not exist in 
this study. There is, however, a strong possibility that even this 

scanning spot was too small. The observers did not examine fine detail, 

while making their judgements, but at kinds, numbers, and relative 

placements of objects. These objects subtended a much larger angle than 

did the scan spot. It is, therefore, possible that a larger spot size, 

with fewer samples per scene, would produce results in agreement with 

the observer evaluations. It is for this reason that a study of object 
size versus observer attention, or object size versus complexity, would 

be extremely useful and would, perhaps, indicate what aperture to use 

for one best agreement. Future considerations of this subject should 

include.this investigation, since it could save a great deal of time 

with respect to practical applications.
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The three-dimensional plots were obtained by summing all the 
shifts in the scene. Several plots could be made of the same scene, by 
dividing it into strips of a specified number of scan lines per strip. 

This technique would make possible a comparison of textures between 
strips. Backgrounds could consist of two types of terrain, each sub

tending part of a single scene. Our analysis does not respond to the
■ /  ; 

point of texture change, because it adds up all changes without regard

to.position, but a strip by strip comparison would detect such terrain 
or texture changes, through a change in the plotted surfaces. Such 
terrain changes could contribute to the overall complexity of the scene. 

Strip comparison should, therefore,, be given serious consideration in 

future studies. -
Scene 10 should be mentioned separately, since it deviated from 

the others. Figure 2 shows this scene was rated as complex by some 

observers and as simple by other. The scene contained two complexity 

levels. The simple levels were in the even-textured beach and in the 

even-textured water in the foreground, whereas the complex level con

sisted of the uneven-textured pier in the middle of the scene. Some 

observers concentrated on the pier and called the scene complex, while 

others called it simple. The instrumental technique also detected the 

duality of the scene, if strip comparison is considered. The even- 

textured areas are indicated by narrow peaks in the three-dimensional 

plots, while transitions between regions tend to have longer ridges.
The transition between the pier and water in the foreground was 
obscured, however, by the high density level, but the scene's duality 
was detected by each technique.
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