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AVIONICS

SIMPLE targets shown were first used in recent experiments to eval- 
lute possible use of Pcrceptron type machine to spot targets auto­
matically in reconnaissance photos. Tests, conducted by Cornell 
Aeronautical Laboratory, stxmed 100% detection of such targets 
with onir a moderate number of false alarms.

LATER experiments used pseudo-realistk targets shown above. 
Simple black-and-white images were used because of hmitatmaa 
in Mark I Perception retina. Machine was very successful iu 
recognizing aircraft in revetment and in detecting ship despite 
presence of clutter, with only modest number of false alarms.

Pcrceptron Tested for Photo Analysis
By PhOip J. Klass

Washington—Recent tests indicate 
that self-learning machines of the Per­
ception type (AW July 4, p. 72) can 
lie trained to recognize targets of in­
terest in aerial reconnaissance photo­
graphs. casing a serious bottleneck to 
the effective use of meteorological and 
reconnaissance satellites.

Results of the tests, conducted by 
Cornell Aeronautical Laboratory under 
Office of Nasal Research sponsorship 
using the Mark I Perception, were re­
ported by CAL’s Albert Murray here 
during a recent meeting of the Ameri­
can Society of Photogrammetry.

^Thc problem of making effective use 
of the \ast number of photographs 
obtainable from satellites is pointed up 
by the 23,000 photos produced by 
Tiros f meteorological satellite in its 
brief 2J-month period of operation.

Analysis of photos produced by a 
militan’ reconnaissance satellite, such 
as Samos, to spot targets and other in­
formation of military value is estimated 
to require tens of thousands of man­
hours for each hour the satellite spends 
ovcr.unfricndlv territory.

Objectise o( the Office of Na\'al Re­
search-sponsored tests was to evaluate 
the ability of a very elementary, modest-

size machine to scan large quantities 
of photos, searching for a few kinds of 
objects, such as ships at sea or missile- 
sites in the .Arctic. This is considered 
only a starting point for more sophis­
ticated machines which might locate 
special target shapes despite obscuring 
natural or man-made environment sur­
rounding the target.

Test Conclusions
Based on the Mark I Pcrceptron 

tests, Cornell Aeronautical Laboratory 
scientists ha\c reached the following 
conclusions:
• Target recognition is rclatisely easy 
and quite reliable when the machine is 
properly trained. This applies whether 
the target is alone or in company with 
other objects.
• False alarm rate can be high for forms 
which resemble the shape- of a target 
unless the machine is given “negative 
training” to ignore such objects.
• Machine is apt to be confused if 
targets and similarly shaped non-target 
objects both appear on the same photo­
graph.

From a practical standpoint, the 
(jilficjlty in disaiminating between 
targets and similarly shaped non-tareet 
objects is not a serious Handicap, 'fne 
major nt-ed for autom.:tion is to sort

through hundreds of thousands of 
photographs which are of no meteoro­
logical or military value, picking out the 
tins- fraction of frames that are of 
potential value. These could then be 
anah-zed by human operators.

The important factor is that the ma­
chine did not oserlook any potential 
targets, and from this sicwpxiint the 
C.AL test results are encouraging, Mur­
ray indicated.

In the initial experiment, C-AL 
scientists expiosed the Perceptron’i 
photoelectric "eye" to "X s," circles, 
squares, triangles, random lines and 
random dots. (The "eye." or retina, 
consists of 400 photoelectric cells.) In 
order to conduct two tests simultane­
ously, the Perception's 240 association 
units (called A-units) were divided in 
half, in effect creating two seprarate 
Pcrccptrons each with 120 A-units. 
One of the machines, was trained to 
identifv "Xs" while the other was 
trained to recognize circles.

During the course of this expreri- 
ment, the Perception’s eye was cxpiosed 
78 times to the “X,” 79 times to the 
circle. 24 times each to the square, 
triangle and random dots and 49 times 
to the random lines to determine how- 
many times the one split machine could 
correctly identify the “X” and how-
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often the otlier correctly could identify 
the circle. Also recorded were the 
nmnbcrs of “false alarms.” i.c., when 
the macliinc(s) tliouglit one of the 
otlicr symbols was an “X” or a circle.

'rite machine trained to identify the 
“X” as a target and the other trained 
on circles both hit IflOC? in spotting 
every trained-target viewed. The ma­
chine trained to identify “X’s” ex­
perienced a l”'^f false alarm rate, i.e.. 
falselv idcntifving other shapes as 
“X’s” 17':? of the time, while the 
machine trained on circles had a falsc- 
alarm rate of 29% in these tests.

Tlic machine trained on X-shaped 
targets had the most false alarms when 
exposed to the random lines, while the 
circle-shaped target-trained machine 
had the most difhcultv in distinguish­
ing between circles and squares.

Negative Training
In the first experiment, neither of 

the machines was given any “negative 
training.” That is, during the training 
period, the machine’s .\-units received 
onlv a “reward signal” when it cor- 
rcctlv identified the proper shaped 
target; no “punishment” signal was 
given the .\-units when it made an in­
correct identification.

In the next experiment, a small 
ainount of negative training was given 
the machine on some of the non-target 
shapes but only .sketchy negative train­
ing on other non-targets, according to 
Murray. When the first experiments 
were repeated, the beneficial effect of 
the negative training was apparent in 
the reduced false-alarm rate.

However, another mode of operation 
was devised which gave an even more 
substantial reduction in the false-alarm 
rate. This mode is called the “four- 
fix look” mode. It has its human 
analogy in that people often take 
several looks at an object in a photo­
graph before they are able to decide 
what it is, or is not.

In normal operation, as soon as the 
stimulus image is exposed to the Per- 
ceptron’s retina, the machine is com­
manded to resjmnd. But in the four- 
fix look mode, the retina is exposed to 
the image, then the image is shifted 
one retina photocell to the right, then 
one down and finally one to the left. 
Only after the machine is given these 
four looks is it commanded to respond 
and its ultimate response is calculated 
from the average of the net signal volt­
ages delivered to the response unit (R- 
unit) from each image position. (For 
detailed description or Perceptron 
operation, see AW' July 4, p. 72.)

A comparison of the value of nega­
tive-training and four-fix looks on target 
identification in CAL’s tests showed 
the follow ing. nic use of four-fix looks, 
without any negative training, slashed 
the false-alarm rate of the X-trained
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(KO HEMTIvr TRAINING)

STIMULI DETECTION
false

ALARM
X O □ A DOTS LINES

RATE
RATE

PERCEPTRON 
TRAINED 

PCS. OH X

/ I-FIX 12/12 1/12 5/12 R/12 3/12 3/12 1.0 0.27

\ H-FIX 6/6 0/6 0/6 1/6 0/6 0/6 1.0 0.03

PERCEPTRON

trained

r I-FIX 3/12 12/12 12/12 R/12 5/12 R/I2I 0.»7

POS. ON 0 . 4-FlX 1/6 »/6 1/6 5/6 0/6 0/6 1 0.33

FREQUENCr Of ’TARGET" RESPONSES

(SOME NEGATIVE TRAINING)

STIMULI DETECTION

false

ALARM

X 0 □ A DOTS LINES RATE RATE

PERCEPTRON

trained

/ I-FIX 11/12 0/6 6/12 3/12 5/12 1/12 0.9 0.25

POS. ON X 1 N-FIX 6/6 0/6 0/6 0/6 0/6 0/6 1.0 _o_
PERCEPTRON 
trained I( 0/6 0/12 N/12 3/12 1/12 N/12 0.8 0.20

POS. ON 0 1 N-FIX 0/6 6/6 3/6 3/6 0/6 0/6 1.0 0.20

FREQUENCT OF ’TARGET’ RESPONSES

TO REOUCC fal« akinn rate, tuci techniques were successfully used. Nc -ative traiiiiiie, in 
which machine is exposed to both wanted and unwanted shapes during training and "four- 
fix” in which machine gets four looks at image, each with image at a slightly different loca­
tion on the retina. Latter, which has human analogy, was more successful.

machine in llicsc tests from 27% to 
only 3%, witlioiit am deterioration of 
its 100% abaility to spot "X’s.” W'lien 
combined with iicgatise training, the 
X-trained machine continued to iden­
tify “X’s” cscry time, and its false 
alarm rate dropped to zero.

I’he xaluc of four-fix looks for the 
machine trained to identify circles was 
not quite so cffcctixe. W’ith no nega­
tive training, the additional looks en­
abled the machine to reduce its false- 
alarm rate from 47% to 33%, hut in 
so doing the machine’s abilitv to iden­
tify circles dropped from 100% to 70%. 
With the combination of four-fix looks 
and negatixe training, the machine re­
turned to 100% identification of circles 
xvith a still loxxer falsc-alarm rate of 
20%.

Additional experiments conducted 
using pairs of shapes, one superimposed 
upo^ the other, tended to confirm the 
merit of multi-look oxer single-look ex­
posure but shoxxed mixed results for 
negatixe training. Moxvexer. subsequent 
cx]K-riments indicated that the results 
of negatixe training might haxe been 
more favorable if a more I'xtensixe 
period of training had been used, ac­
cording to Murrav.

In another scries of experiments, 
CAL used target sha|K’s xvhich more 
closely resemble those xvhich a machine 
might be expected to detect. It xxas not 
feasible to expose the Pcrce|)tron di­
rectly to reconnaissance photographs 
because of the limitation inherent in 
the Mark I xvhich originally xvas built
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only to demonstrate the principle of 
self-learning machines, nie .Mark I’s 
retina has onlv 400 photo-cells and is 
designed to give only a “black” or 
“xvhite” response, xxith no grax-scale 
shading.

h’or this reason, simple black-and- 
xxhite sketches shaped like aircraft and 
ships xxcrc used in these experiments. 
In one trial, the Perceptron xvas ex­
posed to four different images: an air­
plane, an airplane in a rexetment, a 
revetment of the same shape without 
an aircraft, and a shed-trench complex. 
'ITie machine xvas exposed to each 
.sketch 12 times after having Ixm gixen 
positive training for the rexetment xxith 
aircraft image, and a small amount of 
negatixe training for the rexetment 
xvithout aircraft.

Example of Accuracy
In the experiments the machine cor­

rectly identified the aircraft in the 
rexetment 92% of the time, falselv 
identified the aircraft alone 6% of the 
time, but xxas nexcr misled bx the 
rexetment alone or the shed-trcnch 
aimplex.

In a similar experiment, intended to 
test ability to detect targets in the pre­
sence of clutter, a target shaped like 
the plan xiexv of a ship xxas used.'”rhc 
machine xvas trained on the target 
image ..I-me, but in subsequent tests 
xxas asked to spot the target xxhen 
supciimposed on a random clutter of 
dots or a random clutter of lines.

The Perceptron correctly spottexl the

target image 8>% of the time when it 
xxas superimposed on either dot or line 
clutter. When the machine wJs ex­
posed only to line clutter xxith no target 
present, if false-alarmed in 25% of the 
exposures, thinking that it saxv a ship 
in the clutter. It had no such difficulty 
xvith the dot clutter, giving an oxer-all 
false-alarm rate of 12% for both fxpes 
of clutter.

Cornell Aeronautical Liiboratorv 
scientists call the results of these, and 
other photo-intelligence experiments, 
■■encouraging.” Thc.sc experiments haxe 
demonstrated eonsidcrable photrvin- 
terpretafion ability inherent exen in so 
small and simple a machine as the 
Mark I, they conclude. I.aiboratorv 
and ON'R-financed design studies for 
a Mark II Perceptron, xvith approxi­
mately 20 times as manv A-units and. 
nine times as many photo-cells in its 
retina, indicate it should be able to 
handle much more difficult photo-in­
terpretation tasks.

Batteries Tested 
For Space Reliability

In first life-cycle tests on nickel- 
cadmium batteries at new .\ir I'ora- 
sponsored test facility in Davfon. ap­
proximately 25% of the ceils failed 
after a total of 575 ehargc/discharge 
cyeles, each consisting of 55 min. un­
der charge folloxxcd by 35 min. under 
discharge. Remainder of the cells xvill 
be operated for a total of 6,000 cycles 
Of until all have failed, xvhichever oc- 
airs earlier.

Pests xverc conducted by the D.iv- 
ton-lnland Testing Laboratories of

rnm^ A,'

liiiiMj’^ -tea

nickel-cadmium batteries undergo­
ing high-teniperature life-cycle (charge/dis- 
charge) tests at new Dayton-Inland Labora­
tories under Air Force sponsorship to de- 
temiine their reliability for space vehicle use 
and basic causes of hatterv failures.


