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CORREIATION METHOD FOR R‘EG&&%NIZING PATTZRNG
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[Pollowing 1& @ trawalation of an arbticle by 7. A. Kova~
levekiy (I\iwvej, published in Zhurpel Vyshisditel 'ney Mstewma-
tichenkoy Piaiki (Journsl of Advanced Computing Msthematical
Pbys:c"), Vasccw, vol &, No %, 1962, pp 684-69h.,7

The problem of recognition of petterns is one of the timely probe
lems in oybernebics. It areuses interest especially in commection
witnh the construe lop of scaaming machinea in‘bend.ad for use in elan-

tronle date procegssing,

The task of recogpition consists of classing each patismm in one
spacific grade, nlso denominated izmage. The complicity of the task
of recognition depends on the setup of the classes.

In this srtlcle the gase iz lnvestigated, esch clans being set
vp by means of a ceriain standard pattern in suck & way that zil
patterss of a given class arise from the standerd petiern ze an
igsue of distortlons deseribed throm,h dafinite statisticsl TS~
lardities. These distoriieons might cover, for insfence, Investiga-~
tions on darkening of the background, shlft of the patters, pro-
portionate Incremse In the meatured of the pattern; incidentsl derk-
ening or lightenlng of cartair points, deanominated in the follow-
ing ag wnoises,and so on. .

L. Critexlon of Becogrniticn

Baoxh pattern can be described as a tunction of twn variables, re-
preseuting the inteneity or the reflecticn ceel'flicient in each poiut:
he o opecific exswple we shall in the following investlgate patterns

J reslized on plene paper and described by the reflectien eoeff'ic:ienu




¥ lu, wi, vhers x ond v ave the Cerbesien coordinstes of a certain pelHt
on the paper. !

In socopdexos mdrh the asgumed fr@lemm,eea, ‘“‘h@ pathermn oblained se
g dizsue of the k tlatortivo of the stenderd one ocan he deseribed by
the fuustion )

o4
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whatn a7y, By weece g AXE several osndon parareters characterizing

Lhe ﬂ'iﬁmrﬂf‘vz gand r(y\. y} lg the  rendew  function Qesoribiang the

BB w.,
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Une spactfiss in thel way the superlmposition of the sound out of
all possibls distertione; 1t Delng deserited as o simple addltive fhmow
tdon.  Thst mmken :‘L'“ ausy to compube the probabillty sewving for the
inberpolation of the recognition of the eriiewion.

In erder t& inelude o certein umknown pattexrn ¢ (¥, ¥) in one of
whe w classes, It 1s pecessary to compute the probability of o hypo-~
Cbhesle thet the given pebtern 1s the result of the distortion w’ thet
e mf angther standard and to choose ammg “t‘wm the greatust provaiuil-
1%y The probabllities of the hvps"»tbeaifs g {k) will present ’t:'mvm»
fe ez ves &g relative provgbilities of ¢ i“azac*was for the eondivi
under which the giver pattern should appe-am

It le ewpedient to compute these probebilitles by taking into ane
sount those {ransforsmtbtions of the patterny which are gensrslly e

aiized wlth systems of revolution or scamning. Tu a aystem of this
kivd the besy illuminates a small sectiorn of the pattern. The illue
wiratlon of the section might be vaequal and ls eiroumserited in the
gareral case by a cerbeln Tunctlon gix -~ %y, ¥ - )":) vhare %y and ¥i
are the coordinates of the canber of We i?mumfnat@d gection. In ftus
bopdars of ths 1lluminsted sectios gl ~ g, ¥ ~y1) =0

The light reflected Pfrom the pattern falls on 2 photocell, where- '
tofore the current of the latter is proportionate to the mean cosf-
lelent of the weflection ¢ the illuminnied seoticw Iy

N

"
Py % ‘,‘al.::, F1@{r =X, eyl dy

o

b

With equald distrdibution on bLe range of tas pattern ¥ of points
#ith coordinates X, :sri(_ 21, 2, vreo), ome might s0 Gescribe the
racognized patiterns as the standard pattezns with vactors ¢ of M
(’d‘:z‘-.‘:.err

T gpplying eald tmnsf&mtwws te eouation (1.1) ove ol
R O P AR {1.2]
Lat vs find now the provebility of the Lypothesis B, (k).
Ascording to the forsuis of Bayes: o ,
WEPE L ' {1.3)
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£ Hewe 12 (¢) iz the conditional density of the provability for pstiern ;
¢ appearing as a resuli of dlshortion of the K standard; F(k) iz ths °
ebsolute (& priori) probebility for the k standard or k jmaga; y{@}
18 the absolute density of the probablility of the given yecosnliiion.

Tet us conpute Slrat the value pk(Q). 8o far as sccording to (L.2)
the azeidental magnltude 9. 1g the total of two indspendent sceidentel
megnitudes, the density of its dlstelbuticon Is equal to the integrsl
bemn of the distribution for ¢%{a) and ¥y.

Let ve ssgume that one hag to desl with & Osusslan distribution and
that it has independent components. Thic sssumption 1s valild irf the |
szetions Llluminatad by a scamnlng system do wnobt cverlep and have greater
Qdimenaions than the range of correlation of the noise. In such 4 case
the following distribution of probablllities is valid for every compo-
nant of the naise: :

¢ A
plrydr = ;é’;: oxp (= g )an,

vhere &7 igs the diepersion of the noise.

The probebility thet given values of the cumponents of nolse appear
gimultaneocusly is by virtue of thelr independence equel to the product:

.. w . ) L
3 s L
p(’)drli”. . -J)‘N w SFpmer SEp L on ! i#lrg =
. I i oee - 53]

‘“as-n-}p“{l(w éfj"‘ﬂ.‘)“ﬁ“*“’w
n.. * m
In this way the density of the probability for the noise is:

£) 5t mebenn 3 ....f Sl {14
# (&x;ﬂ'“oﬂ‘ ?. - 21?2:"3}‘ (hook

b

P

The pultldimensional density of the probability of the parameters a
13 designated by pl{a). Then the required density of probability is:

4 . 1 ' -
?’#(FP ”'a;mg piajexp {-' f;.*}', o~ ¢ {ﬂ)j'}t‘ﬁfﬂs. Cotleg {(1.5)

Here the m-Told integral wmoves in the m~dlmensionel renge o0F the varl-
atlons of the parameters &, .

The probablliities of the nypotheses might e computed in sccoxdance
with the equstlon {1.3)s f"hua, there is noc need to compute the megni-
tude p(¢) figuring in the denominetor, as one might find it on the con-
dition of ‘the normslizetion:

hod 0
PRI PY {5..6)
Koo}
Thus: ¢
j 2y =ar ) pia) nxp{ =g Z o= of @ day. g (2.7} }
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{ Heyre the coefficient « doss noh depend on kb and sppesrs under condd~
tions of normailesation (1.6).

The racognition of the patterns by the method of provabilities of
nrpotheses can be reproduced in the following way. Iet us Lotreduce
the concapt of the Wik space in which the values of the reflection
coefficlante ¥, of the indiyidunl sedtlomns of the pattern serve ag oo~
ordinates. In such space, a cértapin polnt corrvesponds to each pattern.
T cone subjects the stardard patierm to all dletortions, with the exe-
cepbion of supasrpoaition of the noise,the corpssponding point is shifted
in the space descriving a range in a certaln nm-dimensional subspace.
Tat us demominate 1t ag the renge of the standsryd.

The renges of the varicus standards 4o not interseet oune suother
1f the distortions are such that one cannot obtaln an identical design
cut of two dfferent standards.

In superimposing the nolge the point wmlakt paas the limite of the
vange of the gtandard: The probabillty that the point, me & conse-
guence of the superimposltion of the noise, fell ont of the range of
the k standerd into the neighborhood of the point with coordinates ¢,
{8 chargeterized oy the avove-wroduced meguitude pk(q). As i shown
in (l-k), the demsity of the probability of the nolse is a functlon
of 4} . It is expedlent in comnection with that to introduce
inte "he surfece in question the distance between the two points .’
end ¢7 is determined by the magnitude '

f
d = :.j (pf? ~ gy’
(L)

Now one can state that ss s consequence of (1.5) and (L.6} the fensity
of the protauility v (¢) and the provebility P (x) decresse proporiion-’
stely as the point recedss from the range of the ¥ stendard. One can
infor by anslogy with the obvious three~dimensional instence that this
geometrical locus is an (N - 1) dimensional hypersurface suhdividing
the entire surface in two ranges: on one of them prevails the probabile
ity of the k hypothesis, on the other the . respectively.
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If one draws wp such interfacss for each pair of standards, the whole
i surface will sppear to be subdivided inte n renges, end we shalil call

u——"
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,*b#m subasguently roanges of lmages or classes of patierns. In éazh
irage renge 1z enclosed the corvesponding standard (B4 mupe ?) '

In ovdar to rescguize a petiern 1t sulMflces to deberming in which
cf the 1 ranges the polnt of this pattern falls. The snswer to this
gyestion is given by computiag the probability of the hypotheges Peolk)
and by eomparing them. , '

The erdterion of recognition hased on the probebility of the hypew
theses sppears to be perfect. It haam, uewwv»n, tae deficlensy thet the
formule (5.7) for computing the velues 2, (k) iz complicsted, wherafors
0 12 nardly sullable Tor use in aosue Biuﬁ ol recdrding. Tt is intey-

moting in connechlon with that bo find & more simple eriterion of re-
ragnitﬂau that snsurss o hgh~isvel probabllity of soryveat meognition,
Ope might find pueh g sizplified oritericn on the basis of the follov-
ing considerptiony.

-
o
X

The distances bebwesn the interdface of two definite siandards sud
sha renges of those standards are virbually not equal. The relation
of thase dlstances depends an mucH on the peculiarvities of tnﬂ weendard
patterns menilested in the farmous charrobars of the Tunotio
Q¥ (815 Bys ,...eam}, 48 on the s priori probabllitiss of tne standeris
(). Bowever, in the cmse of a swall nuise dispersion {in comparizen
with the sguere distance 4o the interface the probabillty fs vary smsil
that & pattern near to the loterface might appesr, snd a deiibsrate
5049t of the inferfsce within ceartain limits bardly affects the probe.
bildtles of cowrsst recognition.

Tharefore, one might take in the capsalty of an loberfase of two
standards s geowstrical locus of points ot equal distance from the
renges of these standards. Then, to recognize £ pattern, 1% suffices
to compubte 143 shortest dlstance fdm ell the runges of the standards:

mmt—‘g 2 dln “t fé, pf(&“}f! (250 I Y )] i: 3 58 }

wd selaot the smallsst of these m&gni wder . Here the mindmum affects
Ll the veluss of the gmraﬁete"a of tha dlgbtortlons s« Buch sriterion
of recospition s conaldexehly more simples sad cunvemienu for computs-

sdons.

. Une wight estimete in the following way the probability of an fa-
sorrect recsmition by this eritewion: z pattern ol fthe k elase will

e lacorveotliy reecﬁnmz#& 14 the corvras ;endiwg polnt falls bﬁ”ﬁﬂd tha
Limitas of the wange of the x iN*ge bordared by eguidistant
Tn order to compubs the probebility of sueh an event, 1t is ueassssry

. ! s o
to inteprate tha expression (L. b} by a density of probvability o (g
&

Fo~ the sestion of the space %, situated cutzide the range of b
iwage. Consequently, the prokability of au geponecus recoguition of »
nat tayn belonging to the lmage X 15 squal to! }
JF S . i
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.PI-‘.(DW,) £ é’ EA q#}d?l dpo N ":PA- . (1 . )

0

The probabillty of an iusorrsct recognition of a rebiern belonging
to a particuler lmage iz equal tof

Plow) = 1. Pifon) - Piky,
L]

where P(k) iz the & priorl probability of the k irege.

It fg evident thet the probability oF en error in a particuler imsge
does not exceed the meximum exror of the provabvilities .

F (o) o wnax Py (o).

‘.z?-u ug write the expresslon I, . after havisg substituted (1.5)
and (1.4}

Px(ﬁm»?m(‘m%;yﬁr(l)ﬂp ~ %3 !p~F:lu)lw da b, .
Exchanging the sequence of irntegretiomn and cbserving thati:

{pmda.. . dop o1,
A

one might estimate:

P«(OM, (,,wh),,l;-qmaxi “p“_f@z f; ~— skl }"'l ey (uLelO)
4

fert

Tet vg substitute a’rvenze of integradtion more convenient for come
putation -~ o wit, with & seeticn S of the spsce located outside the
spheve 8 with a2 radius of ~:. s whare A o,is the um*’*hg diztance
etween two ranseg of stmxﬁa:da in ubtmest pmximﬁv {gee Fgurs 2.3
The center of the sphere is im the point % \a‘ ),wheare &% is the
value of the perameters of the distoriion for which the integinl {1.10)
is at maximm. As far se guch a sphere 1ies as o whole inside {he
vahgse of the k image, the space outside the sphere conprisas the gpace
outslde the range of the image. Consequeritly, through substltution
of the renge of intezretion, the integreld. of the positive density of
the probebiliity ecsn only lacressge. This 1s valid for eny k, anong them
that vhere the magnitude I’k(err, 8 at a maximum becsuge the chesen
radiug of the aphere is speller thap half of the shortest dlstanc
betwearn the partlewdar stanlsrds:

A .
Plom.) < max By {om.} < ..._»«;:.--v i“’"? (... ‘}%‘E 5~ PH")’"} Bp e - ézy.
fend
With the substitution of the varisbles m = ¢, = J{s™), ome trans~
H‘ux": the center of the gphere to uhe oriez.m c*' the coor&inams.
LA B J

Eravevn]
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(1.1} !

The expression of tbe »ight side of (1.11) represents bty Lltself the
provability that the noise v»cto* r will be found bevend the “ordars
. of the sphers Sy with & radius 5 zel 4 that ia, the inequality

P (o) {mg m{v—‘?ghédrr...ﬁ-w

vill be fulfilled

N
2 A - dem)'. :
ooy I ‘/
e ¥ /l
/ P \, /'
e ' Figure 2.

One might find the *‘robabilitv of this ineguallity Yy mesns of the
so-called dispersion %™ (sae [1]). The total of the ¥ equare inde-
p»ndem: incidentel magnitudes enbordinate to a normal dlatriduiion

vith gero center aud dispersion & follown for great N o rule of dle~
+ribntien close to the normel one with center N T and dispersionl A ¥;
therefore!

L ! ) & .y H
”‘"’“4‘5"&%%? o {-——-—-33;.-—* '3" "f]- {1.12)

Ea
I
Herw 3/ (x)= mj d_t is the normal) rule of distridbution.

The obtained relation makes it slmple %o establish, for instance, .
a conclusion like: tha probebility of the error does nol exceed
0.0C1 1f:

ﬁ;—,{%&.—-mﬂ)>34,

thet is, . .
* L TRV [(2.13)

. It 1s pecessary to observe thalt the submitted sppreissl of the
probebility of error is greatly overestimated and the probablility

of eryvor is actually considerably lowex. Thla is connected with

the possibility of highly oversteting the mumber of stendards u

in czse of a nombar N elesments of dlstridution, that there exist

many directions in the apace tv which s point of the palitera mial*t i

—{Subscript after P & erxor] ' d

J— 7 I



be digplaced and noh come oloss Lo any interface. By substituting Lo
13 i B4 i
the aotual Interfaces the sphers with minimam redius, we reakon that mve~

vy point of &' dlutance from the rangs of thet standard excecding A-¢4,,“L
in;lieﬂ an danbersectlon of the interface and Induces an error.

As & wasulf we come Ho the conelusion that to vecogulse patterns
tme omn pake successful use of the criterion of the minimum distences
v L. 2., “he minlmy megnitude for every standerd and for avery pos-
sible dlstortion. ‘

N

1
|
!
1 } 4 A\l ¥
Loy e 2t o
I Loy

ud to Investigate Tor which stsadard this minimum is smellest.

&, Raoognition of Machine -Recorded Signs

By wecogrizing letters spd nmmersls printed on a2 certalrn recording
meohineg one zan choose for standards shepes oOf s "‘ﬁx printed uvoder
zprialn 1deal sunditiona. In thet czss definlte tolervances mizht te ade
pttbted concerning posaible digtortion in the standards. Leit us suppose
et o cortein sipgn printed on the given mauchine s different frem the
stardsrd only in its loeation omn the pager.the aversge coefficlent of
reflactlion inherent €0 the paper snd the paint, and 2lso in the pre-
sence of differant defects of prinding &0 be consldered as noize. The
computed aliernations of the stenderds can ve axpressped throush follow~

Inz funetions:

1;

[ low)s ag¥(r B w w4 bt ra g0, !

Here qxx, 73 Lq the coefticient of the refl ec%ian of the distorted
by 1

mttern; r(v, v) is the secidental function of the noise, ¢ and
ave accldental maguitudes charscterizing the locabion of the sta ﬁﬂ
pattern along the axes ¥ apd Y resvectively; a2 anéd b are avaurnuul

velues determlving evern dorkening and even change oFf the counbtrast retlc
of the pleture.

By means of the perameters o and b we miget deseribe any change in
the sverage coefficlients of the hackground snd daslgn reflection.

In order to zet convinced that being s0 it ig sufflcient o kasp
in mind that a gystem of eguabtions

t frg ™ t)p; ok,

i P, oooapk kb

A i, s K p .
| whewe lp 8nd & ore the mean coefficients of the beckground and |
¢ . —~———f

S -



t -

f&e:&igv for the standard and J, and ) are the same for bhe plotue, o~ i
ie always solvedd cncering s and b jn sase ¢ i
g

Une ean writex the solozouvs coryrelation for N- nsional wvecstons
ooteained as an Lawe of & transformgtion of the wat *n v a scanning

devies:
ARG )+ by be

In acnordance: witly the akove substitubed criterion, one hags for re-
cognition an undrnom pattern J 30 compute n valuass: '

3 e dtin S Ly .o
ﬁ’*"m,g&al i’i

N LY
«lﬁe"u"-bl’ (LR N (2.&,«

The Do o sl v oave found in a general form, Differentiating
o o ~ \ .
the total of {(£<1)m aand b, wa find:

hi
b %n-waﬂ) N (25.2:‘)

s

»’
2 -wﬂ(ew ~ b7 g 3 2= O
g

n
e

1lug

uhﬁg ;
determination of the parameters a and 'o a,a:.d. Tlnkinh
0
| b
Tpving sclved the egqmbion (2.2) with regard to b, ons obtains
oo 3 i Z
begkomagd diba.
sy fuey
T Vim - A immations
Introduciny i dezigetions:
N
L™ -
5 }: [AEX N
el
han s 1o .
) Yot hem = o
{meg
o pagt Eon
+ o 7 -, SR, .
Substituting thet in (2.3) we find a
D tmy Ered if,m)
i 4-\@".
| &=y : p
/ ?: AL R R AT A RO :

NG



rI.ert introduce the designations:

F i’”‘f‘“

PR~ P = 60
gubstitute thﬁ\foun‘ values s and b in (”1) Thens

J Wﬁ (& ‘f‘) ’ N '. T )
¢m~nsaz; - — g -
- ‘\“ fé.u.vm. v

P,,‘h(a") X
g S B S o +
SR e At D -

‘F‘,ﬁmwﬁ s«"... .
i Z,“rz(%.m‘fﬂ;s)

let wg ohserve that'

Em'ﬂ»m.rm)—fmmm..-zwmv.
L. Y S "’—"-. o

13

wherel
LA - ': L
LD
Lo I .
By analogy:

~ .
x £, (&, " }, it WA (5w

Let us introduce the designations:

E ’ufkg(ﬁi n = R& ’

. ” .

3 P“l‘;v'»}"‘”k- '

- ) .
Then:

- i N o &’ !
qm ?:‘(E ﬁn"“'}y;'i';‘%:ﬂt) :wmﬁniz ,u _“%)
basf

-

7
As far as the value » @7 does not depend on k3, § snd %)

)
1
-

‘snm = K“ P’. -~ mu y'

and the task to find the C%11\:1:!.1991: c{,‘ ,muis equivalent to the deter

mination of the maximum of the value R, VA4, oz -- what 1s the same -- -

| the maximm of RK/“./h], tor all velues of ¢ and 7 snd also for k.

) 3

[
<
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E' The computation ol the wvalue Hb/y/Ns comer to the defevmlication of ?
gealayr products of the form: !

a8 far ns

,\' ,»:- L
PR R W R R ST IT
"” 1l l\ i
X
and S Py

v,

It is natural te prasuppose tnat on the standard peiterns the back-
ground has o constant coefficiant of reflection in all its points and
ot
4

the shlftte of the standard come forth prorided that the desizn dees
not trensgress bthe bovders ol the determineticn range of the pattern.
[ that osze, the magnitudes Mk and Q‘ do not depend on the parameters

of thm shifta :; and v, The value Yy VA ‘o for each standard can be
cowputed velore m for any dis ;cqimcﬁ of the standard pattern. Then

the nmgmL ud\u wmight be computed sz scalar produgts of the v*ctur
of an unknown patfern by o constent vectors 25 /VMye In order to
fipd the mainun xx for all vossible shifte it {s recassary 4o lare
the compogsnts of ho,n vectors in the shape of metrices and dis plmao
thece mabtricas in relation 1O one mnother, osompubting esen tims {he
sealer product and compering it with the other products obtuinagd by
other ghifte. In oarder to find with these shifts for esch component
of a certsin metrly the corrasponding component in ancther matriy,
the snifts mist be made cyoelieally, -- 1+ 2., 2 line or a colum
transgressing toee limlts of the matrix on one aide, has 0 be trens-
ferrad to the opposite side of the metrix. Instead of bthat, ope
right have matricez of different sizes.

The described &lgorithm of recognition nas been superimentalliy
investigated with the ald of a universal computar. The tests car-
ried out with nacm.ne~mc0rried numerals checked & high reliability

of recognition. With a low quali tv of printing, the probability
i,
of error is on the omer of 20
3¢ Conclusions
! In ordsr to rzcognize some privted signs under condlitilons where )
| the differvent patterns of a certain sign might differ Ly progressive ;l
e -
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displacenents, even changes in the ccafficlents of reflection of the '?

backgrousd and deslgn or by the prezence of sccldentel defzets, ilzsues
neor to an wotimun csn be oblalned in the following way.

One chovses ns the standard a pattexn ae clearly printed as posei-
ble. By meaus of 8 scanning dsvize the pattern 1s put on ¥ 4lfferent
intersecting parts, and the elemeunis =und the wesan coefficient of ra-
fkection {L =1, 2, vvav, N) is checked for esch ciement. The co-
afficienta of reflection are conseguently weprssented for each of the

n stendsrd patterns, ﬁf; vy the following relation
i 54
» -a g
';f‘ g - . -
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The thus obtained vectors of the normalized standsrds are recorded.

Ir crdey 40 reccgnize unbnown patterns, its cosfflcients of re-
Plection are measured by means of the zsme zcanning devics. The gea-
lar products of the esteblished vector are subsequently computed for
all normelized vectors of the atandards. ¥or each standsrd one come
wutes the sealare product meny times, while the components of the
vectors to be multiplied ere placed in such 3 way s b6 imitate all
posslvle shifis of the stendard patterp in relatlion fo the patiern
to ha recegnized. Thus the mamber of sealar preducts to he conputed
is e2gqual t¢ n.v, whers n is the nuwber of standsrds and w 4he nuxber
of shifts. One has te find the greatest scslar product among all
the computed scalar products. 'Ths nuwber of the denomipaticu of the
gtonderd for which one lwmy obtsined the grestest soslar product is
the igsue of recngnition. X

The propoged algorithm ensures bigh relisbility of recoguitlon and
might constiftute a beals for constructing a computex.

The theoretical methods of stetistical solutions for vecognition
nave alsc been used heretofore {s=e (2!, [3]), but the actual paths
of distortions were not taken into considerntion snd the algorithms
vere not completed vy to worklang order.

The describved algorithm of reccgnition dlffers from other algo-
rithms besed on a computation of scelar products (see [}, [5])
to the axtent thet the proposed method of deteraicing the standards
is an optimum under the investigsted conditions.

The ldss 0f pattern-recogniticon by comparison with standards is
not new (6}. ¥t 1s; on the otber hand emsy to make sure that a direct

|
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beomputation of seelar produechs of vectord deseriblng patterns does w "'?
ensure sorrect ::“"»t*c}gﬂ‘i"cif.m Lt is necessary to sublaset the sversge
and normelize the stevdard patterns in this or another way.

Substantiation of this szate sonstitutes the Pasle applied Issue
ol this artisle.

Ripliogreshy

Lo G Erewer, "Matema bimxew:w:.:*e retody statlstikl" [Mathematical Methods
in Stptistics s W, 6.«vo in.iit Moseaw, 16k,

2+ 5. K. Chezhou, "Optimal'naye Sistem respoznaveniye zunakov s pomozhch'yu

=R Ik

eolalon "‘un‘*"fonq], Matematika .St.paveh.l chz.in.period.lis. 1959,

NO 3y TP 1},‘..«.')
Je To Marill, Do M. Groe.;, Statigticsl Recognition Tuwst icm and the
TF"*W tn 4f Pattemn Reecgnizexs. IRE Trans., 1960, BC-%, N¥o k&, op
1;?3 <L77.
. Rossublstt, Perceptron Simulatien Ewperimewts. BPreog. IRE, 1060,
3‘ No 3. pp 30L-300.
v We Xo Taylor, Pattern Recognition by Means of Automstlc Analogue
) 'qumtu..,. P"W,. IRE; “9.’9. 1068, No 26, PP L9B-20Q.,
6. ¥, S'bf’in’bucn, Artomatioche Zelchenarkenving’ {Automtic Reacanition
of Bignz). Nechrlehtentechu Z., 1558, Wo 5, pp 237-2hi.

- END -

2539
}l CEG 2 T16-8 : |

o s——

e =~ —

aghagusheiskh Hoktely” [Optinue Syster for Recognizing Signs by Way of




