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Three experiments were carried out to determine the quantitative relationships 

b tween FLIR image quality paramet rs and target recognition. Simulated FLIR 

imagery~ used in ach experiment to measure r e cognition performance as a 

function of specific image quality variables. The original target imag ry was produc d 
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types and examples we re used. In each experiment the original target images were 
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• quality variabl Exp rimentation was th n carried out in a laboratory situation 

gnition p rf rmance. Data from a total of 43,764 xp rim ntal trials 

nd analyzed. Th implications of th results of th thr exp rim nts 

di ussed. 1.. 

Th im g quality variab1 s inv stigated in Experiment { were: numb r of scan lin 

m dulati n tran f r function, noise, and magnification. Increasing the numb r of 

impr v d r lution and therefore result d • improved recognition per-

Rast r ampling was found to dominate formanc to such a degr that 

dulation transfer fu r roles. Target characteristics, 

nd contra'S't, w r e also highly correlated with recognition. 

i. 
riment :tr inv s1:igated the following image quality variables: number of scan lines, 

cin op rtur iz , noise. and magnification. Methods of measuring resolution and th 

ff t of target siz a nd contrast were also tudied. The optimum scan aperture was 

found to d pe nd on th seen noise level, w· ov rscanning improving performanc in 

a noisy m ironm nt. Magnifying the ta et image had little effect on performanc , 

unl s th e image was noiseless or 1gh resolution. The best predictor of recognition 

p rformance was found to be trie displayed maximum dimension divided by the system 

olutio 

Exp riment td, th effects of dynamic noise on the recognition of degraded F LIR 

targ ts were investigated. The targPt.s were degraded according to the imag quality 

variabl s of Experiment I Dynamic noise was simulated by producing rand then 

proj cting film strips of the egraded targets. The noise on each 35 mm frame was 

ind pendent of th noise on th preceding frame. The effects of the image quality 

variables were found to be hig y consistent with those found in Experiment IL Overall, 

th re was an average of 8 perc t improvement in recognition at each noise level when 

th nois was dynamic. Data fr this experiment suggest experimental results using 

static imagery may be extended to dynamic imagery. 
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OBJECTIVE 

SECTION I 

INTRODUCTION 

The overall objective of the Forward- Looking Infrared (FLIB.) Requirements 

Study was to determine how target recognition in FLm systems depends on 

variables affecting image quality. The optimum design of an airborne re­

connaissance sensor system depends in part on the characteristics of the 

user of the displayed information. in part on the specific information to be 

displayed. and most importantly. on the characteristics of the display 

which presents the information to the observer. Three experimental 

studies were performed to relate FLm hardware parameters to operator 

recognition performance. 

Rational systern design and cost-tradeoff decisions require that relevant 

operator performance data be available in terms readily understood by 

persons responsible for systems analysis. definition. or design. The 

present experiments were designed. therefore. to have direct relevance 

for people who specify and evaluate reconnaissance system characteristics. 

The variables under investigation have been related to display characteristics. 

and the experimental task closely simulated the recognition conditions of the 

FLIR mission. 

In many operational situations. the operator's main task is to recognize 

a target which has already been detected. The designer of a system must 

attempt to specify those characteristics which relate to recognition and to 

make quantitative predictions about the accuracy of recognition. F'or a 

given set of conditions rP,lating to the quality of the display. the main ques­

tion becomes: What is the probability of recognizing the target? And. as 

a corollary question: How will the probability change as specific system 

changes are made? 

Our approach to answering these questions was to obtain appropriate data 

in the laboratory by having subjects re.;3pond to stimuli which faithfully 

simulate imagery in realistic displays. Figure 1 shows the steps in­

volved in this approach. The method used to obtain the original infrared 

imagery is described in Appendix A. The image processing techniques 

used to change the image quality of the original imagery are described in 

the sections discussing each experin1ent. with more detailed information 

provided in Appendix B. 
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OBTAIN IR TARGET IMAGERY 

DIGITAL IMAGE PROCESSING TO 
CHANGE IMAGE QUALITY 

EXPERIMENTATION-MEASURING 
RECOGNITION ACCURACY 

DATA ANALYSIS 

Figure 1. General approach. 
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Each of the three experimental sections begins with a summary which 

includes the objective of the experiment. the independent variables. and 

the main results. The method portion of each section contains a descrip­

tion of the experimental design, the apparatus. the procedure. and in Ex­

periments I and II. resolution and target size measurement. The results 

of each experiment are presented in the respective sections. with discussion 

of these results combined in the final section. 

BACKGROUND 

What is target recognition? When we recognize something. we are classi­

fying it in a particular way--i. e .• we are attaching a label to it. Thus. we 

say that an object is a jeep or a tank or whatever. This classification is 

based on features of the displayed object. such as its size. shape. contrast. 

prominent parts. internal details. texture. and orientation. For a given 

sensor. those features used to classify the target constitute the target sig­

nature. Assuming that the target signature is known. recognition will depend 

on the observer's ability to see the relevant features in the display. espe­

cially those which help to distinguish between it and other objects. Often. 

when the target is hard to see. the context provides the main basis for 

recognition. Small blurs on the road. for example. might appropriately 

be classified as vehicles. Photo interpreters and others become extremely 

skillful at recognizing objects using other information in the scene. 

A key point about recognition is that the difficulty of the task depends on the 

available or specified set of responses. Fo1· example. when we know that 

there are only men. jeeps. and tanks in the scene. ·t is easier to recognize 

a tank than in another c9.se where there are men, jeeps. tanks. and trucks. 

In the second case. tanks and trucks may be confuse-I with one another. and 

the observer will make the correct response less often. Also. we would 

expect that a man will be recognized more easily than the o~r targets 

because he is relativ~ly unique in size and shape. In an aerial view, the 

man is relatively round and small; the vehicles are rectilinear and large. 

The difficulty of the recognition task depends on the precision required of 

the observer. If he has to decide which type of tank it is or whether or not 

the truck is a military vehicle. the task is more difficult. This is often 

17 



referred to as identification rather than recognition. Typically. it is harder 

to choose between a larger set of available responses because the distinguish­

ing features are less discernible. 

The difficulty of recognizing a target also depends on the similarity of the 

different examples of a given target type. If all jeeps look alike and all 

tanks look alike. it may be relatively easy to distinguish between the two 

vehicles. However. when the displayed target images vary because of such 

factors as sensor aspect angle. orientation. or temperature (in an infrared 

system). it becomes far more difficult to differentiate between targets 

(Figure 2). 

It is extremely important to realize that the categories and the membership 

of the categories determine which information the observer needs to make 

the recognition response. The information needed to make a classification 

is going to have a very strong impact on the effects of image degradat.ion. 

If very gross information is needed. then a great amount of deg ... •adation can 

be tolerated. This imposes certain requirements on any experimental study 

of recognition. If an experiment uses only a small number of target cate­

gories or a few examples within each category. the experiment runs the 

risk of requiring very different information for response than would be the 

case in the real world. To respond correctly in these experiments might 

require paying attention to target signatures which are irrelevant to real­

world problems. Such experimental results are likely to be specific to the 

unique requirements of those recognition tasks. If the realistic military 

situation is different in those respects from that of the experiment. then the 

results may have no predictive validity. 

What affects target recognition? How well an observer can recognize a 

target depends on four main factors: image quality. target size. contextual 

cues. and training. Image quality means how well the displayed scene rep­

resents the radiation in the original scene as collected by the specific 

sensor. Image quality depends on such factors as display noise (Figure 3). 

system modulation transfer (Figure 4). scan line spacing. scan aperture 

size. magnification. luminance. geometric distortion (tearing. stretching). 

writing spot size. and vibration. The quality of the image will determine 

18 
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which features of the target and background the observer can see. The 

amount of degradation will. therefore. profoundly influence recognition 

performance. Over a broad range. improvement in image quality produces 

improvement in recognition. 1. 2. 3. 4. 5. 6. 7 

1 

·2 

3 

4 

5 

6 

7 
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T a rge t size (Figure 5) affects recognition mainl because the lower limit 

to th i ze of t a rg t s which can b e recognized is about 5 arc minute s. How 

does r cognition pe rformance imp1·ove for increases in target size? If 

incre ased s iz e r e sults from simple magnification only, there will be improve­

m nt up to a point wh e re further increases in size will result in poorer,. 

rather than b e tter, recognition. 1 However,. if increase in size is accompanied 

by increased res olution,. then more target details will be vis ible,. and 

performa nc e will continue to improve. 

Contextual information can help in several ways. Whe n the ove rall image 

quality i s poor, the larger background features, such as roads, airfields, 

rivers, and buildings, may be recognizable even when the smalle r targets 

are not. These larger features then may provide size information which 

can help an observer recognize the target which otherwise appears as a 

blur. The context can also provide information as to which way the target 

i s facing. For example , if a road is going laterally across the display, then 

an observer will know that he is viewing a ve hicle from it s side. This may 

help him to decide what it is. 

Recognition may also b e improved by perceptual training. For example, 

Krumm and Farina 8 were able to achieve a 50 percent reduction in 

target identification time with no loss in accuracy or completeness by 

training photo interpreters to look only for critical target characteristics. 

Martinek and Sadacca9 trained photo interpreters to avoid common 

misidentifications by directing their attention to the subtle distinctions while 

incre asing accuracy. It may be that, with advanced reconnaissance systems 

such as FLIRs and radars, the training problem is more significant because 

less of the observer I s previous natural visual experience is relevant, 

i. e. , target signatures are different. Comparing the performance of 

trained FLIR operators with that of relatively naive subjects will provide 

s ome information regarding this problem. 

8 

9 

R. L. Krumm and A. J. Farina, Jr., Rapid identification and inter-

pretation techniques. RADC-TDR-63-421, November 1963. 

H. Martinek and R. Sadacca,. Error keys as reference aids in image 

interpretation. U.S. Army Personnel Research Office, Support Systems 

Research Laboratory. Technical Research Note 153, June 1965. 
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Figure 5, A target at five heights ranging from 5 to 80 arc 
minutes.
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Transf r Fun lion. 
R o gni ti cn 

ECTION II 

l:::s of umbe r of Scan Line·, Modulation 

nd Magnification on FLIR Target 

SUMMAR 

Obje 
to ct t rmin th ff c t on FLIR target recognition of number 

of can line , modulation transfer function, noise, and magnification. 

Inde pe ndent variab l 

1. Number of s an line, (J )- -the number of horizontal scan lines 
within the stimulus frame viewed by 

the subjects. 

2. Modulation transfer function (MTF)--the frequency response of the · 
system across a horizontal 

scan line. 

3. Nois t= --the random variation in luminance at each point in the display. 

4. Magnifh'.:ation--the angular size of the display. In the present study, 

the display height was either o. 5, 1, 2, or 4 degrees. 

5. T arget _ategory--jeep, gun, van, tank, truck, tractor, horses, 

men, barrelFi, landscapes. 

Results: RE:cognition time and accuracy data from 15, 108 trials (18 subjects) 

w re analyzed by lineai~ regression techniques. 

1. Of the m a in v-ct l ic bl s, recognition was most a ffect d by number of 

s can lines (L) and nois e . MTF had a negligible effect. 

2. System resolution, measured by the horizontal 3-bar test pattern, 

was the best single predictor of performance. 

3. Sy tern resolution was affected mainly by Land magnification. 

4. There was a wide variation in recognition of different types of 

targets and of different examples of a given type. 
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5. For the individual target~. recognition was best predicted by a 

combination of the four variables: system resolution. noise. target 

size. and target cor1t1·ast. 

6. RMS noise was a better predictor than sever. • other signal-to-noise 

measures using RMS noise in conjunction with target signal intensity. 

Target perimeter was the most useful measure of size. while mean 

edge contrast was the best measure of contrast. 

METHOD 

Design 

There were 224 d gradation conditions in the main perim nt (Tabl 1 ). 

A pilot study was initially carried out to det rmin the approJ,>riate combina­

tions of the image quality variabl s. For th 83 L condition, th quality of 

the original transparenci s was insuffici nt to achieve MTF levels of O. 33 

or O. 47. For each of the 56 cells defined by number of scan lines, MTF, 

and noise, there wer twenty degraded targets (two examples of t n types), 

or 1120 pictures in all. The independ nt variabl investigated in this 

experiment are d scrib d below: 

Number of scan lines (L) and average lines per target (L/T)--This experi­

ment directly simulated the effects on performance of varying raster line 

subtense within a fixed 12. 5 x 25 degree field of view for the original IR 

sensor. The number of scan lines (L) and the corresponding subtenses are 

given below: 

Number of Scan Lines (L) 

10 

21 

42 

83 

Line Subtense (mrad) 

20. 9 

10. 5 

5. 2 

2. 6 

This experiment indirectly simulated the effects of varying line subtense 

within a field of view, or piece of a field of view, with di n1ension& 12. 5/M 

by 25/M degrees, where Mis a field of view scale factor or magnification. 

In that case, this experiment showed the effects of the following line 

subtenses: 
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Table 1. ThE 224 DEGRADATION CONDITIONS FOR THE MAIN 

EXPERIMENT. (RMS noise levels are shown in each cell. 

Each degraded image was presented at all four magnifications.) 

~ 0.08 o. 11 o. 16 o. 23 o. 33 0.47 
. n 

) 

o. 5 o. 5 

10 
1 1 

2 2 

4 4 

o. 5 o. 5 o. 5 1 

1 1 1 2 

21 2 2 2 4 

4 4 4 8 

1 1 2 2 

2 2 4 4 

42 4 4 8 8 

8 8 16 16 

1 1 2 2 

2 2 4 4 

83 4 4 8 8 

8 8 16 16 
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Number of Scan Lines (L) 

10 

21 

42 

83 

Line Subtense (mrad) 

21. 0 / "'1 

10. 5/M 

5. 3/M 

2. 6/M 

For example, if one desired to ascertain the effects of variations from 
O. 25 mrad to 2 mrad, an M of 10 with a field of view or FOV segment of 
1. 25 by 2. 5 degrees will show these effects. Since the targets were located 
at a mean slant range of 140 feet from the sensor, they appear in approxi­
mately the same scale in the imagery. Therefore, L, as a measure of the 
resolution in object space, should be valid for all targets. L was used as 
an image quality parameter in the initial analysis. As L increases, the 
numb~r of lines crossing the target increases. F9r the present. the target 
size is defined in terms of its minimum dimension (see page 41 ). The 
average number of lines per target. minimum dimension (L/T). is shown 
below: 

Number of Scan Lines (L) Approximate L/T 

10 

21 

42 

83 

3 

6 

12 

24 

Modulation transfer function (MTF)--The present study modeled the MTF 
produced by a circularly-symmetric two-dimensional point spread function 
of the form 

r (x, y) -
2 2 2 

-(x + y )/2a 
e 

The standard deviation, a, of the point spread function, r(x, y) was defined 
as a fraction of the vertical line spacing, ~ The corresponding MTF in the 
x-direction is 

r <f > = 2 2 f 2 2 
- TT CT 

e X 
X 

The a values used in this experiment a."ld the MTF values at a spatial fre­
quency off = l/2P, are shown below: 

X 
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1 
C, MTF ( 

28
) 

• 72 e .08 

. 67 e • 11 

. 61 e .16 

. 55 e • 23 

.48 e • 33 

. 38 e . 47 

Noise--The sou1:ce of u-.e nois e distribution was a gaussian distribution with 

zero mean and var·iance. s 2• F or ca.ch point in the picture. a value was 

sampled from the distribution and added to the density of the sample point. 

The noise levels in the present s tudy were defined in terms of the standard 

deviation. s. of the distribution. The six values of s. defined in terms of the 

t;Ommand value in the image proces~ing system. were o. 5. 1. 2. 4. 8. and 

16. The corresponding film densities are shown below. There are a variety 

of procedures for de fining a s ignal-to-r.oise ration (SNR) for this situation. 

However. each such procedure results in a different specification of SNR. 

For the present the s tandard deviatio n of the noise distribution seems to be 

the best descriptor of the noise level. Keep in mind that the range of the den­

sity command values is 0-63 , and the film density range is o. 2-2. 5 (i.e •• the 

transmittance ranged frorr1 o. 3 to 63). Many of the individual targets spanned 

a good part of this range. Later. when the data were analyzed. some types 

of SNR were related to performance. 

Com1nand Value Film Density 

0.5 • OJ 8 

1 .026 

2 • 073 

4 .146 

8 • 292 

16 .584 

Magnification--The processed imagery was projected at four different magni­

fications to simulate the effects of varying FLIR display size and viewing 

distance. The projected picture heights were o. 5. 1. 2. and 4 degrees. The 

mean target heights and the picture heights for the four cases are tabulated 

below: 
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I, 
I 

n 
Piel 1re He i ht 

Arc Minut s Milli r adians Arc Minutes Degrees Milliradians 

10 o. 16 2. 9 1 30 o. 5 8. 73 

20 o. 33 5. 82 60 1 17. 45 

40 o. 66 11. 64 120 2 34. 91 

80 1. 33 2 :1. - ';' 240 4 69. 81 

Target category--The t en target types are listed beiow: 

• Jeep 
• Tractor 

• Truck • Men 

• Gun 
• Horses 

• Van 
• Barrels 

• Tank 
• Landscape (no target) 

There were two groups of subjects: 12 students at secondary school 

and college level and 6 men with considerable experience with FLIR 

systems or imagery. Two of the latter were Air Force officers. All 

18 subjects saw 1120 slides, 280 during training and the remaining 840 

during the main experiment. To balance the slides used in the main 

experiment, different subjects were trained on different slides. Also 

counterbalanced in the experiment were the order of the magnification 

conditions and the order of the four levels of number of scan lines. 

The experimental data consisted of the time and accurPcy scores from 

the 18 x 840 trials. 

Stimuli 
• 

Two examples of each of the ten ta:;, .. get types were degraded by digital 

image processing techniques for each of the 56 combinations of MTF. 

L. and noise. The steps involved in the digital image processing are 

shown in Figure 6. Each original negative was scanned using the 

Optronics digital scanner (see Appendix A for steps involved in obtaining 



.. 

Negative Tra,·1:-,par n y 

of Original Targ t 

DIGITAL SCANNER 

Magnetic Tape Representation 

of Original Target 

CO~tPUTER 

Read in picture 
Apply point spread function (MTF) 

Add gaussian noise 
Create line structure 

Write out picture --
Magnetic Tape Representation 

of D graded T .!rget 

DIGITAL FILM WRITER 

Positive Transparency 

of Degraded Target 

Figure 6. Image processing steps of Experiment L 



th targ•.t imagery and Appendix B for a description of digital image pro­

cessing ~ Th resultant picture was repre ented on magnetic tape by an 

array i 280 x 540 picture el ments (which included the outside frame). 

The picture was then degraded by computer proces ing in three steps. 

First. a point spread function was applied to create a given level of MTF. 

Then gaussian noise was added to each picture element. Finally. the 

line scan structure wa created. The magnetic tape so produced was then 

used as input to the digital film writer to make the positive transparency. 

An example of this proces-,ing is described iu detail in Appendix B. 

Figure 7 shows a truck degraded at all levels of number of scan lines. 

MTF. and noise. A total of 1120 transparencies of degraded targets 

mounted in 35 mm slide holders produced the stimuli for the experiment. 

Apparatus 

Figure 8 shows the subject's view of the experimental display. The degraded 

transparency. 12.7 x 25.4 mm (0.5 x 1.0 inch). was projected on a rear 

projection screen at four magnifications corresponding to the four display 

size conditions. The small frame containing the target was surrounded 

by a 17. 8 x 1 7. 8 cm (7 x 7 inches) field of neutral content in order to 

reduce the glare of the target frame. The projection screen was a HELIO 

rear projection screen made by DeOude Delft. a Dutch company. It is a 

high quality. practically grainless screen having a gain of 2. o. 

The main components of the experimental apparatus. shown in Figure 9. 

were as follows: 

• Logic control u.nit--to control the presentation of slides. the 

timer. and the printer. 

• Timer and printer-~-a digital clock and printer for measuring 

and recording the subject's response time. 

• Target slide projector--Kodak 35 mm slide projector. 

• Background projector--Kocak 35 mm slide projector. 

32 



new

•CM

CMM«

kS%
I

m.
mL
i

I

m
m.
t

m
Figure 7. A truck degraded at all lev^els of number of scan 

lines, IMTF, and noise.

;i:-i



[
m

tm

vm

DMI

imi

ML d-SKmmm

jSit
t — ■

mm

'V

Fif»urt‘ 7. A truck tk'^rrulcd at all levt'ls of nunilu'r ot scan 
lines, M'l'l', anil noise, (concluiii-ii)



Figure }{. Subjeot'.s view of the display.



1%

im
•IT'

Figure 9. Main components of the apparatus: Logic control 
unit; printer; timer; target slide projector; 
background projector; and rear projection screen.



Each target s lide was pr.esented for a maximum of 5. 25 seconds. For each 

trial, the time fI'o m stimulus ons e t to the subject's response was printed 

out. The subjec t's response s a& to t arget type were recorded by the 

experimente r. V&riaticn in sfa e of the target was achieved by separate 

positioning oi the projector carriage and l ens in relation to the projection 

screen. Compensation was made for the resultant chang _ in luminance by 

placing appropriate neutral de~sity filters in the light pat.. The main 

target luminance was 90 cd/m (26 fL). 

Procedure 

Each s ubject wa s given a vision test using a Titmus Optical T/0 Vision 

Tester. If his vision was acceptable (at least 20/20 corrected), he was 

read instruc tions regarding the experimental task (Appendix C). 

The training session lasted about three hours. The subject was seated in 

front of the proje~tion screen so that his eyes were 38. 1 cm (15 inches) from 

the screen. The subject responded to the first set of 70 training slides, with 

the experimenter giving feedback as to the type f target displayed in each 

slide. Each of the '"/0 slides in the second set was presented for 5. 25 

seconds. Feedback was again given on each of the subject's responses. 

Each of the 70 training slides in the third set was also presented for a 

maximum of 5. 25 seconds. However, this time no feedback was given to 

the subject. If the subject met the criterion level of correct responses, he 

was asked to return the following morning for the testing sessions. If he 

did not meet the criterion, he was given another set of 70 trials. If he 

failed again, he was given a third and last chance. 

During the main experiment, all slides not used in training were presented 

to the subject. The instructions were to respond quickly and accurately 

with a response required on almost all trials, no matter how uncertain the 

subject might f el. The subject received no feedhack during the main 

experiment. The four target sizes were presented in four main blocks of 

trials, each containing 210 slides. The orders in which the four sizes 

were experienced and the slides used for training were counterbalanced 

over all subj ects. 

During training, two subjects went through the first two sets of slides 

together but were run separately on the third set. During experimentation, 

the two subjects were run in sequence with each hour session followed by 

an hour break. At least five minutes were also allowed between each tray 

of slides. 
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The res olution o f a ensor display system is a measure of how well the 

ystem. in luding the observer. can transmit fine grain information. 

S stem resolution was mea ured in the present experiment by projecting 

high contra t Air Force charts that had been degraded at the 244 degradation 

levels used in the main experiment. Figure 10 shows some of the degraded 

test patterns. Eight observer viewed the test patterns two times at all 224 

levels to determine the minimum visible bar s pacing at each level. For the 

levels of greatest degradation. the separate bars of even the largest 3-bar 

pattern were not visible. Therefore. larger patterns were created by 

digital image processing techniques to assess those levels. 

Resolution was found to depend almost entirely on the number of scan lines 

and magnification (Figure 11); that is, for the runge of tht variables 

studied here, noise and MTF had little effect on resolution. Moreover. 

resolution was not influenced by magnification for the coarse scan line 

spacing. In fact. for only the finest scar. line spacing did magnific'ation 

have a large effect. 

Target Measurement 

We were also concerned with measures of target size, such as height. 

width, and area, as ways of describing the target. Precise measurements 

were made on each of the 144 target objects. These measures "Vere obtained 

for two reasons: 1) to define the values of degradation parameters, such as 

number of scan lines, signal-to-noise ratio, and magnification; and 2) to 

determine which other target characteristics were related to recognition. 

The following m e asurements were made: 

1) Height (mm on original negative) 

2) Width 

3) Minimum dimension 

4) Maximum dimension 

·5) Area (mm2) 

6) Perimeter 
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MAGNIFICATION 
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Figure 11. ReE:iolution. as a function of number of scan 

lines and magnification. 
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7) Mean edgP. contrast (the mean of thP. absolute differ enc es in density 

between 10 repreE~ntative boundary points on the target and corre-

sponding Areas in the bo.ckground) 

8) Target density (the mean of the 10 representative boundary points) 

9) Background density (the reean of the 10 corresponding areas in the 

background) 

10) Maximum picture density (the cell that had the greatest density 

when the picture was divided into 1 mm cells) 

11) Minimum picture density 

The meanings of the measures 1 through 4 are shown in Figure 12. 

-,----
MINIMUM 
DIMENSION 

-L_ HEIGHT 

Figure 12. Four measures of target size. 
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Two aids were used for determining the values of the above rneasures: 

a grid super-imposed over a reproduction of each of the original trans­

parencies (Figure 13) and a computer printout of the densities in each 

cell (Figure 14). The gridded transparency of each target was then used 

to determine those cells corresponding to the target and the surrounding 

regions. 

The target measures we re combined with the measures of image quality 

to create a variety of combined meas ures. Magnification was combined 

with the above target dimensions in mm to provide a measure of size in 

terms of visual angle. Also. the nominal number of scan lines was combined 

with the target dimensions to provide the actual number of scan lines. 

Finally. the resolution of the system was combi ed with the target dimensions 

to measure size in terms of resolution. 

Similarly. the measur s described previously were used with the noise 

level to give three signal-to-noise ratios: 

1) Target-background/RMS noise 

2) Mean absolute edge contrast/RMS noise 

3) Density range/RMS noi.;e 



Figure 13. Grid superimposed over original jeep examples.
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RESULTS 

Our primary objf!ct:ive in analyzing the data was to answer the following 
questions: 

• How m\tc.:h did each of tb t? main degradation parameters contribute 
to target recognition? 

• What other rneasures (>f the target and the situation affected 
recognition? 

Stepwise regression analysis lO was usec! us th~ prima r tool for treating 
the data because it permits detailed examination of the effects of any set 
of selected variables. 

The main output of the analysis was to show how a given set of parameters 
was related to the criterion measure (accuracy or time). The output 
included an equation showing the linear relationship between the parameters 
and the criterion. In addition. a measure of how much of the variabilitv 
in the criterion was attributable to the effects of the paramete rs was provided. 
For example. 66 percent of the variance in recognition accuracy over the 
224 degradation conditior,s in the experiment was due to differences in 
resolution. One can then ask how much improvement in the relationship 
can be obtained by adding one or more variables to the prediction equation. 
If another variable does little to imprcne the relationship. the model of the 
relationship nef-d not include that latter variable. Different sets of variables 
can also be compared. For example. assume that 70 percent of the 
variance in recc,gr,itior. can be attributed to three specific parameters. A 
user might prefer to use a different set of parameters which are significantly 
easier to measure. If it were found that the latter set accounted for almost 
as much of the variance in accuracy as the form~r set. one might decide 
to adopt the latter set for practical application. 

10 N. R. Draper and H. Smith. Applied Regression Analysis. New York: 
Wiley. 1967. 
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Summary Data 

Th data from 15,108 trials were analyzed. The overall recognition 

accuracy was 58 percent. The mean response time was 2. 75 seconds. 

When recognition time and a curacy were compared over the 224 degrada­

tion conditions, a correlation of -0. 93. was found. 

Figure 15 is a plot of recognition time and accuracy for each of the 18 

subjects. The experi need subjects re ognized about as m ny targets 

as the students, but the student responded considerably faster. Perhaps 

the experienced subjects wanted to have greater certainty before responding. 

Nevertheless, no increase in a uracy was obtained for the additional 

r esponse time. 1 

Figure 16 is a plot of recognition time and accuracy for the 10 target 

categories. Except for the no-target category, there was a strong relation­

ship between time and accuracy. This is to be expected--the easier it is 

to recognize a target, the faster is the response to it. It is likely that the 

relatively long time for the no-targe response was a result of subjects 

spending time in an attempt to obtain information which could lead to a 

more positive response (viz., one of the targets). 

Figures 17 and 18 indicate that it was much easier to recognize some 

targets, such as the tank or the truck, than others. The figures also 

show the large differences between the 16 examples within each target 

category. A given target example may be highly recognizable over a 

broad range of degradation, while another may be very difficult to recognize 

over the same range. This sets an upper limit to the gains obtainable 

from system improvements. The data supported our premise that to 

predict absolute levels of recognition, it is necessary to use a variety of 

target types and a range of examples for each type. Otherwise, the results 

will depend highly on sampling variation. A further conclusion is that a 

high overall recognition level (for example, 85 percent) places very strong 

demands on any sensor display systen:i. 

Table 2 shows the percentage of responses in which target type - were 

confused. This table indicates (in perccmtages) the type of responses 

made to each target type. Subjec:ts were more likely to make the no­

target response when incorrect, and presumably uncertain, than any other 

target category response. There wer some other m.inor confusions. 

Jeeps frequently were called tractors and vice versa. Barrels and men 

were also confused with one s.nother. 
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,:,There are 16 examples of each target type. Hot all 16 a,·e visible here 

becau~e the respo~se levels wcr~ e~ual for two or more of the examples. 
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Table 2. THE TYPE OF RESPONSES MADE TO EACH TARGET CATEGORY 

(The percentage of responses for each type are shown.) 

Response 

G) , II) 

!. l II) 
G) 

... a) 8 II) 

II) 0 ~ 
II) .... [ ~ G) u II) G) 0 

i 
() 

ti 
co 1 ... "0 ~ 

~ § ... al ~ 
... 

~ 'o fl 
QI 0 t. ! 0 .., c,:, ~ ::c ;;> f-f z z~ 

Jeep 48 4 3 2 2 11 8 5 2 12 1 1530 

Truck 2 72 2 2 2 3 7 5 1 5 1 1522 

Gun 6 4 48 1 3 9 2 6 3 16 1 1503 

Men 2 2 1 60 7 3 1 3 12 8 1 1499 

Horses 8 1 2 7 58 3 3 3 3 11 1 1504 

Tractor 13 7 5 2 4 34 5 9 2 17 2 1534 

Van 4 7 3 2 1 5 67 4 1 5 1 1479 

Tank 3 1 3 0 0 6 3 79 0 3 1 1527 

Barrels 3 6 2 8 6 6 1 3 51 14 1 1498 

Landscape 4 4 5 2 3 4 1 4 4 66 1 1512 

Regression Analysis 

Image quality variables--'Ibe dependence of recognition on the four main 

image quality variables was examined by a regression analysis applied 

to all target trials (excluding the no-target trials) for all eighteen subjects. 

The main result was that L. the number of scan lines. was by far the most 

significant variable. Treating recognition accuracy first. L accounted for 
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52 percent of the variance between the 224 conditions. with a correlation 

of 0. 72. The relationship between recognition accuracy and L was: 

Accuracy= . 46 L + 36. 8 

The relationship was improved to account for 65 percent of the variance 

by including noise (N) (RMS values ranging from 0. 5 to 16). Then the 

relationship became: 

Accuracy = . 55 L - 1. 69 N + 40. 1 

The prediction was not improved measurably by including magnification 

or MTF. 

A similar result held for recognition time. Land noise accounted for 62 

percent of the variance. Response time (in seconds) was predicted by: 

Time= -.017 L + 0.038 N + 3.24 

Target recognition was related even more to vertical resolution. measured 

by visible line pairs per frame height. The correlation between recognition 

accuracy and resolution (R) was o. 81. The linear relations~ip is expressed 

as: 

Accuracy= 1. 23 R + 35. 2 

Once again the prediction was improved by including noise. The following 

equation accounted for 78 percent of the variance: 

Accuracy= 1. 3' R - 1. 6 N + 38. 9 

Similarly. recognition time was best predicted from a single variable by 

using resolution. which accounted for 71 percent of the variance. Then. 

by including noise. the equation accounted for 78 percent of the variance 

in tbne: 

Time = -. 04 R + 0. 036 N + 3. 29 

This reprei:ients the major outcome of the study. Image quality was best 

expressed in terms of vertical resolution. with noise aiding the prediction 

and with MTF having virtually no effect on recognition. The relationship 

between resolution and recognition is shown in Figures 19 and 20. The 

effect of noise is shown in Figures 21 and 22. 

The effects of the four main experimental variables are best understood by 

plotting L together with each of the remaining three variables. The combined 

effects of Land noise are shown in Figures 23 and 24. One sees that 
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the effects of noise were most apparent at higher levels. This may have 

been due to the smaller noise increments at the lower noise levels. The 

combined effects of Land magnification are shown in Figures 25 and 26. 
An increase in magnification had no effect at 10 or 21L. There was some 

effect at 42L and a much larger effect at 83L. The dependency of recognition 

on L and magnification appears to be a direct reflection on the relationship 

between resolution and Land magnification. This can be observed by 
comparing Figure 25 with Figure 14. The difference is that recognition with 

the 4 degree display may be somewhat inferior to that at 2 degrees. 
However, resolution did not decrease at the largest size. The effects of 

MTF are shown in Figures 27 and 28 to be negligible. 

Incremental effects--The separate effects of each of the main variables 
can be shown by determining how changes in each variable affect recognition 

when everything else is held constant. For example, assume we wish to 

determine the effects of increasing MTF from 0. 33 to 0. 47. This can be 

done by averaging t he increments over each of the separate combinations 
of L, noise, and magnification, where MTF was equal to 0. 33 and o. 47. 

That is, for each fixed level of L, noise, and magnification, the increase 

of MTF from 0. 33 to 0. 47 results in a given change in recognition. Averaged 

over all the actual combinations of the other three variables, the gain in 
accuracy comes out to be 1 percent. Figure 29 shows the effects for the 

four main variables. 

Combining subject groups--Although the data from the student and experienced 

groups were clearly not identical, their overall accuracy levels were 

reasonably close (Figure 15). Their time scores were more disparate. 
The two groups were also compared by observing the regression analyses 

applied to each group separately. For both response time and accuracy, 

first resolution and then noise emerge as the significant variables. The 

predictior equations shown below indicate some correspondence. 

ACC = 1. 44R - 1. 7 N + 38. 6 Students 

ACC = l.30R -1.4N+ 39.5 Experienced 

TIME • -o. 04R + 0. 03 N + 2. 95 Students 

TIME = -o. 05R + 0. 04 N + 3. 97 Experienced 

The main difference is that the constant for the time prediction was 1. 02 

seconds longer for the experienced subjects. The relative weightings 
for noise and resolution were similar for the two groups. This is 
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an indication that the main image quality parameters had similar effects 
on each group. The two gr ups were therefore treated as one. 

Predicting to individual targets--ln a previous section we specified 
the relative importance of the main image quality variables. However. the 
vast difference between targets and the smaller diff erenceEt between subjects 
demonstrate that image quality is only part of the story. .A,. !though the 
present study was not designed to analyze why some targets are easier to 
recognize than others. much of the data is relevant to this inquiry. 

We wish to address the following question: What properties make a target 
easy or hard to recognize? Why. for example. are tanks in this study easier 
to recognize than jeeps? And why are some views of the tank much easier 
to recognize than others? The data in the present study provide information 
about how size and contrast affect recognition. However. to the extent that 
contour and internal details are significant factors. the present analysis 
must be considered incomplete. For instance. if the shape of the tank is 
much more unique than the shapes of the other targets. then perhaps this 
one factor is much nx>re important than other features such as size and 
contrast. 

Three steps were taken to answer the above questions. We determined: 

1. Which factors were most important 

2. Which measures of those factors were most effective 

3. How much is lost if these factors were meaaured more simply 

The data to be presented came only from the trtals for the military targets: 
tank. truck. van. jeep. and gun. The data from the horses. men. and 
barrels were eliminated at this time since these were usually multiple 
targets and the size measures were ambiguous. The data from the tractor 
were not used because it was so much more difficult to recognize than the 
other targets. 

58 



Table 3 shows the correlations between 38 variables of concern. To 

create this correlation table the elementary unit of analysis was a single 

transparency viewed at a given magnification. Since there were 560 trans­

parencies for the five targets of interest viewed at four possible magnifica­

tions. there were 2240 elementary conditions. The data for each of these 

conditions usually came from the responses of four subjects. although some­

times there were three or five subjects. For each condition an accuracy 

score was expressed as a mean response time. The accuracy scores for 

each condition may take on a small number of possible values (e.g •• 2/ 4. 

3/4. 2/3. etc.). whereas the times may take on almost any value. This may 

be the reason that the correlations with time are slightly larger than those 

with accuracy. 

First. note that the correlations of the main image quality variables with 

time and accuracy were considerably lower than those in the earlier correla­

tion tables. This does not mean that the strengths of the relationships have 

changed. but that the correlation coefficient depends on the range of the 

variables involved. The large variability among the different targets produced 

a larger variation in time and accuracy between the 2240 elementar y cells in 

this design than in the 224 cells in the main design. This, in tui'tl, reduced 

the correlation coefficient. 

Consider the variables themselves. In the present analysis there were 

three kinds of variables which relate to performance: 

• Image quality 

• Target size 

• Target-background contrast 

It was found earlier that image quality was best measured in terms of 

resolution and noise. Resolution was measured here using both horizontal 

and vertical 3-bar patterns. Vertical resolution (as measured by the 

horizontal bars) typically had 'correlations with time and accuracy of about 

o. 04 higher than horizontal resolution (as measured by the vertical bars). 

Therefore, vertical resolution was used as the appropriate measure. 
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There are two kinds of questions relating to the measurement of target size. 
First. what is the appropriate unit of measurement. an< decond. which is 
the best target dimension to measure? Addressing the first question. the 
correlations in Table 3 show that if recognition is to be predicted from 
size alone. then size is best measured in terms of resolution. More 
specifically. target perimeter measured in terms of vertical resolution was 
the best single predictor: it accounted for 26 and 19 percent of the overall 
variance in time and accuracy. respectively. This. in fact. is similar to 
the measure suggested by Johnson1 as an effective predictor of various 
perceptual tasks such as detection and recognition. Johnson's measure. 
which is widely accepted. is target minimum dimension measured in terms 
of resolution. Table 3 shows that the latter measure correlated slightly 
less with time and accuracy than did perimeter. In fact. height. minimum 
target dimension. and maximum target dimension were approximately equally 
effective. However. the most significant result bears repeating. The best 
single predictor of system performance was target perimeter measured in 
terms of resolution. 

When the data were examined further. it was found that a better prediction 
could be made from target site. measure in mm. combined in a linear 
equation with resolution than simply size in terms of resolution as discussed 
in the above paragraph. Size in terms of visual angle was a surprisingly 
poor predictor. For distinguishing among targets overall. it was found 
that target perimeter. as measured on the transparency. was the most 
effective measurement to be made on the target. However. since all the 
size measures were highly intercorrelated. it might in practice be better 
to use a simpler measure such as maximum dimension. which also correlated 
highly with performance. 

The regression analysis shows that noise was bes! measured by the standard 
deviation of the noise distribution (i.e •• RMS noise). The three signal-to­
noise ratios had no predictive power. Contrast measured by the mean edge 
cont~st was a better predictor of performance than the simple overall 
target-background contrast measure. 

In summary. recognition of the five military targets can be best predicted 
by the following variables: 

• Resolution (line pairs /frame height) 

• Perimeter (mm) 

• Edge contrast 

• Noise (RMS) 
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The followtu,g equation accounted for 37 percent of the total variance in time: 

TIME = -0. 05 R - 0. 016 PER - 0. 034 EOG E CONT + 0. 023 NOISE+ 4. 84 

If noise is left out of the equation. the three remaining variables will stW 
account for 36 percent of the variance: 

TIME = -o. 04R - 0. 016 PER - 0. 034 EOG E CONT + 4. 90 

If Land noise are used instead of resolution. the explained variance is 
reduced to 33 percent. Similarly. if a simpler measure of target size such 
as target width is substituted for perimeter. the explained variance is 
reduced to 34 percent. 

Recognition accuracy is predicted from the following equation: 

ACCURACY= 1. 32R + 0. 5 PER+ 0. 8 EDGE CONT - 1. 3 NOISE+ 0. 7 

The equation accounts for 29 percent of the variance. If L were used in • 
the equation in place of resolution. the explained variance is reduced to 27 
percent. If target width were substituted for perimeter. the variance would 
also be reduced to 27 percent. If L and target width were both substituted 
for the more complex measures. then the explained variance would be reduced 
even further--namely. to 25 percent. 

What affects recognition of individual targets? What makes a tank or a jeep 
easy or hard to recognize? Although recognition for the individual target 
types generally depended on image quality. size. and contrast. there was 
much variability. First. it was found that the best measures of size and 
contrast varied over the nine targets. Tables 4 and 5 show how the 
several measures of image quality. size. and contrast relate to response 
time and accuracy. Beyond the general effectiveness of resolution. there 
was little additional consistency. It was even found that MTF had predictive 
power for some targets. 

The individual targets can be examined in a second way. We can determine 
the relationship of the four most useful parameters--resolution. perimeter. 
edge contrast. and noise--to time and accurac· and the proportion of the 
varian~e explained thereby. This information is contained in Tables 6 
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and 7. which show the coefficients for each of the variables and the total 

proportion of the criterion variable which is explaineq, No coefficient is 

shown in cases where the variable had little predictive relevance. The 

main variation between target types is found in differ enc es in the relevance 

of target perimeter as a predictor. There is also considerable variability 

in the amount of variance attributable to these four variables. The main 

conclusion here is that. aside from resolut1un. those features which relate 
to recognition may differ greatly from one target type to another. 

We ·:issume that we have barely grazed the issue of what affects the recognition 

of individual targets. As an example of this point. consider that target 
aspect has considerable relevancy (Table 8). Further. how much more 

important are such characteristics as contour and internal st"1cture? 
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Table 6. COEFFICIENTS IN REGRESSION EQUATION FOR 
RESPONSE TIME. (No entry is shown when the 
measure had little predictive relevance.) 

Edge 
Proportion 

Reaolutlon Perimeter Noise Constant of 
Contrast Variance 

Jeep -0.04 -0.028 --- 0.034 4.88 27 

Truck -0.05 -o.ooe -0.048 --- 4.54 39 

Gun -0.06 -0.028 --- 0.044 5. 97 33 

Men -0.03 -0.004 --- 0.038 2.48 11 

Horses -0.05 --- --- 0.078 3.25 28 

Tractor ··O. 04 -0.036 --- 0.035 4.37 24 

Van -0.05 --- --- 0.039 3. 32 31 

Tauk -0.03 -0.020 -0.036 --- 4.85 32 

Barrels -0.03 -0.130 -o. O'l9 --- --- 19 

Table 7. COEFFICIENTS IN REGRESSION EQUATION FOR 
RECOGNITION ACCURACY. 

Edge 
Proportion 

Resolution Perimeter Noise Constant of 
Contrast Variance 

Jeep 1.6 0.9 --- -1. 9 -11 28 

Truck 0.9 --- 1.7 --- 34 21 

Gun 1.9 1.0 1.1 -1. 8 -51 37 . 
Men 1. 1 -o. 3 --- --- 49 18 

Horses 1.8 --- 1.7 -2. 5 18 28 

Tractor 1. 7 --- 1.5 -1. 8 -12 43 

Van 1. 4 --- --- -1. 2 48 21 

Tank o.7 0.6 0.8 --- __ .,,. _ 23 

Barrels 1.3 5.2 -1.4 --- --- 27 
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Table 8. TIME AND ACCURACY AS A FUNCTION OF TARGET ASPECT. 

ACCURACY TIME 

Front 48 3.02 

Front Quarter 58 2.73 

Side 81 2.54 
ASPECT 

Rear Quarter 61 2.63 
-

Rear 45 3. 10 

Not Applicable 56 2.65 



!-;ECTION III 

EXPERIMENT II: The Effects of Number of Scan Lines, Scan 
Aperture Size, Noise, and Magnification on FLIR Target Recognition 

SUMMARY 

Objective: To determine the accuracy of FLIR target recognition as a 
function of number of scan lines, scan aperture size, noise, 
and magnification; to compare methods of system resolution 

measurement; and to determine the effects of target size and 

contrast on target recognition. 

Independent Variables: 

1. Number of scan lines-- the number of horizontal scan lines within 
the stimulus frame viewed by the subjects. 

2. Scan aperture size --the scanning aperture is assumed to be square. 
In the present study it was either 1, 2, 4, or 
8 times as large as the scan line spacing. 

3. Noise --the random variation in luminance at each point in the display. 

4. Magnification--the angular size of the display. In the present 
study the display height was either o. 5. 1. or 
2 degrees. 

5. Target category - j ep, truck, gun, van, tank. 

Results: Recognition accuracy data from 14, 400 trials (24 subjects) were 

analyzed by linear regression techniques. 

1. Magnifying the target image so that its maximum dimension was 
greater than about one degree of visual angle had little effect on 

performance, unless the image was noiseless or of high resolution. 

2. The optimum scan aperture depended on the scene noise level; 
overscanning improved performance in a noisy environment. 

3. System resolution measured with a new checkerboard pattern 

correlated better with recognition performance than when measured 
with the standard 3-bar pattern. 
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4. The best pr dictor of recognition performance was the displayed 

target maximum dimension divid _d by the system resolution. 

METHOD 

Design 

There were L 92 degradation conditions in the experiment (Figure 30). For 

each of the 64 cells defined by scan aperture size, number of scan lines, 

and noise, fifteen target examples were degr ... ded to create a total of 600 

slides. The slides were presented at three magnifications during experim n­

tation. The independent variables inv stigat d in this experim nt are 

described below: 

Number of scan lines- -It was assumed that a scanning aperture sweeps the 

frame horizontally. There were either 83, 42, 21 or 10 scan lines for 

the frame. 

Scan aperture size- -The square scan aperture had either the same dimension 

as the spacing between lines (nominal case), or was 2, 4, or 8 times as 

large (overscanning). Figure 31 shows a jeep degraded under the ten 

combinations of number of scan lines and scan aperture size. 

Noise--Noise was defined as a modification of the luminance (brightness) 

of each elementary unit of area in the scene. If the noiseless luminance 

wos B, then the luminance with noise was B + Ni, where Ni was a random 

variable having a gaussian distribution with zero mean and a variance 

which depended on the selected noise level. The elementary unit area 

corresponded to the smallest scanning aperture size. Four noise levels 

were used for each combination of number of scan lines and scan aperture 

size. Since much more noise can be tolerated with coarser resolution 

(fewer scan lines or larger aperture), higher noise levels were used for 

those conditions. For each resolution condition, the levels of noise were 

selected so the highest level would usually obliterate the target. The range 

of noise levels was greater in the experiment then in Experiment 1. 

Magnification--Three magnifications were produced by the experimental 

apparatus - low. medium. and high. These produced picture heights of 

o. 5. 1. and 2 degrees. as viewed by the observer. The 4 degree condition 

was not included in this experiment since recognition performance under 

that condition in Experiment I was similar to that under the 2 degree 

condition. 
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Figure 31. A jeep degraded under the ten combinations of 
number of scan lines and scan aperture size.



Target Category--Sinc.e data from Experiment I indicated large 

differences between the military and non-military targets. only the 

military targets (jeep, truck, gun, van, tank) were used in this experi­

ment. Examples of the five target types that were either too easy or too 

difficult to recognize in the previous experiment were excluded from the 

present imagery set. Twelve examples of each target type were divided 

into four sets so that the difficulty range of the fifteen examples in each 

set was equivalent. Figure 32 shows the sixty original target examples 

which served as input for subsequent image processing. 

Twenty-four college students, fifteen males and nine females. were paid 

for their participation in this experiment. For training, each subject 

viewed 140 target slides that were not presented during the experiment. 

During experimentation each subject viewed the entire set of 600 target 

slides. The slides were divided into ten sets, defined by the ten combina­

tions of scan aperture size and number of scan lines. The slides within 

each set were randomized in a slide tray. The order in which these 

trays were presented was balanced across the twelve pairs of subjects. 

Each pair of subjects saw 240 slides at one magnification and 180 slides 

at each of the other magnifications. The order of the magnification 

conditions as well as the trays presented at those magnifications were 

balanced across pairs of subjects. The experimental data consisted of 

accuracy scores from 14, 400 trials. Since response time and accuracy 

were found to be very highly correlated in Experiment I, only recognition 

accuracy was measured in this experiment. 

Stimuli 

Six hundred degraded targets were produced by digital image processing 

techniques. The steps involved in this image processing are shown in 

Figure 33. 

Negative transparencies of the sixty original targets (see Appendix A for 

steps involved in obtaining the original target imagery) were scanned by 

the Optronics digital scanner and written on magnetic tape. (See Appendix 

B for the details of the digital image processing.) Twenty other original 

targets were processed as training stimuli. 

Computer processing techniques were then used to degrade the targets 

according to specific levels of numbers of scan lines, scan aperture size, 

and noise. The details of the computer processing simulated the model 

of an infrared system as shown in Figure 34. The starting point of a 
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Negative Transparency 
of Original Target 

DIGITAL SCANNER 

Magnetic Tape Representation 
of Original Target 

COMPUTER 

Magnetic Tape Representation 
of Degraded Target 

DIGITAL FILM WRITER 

Positive Transparency 
of Degraded Target 

Read in picture 
Apply scan aperture 
Add noise 
Apply writing apertqre 
Write out picture 

Figure 33. Image processing steps of Experiment IL 
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s n r-d i s play sys t m is an obj e t spac - -a distr ibution of infr ar d 
n rgi s . Opt i s ar f irst u s d to form an imag f th radiation. T hat 

imag , whi h i assum d to conta in s ome nois , i s th n sc ann d by a 
d t c tor or ap rtur , whose output can b represent d by & time -varying 
voltag . T his voltage is proc s s d (amplifie d, fo rmat te d) and then 
writt n on a d i s pl ay s ur face by a writing ape rture. Th ultimate image 
c haracter istic and qu al ity d e pend on the en e rgy transfer a t e ac h processing 
st p. By m a king a s ri s of t est pictures, we e stablishe d the appropriate 
1 v ls of ac h of th s ys t m pa rame t e r s under c ontrol of the s im ula tion 
softwar (i. . , s iz , s hap , spacing, sampling of th sc anning and writing 
ape rtures, var ianc of the noise distribution). The c omputer proc e ssing 
us d to c r eat the number of scan lines, sc an aperture siz e , and nois e is 
d escrib d in de tail in Appendix B. 

Figure 35 hows a j eep that was processed unde r all forty d egradation 
c onditions. The d egrad d targets were then made into positive transparen­
c i s u s ing th Opt r on ic f ilm write r (Appendix B). 

Apparatus 

F'igure 36 shows the experimental apparatus. The degraded transpa rE-ncy. 
12. 7 x 25. 4 mm (0. 5 x 1 inch). was projected on a rear projection screen 
at three magnifications corresponding to the three nominal target size 
conditions. The height of the small frame containing the target was o. 5. 
1. or 2 degrees for the respective conditions. The frame was s urrounded 
by a 17. 8 x 17. 8 mm (7 x 7 inches) field of neutral content to reduce the 
glare of the target frame. 

The main components of the apparatus were as follows: 

• Logic control unit--to control the presentation of slides and to 
display each of the subject's responses. 

• Target slide projector--to project each slide at a magnification 
of 2: i. 1: 1. or 1: 2. 

• Background projector--to project a neutral content area 
surrounding the target frame. 

• Rear projection screen--a high quality practically grainless 
HELIO screen having a gain of 2. 0 and made by DeOude De l.ft. 
a Dutch company. 
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Figure 36. The main components of the experimental apparatus: 
I-ogic control unit; target slide projecloi-; hackei ound 
projector; and rear projection screen.



E a h lid wa pr nt d for fi v ond , with a two e ond interval 

beh en lid • Th thr magnifi a tion were a hi v d by 

e par te po itioning of the l e n and the projec tor. eutra l density 

filt rs w r plac d in th light path to comp n at for th r sultant changes 

in l uminanc . Two s ubj c ts wer seat d 76. 2 cm (30 inches) from the rear 

proj ction scr n. During x pe rim ntation a divider was placed b tween 

th subj ts to pr vent communication. Each subject held a r espons unit 

which contain d fiv buttons corr sponding to th fiv target categori s. 

When a button was pu s h d, a numb r corresponding to that target category 

was displaye d to th xp r im nter. This display was visibl e only to the 

xperim nt r and was 1 ared as soon as the next slide waE pres ent ed. 

Proc edure 

The near acuity of ac h s ubj ec t was first tested using a Titmus Optical 

T/O Vision T este r. Subj cts we re r equired to have 20/20 n ear acuity with 

refractive correction. Instructions regarding the experimental task 

(Appendix C) wer then read to the subjects. 

Three subjects were trained at a time. The 140 training slides contained 

degr aded targets that would not be seen during experimentation and were 

divided into three sets of graduated difficulty. All three sets were presented 

at the one degree magnification condition at a viewing distance of 76. 2 cm 

(30 inche s). Th subject' s task was to d e termine the typ of target that 

was displaye d each time. The presentation of the first set of forty slides, 

which contained no noise , was untimed. The experimenter gave feedback 

as to the type of targe t displayed in each instance. The second set of 

forty slides contained a higher level of nois e , and ach slide was displayed 

for five seconds, with a two second int rval between presen~ations. Feed­

back was again give n for each of these target slides. The presentation nf 

the third set of sixty training slides, which contained an even higher level 

of noise, was also automatically timed. The two subjects to be selected 

for experimentation were required to meet a minimum performance 

criterion on this set. Therefore, no feedback was given. and the three 

subject' s response s were recorded and scored. 

After a short break, the two subj ects that were selected w e re again 

seated 76. 2 crn (30 inches) from the display. A screen was placed 

between them to discourage any communication. The subjec ts viewed 

240 slides at one magnification and 180 slides at each of th two other 

magnifications. The presentation of the slides was automatically timed so 
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that e · ch slide was displayed for five seconds with a two second interval 

between slides. Subjects were instructed to respond to each slide within 

e n seconds, no matter how uncertain they might feel about the response. 

A r espons e was made by pushing a button that corresponded to one of the 

five categories. Numbers representing their responses were then displayed 

to the experimenter to be recorded on code sheets. 

Re solution Measurement 

Previous studies of this type have indicated a high correlation between 

system resolution and target recognition performance. Since problems 

have been experienced in attempting to obtain precise measurements of 

resolution, a secondary objective of this study was to obtain these 

meas ures by alternative methods. Two types of test patterns were 

degraded at all levels of the expt~rimental variables and used to measure 

display resolution. 

One test pattern was a high-contrast Air Force 3-bar chart. This chart 

was degraded by digital image processing at all 120 combinations of the 

experimental variables. Six subjects responded to each of the 120 conditions. 

The psychophysical procedure associated with this chart was found to be 

very imprecise, an undesirable feature being the large subjective element . 

The subject's response as to when he could resolve the three bars depended 

on his confidence level, which varied both within and between subjects. 

A forced choice between whether the bars were horizontal or vertical was 

not valid, since horizontal resolution is often superior due to the horizontal 

orientation of the raster scan. Therefore. even though a large number of 

responses were taken and the methodology improved somewhat, the precision 

of the measurements made with this pattern is questionable. As an after­

thought. a lower contrast 3-bar chart was also degraded at each of the 

main degradation conditions. The contrast of this chart (0. 75) corresponded 

to the average contrast of the targets used in the experiment. Two 

responses were taken for each condition. 

New ideas for measuring resolution were implemented by using a checker­

board pattern. consisting of light and dark squares on a neutral background. 

This test chart, which contained nine patterns of decreasing size, was also 

degraded at all combinations of the experimental variables (Figure 37). 

Three subjects responded to each of the 120 conditions. The checkerboard 
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pattern offers s e veral advantages over the 3-bar test chart. It can be 
constructed so that the black squares are on a diagonal either to the left 
or to the right. This allows a forced-choice technique to be used in 
m e asuring resolution by asking the subject th orientation of the black 
squares. Anoth r anticipated advantage of the checke rboard pattern is 
that the value s of the squares and background can be chosen so that the 
patte rn disappe ars into the background when it cannot be resolved. Even 
if the 3-bar pattern is gre atly d egraded, something is usually visible 
against the background. 

The quantification of r e solution is somewhat arbitrary, since all such 
measures are proportional to one another. It is necessary to determine 
how narrow the bars in the 3-bar pattern can be and still be resolved. 
This dimension can b measured in terms of: sensor viewing angle, 
display angular subtense, display size, size in the real world (ground 
resolution), etc. For present purposes, resol•1tion was most conveniently 
defined in terms of ~he frame height. Thus, for a given condition we may 
find that 30 line pairs (bar pairs) are resolvable over the total height of the 
display viewed by the observer. We say then, that there are 30 resolvable 
cycles per frame height, or one resolvable cycle is one-thirtieth of the 
frame height. Of course, resolution becomes more meaningful when it is 
related to the sizes of targets. Thus, the target dimension is measured 
in terms of the number of resolvable cycles as defined above. However, 
since the target dimension and resolution are defined with the same units, 
the size of the target in terms of the number of resolvable cycles will be 
unaffected by the unit for measuring resolution. 

Target Measurement 

An additional objective of this s udy was to determine the effect of certain 
targe t characteristics on recognition performance. To do this, the 
following target measurements of the original undegraded pictures were 
made: minirr.um dimension, maximum dimension, height, width, area, 
perimeter , and contrast. The procedure used to make these measurements 
in Experiment I was also used in this experiment (see Figures 12, 13 and 
14). A grid was superimposed over a reproduction of each of the 
undegraded target originals. A computer printout of the density v alues 
making up a targe t corresponded to the gridded targets. Since each cell 
of the grid was represented by a printout density value, the gridC,ed 
transparency could be used to d e te rmine those cells corresponding to the 
target and the sur rounding r egions. Target contrast was measured by 
outlining the edge of e ach target on its corresponding computer printout. 
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Representative transmittance values were then selected from the target 

and the bac round and the difference between these values was used to 

define the c ntrast of that ta r get. 

RESULTS 

Recognition accuracy data from 14. 400 trials were summarized and 

analyzed by linear regression techniques to indicate the effects of the 

main variables. 

Target Difficulty--There were large differences in difficulty between the 

target examples (Figure 38). The two target examples which were too 

easy (recognition > 88 percent) and the nine target examples which were 

too difficult (recognition < 25 percent) were excluded from subsequent 

analysis since it was expected their inclusion would add error to the 

results. 

Magnification--The effect of magnification depended on scan aperture 

size, number of scan lines. and noise. In the case of highest resolution 

and no noise (Figure 39). target recognition was better at high magni­

fication than at the lower magnifications. In the typical case, that of all 

but the lowest resolution plus noise (Figure 40). a target was recognized 

about as well at high and medium magnifications. This implies that there 

existed no information in the image which could be brought out by the 

higher magnification. In the case of very coarse resolution (Figure 41 ). 

targets were better recognized at the low magnification that at the higher 

magnifications. Presumably in the latter case. the target structure was 

disrupted by the more visible noise and raster information. It is 

interesting to note that this effect is never reflected by measures of 

system resolution using standard test patterns. since increased magnifi­

cation results in improved visibility of the standard test pattern. 

Number of scan lines, scan aperture size, and noise- -The effects of 

number of scan lines, scan aperture size, and noise are shown in 

Figure 42. where the data for the three magnifications are combined. 

With no noise, optimum performance was provided by fine line spacing 

and small aperture. In this noiseless case, a larger aperture caused 

a performance decrement. At higher noise levels. very fine resolution 

no longer offered a gain. The optimum scan aper·ture size depended on 

the noise level. For more noise, a larger apertu·re was required for 

filtering. For a given aperture, some amount of overscanning (i.e. , more 

scan lines per frame) improved performance. 
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System resolution--System r e solution, measured with the 3-bar pattern 

and the new checkerboard pattern, is shown as a function of noise, scan 

aperture size. and number of scan lines in Figures 43 and 44. re­

spectively. Comparing these data with those in Figure 42. a general 

correspondence can be seen between measures of resolution and recogni­

tion performance. For those cases where measured resolution was high, 

recognition performance also was generally found to be high. However, 

regression analysis showed that resolution measured using the checker­

board pattern correlated higher with performance than measures made 

with the 3-bar pattern. The reason can be seen in Figures 43 and 44. 

In general, noise had relatively little effect on the visibility of the 3-bar 

pattern. Since the visibility of the checkerboard pattern was affected by 

noise, it should not be surprising that it was a better predictor of 

recognition. 

The relationship between measured resolution and recognition is shown 

in Figures 45 (as measured by the 3-bar pattern) and 46 (as measured 

by the checkerboard pattern). The effects of including noise in the relation­

ship are shown in Figures 47 (for the 3-bar pattern) and 48 (for the 

checkerboard pattern). These data offer further support of the argument 

in the above paragraph. Namely, noise adds little to the effectiveness 

of checkerboard resolution as a predictor because this measure of 

resolution already reflects the effects of noise. Once again Figure 

indicates that this does not hold for the 3-bar measure of resolution. 

Resolution and target size- - In discussing the relationship of various target 

measures to recognition rerformance, we will first review the Johnson 

criterion for recognition. In implementing this criterion, the number of 

resolvable cycles of the system is measured using a 3-bar pattern. If 

the pattern has the same contrast as the target, and if the minimum 

target dimension subtends four resolvable cycles, the predicted probability 

of recognition is O. 50. Johnson offers a theoretical basis for using the 

minimum target dimension as a measure of target size; however, the data 

from the present study did not confirm the usefulness of this criterion. 

Figure 49 shows that the probability of recognition was about o. 50 when 

the minimum target dimension subtended fou1· resolvable cycles. However, 

this criterion was a very fuzzy predictor. That is, the gradient was so 

shallow that even at eight resolvable cycles, the probability of recognition 

was no 'i: much more than O. 50. A criticism of our data is that we were 

initially using a 100 percent contrast 3-bar pattern, whereas for a strict 

application of the Johnson criterion we should have used a pattern of the 
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same contrast as the target. Since the targets were of very high contrast 

(with an average contrast of o. 75). similar results were in fact obtained 

from subsequent measurements using a lower contrast set of pattems. 

When the checkerboard pattern was used to measure resolvable cycles 

(Figure 50). the minimum dimension improved as a predictor of recognition 

performance. 

The maximum target dimension (Figure 51) provided a higher correlation 

with recognition performance than did the minimum dimension. The data 

show (Figure 52) that the maximum dimension. as compared with system 

resolution defined in terms of the checkerboard pattern. was the simplest. 

most useful predictor of recognition performance. This finding is possibly 

the major outcome of the study. 
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SECTION IV 

EXPERIMENT Ill: The Effects of Dynamic Nois e on F LIR Target 

Re cognition 

SUMMARY 

Objective: to determine the effect of dynamic noise on recognition of FLIR 

targets: 

to compare the effects of dynamic and static noise over a range 

of ima e quality conditions. 

Independent Variables: 

1. Noise (Dynamic)-- the r a ndom va riation in luminance at each 

point in the display varied in time. Specifically. 

each point took on 24 discrete values per second. 

2. Number of scan lines-- the number of horizontal s can lines within 
the stimulus frame viewed by the subject. 

3. Scan aperture size --the scanning aper ture is assumed to be square. 

In the present study it was either 1. 2. 4. or 

8 times as large as the scan line spacing. 

4. Magnification-- the angular size of the display .. In the present 

study the displa height was either o. 5. 1. or 2 

degrees. 

5. Target category-- jeep. truck. gun. van. tank. 

Results: Recognition accuracy data from 14. 256 trials (24 subjects) were 

reduced and compared with the results of Experiment II. 

1. Recognition accuracy for the different targets and the effects of 

main variables were highly consistant with the results of Experi­

ment II. 

2. Overall. at each noise level there was an average of 8 percent 

improvement in recognition when the noise was dynamic. 

3. There were negligible differences between :Dcperiments II and III in 

overall accuracy for the no noise condition. 
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METHOD 

Design 

The xperim ntal d sign was ess ntially that used in Experiment II (Figure 
3-1 ). The degradation onditions and stimuli of Experiments II and IIl 
were similar. the basic difference being that in Experiment Ill the noise 
was time-varying. as it is in real FLIR systems. These time varying 
fluctuations in luntlnance were simulated b.v producing film strips from 
individual frames (with noise) which were equivalent to the stimuli of 
Experiment Il. The reason for comparing the two kinds of noise was largely 
methodolo i al- - i. . • to provide a basis for applying experim.ental results 
from static noise to displays containin dynamic noise. The following 
independ nt variables were investigated in this exp riment: 

Number of scan lines--It was assumed that a scan aperture (or detector) 
sweeps the frame horizontally. There were either 83. 42. 21. or 10 scan 
lines for the frame. 

Scan aperture size--The square scan aperture had either the same dimension 
as the spacing between scan lines (nominal case) or was 2. 4 or 8 times 
as large (overscanning). 

Noise--Four noise levels were used for each combination of number of 
scan lines and scan aperture size. Noise for a single frame was defined. 
as in Experiment II. as a modification of the luminance of each elementary 
unit of area in the scene. If the noiseless luminance was B. then the lumi­
nance with noise was B + Ni. where Ni was a random variable having a 
gaussian distribution with zero mean and a variance which depended on the 
selected noise level. Since much more noise can be tolerated at coarser 
resolution (fewer scan lines or larger aperture). higher noise levels were 
used for those conditions. For each r~olution condition. the le els of 
noise were selected so the highest level would usually obliterate the target. 

Magnification--Display heights of o. 5. 1. or 2 degrees were produced by 
varying the distance between the subject and the display. 

Target category--The original. target imagery for this experiment was the 
same as that in Experiment II. The five target categories were: jeep. 
truck. gun. van. and tank. Based on the target difficulty data. the eleven 
target examples that were omitted from further analysis in the previous 
study were also omitted from this study (see Figure 3-9). Film processing 
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problems also caused a numb r o f oth r degrad d target examples to be 

excluded f rom the final stimulus film. resulting in an unequal number of 

target examples in each ondition. Th final stim.ulus film contained a 

total o f 198 d grad d tar t examples. 

Twenty-four college stud nts were paid for their participation in the experi­

ment. Each pair of subje ts were trained on 140 static target slides. The 

movie film containing the 1 8 degraded targets was presented to each pair 

of subjects at three viewing distances corresponding to the three magnifica­

tion onditions. The ord r in whi h the size conditions were experienced 

was balanced across pairs of subjects. The exp rimental data consisted of 

r cognition accuracy scores from a total of 14. 256 trials. 

Stimuli 

F ilm strips of 198 d graded targets were produced by digital image processing 

and animation techniques. The steps involved in the image processing are 

shown in igure 53. 

The nBgnetic tape representations of the original target examples of 

Experiment II (F igure 30) served as input for the processing. See Appendix 

A for a description of the procedure used to obtain the original FLIR imagery. 

As in Experiment II. each original target image was then degraded by 

computer according to specific levels of number of scan lines. scan aperture 

ize. and nois e . de cription of this computer P""OCessing ma be found 

in Appe 1dix B. Each time a target wa,· processed, different values of 

noise wer randomly selected from the distribution and added to the image. 

A positive transparency of each image was then produced us Ing the Optronics 

film-writer (Appendix B). Figure 54 shows several targets at this stage 

of the process. 

Each of the ix 50 x 100 mm trans parencie of a degraded target were then 

photographed four time with the animation camera according to a pseudo­

random. chedule. See ppe ndix D for a detailed description of the animation 

process and facility. This resulted in a filmstrip containing 24 frames. 

each a 18. 8 x 24. 4 mm negative of the target. 

The filmstrip of each degraded target was then copied five times by a Bell 

& Howell contact copier. so that the resultant positive strips consisted of 

120 frames. These target strips. with numbered spacers between. were then 

spliced together to form the stimulus movie film. When projected by a 35 mm 

projector at 24 frames per second. each target appeared on the display for 

five seconds. with a two second interval between each trial as in Experiment n. 
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Figure 53. Image processing steps of Experim nt IIL 
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the same scan line/scan aperture condition, but at a 
different noise lev^cl.
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. pparatus 

T he main components of the experimental apparatus are shown in F igure 55 

and listed below. 

• 35 mm movie projector--to present the stimulus movie film 

• R ar projection screen--a high quality practicelly grair,less 
reen havin a gain of 2.0 

• Background projector- -to project a tar t frame surround of 

neutral content 

• Training slide projector--to project the slides containing training 

targets 

• Rear projection screen for training slides 

T he stimulus film was projected by a 35 mm Super Simplex projector (a 

standard theatre type unit) with a seven-inch Kodak projection lens. Light 

was supplied by a conventional carbon arc lamp and adjusted so the average 

luminance of the projected targets was 92. 5 cd/m2 (27 fL). The frame 

registration of tne projector was within . 038 mm.and the film was projected 

at a rate of 24 frames per second. The section of film containing each 

target was 120 frames long and appeared on the display for five seconds. 

There was a two second interval between targets during which the number of 

the next trial was displayed. 

The size of the frame containing the dynamic targets was 21 x 38 mm on 

the r~r projection screen. The dynamic targets were surrounded by a 

180 x 230 mm field of neutral content to reduce the glare of the target frame. 

This field was projected by a Kodak Carousel projector with a three-inch 

lens. A beam converger (Figure 56) was used to combine the stimulus and 

background. Size variation of the targets was achieved by adjusting the 

distance between the subject and the display. Subjects were seated either 

61. 122. or 244 cn1 (2. 4. or 8 ft.) from the display for the three magnifica­

tion conditions. 

The training targets. projected b a Kodak E tagraphic projector. were 

21 x 38 mm on the tr4ining rear projection screen. 
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Procedure 

Data w re coll cted from two subjects per session. The near acuity of each 

subject was first tested using a Titmus Optical T/0 Vision Tester. SUbjects 

were required to have at least 20/20 near acuity with refractive correction. 

Instructions were then read to the subjects to acquaint them with the experi­

mental task (Appendix C). 

The training session was similar to that in Experiment II. Subjects were 

seated 61 cm. (2 ft.) from the screen for the entire training session. All 

training targets were therefore viewed at the highest magnification. The 

first set of forty slides consisted of targets with no noise. subjects were 

encouraged to respond verbally to these slides. The slides were manually 

advanced by the experimenter, who indicated the correct response for 

each slide. The second set of forty slides was automatically timed so 

that each slide was presented for 8 seconds. These slides contained a low 

level of noise. The experimenter continued to give feedback while the 

subjects checked their responses on the response sheet. 

The third set of sixty slides, which contained a higher level of noise, was 

also automatically timed so that each slide was presented for 8 seconds. 

For this set, no feedback was given and subjects indicated their response 

to each trial on a response sheet. In order to participate in the main 

experiment, subjects were required to meet a criterion level of performance 

on this set. 

The reel of movie film contained 198 targets and took approximately 25 

minutes per showing. A target was displayed for five seconds, with a two 

second interval between trials. During this interval, the number of the 

next trial was displayed to prevent subjects from losing their place on the 

response sheet. For a given trial, a response was made by writing the 

initial or first two letters of the target type next to the trial number. Each 

pair of subjects viewed the film at all three distances, with about a five 

minute break between sessions while the film was rewound. 

RESULTS 

The results from the present experiment are highly corisistant with those 

from Experiment n. Recognition accuracy for the different targets (Figure 

57), the effects of magnification (Figures 58, 59, 60), and. most important. 

the main variable effects (Figure 61) are much the same as in Experi-

ment II. However, there appears to be considerably more variability 
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in the data from this experiment, due presumably to the uneven number 

of trials within each condition. 

Overall, at each noise level there was an average of 8 percent improve­

ment in recognition when the noise was dynamic. This is approximately 

equivalent to the effect of doubling the signal-to-noise ratio. The mean 

recognition accuracies for the main levels of S/N in Experin1ents II and Ill 

are shown in Table 9. The negligible difference in overall accuracy for 

the no-noise condition (the small number of target examples in the individual 

cells led to the variation therin), supports the valid comparison of the 

experimental results from the two experiments despite the differences in 

the image processing systems. 

Table 9. RECOGNITION ACCURACY (o/o) AS A FUNCTION OF S/ IN 

EXPERIMENTS II AND III (FROM FIGURES 42 AND 61 ). 

S/N 

None 1. 5 .75 . 38 

Type 
Static 67 46 35 29 

of 
Noise Dynamic 69 52 44 37 

The objective of the present experiment was to determine the relative 

effects of static and dynamic noise. The results indicate a degree of 

equivalence and provide a basis for extending experimental results from 

static imagery to systems of dynamic imagery. 
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SECTION 5 

DISCUSSION 

How do sensor-display system variables affect the recognition of targets? 

The answer can be understood in terms of the framework illustrated in 

Figure 62. The various system parameters (such as number of scan 
lines. scan aperture size. magnification) affect image quality. The char­

acteristics of the real target also affect image quality. since the target 

signal strength is a factor in determining system gain. which. in turn. 
affects the display noise. The target characteristics together with the 

quality of the image define the displayed informati.on--the displayed target. 
The probability of recognizing the target then depends on the displayed 
target relative to the information required to recognize that target. 

System 
Parameters 

~ 
Image ~--- Real Target 
Quality Characteristics 

~ / 
Displayed 

Target 

~ 
Inf orrnation 

iequired 

Recognition 
Accuracy 

Figure 62. Factors affecting target recognition. 

We now will discuss how the results of our studies aid in the understanding 

of the relationships shown in Figure 62. 
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SYSTEM P R METERS 

Our studies indicat which system parameters affect image quality. It 

is clear that raster sampling dominated image quality and that the frequency 

response along the line (i.e •• MTF) had negligible effect over a relatively 

broad range of values. Noise had a large effect on image quality. However, 

the effecti v signal-to-noise ratio could be improved by increasing the scan 

aperture size. By doing this. the loss in resolving power was more than 

compensated for by the red1•ction in noi e. 

These findings lead us to hypothesize that a more effective wa to increase 

th scanning aperture is to increase it only in the direction of scan 

(horizontally). By doing this. noise would be reduced only at the cost 

of MTF. But since the loss of MTF would have little effect on image 

quality. we would expect greater overall improvement than if we increased 

the scanning aperture both horizontally and vertically. This may be 

consirlered to be a question for future research. 

We found that magnification (or display size) can help. up to a point. No 

improvemt!nt was found when the target's minimum dimension was in­

creased beyond 40 arc minutes. In fact. the recognition of a target at 40 

arc minutes was better than at 20 arc minutes only when the resolution was 

high and the noise was low. Thus. it is often sufficient for the target's 

minimum dimension to be about 20 arc minutes. When system resolution 

is very low. magnification hurts rather than helps. Then. the minimum 

dimension should be even less than 20 arc minutes. 

Finally. we found that both static and dynamic noise had the same type 

of effect on image quality. Thus. results from experiments using static 

presentations can be validly applied to dy~amic scenes if the matter of 

perspective change is of no significance. 

IMAGE QUALITY 

A good measure of image quality is required to predict target recognition. 

Although there are a number of proposed measures of image quality, only 

one has been systematically related to target recognition. Specifically, 

the 3-bar pattern has been effectively used to measure resolving power. 

Then. the probability of recognition is predicted by relating target size to 

the number of resolvable cycles defined by a set of size graded 3-bar 

patterns. This defines the Johnson criterion for recognition. However, 
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w hav f und that a h ckerboard test 1 • ._rn was a better measure of 

image quality. A major reas on for tat. g that it is better is that over 

the 4.0 m in condition (number of scan J .. nes x scan aperture size x noise) 

in Expe rim nt II, it had a much higher 1;orrelation with recognition accuracy 

than did the 3-bar pattern. The correlations with a ccuracy were o. 81 and 

o. 63 for the checkerboard measure and the 3-bar measure, respectively. 

The r lative effe tiven ss of the two m ea ures when related to target size 

an be seen in Figures 49 through 52. The main reason that the checker­

board measur is mor effective is that it is more dependent on noise than 

is th 3-bar mea ure. The orrelations between noise level and number of 

resolvable c cles over the 4 main conditions in Experiment II was o. 69 

wh n using th checkerboa rd pattern and o. 44 when using the 3-bar pattern. 

Thus, the 3-bar patl rn is not so ensitive to the effect of noise on target 

recognition as i s the checkerboard pattern. In the noise-fr~e case we would 

expect much l~ss, if any, difference between the two measures. Other­

wise, we strongly recommend using the heckerboard pattern to measure 

image quality. It is also recommended that a study be made of other 

alternative test patterns to elect a best such pattern. 

In practice, there are two ways for estimating the image quality of different 

systems: experimental and analytic. We could apply the actual or simulated 

system to a et of test patterns and measure the resolution. Alternatively, 

if the system configuration were well enough understood, its resolution 

could be predicted by mathematical analysis. 

TARGET CHARACTERISTICS 

The data showed that a measure of target size, such as maYimum dimen ion 

or perimeter, in conjunction with a measure of system resolution was a 

good predictor of recognition accuracy. Specifically, the probability was 

o. 5 of re ognizing a target whos e maximum dimen ion equalled eight 

resolvable cycles. This result supports the general view that target size 

is a basic component for predicting recognition. However, this prediction 

is clearly inadequate, as shown by the great variance in recognizability 

for targets of the same size. Although it is generally believed that size 

and contrast are the basic target features for predicting recognition (and 

visibility), something more is needed. 

To recognize a particular target, information is needed from the display 

regarding its size, shape, internal structure, details, light and dark 

regions, and so on. However, those features which must be seen are 
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different f ,r different targ ts even when they are of the ame size. For 

one targe it may be ne essary to see a small detail. For another it may 

be necessary to s e a large blob. What is really important is the size 

and contra t of those target features needed for recognition. 

It may be that the b st simple predictor is target size (perhaps augmented 

by contrast). But we believe that the size and contrast of the internal 

detail would provide a better base for prediction. At Honeywell. we have 

carried out a series of experiments on the visibility of target gratings 

and grids as a function of their spatial frequency (internal detail size) and 

modulation (internal detail contrast). 1 l The visibility of this type of target 

depends neither on its size or its contrast with the background (which 

often has a value of zero). We believe that it is necessary and important 

to conduct an experimental stud of this problem--to develop a simple 

method for characterizing target internal structure and contrast to be 

used in conjunction with a measure of system resolution to predict recogni­

tion accuracy. 

11 L. G. Williams and J. M. Erickson. Dynamic Contrast Requirements. 

Honeywell Contract Report No. N00014-74-0076. February 1976. 
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APPENDIX A 

OBTAINING ORIGINAL TARGET !MAGER 



, 
. 

A 

RI IN LT.ARC Tl G R 

h ori inal target im a ger wa obtained at th Hon ywell Provin Grounds. 

an ar a of 23 00 a r es of vari d and suitable t rrain 37 miles northwest 

o f inn apoli . n infrar d n s or was pl a d at the top 1 vel of a 50-foot 

imulat th geom t r of the LIR m i ssion ( • igur A -1 ). The 

rotat d ov r a 360-degree range to vi w tar ets at variuus 

r - G i a vi w from the tower. The targets were placed s o 

ould be vi ewed at a mean depr ssion angle of 20 degrees and at 

lant range of 140 feet. The actual depression angl es and s lant 

rang s r varied s omewhat to create size and a s pect variation i the 

r l:lltant i m a g s and also to permit background variation. 

A Barn 
s ine ring o del T-102 was selected as the best of the infrar d 

s en or 
available to u s . Its important characteristics are summariz eLl 

b low : 

• 
• 
• 
• 
• 
• 
• 
• 

Type: odel T-102 indium antimonide 

pe ctral range · 1 . 0 to 5. 5 microns 

umber of raster lines: 160 

umber of horizontal picture elements: 225 

ield of view: 25 degrees wide x 12. 5 degr s high 

I OV: 0 . 1 degree (1. 7 milliradians) 
0 0 

inimum detectable temperatures: 0 . 1 C for a 30 C target 

F rame rate: 2 frames per second 

The odel T-1 02 consisted of two units: an optical he d located on the 

tower for sensing the energy; and a control and isplay unit. which was 

basically an oscilloscope, for displaying the thermal image. The writing 

time for one complete frame was 0 . 5 second. The image on the oscilloscope 

was then photographed using Ko dak Tri-X film. The resulting negatives 

served as input for ·ub s quent digital film canning. 

Ten targets were used: gun. jeep. truck. tank. van. tractor. horses, 

men. barrels and landscape. Figures A -3. A -4. and A -5 show some of 
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FitJiiro A-1. Sc'DKor units mounted on tower,
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Figur, A-:~. JC' 'P and truck 



l·igur• -i. ;un and tank 

I • > r: -,) 
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I 

Figun' 3. \ ·rn nnd rn tor 
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... - -

th targ ts. 'or most of th targ t typ s (men, hors s, barr ls, and 

land cap w r xc ptions ). th pictur s w r mad at ac h of four temperatur 

conditions: day, hot target; day, cold target; night, hot targ t; an night, 

cold targ t . For th v hicl s, a hot targ t had its engin running. whereas 

th ngine of a cold targ t had b en off for at 1 ast ~wo hour • In most 

cases the cold t rg ts w r towed into plac for each n w picture. Different 

views (front, sid , r ar, tc.) of ach target were us d. Figures A-6, A-7, 

A - 8, and A-9 show som of th resultant infrared targ ts. At least 20 

pic tur w r pr du d for ach of th 10 targ t types. 
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APPENDIX B 

DIGITAL IMAGE PROCESSING 

Digital image processing is based on the fact that pictures can be adequately 

described by an array of numbers. An image may be represented by a two 

dimensional array of s mall unit areas of constant luminance. called picture 

elements. F igure B-1 shows the general image processing steps used in 

this study. As indicated in Appendix A. the negatives produced by photo­

graphing the target image from the infrared sensor served as input for the 

digital image processing. 

In transforming the original image to an array of numbers. the light intensity 

transmitted through the film image was scanned incrementally (picture 

element by picture element) and measured by a photodetector. Each picture 

element was assigned a numeric value according to its brightness. The 

film scanner looked at one line at a time of the ima.ge on film. It measured 

the film density at each picture element and then recorded the inforn-iation 

on magnetic tape. 

In the present study. a scanning aperture of 1001J, was used. Starting with 

a 25 x 50 mm negative (Figure B-2). the picture was represented in digital 

form as 250 x 500 picture elements--250 scan lines each containing 500 

picture elements. The densities were recorded at 64 levels over a range 

from O to 2. 5. As the digital scanner scanned one line as shown in the di~grom. 

a total of 500 values was recorded as one record on magnefic tape. Then. 

when the next line of the picture was scanned. another set of 500 densities 

was recorded as a second record on magnetic tape. In this way a total of 

2 50 records was produced. 

In this numeric form. the images were then degraded by computer processing 

according to the main experimental variables of each study. The con1puter 

processing used to achieve the desired image degradations for he three 

experiments is described in the following pages. 

Dch degraded image was then constructed on film on a picture element by 

picture element basis. The film writing process converted the intensity 

codes on magnetic tape to film images in somewhat the reverse of the 

digitizing process. Picture elements were formed on photographic film 

by focusing a spot of light at each plotting point. In this way. the 

writer took each record on magnetic tape and wrote it as one line of picture 

elements on film. There were 64 output densities ranging from o. 2 to 2. 5. 
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TARGET 

IR SENSOR 

IMAGE ON CRT 

CAMERA 

NEGATIVE TRANSPARENCY 

DIGITAL SCANNER 

MAGNETIC TAPE 

COMPUTER 

MAGNETIC TAPE 

DIGITAL FILM WRITER 

POSITIVE TRANSPARENCY 

Figure B-1. General image processing steps. 
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MAGNETIC 
TAPE 

Figure B-2. Magnetic tape representation of a target. 

There were. therefore. basically three digital image processing modes: 

1.) Film scanning--The image on film was transferred to magnetic 

tape. 

2.) Compute~ processing--The information on magnetic tape was 

processed by digital computer and written out again on magnetic 

tape. 

3.) Film writing--The information on 1nagnetic tape was transformed 

into a film transparency. 

The scanning and writing steps were accomplished by an electromechanical 

system. the Optronics Photomation International shown in Figures B-3 

and B-4. This system. which has a resolution of up to 1000 picture elements 

per inch. provided accurate digital representations of each of the film 

images. With this device. the system was uniform over the entire film 

frame and the response was linear over the full density range. The Honeywell 

DDP-24 and XDS 9300 digital computers were used for the computer processing. 
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r • : ^

«PI^
Figure B-3. Optronics film scanning and writing device.
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Figure B-4. The film scanner (right) and the film writer (left). 
Because un€>xposed film is wrapped around the drum 
of the film writer, the cover is closed during operation.
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Computer Processing Details--Experiment I 

An example illustrates how the imagery was processed in Experiment I. In 

this example. it is assumed that a picture is being created having 21 lines. 

with an MTF of 0. 233. The original picture consists of 280 by 540 elements. 

because the image scanning includes material outside of the picture proper. 

To produce the degradation. it is necessary to sample only one line in four 

and to sample only one cell out of every four in each line as shown in 

Figure B-5. Thus. the picture is reduced to 70 x 135 cells. The energy 

at each sampled cell is first distributed to five cells above and five cells 

below it (Figure B-6). This is equivalent to spreading the energy over + 20 

cells in the original (Figure B-7). At this point the gaussian noise is added 

to each sample cell (Figure B-8). Then the picture must be enlarged from 

70 x 135 to 280 x 540. The next step in this process is to fill in each line 

by linear interpolation (Figure B-9). By doing this each line again becomes 

540 cells. Finally. the line structure is created by spreading the energy of 

each horizontal line over 12 lines for this condition. This energy is spread 

by a gaussian function (Figure B-10). The effect is to create a set of dark 

raster lines halfway between each of the main information lines. 

Computer Processing Details--Eiperiments II and m 

The main steps of the computer processing for experiments II and IIl are 

shown in Figure B-11 and are described below. Definitions of the relevant 

image processing concepts are shown in Figure B-12. 

Input--The input to the computer simulation was the magnetic tape representa­

tion of the target picture. The picture was a 250 line array of densities 

with each line containing 500 picture elements. The magnetic tape was read 

into th computer one record Uine) at a time. The density of each picture 

element was converted to a transmission value for subsequent computer 

processing. 

Scan aperture--The input was scanned by the aperture as shown in Figure B-12. 

The center-to-center spacing Uine spacing) was deterrnined by the number of 

scan lL-1es. Th~ scan apertures were square. having dimensions of lx. 2x. 

4x. and 8x the line spacing. However. the aperture was not permitted to 

be larger than one-tenth the frame height. In terms of the elementary 

picture elements. the size of the aperture was 3x3. 6x6. 12x12. or 24x24 

picture elements. During the scanning operation. the aperture moved one 

picture element (pixel) at a time. ~mming the values of the pixels at each 
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READ IN PICTURE 

' APPL V SCANNING 
. APERTURE 

. ' 
ADD NOISE 

' APPL V WRITING 
APERTURE 

' WRITE OUT PICTURE 
ON MAG. TAPE 

Figure B-11. Computer processing steps of EEperiment n. 
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position (i.e .• summing 9. 36. 144. or 576 values. depending on the aperture 

size). The output of this process was a close approximation to a continuous 

scan with almost 500 values for each line. This process was repeated for 

each line of the frame. For apertures larger than the line spacing. this 

process resulted in overscan. 

Noise--Four levels of noise were used for each combination of number of 

scan lines and scan aperture size. These levels ranged from no noise to 

a high level of noise which would often obliterate the target. The RMS 

values were in the ratios of 1:2:4 for the three higher noise levels. If 

noise is associated with energy nuctuations in the object space. then the 

S/N ratio wW increase as the as the aperture size increases. In the computer 

simulation. noise was introduced by adding a random number. sampled from 

a gaussian distribution with a specified variance. to the output of the scanning 

aperture at each scan position. 

Writing aperture--The writing aperture deposits energy over a two-dimensional 

space. In the present study. a square apertuw:-e. whose height was the same 

as the line spacing for each condition. was simulated. The writing process 

was a reverse of the scanning process. That is. the output o f each scan 

position. including the noise value. was written out in all the picture elements 

making up that aperture size. The writing aperture then moved over the 

width of one picture element and wrote the next value in the pixels making 

up that aperture position--overlapping the values from the previous position. 

Output--The magnetic tape information was then written out on film. 
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APPENDIX C 

INSTRUCTIONS TO IBE SUBJECTS 

The instructions were basically the same for each of the threr experiments 

and were read to the subjects before the training session. 

(Subjects were shown a list of the target categories.) "In this experiment, 

these objects have been photographed using an infrared sensor. As you 

can see. most of the objects are military related. If you have any objec­

tions to viewing this type of object. or feel that it will in terr ere with your 

performance in any way, we would like you to discontinue the experiment 

at this point. Do you have any objections to participating in this experiment? 

(Subjects were shown several examples of infrared photography.) "As I 

was saying, the objects for this experiment have been photographed using 

an infrared sensor. Here are some examples of infrared photography. 

Infrared is a type of radiation similar to light but located in a different 

portion of the spectrum. When an infrared sensor is used in photography, 

the resultant picture looks much like a negative of a photographic print. 

T his is because the sensor is sensitive to different things than a light 

camera. For our purposes, we can say that infrared is sensitive to 

heat and cold. A hot portion of an object shows up as white and a cold 

portion shows up as black. In these infrared photographs, the hot portions 

show up as white, while the colder portions are dark." (The hot portions 

were pointed out. ) 

(Subjects were shown a standard black and white photograph of each target. ) 

"These are standard photographs of the objects you will be viewing during 

the experiment. Take some time now to become very familiar with these 

objects, paying particular attention to their details and identifying charac­

teristics. (The most pertinent characteristics of each target were 

emphasized.) Remembering that infrared photographs show hot and cold 

contrast, what would infrared photographs of these objects look like? 

(For example: the portion above the engine would be white if vehicle had 

been running; if the objects had been moved at all, the wheels would be 

white; if the gun or ta.nk had been fired, the barrel would show up as white.)" 

(A transparency containing several infrared photographs of each of the 

targets was placed over a light box.) "Here are some examples of each of 
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the objects photographed using an infrared sensor. This is the type of 

imagery you wW be viewing during the experiment. Pay close attention 

to the characteristics of each target that could be helpful in identification. 

The objects have been photographed at many different angles., but always 

at a slightly downward angle. Ea.ch picture wW contain only one target. " 

(The infrared characteristics of each of the examples were emphasized.) 

(Transparencies containing degraded 3-bar test charts were placed over 

the light box. ) "The pictures you will see during the experiment will not 

be as clear as those you just saw. Instead., the pictures have been degraded 

in a manner similar to these test charts. The targets will range in 

degradation from those that are fairly easy to see to those that are almost 

impossible to see. (The degradations were briefiy described.) Do you 

have any questions about the type of pictures you will see during the 

experiment? " 

"Pictures of the objects will be presented to you on this screen and you 

are to determine which type of object it is. To acquaint you with the type 

of pictures you will see and with the responses you must make., we will 

" ( have three sets of practice trials. The prllcedures for the training 

session and experimental session were explained in detail before beginning 

each session.) 
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APPENDIX D 

ANIMATION PROCESS 

Figure D-1 is a now chart of the animation process used in Experiment III. 
The Kodak 2498 fihn. from Kodak's RA R family. was selected to be used 
in the animation camera because it worked well at moderate illumination 
levels (the F / 11 region on the 150 mm lens) and because its characteristics 
were similar to the film used in the Optronics film writer. Kodak 2496. 
Kodak 537 4 television recording film was selected to make the animation 
copies because it provided the correct gray scale. 

The animation facility (Figure D-2) consisted of an animation stand. a 
single frame pulsed 35 mm animation camera. and pulsed circuits and 
counters. The stnictural members of the animation stand were fabricated 
from 76. 2 x 6. 3 mm steel angle. The animation plane was 38. 1 mm 
thick laminated wood. 81. 28 cm wide by 121. 9 cm long. It was located 
81. 28 cm above the fioor. The heavy steel frame and woodwork surface 
eliminated any vibrations which might have reduced the MTF of the system. 
The animation plane could be illuminated from above or below by tungsten 
Hologin fiood lamps. When illuminated from below. opel glass diffused 
the light to provide uniform illumination. The camera base had a range of 
15. 2 cm to 121. 9 cm above the animation plane. :!:.so. 8 cm in the x axis. 
and :!:.5. 08 cm in they axis. Screw jacks were used to raise and lower the 
camera base. 

The main features of the 35 mm Automax G-1 animation camera are listed 
below: 

• Pin registration of the film 

• 1 /64 sec. exposure time 

• Pulsed. single frame exposure 

• 150 mm Pentax lens 

• Mitchell type film magazines. 60. 96 to 30. 48 m capacity 

• Lucite focusing screen 
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OPTRONICS 
FILM WRITER 

, , 
50 x 100 mm positive 

(Kodak 2496 film) 

HONEYWELL G-1 
ANIMATION CAMERA 

H 

18. 8 x 24. 4 mm negative 
(Kodak 2498 film) 

BELL & HOWELL 
CONTACT COPIER 

u 
18. 8 x 24. 4 mm positive copies 

(Kodak 5374 film) 

Figure D-1. Animation process. 
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An R-C network provided a 66 msec pulse which advanced and exposed 

one frame of film. The pulse also drove three Sodico counters which could 

be independently reset. The command for a pulse was received from a 

foot switch. 

The 50 x 100 mm transparencies produced by the Optronics filmwriter 

were optically registered over the back illuminated opel glass within 

+ . 102 mm. The 35 mm film in the camera was registered within ~. 038 mm. 

Considering the optical reduction from the animation plane to the film 

plane. total maximum frame registration error of the 35 mm film was 

about ~. 051 mm. 

The experimental design of Experiment III required that the animated 

pictures have a quality identical to that of the static pictures used in 

Experiment II. thus permitting direct comparison between the two studies. 

For our purposes. we considered the image quality comparable when the 

MTF of each system. static and dynamic. exceeded the MTF of the input 

image and when the output of each system had identical linear gray scales. 

Image motion (registration errors in aligning the film in the camera. etc. ) 

limits the system MTF. CarefUl selection of the animation equipment. 

however. provided proper registration which controlled MTF. Equally 

careful selection of the film and processing techniques provided an appro­

priate g ray scale. We therefore considered the image quality of the dynamic 

a nd s ta tic s s tems comparable. 
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