"‘\ DY

OFFICE OF TECHNICAL SERVICES

Ch .
¢
o ~.. JPRS: 18,126 OTS: 6321322
b N
N + D 14 March 1963 for, FEFERENCE G:LY AT FACH OF ™
C:;v} oo goC OFFICES. THIS m%«gm %00
H 9 SATSAACTORLY REPEOUED =
. N\s J
i I:;:: m m vFUR IR
r .
L
R - ] i
=.. ;B
7;:» \:‘; i
=] 7
L~
¢ .
DIGITAL COMPUTER RECOGNITION OF VISUAL IMAGES
) - . by M, A, Ayzerman
’ - USSR -
[
" U. S. DEPARTMENT OF COMMERCE

JOINT PUBLICATIONS RESEARCH SERVICE

Building T30

Ohio Dr, and Independence Ave,, SV,

w..h‘nston 25. De C,

Price: §,50




FOREWORD

This publication was prepared under contract for the
Joint Publications Research Service as a translation
or foreign~language research service to the various
federal government departments,

The contents of this material in no way represent the
policies, views or attitudés of the U, 'S, Government
or of the partggo to any d%pq;;bution arrangement,

PROCUREMENT OF JPRS REPORTS

All JPRS reports may be ordered from the Office of Technical
Services. Reports published prior to 1 February 1963 can be provided,
for the most part, oniy in photocopy (xerox), Those published after
1 February 1963 will be provided in printed form,

Details on special subscription arrangements for JPRS social
science reports will be provided upon request,

No cumulative subject index or catalog of all JPRS reports
has been compiled,

All JPRS reports are listed in the t t
Government Publications, available on subscription at $4,50 per year
(56,00 foreign), including un annual index, from the Superintendent
of Documents, U, S, Government Printing Office, Washington 25, D, C.

All JPRS scientific and technical reports are cataloged and
subject-indexed in Technical Tr:nslations, published semimonthly by
the Office of Technical Services, and also available on subscription
($12.00 per year domestic, $16,00 foreign) from the Superintendent
of Documents, -Semiannusl indexes to Technical Translations are
available at additional cost,




JPRS: 18,126

DIGITAL CONPUTER RECOCNITION OF ¥ENGAL IMAGES

« USSR -

[Foilowing is thwe tramslation of an article entitled
*Ihey Teach & Maching to Resegnize Visual Kasges™, by
M.A. Ayzermae {n the Ruasian<lasguage puhlication Neuks
i Zhizn' (Scienee and Lifs), N¢ 12, Dacember 1962,

PP 24=1.)

A sezsion of the Divisiun of Riologlcal Seiences
¢f the USSRE Academy of Seiences devetsd to problems of
biocyhernetics was held i Moszcew in April of 196Z.
During the mestings major attentlion was given to the
provlem of machine aimuistion of varlous psychie func-

© tiome of humans and anizals. A4 particuizarly interesting
report on this subject was presented by Professor M.A. :
Ayzerman, Doctur of Engineering Seience, ¢ the Institute
of Automation and Remcte Control. The folleocwing is an
adaptation of thi: rsport prerxared especizlily for this
magezine by the author.

STATEMENT OF THE PROTLEM

The investigations, comducted by Engineer E.M.
Braverman with the aid of Enginears 0.A. Bashkirov and
I.B. Muchnik, which I chell dimscuss are the first stage
in a major joint study directed Ly th. laboratory which
I head and tha Laborstory of Biocyberustier headed by
Frofeassor S.N. Braynes (of the A.V. Vishnevskyy Institute
of Surgery of the USSR Academy of Xedical Scilences).

The obtjaetive of the eatire atudy i: to atitempt
to approach an understanding of the mechanism of learne-
ing to recognize visual images and t~ divelop the gime
pleat poseible methods for the reproduction of this proe
ceas on general-purpose digital computers.

When we speak of learning to recognize visual
images we have in mind the following two different learn-

L}ng processes which are well kiiown to 21l of us from our._J



l individual experience.

‘ Wher the school teacher wants to tsach s child te
diffarentiate a trisngle, for exampis, from cther ges-
metric figures he sugpests thal the student count the
mumber of anglse in the figure, that is he gives the stu-
dsnt 2 plan of actien -« 2 recoguition algoerithm. The
atudent remewhers thiz plan and with iis helyp recognlzes
figuores later shown to him. 7Thiz unierstanding of the
term "learning®™ is not of interest i0 us since if the
slgerithm of & recognition process is known then there
is ne difficulty in simulating it.

_ But there is ancther learning nro.esz assgociclted
witn an ability of the human mind which we dc not yet
understard. Oonsider the following examrle. If we take
mony different shapes of the letters & and b and show
them to a student who does not know the letters and sin-
ply say "ihis iz the letter 8%, “this is the leiter ",
then after aome time he ie atle to differentiate the
letter a from ths letier b and not only in the par-
ticular forms which were shown 4o hiu but in any other
form.

Note that in this case the teacher not only dces
not axplain how 4o differentiate the letters he does not
¥now exactly now ha does this himself,

A machine reproductisn of precisely this process
of learning was ths srjeetive ¢f the first stage of our
2tudy. ’ :

So far, in using the term "visual image", I wus
vorking only on the bwesie of intuiiion. Let's try to
give a more procisae definitien of thix corcept.

By visual image we undsrstaud an infinite number
of visusl perceptions, for exnmpie tne resuli of obser-
vation of various plane figure:z wnich are notable for
the following reamssn: iadividuals who hav: szen only
certain representativas of thias number can confidently
relaie cthers whieh L« has never seen to a particular
catlagory.

For example, » set of portraivs of all the par-
tiolpants in some sort of meeting is not an image. A
person who had not been there, when showm any of these
portraits, could not when shown a new poitirait say
whether or not the individual shown in the new portrait
took part in the meeting. But tu~ concept "man's por-
trait" is an image. Although no one haz sver ssen por-
treits of all men, anyone who locks at a new portrsit can
with a great degrea of certainty say whether or not it is
iLa.portrait of & mean. Other sxamples of images are con-
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 cepls such as "the number 2", "the letter a®, "a eircle",m}
'ate.
when we talk of teaching 8 machine to recognize
visual images we have in mind the follewing expgriment.
Imagine that = sereen (Fig 1) is composed of a large
number of photoslements on which we project zcme sort
of image, for example the cutline of the numbem 2 and 3.
A current travels along a wire from each phctoelement to
s device which we ¢all tne machine.

Fig. 1.

Schematic of the experiment. The object 1is
projented on the photoelsm::nts -- receptors,
Information about the state of the receplors
(current from the photoelements) ia fod %o
the machine. In the learning procees a
special signal (pressing of & knodb on the
panel for exsmple) tells the machine to¢ which
image the projectrl object belongas. After
learning, the mechize iz able to gueas (and
light up tne corresponding panel) to which
image the object belongs.

In the learning process we sclect several, zay
20, outlines of the numbersZ2 and 3 from among the in-
finite number of pecssivle cutlines and show them to the
machine by projecting them on the phctograrhic field.
Ry preasing a specific knob during each demonstration
ve tell the machine: we showed you a 2, 3, =tec. After
we have shown all the selected figures the lesrning pro-
cesn in terminated and the knobs are turned off. Then we
Lgynjected on tlie screazn previocusly unused vutlines of uﬁj
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FETS and 3's. By uge of some sort of conditlioned signal‘“‘]

{turning on a panel light for ewxample) the machine should
answer the ocuestions "What is thieV,.

We will be sble to say that we have reproduced the
iezrning process if in the overwhelming majority of the
cazes the machine gives the corrset anawers,

But this 3s 81ill not all. We require that with-
cut any changes in the machine desizn or program it be
able to reveat this same experimenti using new images, for
example we should be abic by the same procedure to retraln
ths machine to recognize letters, geometric figures, or
t¢ train it to Jlifferentiste hetween portraits of men and
wemen, etc.

THE COMPACTNESS HVYFOTHEZIS

In this statement of the prcblem it is net known
ahead of time what specific imeges ithws ma-hine is t¢ be
tavght tc recognize. This means thet it willi not be
possivle to store in its precoram a ccllectiin of signs
suitable for the rezcgnition of a given imaga.

We can see only iwo methods which migut aid in
the sclution of this problem. Kither the mzchine pro-
gram should contain <> many of the mcst varied signs
(which sre zither stored shead c¢f time in the machine
or evolved by the mzcnine) s¢ that this coileciion wiil.
be adequate for the recognition of differcni jluages or
it is necesssry to find and inzert intc the program either
one cor a smeil numter of universal signs which sre funde
amental to the wery concept of "imzge®.

t seemz tc us that such 3 universzal sign exists
and that it is closely allied with the definition of the
ccncept of "imege®. This sign might be formulated in
the form of the hypothesia proposed by ¥.M. Braverman and
called the "compsetress hyvothec.s",

We will begin our explanation with a specific
example., Figure 2 shows several outlinez of the figures
5 and 3. If we were te¢ ask a lorge group of people what
each of these figures is, it is obvious that there will
be complete agreement that the upper row contains 5's
and the lower row 3's. As for the figures in the centier
row there will be disagreement and there will not be an
overwhelming majority for either the 3 or the 5.

Censider the following situation. 7T~ we in some
arbitrary fashion slightly modify any figure of the upper
iff lower row then these new figures will be easily re~ _~j
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The numeral 5 is graduslly trenaformed into
the numeral 3. If we could "see" ir rulti-
dimsnsional syrace we would g:2 approxinately
the fclliowing patterns *the dashzd line to the
left erclosing the Bfs area, the dashed line
to the right enclosing the I's area, with the
small circled figures located ir one or an-
other of the dashed enclosurzs or between
these encicsnres correspondiuz Lo tne fig-
urea o' ths upper portion of the diaszram,

cognized. At the same time the extreme ~oft 5 and the
extreme right 3 in the center row will cease to be easily
reocgnized only in the cese of certain specific changes
(deformation of the upper rarts) and in the case of any
other slight changes these figures ccntinue to be eaaily._J
Lzﬁucgnized¢ The compactness hypothesia sxpresses this
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{ obvicus fact and considers that it ie ccrumon to all imag;;]
: We shall now formulais this hypothesis in more pree
cise terms., Consider that our screen contains only two
phetoelemente (Fig 3,a). If we lay off along the coordine
ate axas the gtatus of each of these elements we will he
sble tc charscterize the ntatus of the nhete screen by a
point on & plane. If the soreen ccnsists of three elements
(Fig 3,t) and ic considered as a three-dimersional space
aloeng the coordinate axes of which zre layed off the sta-
tus of the vhotoelements then the point of this spsce char-
acterizes ihe three-element screen, 3imilarly, & screen
containing n photoelements can be plotted in the corres-
ponding nedimensional spasce zo thet & point of this space
correaponds tc every state of the screen. We call this

the receptor spsce (Fig 3,¢).

Fig. 3.

The atatus of two photoelements 13 des-
crived by a point on a plane in a twoe
dimensionel spece (a); the statuz of
three elements by 2 point in three-
dimensional space (b?z the status of the
rhotcelemenis when an image is projected
on them is descrived hy o poirt ir multie-
dimensional space (c¢).

Let's prcject scme sort of image on the screen.
All the elements will take ¢n some state, that is a
definite state of the screen will correspond to the
given image and thus to s specific point in the re-

ceptor space. :
l,. The ccmpactness hypothesis states that to all the ~J
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‘| patterns making up any imege ir 2 space there correepondémw
ant sres ané that for different ilrmages ti.are are corres-
vonding different aress which do not have common points.

From now on, when we ccnrider such a n-dimensional
image we will arbitrarily show 1t on ¢ plune (see lower
half of Fig 2).

Using the considematione deserived abuve we will
nov formulate the problem of tesching s machine to re-
ocgnizge visuel Images. In the reeceptor sypace there are
really two separate areas -~ one of them correspondsto
tha first imsge, the rumber 5 for ex:mple, and the second
corresponds to the sescond image, the number 3. For the
sake ¢f aimpllicity we will from now on always be talking
uhout teachiing a 2uehine to recognize twe images. Ac-
tually there cculd be uny number c¢f images without re-
quiring eny changz in proposed teaching slgoriithm. The
boundariea ¢f the aress are net known ahead of tims. In
the yroceds of teaching the machine is shown some quantity
of randonly selected reprecentativies of these images, '
that is some quentily of random point. fr'm the first
and second areas. A problem is presented (o the machine:s

"knewing only thesze pointa, tz draw a separs’.ing surface
o0 that the sreas are located on opposite sides of the
surface.

ATfter ecmpleticn of the teaehing process, when new
images, or what is th2 same thing new point. in the re-
ceptor spaca, are shown the machine will ba able to answer
the guestion of which imege ihese pointe ecrrespomd ta.
And it will be able to solve this only as & function of
wnich side of the meparating surface the points lie on.

If the meparating surface is ¢rawn properly and the
rrea3 are completely separated by it then the answer will
always be correot noc matter nev many new patterns asaocia-
ted with these images &r¢ :hown,

AIGORITHMS OF THR LEARNING FROCESS

Two machine algoritims were proposed for the so-
luticn of the problem of the drawing of the separating
surface, ‘ ’
The first is the algorithms of the “random planes",
Assume that in the learning process two points first
appeared and the machine was told thet they corresponded
to different images (the number O and 1 anppeared, for
inetance). Then the machine will draw a plane which is
Eeleeted at random tut with one limiting condition: 1t .~J
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D st geparate the moints (Fig 4ya;. If another point now }

appears and it is found *het there are¢ two poeints belonge
ing to different images and ivhich are nct aeparated by
the nlane then a new random plane is drawn sepasrating
them (Fig 4,b) and this is continued throughout the learn-
ing procesa.

And thus at the end of the learning process there
1z stered in the memory of the machine = large number of
rarnd(mly drawn planee (Fig 4,¢). Thney divide the entire
space into aress which acntain similsr pointe or which
ray contain mo points at all. If on both sides of any
vlane (or part of a plane) there lie ident? 2l ereas then
this plsne iz not required in crder to separate the areas,
Therefore, after ths learnin;. process is completed in .
accordance with s speecific algorithm we “ciage® the piecses
of the planas cn both sides of which similar points are
located or the pieces of plaves on one aide »f which are
located pointe used in tue learning while no points at
all are found on the cther side. As a resust, a surface
is formed which consists ¢f pieses of rlsnecs zFig 4,4}
The aurface thus forme2 is taken to ve & separation sure
face. In the future vhen a new pattarn is shown -- naw
points appesr -- the macnine will snswer the question of
what is this form on the baszis of which side of the sure
face the point lies on.

As a rule, however, the constructed surface will
not separate the areas pracisely (as shown in Fig 4,d)
and as & result the machine will err. :

It is possible tc drastically reduce the number
of errors in the fclilowing manner. Imagine thut sevaral
machines are being suvjected to the learning process at
the same time. Since the ;lanes are drawn in a random
fashion each machine will draw different separating sur-
faces which means that cach machine will err on different
patterns. XNow if in the racognition of an unknown object
the decision is made on the basis of a majority vote of
all the machines then it is clear that the probability ‘
of correct answers will increase sharyly. This method
has been given the name of "paralleled altzrnatives",

Now consider the second algorithm vhich is based -
on the constructicn of potential surfaces., In the learn-
ing process when any sort of roint is shown to the mae
chine it constructs a function which reaches a maximum
at the given point and, while remmining pouitive, reduces
on departure from the point in any direction. As the ma-
chine 12 shown more points belonging to = particular aroa__l
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Pig. 4.

The ®*random planes® algorithm: a -« in the receptor space
appear two points corresponding to different images and
they are separated by the plane; b « the third point falls
on the same side of the first plane as the point belonging
to the other image ani therefore they are separated by

a nev plane, and sc ony ¢ - the learning .s completed and
all the points are separated from all the asterisks by
planes; 4 - the superfluous planes and pieccs of planes
La_.-z:e removed leaving orly the separating surface.
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it constructs these functions for each of “hece points ]
and then adde them. As g result the machine constructis
n potential surface vhich has a maximum value ("hump”)
at the points of the area and rzduces sharply away from
these points.
In & similar way the machine constructz a function
having e “hump" at the point Yelinging to the second area.
The learning process is terminatei by the construc-
tion of this potential function. In the recognition of
"unkrown" objeets, that is wvhen new points appear in the
receptor space, the machine relates tham i¢ that erea
vhose “potential® is greatest at that pcint. In the case
of the seccnd algorithm the separating surface is the pro-
Jection ¢f the line of irtersection of the constructed

rotential surfaces,

Fig. 5.

Algorithm of potentisl surfaces. During the
learning yrocess therz are as many functions
construcied in thes recezior space sas there.
are images which the machine i: tc¢ be taught’
to recognize. Esch function correspends to
a single image, it hes a 'humr® over the area
belonging to this image, and decreases away
from that area, In the recognition ¢f a new
object the machine takes into consideration
the value of each functicu: at the point cor-
responding to this cbject and relstes the un-
k¥nown objeet to that image whose function has

L_ the greatest value at this point, _-J
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In order to verify the compactness lypothesis and
the two algorithma which we heove described experiments
were conaucted on g general-purpeze ¢digival computer.

In the experimente using the first slgorithm we
prepared 160 outlines esch of five figureas (,1,2,3, end
5y or 2 total of B00 out.iines of numbers. We chcese 40
shapes of each numeral to use for the learning rrocess
(the cther 660 were uged for the subsecsuent teating of
the machine).

In each cn2se the number of correct ancwers given
Yy the machine ranged ns high ns 8¢% and in the cane of
the “"paralleled® prccedurs ran <o tich <3 984. At the
end of the learning prcecess from 1,500 to 3,000 of the
tinary memory units of the machine were occuried.

In the gericy of experiments using the second
algorithm we used either five cor all ten of the digits
simultaneocusly. 1In this case we used only a quarter
a5 meny cemples of e=ach numbver, i0, in the "earning pro-
cens. The mpchine gave 1007 correet anowers using this
algorithm to differentintez the five digite (out of 750
interrogaticns)., During the tests wizu *-sching the
macliine 1o recognize simultanecusly all ten digits the
figure of 85% cerrect anawers wan obtained in 1,400 ine
terrogaticns. It 1is now clear to us that is ies necessary
to improve the nlgerithm in créer to geot «» Jigure of 1004
correct anawers in this case.
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These diagrams clarify the concept of compact-
neas. On the lei'i the crosses and zeros are
not placed compactly and if you try to separate
them vith = single curve you will find it very
difficult. On the right the crosses and zeros
are positioned compactly and it is very easy

to draw a separating curve.
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:{ At the present time experimaénts are veing conductéaq
on the use of the alporithms descrined to teach machines

to recognize more complex Iimages, for example to recognize
simultanecuczly all the letters of the Ruscian alphabet
written in script, tc recognize letters set in differing
typographical charasters, tc operate in the presence of
"notse® (smears, hlcte, random shifts of the letters, etc.),
to Aifferentiste male and female pertraits shown both fronte
face and profile, etc. Althouigh these oxperiments have not
bteen ccompleted the successful results of the tepts with

the numersale 3¢ encouraging asni we bulieve that we will

e able to ackices 2004 results-in the mor: complex cases,
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In conciusion I should like tc ment.cn the physic-
logical &nd psyehological expcriments which are heing con-
ducted during this progran under the direstion of Frefeessor
S.N. Braynes in the USSR Academy of Nedlcua! Sciences. These
tests have only recently been initicted and it is still too
early to discuse their resulir buil the yreliminsry data
are very interesting.

The paychological teste are being ocnducted with.
twe series of blvts. Hech ssries containg 150 blots spe=
clally "drawn® for these tests hy machine so that all the
blots of a given series belong in the resceptor szpace of
one ares and all the dlots of the seccnd seriez belong in
the other area.

During the ezgerinonts intermixed blots of the two
iggries are shown rapidly to children and they are asked

11’




{éc aeparesie them inte the two groupe. Zince Lthe blots
sre devcld of any sort of meaning and the outlines are
random they can not be dify2rentisted by means of any
simrle, immediately aprerent features. Successful come
rletion of this axperiment would be szitroeng proef in fa-
vor of the concept that living organisms recognize auch
varieties of simple, “meaningless" images simrly as a
result of their sompsctness,

The rhyeiclogical teste, which are akin to the
psychological tests juat descrived, are being conducied
using rats. axd monkeye. Attempts are being rade to
develop in the animals reflexes t¢ the appescance of
blota from different esaries and from the reaction of
the animsl te judge to whet extent he = &le to 4if-
fervntinte hliots which are similar or difierentisted
in cnly one featura -. thay crrrespoud to points forme
ing different arezs in the reeceptor space.

At present it {a 1ifficult te Judge lust what all
thieatudy will mean for tiolegy s»d physiology. But
for the field of engineering it ie cleariy o" cocnsider-
able imporiance since it permites us to hope for eigni-
ficent expansion in the capebilities of macrinesx. Tedey,
if machines arc to perform differsnt functi:sns it {s
necesgary to conatruct (program) them differently. But
now we have scme hope that the machines c.n be taught
dirferently if trained diffeisently rather than built dif-
ferently. It is difficult Lo overestimats the possitil.
ities which this opens up in technology-
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J1..3¢ penguins were brought from Antartice in

May f 19682 and are ncv in the laboratory of )
Proieszsor 3.¥. Braynes. They are 1o be used in __}
i experiments on imege recognition.
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