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CHAPTLR -1

L1 RO DUCT T OT1

Human brain 4o oo complex a cy3tem that 4% 13 roally
very dif2ieult to undorstang it. Only a ouperbroin, vhich
has more cepabilitics than human brain, can have exact insi ht
into it. Otudies upto nov could hov tholr spread only in
the limited aspectc in the interprotation of the functioning
0f human brain. Tho avnilable litorature, rclating to the
pottorn proceasing and recognition in humon brain, is more or
loss, baced on hypothetical analysis as, specially in reccog-
nition of patterms, vory small, almost nogligible, data in
availoble fromAphjnialogical sources. Differont roscarchérs
have intcrpretecdihe procoss of recognition in human brain in
dif{lercent manners, mathematicolly or theoretically. No one
theory ies existing which ie capableof interpreting the proces~
sing and recoznition of pimplo oo wellez complex patterns,
incorporating the foot speoed of recognition of patterns umder
real vorld conditions i.o. enlarged, distorted, rotated, in
cluttor otce [Manoive reocarch work is required in future fer
cxzpladhing the rocoznition process of three~dimencional
pattcrnézg; patterns in motion and also for discriminating

thousands of colours vory accurately.

Tho vork in this dissertation haes been organized in eight
8ifferent chaptorse. Chapter I introduccs about the importonce
of tho prodlem ond alio ,ives organization of the discertation.
The cnotomy and physiclogy of braim has beon discudoced in



chopter 2. Chaptcr 3 dealo about ¢he doteilo of humen
vicucl oyostcn alonsuith thoory of visunl porccption. 2ho
percoption of colours by visual syetem Lo discucsod in
¢tth Chaptere Chupter 5 doalo with extruction of featuras

snd rccosnition of oimplo pattornc. Tho rotommition of
complexr pattorms through pattorn sdeptation and probabie
1istic approach is gilven in Chaptor 6« Tho pattorms und:r
rocl world conditions are comsidorcd in Chapter 7. The
gonorcl conclusiono and discussion about the work are given

in lpot chaptere



CH,LA 2% 1 =2

(13,121, 1
autox G Y AND #l1X3IOLOGY O MU I LA Xll

Brain 410 t:¢ most complex ctructure of hunen or inlon.
There aro numorous chullonges oven upto now in understonding
tho anatomy and phyosiolony of human brain. Drain performs
tho functiono of storane of pattorns, thelr proco-ecing cnd
Bocognition.' The nervous syatonm 10 o so complicated subjoct
cnd vo know so little about 4t, that it ic necossmary to drovu
heovily on onologous oxporionce in othor disciplinoo. Thoco
othor arcos of knowlodge supply modols, some rcasonably
pccurate, some with a cemblonce of renlity and somo almoot
complotely conjectural. Porformance of lMammalion broin can

bo thoupght of containing four categories:

1) It oxtracts the features that are meaninzful fronm the

maoss of incominz sensory information.

2) I% compares incomingz sonsory and thought patte ns
anoinst proviocusly stored patterns indic:ting, by
clectricnl discharges that recognition has occured

vhen pattorns aroe sinilars

\
3) It storos ao memory some reasonable foocimite of recont

hupponings a9 well as importont featurcs of pagt pat{erns

4) 1t czcitos vorious muscles, glands or "inclusion bouico®
in cccordance vith o very complicatcd interplay of

pat*orno paot and proscnt,

o pattorn io tho gynthoris of individusl ~lemonts ocuch
ag 11 h% cond derk doto pulsations of tho ulr, tho roleculny

constituents of Lood, tho proosuro otimuli on norvo fibor



4

sndings or frecucncies of pulse traing etc. Patterns nmay

be from very simple to very very complox types.

Anctony

Human brain broadly consists of three sections -

(1) Forcbrain (2) Hidbrein (3) Hind brain.

The posterior part of the broin becomes spinal cord.
Forcbrain may be divided into two parta, the anterior part
telencephalon and posterior part Diencephalone The midbrain
or mesencephalon becomes a pert of brain stem. The hindbrain
is also divided into two parts -~ &n antcrior part, the met-
encephalon and the posterior part, myencephalon Fig. (2.1).

Yrimary divisions Secondury Structures
ivigiong
™ Telencephalon oXfactory bulbs

cerebral cortex
Latercl Verticlen
Forebrai
° n Zpithelamens, pineal
bouy, Thalamus
Diencephalon Hypothalarous
5talk of pitulitary glend
Fennil :ary bodies
Greater part of third
voerticle

Celliculi

ilidbrain lesen-cophalon Cerebral fqueduct
Cerebral Peduncles
Red nucleus

Metence?bkalow Cerebellum
Pons
Fourth ventriale

Me
L.edulla
Pyrawidal Rrects

Lindbrain

w..-—"—"—-v—'!

. Myemcepkalm
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The brein cnd opiral cord oo protocted by nenineel
menbr:nos uiich aro three in numbor ond consist o touza,
Zibdrcus outer layor, the duramettor, e dolicute intermedinto
menbrine, the arachnoid and tho imner vasculor laye , the

pic matior.

I'ithin the cranium it is compoced of two loyer~ vhich
cdhoro very closcly except that they are aeparatéd by vanous
oinuoccs.outer layer becomes fused with craniel boness The
innor loyer of the dura'lincs the vertebrol canal extondliag

down ovor the apinal cord.

The delicate arachnoid meﬁbrana lincs the dur: matter
and cxtonds down over the cords There is a sub arachnold space
at each dopression betwecn the convolutions of the broin. The
subarcchnoid spaces are filled with corebrospin=l fluid vhich
proteetn the brain and cord from mcchanical injuries. It is
a lymphlike fluid vith a fev vhite c¢olls in it. Disenso which

attechx CiiJ alter ito composition or amount.

It contains o dense notwork of blood vesocels. It is

appliod vory cloasly to the braoin surface and spinsl cord.



liguro~lin

Thero are three @rincipal typoo o nmeouro :liar colls,
nemoly astrocytes, oligodondrocytes, and nmicrogl locytes.
sntrocytes and olipodeondroeyt s arise from neurcl tube cello
and thero’ore arc cctodermal in origin but microligocytes

arise from mosoderm.

Agtrocytos

antrocytes arc associeted with the neurons and dlood
vegoelo of the ClLile Under the ﬁiamatter, they form o menmbranc
of nouroslisl cells around blood veposcls. Theose are of tuo
types = protoplasmic and fibrous. The protoplacmic astrocytes
have larcor cytoplosmic procosses thon tho fibrous astrocytes,
are more irrcgulcrly branched and are found genorally in gray
mattor. Fibrouo astrocytes with long thin procosces are found
for tho most part in whito matter.

Astrocytic glial cells have been chowm to exhibit an
action potontial uitﬁ a duration many tims &onger than nerve
cells. then stimulnted eloctricnlly, they are capable of slow
contraction lasting soveral minutes, Neuroglial cells are

commonly involved in infection ond in primary tumors of the CiLi.

Olicodendrocytos

Theoo arc found abundanily in CiS and are smaller thon
astrocytoo. Theso ore commonly clustercd around the large coll
boddcon of tho acuroun wvhoru thoy are colled oatellite cclls.

They cre found in rovus clon; nerve fivern inm the white mattor



of tho C..J.

» dcropliocytes

Thoy have very spall irrogularly shuped cell bodion with
$v0 Or more procosueé. The procegases are finoly branched with

ohort apin liko projoctions.

Yontxricleo

The ventricles or cavi.ies of the brain communicate with
cach othor ond are continuous with the centrul censl of spinal
cord. They are lincd by a membrane called Ependyma. The
ventricles, the contral cansl of the cord and the subaracanoid.
Spoces are filicd with eerabfaapinal fluid. Lg%eral ventricles
of cercbral hemiopheres which are lar -eot cavities communicutc
vith the third ventricle, of diencophalon by way of an intor-
venticulor formen. The third ventricle cougects with the fourth
throush o cerebral aqueduct which traverses the midbreine. The
fourth ventriclo 1o continuoud with the central canal of the

gpinul cord.

Cerobrocpinal fluid filiters out throu h the pembrane and
circulotos olowly through the ventriclea. The flulid posterlorly
through intorvencircular forcmina into the third ventricle,
thon throush the cercbral agqueduct and into ths fourth ventricle
The fourth ventricle has threo openings in ite roof that permit
tho fluid $o L£flow into the subarachnoid spaces around the coro-
bollun ond modulla. Tho fluid then £owo slowly dowa throush
t e oubarccanoid space, covering tho spinal cord'and also enters

tho contral conal of tho cord. Pis. (242).
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Larebrua

Nervous aotivity with the cerebral cortex results in
conscious thought, It provides for the higher intelligence

of man in terms of reasoning ability, good judgemsnt memory
and will pover. It provides interpretations of special senaes
of sight, hearing, taste smell and touch. Cersbral cortex
helps in initiating a voluntary musculsr response and direct~
ing our oun body movements - cerdtsin emotions ~ feelings of
charity, appreciation of beauty, a desire to do right are
functions of cersbrum, more primitive emotions such as rage
may be 4in pexrt the expension of a lcwar'part of the brain, the
hypothalamuse Many acts that are ordinarily reflex may be
dominated or contrplled Ly the cersbrum as when we cough
voluntarily or hold the breath for a time.

The two hemispheres are separated medially by the great
longitudinal fissure. Fissures are deep depressions on the
brain surface. The numercue lesser depressions on the brain
surfece, The numerons lesser depressions are tGelled suled
and separate the elevations which ars convolutionss. The
brain is covered by the covering or cortex of gray matter,

It is composed of millions of unmedullated nerve-cell bodies
and fivers.

Inside of the brain which looks white, is pade largely
of medullated nerve fibers. These fibers may connect the
cortex with the spinsl cord or they may extend between 4if~-
ferent parts of the brain itaelf., A large nerve tract cone
necting the right and lect lobes of cerebrum is called corpus
ocollosum Pige (2.3),



Ficouros divide tho corcbrun into anatonicel gr-an cullid
lobase. %hoy are the Zroninl, parictcl, temporul and occipitnl
lobes. The frontal lobe lics bolov the frontal bone and io
poporated from the perietal lobe by centrol sulcus. Poriegtol
lobo 18 thoreforo ponterior to the frontal lobe. The tomporél
10bo 1ics on tho side of the brzin bolov the lateral corobral

fissuro (the sylvicn fissure).

It 1o not posoible to localize some of the function of
tho corelbrun. ''o con not pin point tho areas that go}.;rna will
pouor or any ono part of the brain that io the sent of memory.
Even then cortain functionsare performed by somo well dofined
areas. Tho motor aroa lies just anterioer ¢to the central sulcuos.
To causc contractions of voluntary muscles, voluntary impuises
arisc in thio arca. The area governing tho thigh lies at the
upp:r part of the motor area while the nusclos of the faco and
tonsuc oro controllod Lrom lover part. It is interesting that
8 groater arca proportionately is devoted to governing the
nuscles of the hond ond tongie than to the muscles of tho trunk,
Tho motor spocch arec is concerned wlth the ccordination of all
tho muscleo of tho fnee, tongue and throat necessary for speak=-
inz. The motor arc: of the right cercbral hemisphere governs
the movemomt of muoclos of the left side of the body and vico
vorsce Tho reason for this 18 that tho norve trcota from tho
notor arce wcrons ovor cithor at the base of medulla or at

various lovels in the opinal cord.
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A Imovlcdje of the location and function of tho motor
erca hen besn of grect volue in the diazonsis of many $ypes

of bruoin disonses or injurics, Corobral hemorrhare oftca
¢rlled ‘otroko' or Apoploxy, while uounlly occurring deop
vithin the broin in the intoranl capsulo, has tho seme offcet

a0 o surface injury.

There lies o gonsory area, postorior to cemtral sulcus,
‘for the intorprototion of sondation ac touch, pain, temperaturc,
presourc and mudcle songes Thio 16 called .ituneous sensory

arcas Tho right occnsory ares inkorprefis semnsations roceived

from tho loft oido of the body and vico versn.

Viounl inteorproting arca is locoted ot the back of the
brzin in the occipital lobes. Nervous impulson arising in the
retina are conveyed to the inﬁerpreting'area by nerve trecis.
This sonsor, arce ecn2blos one to intorpret and undorstond vhat
he goe~, LoSs of the adility to underatand vritten words or
symbols, io recognized as a form of aphasia in éhiah individual
19 unable o0 read his owvn language. His eyes may be éble to
oec and follou the printed words but the symbols mean nothing

t0o hine

Tho cudivory arcas epepes are concerned with the inter-
pretotion of tho cense of hearing and are located in temporol
lobeo. dach arcn rceceives impulces from both ears. Injury to
thoce arcen cousco Lallure of the mcmory.gé-the roaoning of

vordce It 40 =z ¢ypoe of scnsory aphéaia. Althoush hearin; may
rcemain wmimporied, the wvords o tholir meanin; is not recognizcd

Intorproting or co for tho censo of taste and omell have
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1ot bbcn definitoly locoteds A corticsl arco accocicted with
" tho sonde of tosto 1o located near oylvicn (i -ourc cnd of the
bune of central ouleus vhere condory imouloes from the fucoe

aro intorpreteds Two olfoctory bulbs arc locntced vontrally
bolow the fronial 16bes of cercbrun, wvhoro dinportunt synaptic
conncctions are made betweon thoe fidbros of fao olfoctory nerve
and tho interproting arca of tho brains. The interproting

grea for tho sonse of smell io thought o be alon: the olfcctory

tracts vhich ozxtind in ward from tho olfuctory bulbs.

If£ tho uppor port of the motor arca io etimumed,ﬁuacul-r
movencntp cccur in the lower extromity on the oppooite .ide of
the bodys But if ono s’t;im@la‘bfaa the middle or lower part of
the orar, uith adequate stimulff lower extroemity movementa aloo
occur. It ia found that in the aroa for trunk movcenent the
musclos in the trumk have lowest threchold i.0. are nost
oanily otimulated bggt evidently the various regliono orc not

specific.

It is geonorally agreed that the cortex is composcd of
- £ivo to coven layers of neurous. Blectrical stimulotion of
tho surfacc arec con producs very differcnt motor effects from

those producedby normal norve stimul-;’.

Experincents showthat probably all arcas oftheo cortex are
actuglly sensdorimotor L.cs they are not exglusivoly sensory or
exclusivoly motors. The region directly cnterior to cent;ré.l
sulcus is prcdoniratly motor whercac the rogion posterior to
centrel oulcus 1o prodc L2 ntly soncory or afforent. liotor

fibroo in locelizscd ceonpsory aroao producc motor rogponse in
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rmuzcloo cooocioted with the activity of tho sense orgon in-
volvads

Tho dicucephalon i the postorior part of tho for:brain.
Tho linaoe of demercation are not distincty sinco many structurce
11c partly in toloncephalon aend partly in diencephalome. Thw
choroid plexus of this region is continuous with that of tele-
necvphulon, since greater part of tho third ventriclo io the=
cavity of diencephalon & paert of it is tho cavity of Toloneo-
phalon. The thalamus rogion may bo divided into an upper porQ
tion oz epithalaaﬁs,an intemedinte portior, tho thalenus pro-
por, and a lower portion, the hypothalemus. From the Epitho~-
lonus theroe avises a grovwth caslled pincal bodys It is consi-
dered op endo-crine gland, althoush ite function is ﬁot Tell

understoocd.

The thalsmus is the larpest of a number of areas of
gray natter deep within the brainm called Busad Gangliae. It
is important rolay center for both motor and sensory impulcesy

and has extensivo cortical connections,

Hypothalamus is composed of structure loeatod in the
baeel portion of dieneephalons They include the mammillery
bodieo and several other nucleie. There are also such structures
¢® tho optic chicoma, the infundibulun and pituitary body.
FHommillory bodles consist of two rounded eminences of gray
motier. Thoy aro belioved to bo concerned with emotional &5
woll oo certain viocernl) effecto. Optic chiscma 1o formoed by
optic nixvo. OSome 0f thoze fibros croso to tho opposito oldoe

and gono 4o not. %ho stnlk of pituitary body, tho infundibulwn
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uricc. ac & dovazrowth from tho floor of dicnccphnlon.
Pituitary body 1uv u gland of intcrnel soer~tion. I* is
composed of two lobes. The posterior lobo arisos oo ncrvown
tiocuo vith the infundibulum, but the anterior lobo han e
adffoeront embrégological origin.

In hypothalamus hest regulatory contro and theo centre
of vator motabolism aro located. It is & regulatory centre
for both tho oympathotic and parasympathetic divicions of
autonomic norvous system. Funetionally the hypothalonus¢ is
¢lopoly oeooclatod vith various endocrine activities of tho

pituitory gland.

Intorprotive Function of Cerebral Corten

Human brain consists of almost 10 billion nsurous and
apperontly they arc able to aciept, reject and interprct the
informatior supplied to them by sensory nourons. [uch of thoe
vigsual perception is organized by neurous of retina before
pasocing alons to tho visual cortex. Keseurchers ore trying
to oxplain hov viocual cortex analyzes rebinal images by study-
ing rocponses of individual cells. There arce two types of
arcos - one in vhich omall circular pattern of light evoked
0 maixinump respomac by a small group of receptors in the rotina
¢alled 'on' arcac and the other vhere as small spot of light
oupprosped firins wntil light wvas turned off, called ‘off!
arcas. Thus therc are contre on with rost arwa(off)typeznd
coneys off vith roct urca‘on’type field « #Zhese ‘on' ang
fofit ficldo, ap found by $fiubol and wiesel arc roprosentod

by otrcight linmoo not by circles. 'On' cnd ‘of?' arcas are
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gopurcted by lin~or boundariess Oricnteiion of thcee lins
arr., ~ooonts vericd from verticel €o horisontcl. It opac oo

thon th:t visucl cortox ia ocopablo of recrranging the incom'n’;

impulses to cmphasize lince amd contouro.

L‘iomorjy rProcesncs

-mory is tho ability to rocell covonto or informations
about prsvicus exporiences that may have happoned only a fov
minuteo czo or thet mey have occurred many years agoe Therce
geomp $0 be‘a shert term type memory and a long term mcmory of
foots end ovents which may last for tho 1ifo time of tho in-
dividgual.

Theory of facilitation attempts $o oxplain memory on tho
bocis that passage of an impulse over a set of neﬁrons and
pynspsco may ncoke it easier An some way for similer impuloes
to follow the seme path. Bventuzlly,c ccrtain pethway would
bocomo facilitatoed and easily recalled. This hypothesis ex-
ploins the procesc of reﬁaating a list of facts or learning
tho wordo of o foreisn language by ropotition. Facilination'
ic cleo given oo an explanation of habit formation. The
mechenicm of memory, howover, is otill lemsely unknovn. If
1t can bg localized, it is probably in the certex, perhaps

closo ¢0 tho oensory ares that pertains fo i%.

vith veory mild electricul otimulotion in the temporal
orcus, putionts scomotimes recell events that occurrad in the
pust quite vividly ard in gre.sor detuils Thoe nomory rceoerd
ney not bo in tho interpretive arsa 1taclg but in come deeper

orcn 20loted o it
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Heny inventigators searched key of momory in RN, and
protein notoboliom. A moleculer theory of memory is an
attractive hypothesis but very difficult to establish on an

eaperimental basic.

“ith age loss of brain cells tckes place, thereby, the
age@ person becomes forgetful for reocemt ovents dut may recall
past events wells Othor factor for it may be reduced supply
of bloo to the brein or a reduction in the oxysenation of

brain cells.

Brain stem includes midbrain, pons and medulla. Greut
nexrve tract« connecting the spinal cord with higher synsptic

levels in cerebrum pass throusgh bruin otem.

Hidbrain ie the upper portion of brain stem. In human
beings i1t is covercd by cerabrﬁm and loses most of 1ts optic
troet connectionse The greater part of the midbrain consisto
of norvo tracts that carry impulses bstween cerebrum and
cercbellﬁm, medulla and spinal cord.  The anterior part is
composod largely of two grcat mervo tracts the cerobral pedu~
néiea.' The cerebrol cqueaact extends from third vontride to
fourth and traverscs the midbrein. Between the aqueduct and
cercbral pedunclen liec the red nuclei, two masses of groy
mattor connected by nerve tracto with the cortex of the cere~
brum, tho thalsmus, the cerebellun end the spinel cord. Red
nuclei ave concorned with muscle tone and skilled movements.
The nuclei of the occulomotor and trochlear craniul nerves are
also loerted in the midbruin. rosterior to the cersbral

agucduct 1o the arza called tectunm, with four structures crlled
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sunovior and inferior colliculi. Inferior collicull io
cuGisory in function, co conoldorod cuditory roflox ceatre

in noraclo.

Two cerobollar lobes are loented bolow tho occipital
lobeoo of thecerebrun. Arca betwoon thoe two is vermis. The
cercbellun has o cortox of gray natter but difforent Irom
cercbrum in nany aspecta. It ic not comvoluted in tho samo
manner but appecrs as a sories of layers,Within tho cortox
aro large colls of Purkinje, with thoir rcemarknble branching
dendrites. Thoso cfforent cells are Dund only in the cortoxn
of tho corebellums Inferior of thog corobellum ic lar oly
conmpoood of vhito matier, althogh tho groy mattor of the cor-
tox dosconds deeply into tho vhite mattor end olaborates into
an inverted treclike pattornm of branchinz (called arbor vitae).
There are some muclei of gray matter within the cerebellums
Great nerve tracts, cerebellor peduncleo, connect the cere-

belium 1ith tho cercbrum, tho pons and the medulla.

The pono consist of horizontal ncrve tracts that serve
%0 conncet the tvo hemispherss of tho¢ cercbellum anteriorly

and vertécel tracto that connect the cercbrum with the medulla

Tho cerebellus has boon called 'the Secretary! to tho
corcbrums It does not inditinte motor responses but functions
to coordinate muscular nmovements 80 that tho ection will bo
onooth and officiont instead of Jorkgy and uncoorxrdinated. IU
io cloo concornod vith tho oquilibrivm of the body ond 1o



17

conncctecd by norve £ibros with tho scmi-circuler cocnolo of
tho in-.cr car vhich ere concernsd with equilibriun. %he
corobellum 15 able to direct the muscular coprdination that
tcndo o keep body bulanced in various positions. It is also
concerned uvith coordinating impulses roceived from tho o nse

of hoaring, sonne of oight and tactile sense.

Cerebellun holps 0 maintein tho tone of muocclos.
Memmals with corcbellum removed exhibit o peculiar uncoordi-
gact
neted wvalking éga%- 411 furctions are below level of consciouws

activity, sonoory inpulscs receoived 4o not produceo sensation,

In corobellum, localization of funetion,ﬁ% not as de-
finite os in corcbrum. Each cerchellar hcemisphere controls
tho coordination of movemont of appendages on the same ocide
of the body, vheroas vergis contrpls the coordination of the
trunk musculatures An ingury to the right hemispherc may
affect the right side of the body as well as appendages of
that side. Auditory and visual stimuli aro recoived in an
area located at about tho middle of the dorsal aspect. Lqui-
libruim secms €0 be controlled from two cenﬁéa, one in an
antorior and othor in tho posterior cortical aren,visual and
auditory arono overlaps. This assoclation secms reclcovent to
behaviour in that ve drav the hand awny from an unexpected

touch and we look in thoe direction of unoxpected sound.

T3 LaDULL
It provides base to the bruin stomy tho myelenccphulon.
It 45 continuous with the spinal cord but doos not havo ozmo

otracturo, while ncwoe tracts are contimaous some arc larger
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and bottor definod in medullas Jome fibrco Crous %0 oppor&to
pldece %ho contlnuous groy motior of tho cord is brokon up

into groups of nucled in tho modulla. Thoso include nuclei

of I4%B, xB

canel of the cord in continucus anterioriy through medulla.

. Xlth ana‘xmn“h cranicl norvoo. The_central

tVherc 4% opens into tho lowvor part of the fourth voniriclo.
iedulle contains vitel reflex centres as, cardiac inhibitory
contre, which by uay of varus norve acto in slouving hoart rate,
tho vasoconstrictor centre, reaponeible for the constriction
of poripheral blood vesscls and the conscquent rise of artericl
preassures & respirctory centre wvhich pruvides nervous stimuluo
for regular respiratory movements. The medullas also controls
a numbor of common reflex sotivities such as laughing, cough-

ing and sneezing and many of the activitios of digestivetracte.

g_&g -EIA& : éﬂfzﬁvg Vi)

These are 12 pairs of nerves arining from brain within
the cranial cavitiy Fig. (2.4). These are numbercd from I to
X111 and pre heving differont names. Thooe are like spinal
norves but are highly opocialized,

I~Q@£gg§ggx_§g;xga arices from sonsory recoptors located in
the upper port of mucous membrane that lince vincal cavity.
The nerve is purcly sonsory and is concerned with carrying
nerve impuloes that give risc to the sense of smell, Indivie

ducl fibres grov ianward in this norvo.

IT-0ptic _liorve 1o o sensory norve concorned with tho scme of
sishte It orises from the gonglion cells locited in tho votine
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of the eye and its fibres from the optic tract which leads
back to the lateral gemiculate body of the thalamus. From
there aehaoryiimpnlaea are conveyed by gscondary neurons to
the visusl interpreting area &n the occipital lobe of the
cerebrun, The orossing of some of the fidres of the optic
nerves probably results in better coordination of responses
betwesen eye and drain. |

III-Qoculootiors IV-Zrohlsars and VI-ihe Abducent Berves are
motor nerves to the nuscles that move the eyeballs. The IXI and
IV nerves arise from nuclei of gray matter located beneath the
cerebral aqueduct in the midbtrain. %The trochlear nerve nucleus
ie posuterior to the nucleus of occulomotor nerve. The nucleus
of abducent nexrve is in the lover pért of the pons. Occulomoto
nerve also carries fibsre of parasympathetic system to the oir-
cular muscle of iris and to the ciliary muscle of ths eye.

V) The trigeminal is o mixed nerve vith both sensory and
motor nucleis. There are three large branches of trigeminal
nerve = ophthalmic, maxillary end mondibulear.

- Opthalmic dranch 4s & gensory brench and cerries inmpulses
originating in the surface of the eye, in the lsorimal gland

and from the nose and forehend.

Maxillary bdbranch io also a sensoyy dbranch and has a broad
diatridbution of 4te nerves. 4Among the structures supplied are
teeth and gums of upper Jaw the upper 1lip and cheek.

Kandidbuler branch is & mixed nerve, It has many small
branches, sonme of these nerves supply the teeth and gums of
lover jaw, the chin, the lower lip and the tongue. It is motor
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to0 tho nucclen concerned with mastication.

(yi1) The freial norve is a mixed nexve. Ito motor nucleus
140 in the lovor part of the pons and fibres arc supplicd to
tho nusclos of feeo and forocheade Tho oonsory branch 18 very
omalle Its fibero arise from the gentculate ganslion locutod
in the tomporal bone and are distributed to the anterior tuo
thirds of the tonsues They ere concerned with the soense of
Tastc. The motor branch also corries the fibers of parisyme
pathetic system to the sublinsgual and submaxillary calivury
clonds .« Paraayéﬁbathetie fibers stimulate vasodilation ang
socretion in thece glands fibors concorned with taste sensa~
tion and parasympathetic fibers pass through the tympanic
cavity in chorda tympani branch.

(Vi) Vestibulocochlear Herve (acoustic) 1s o sonsory nerve
concorned with the sense of hearing and vith equilibrium. It
10 composed of two nerves of different origin and function.
The cochlear nerve carries auditory impulcess Its gonslion
lies 4n the cochloae Prom recoptors in the spiral orzan of
thoe corti, tho suditory impulse 1s conveyed invard €o the
moedulla. I% crosaco over to the oppositec side and pasces up+
vard throush the pons and midbraiﬁ over & series of nourons
to the auditory interpreting ares in the temporal lobe of the

corobruns

Pho veotibular nerve arises in the vestibular ganglion
of tho portion of the ear ascotioted with the cemicircular
cunielos It eatorns the medulla dbut has important connoctions
vith tho corobellum. It 1o concorned with malntcining cquili-

baiuxne.
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QX) Tho Glossopharyngeal nerve arises from the modulla ang
suppliecs tho tongue and pharynx. IV 15 a mixzed nervoy tho
motor £4ibors arc dictributed to the muscles of the pharynx
vhile semory fibers arc supplied to the tonoilfo, wucous
pombraencs, 0f tho pharynx end the pooterior part of the fton-uc.
Stimulil roguliing in the sense of tacte orisinato from roco=~
ptors located in tho large papillac at tho back of the tonsuo.
Socrotery and vesodilator fibero are dietributed to tho paroted
saliviry glond,.

(X) The Vagus nerve 19 tho longest cromial nerve. Its pothe-
wvay lies from tho medﬁila. throush the neck and thorax to tho
abdomen. It 16 a mixed nerve =~ oensory branches coanvey impulos g
from the mucous membranes lining the recpiratory and digestive
tractes. Voluntary motor fibews are distributed to certeain
nuscles of the pharynx and lerynx.  The right and left vegun
nerves send branches to the cardiac and pulmonary ploxusee,.
Above the stomach, theyunite to form esophageal plexut. Branche:
supplying tho abdoninal viscora arise below the egophageal
plexus and contoin involuntary fibers from both vagus norves.
Vagug nerve carrica inhibitory fibers to0 the heart and scecre-
tory fibera to tho cnsﬁ@c glands and pencreas az well as vaso=-
dilator fibern to tho abidominal viscera. Autonomic fibors are
also oupplied to the bronchisal tubesc, esophegus, stomaoch,
poncreas, gall bladder, small intestine and ascending colon.

Cg() Zho accoagory norve (a motor nerve) is compdged of $wo
pairts, a crunic) ond o opinal portion. Tho ¢ranial purt arisco
fron ¢ nuclous in tho medulla ond emorses from the side of the

medulle jJust bolow tho roots of the vdouss Tho opinal part
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arises from the spinal cord in the upper cervical region
and ascends, passing upwards through tkhe foramen megnum,
The cranial portion is accessory to the vagus and supplies

moat of the pharyngeal and laryngeal muscles.

(xt) The hypoglossal nerve is a motor nerve distributed to
the muscles of the tongue. It arises from the medulla.
Injury to this nerve causes difficulty in speaking or swal-
lowing.

SELNAL CORD
a

It is thet part of central nervoug system within the
vertebral canal. It is continmous with the base of the brain
anteriorly;y posteriorly it tapers to & threadlike strand below
the second lumbar vertebra. In the early fetus, the spinal
cord extends the length of the spinal canal, but as the fetus
grows, the vertebral column grows in length at a greaterrate
then spinal cord. Hence the cord is drawn forward in the
vertebral canal and the roots of lumbar, sacral and coccygeal
nerves travel down the spinal canal to reach their normal
places of exit. The taillike group of nerves is called cauda

equina.

The cord is suspended rather loosely in spinal canal.
Since its diameter is considerably less than that of canal,
the vertebral column can be moved freely without injury to

the cord.

conduction Pathways of the Spinal Cord

Some ascending tracts - the vertical neurons of the
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cord oro arranged in ordorly bundles. Two of the large
pootorior nocendinz tracto are tho fogeiculus grocilioc ong
fagseiculus cunoctuze The cell bodioca of tho nourons compon~-
ing thogso troctvo lic in the do%&al ganglia of spinal scnuory
nerveo and their fibors oxtend upvard to the medulla ending
in the nucleus cuncatus. (A nuclcuo 4o a group of nervec-1l
bodies within contral nervous system) othor nouronc conncct
the nuclei and the thalamus a third eot of nourons conveys
impuloes from the thalamus to the scensory interpreting arcas
of cerebral cortexs This is the pathusy by which the position
of the muscles is interpreted and the sensatious of touch ar

received,

Large tractz in the latoeral part of the oord aro dircet
cercbollar tracts. They are concerned vith musculer coording=—
ticne Jensory 1mpulseﬁ)may be considered a8 unconsCious nuscle

DenYe, are conveyed upward to the cerebellum.

Spinothelamic tracts lie in the latcral and ventral
portions of the vhite matters These pathwrys convey impulees
to the thalamus ond then to tho cerebral cortex whore they may
be interpreted as pain, temperature, prcssure, touch and

musCle cenoge

Some Descendins Trocto

The neourons composing the corticospinal ¢rcctc have their
orizin in the motor area of cercbral cortexs Iiost of them
croso over to the oppoolte oide im the medul.a and deocend in
tho latoral part of tho cord. ionce tho numcs crossod pyra=

midal traot or‘lntoral corticospinal tract. The fivers that
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do not cro3s in the medulle form two small vential columns
cnlled the direct pyramidal tracts or vential corticospinal
troetse The neurons of bdth tracts malke synaptic connections
vith the motor nerve roote of spinal norves at various levela.
The neurons of the direct pyramidal troct crose in the éntorior
vhite commizsure just bofore they meke synaptic comnection vith
a opinal nerve root. These aro the pathuays of voiuntary motor
impuloos to the wuscles of the Yrunk, arms and legs. The

diroct pyramidal tract suppliés puscles of the trunky the ¢roase«
pyranidal troct supplies muscles of the arm and legs. About

two third of tho descending fibera cross ovor.

Bxtra pyranidal csystem involves greater arca of the cortex
including Qupplementary motoy arca. Heurous of this ayeotem nmay
aynupse ocverazl timos at subcggtiﬁai levels (includes basal
ganslis, red nucleus and roticular formution)before reaching a

spinal motoxr outlets

The rubospinal trocts (the cell bodien of whoee neurous
are loccted in red nucleus of tha midbrain) descend through
lateral part of the cord. Thelir fibefs cross immediately and
doscend to various levels of the cord whore they make connectios
with spinal motor nerve roots. Since red nucl-us has both
cerchral and cerebollar connections, much of the voluntery
nuscle control my be transferred to involuntary muscle coordi-

nation over these pathuayo.

The Vestibulosphnal truct originatos from the nuclous of
the vogtibuler nerve in the modulla. uince they roceive im-

pulsog f£rom semicirculer canalo of the cur, their function is
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MmaALYtns
2ho roin clnooes of retinnl nosweor OPC 3

Roe~psorc = (rodo cnd cones) perforn photodetoction ond

thoroby initiocte the neurcl siznal.

Gonzlion Cells -~ tranomit the vioual information to the braim

tho azowa of genplion colls form tho optidc norve.

Bipoler Ccllo ~ moko complox intorconnoctiono betwvoon rocoptor

and gonglion collo.

Horicontol Collo- moke latoral connections at the synoptic

junctions betwoon roceptors and bipolir colls.

iAmucrina Cells < nmake latoral comncctions at the synaptic
Junctions botveon bipolur and ganglion cells,

Bxcept these basic nouron claspes, there ore a nunbor of dif-
forent types ~ ocuch oo mopbipolor cells, misgot songlion colls
otce The light pasoen throuh soveral noural eoll layers, vhich
ore tringpoarent, boforo roaching %o tho rocoptors (rods and
cones) vhere photodoteootion takos place. Retinn has glicl
¢ells cloo, in ad:ition to neurcus, vhich hed bocn considored
only to tcko part in metabolinm but more recent evidoncos in-

dicato thot they ploy a role in nourological oignol procescing.

Tho optic norvo passes through a hole (dblind spot) that
15 15° avay from tho fovea im tho nasal diroction. The combi~
notion of hich soenoory recoptor density in the muculs plus
lovor denmaity toword periphery dictatoo tho arching confisura=

tion of Pipgs 390)
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to adjust muscular coordination in relation to maintuining

equilibrium,

gginal Horves

Thirty ono peirs of spinal nerves arise from the cord.
They arec grouped as =~ cervical 8 pairsy thoriac, 12 palro,

u
Lfmbar~ 5 pairs,. sacral =~ 5 pairsy coccyseal - 1 podir.

Spinal nerves form cervical, brachial, and lumbosccral

ploxzusos.s
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oAy VIoSULL Yo% .3l

In ordcr 4o -0 in for vioual pottera proccooing and
rocornition in hunan brain wo muet.'first, hovo an insich?
in tho noural onctomy and physiology of visual syctem in
brief.

GIANBRED!
Anatomg ond Physciolony of Viaual<§gatem

The oyo looks out upon the world end by o mechuniom
reportc ite doteils to tho brain. How, exnctly, the vigcunl
roporto convert incoming licht into norve impuloes and hou
broin interprote those impulesos, is a perplexing problem in
phyoiology.

The Pige(31¢) shovo the major parts of hum:=n oye. The
eye ball 1o noarly cphoricals Tho vall of the eysball is composc
of three layers = the outer coat is fibrous tunic consisting
of oelore end cornoa. The intermodiate layer 4o & highly vag-
cular, pignonted tunic composed of choroid, a muscular
body and the iris. The innermost layer 18 retina. The ref~
rocting media of the oye contains agueous humor lens and

e
Vitggua body.

The oclora 18 B vhite layer of tho eye. It covers tho
oyohsll excopt tho cornon and conoists of a donso intorlacing
of uvhito fibroub tiosuce. Thic opigus coverins helps to noin-
tain $ho shape of the oyoball oand protects the more delicuto

otructurcs from injury. %he ant.rior ourfaco is covorcd by
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conjuctivae,

Cornoa 4o tho tranoparonmt past of tho celoru. It ro-
prooonto about ono oixth of tho total orca. Actipmation ic

uouvally coused by the imporfect curvature of tho cornca.

The intormcdinte loyor of the oyoball 4o compooed of
Obroid, cilfary body and tho iric. The choried 40 u durk brovn
menbrens thet lincs the oclorn and 4t 45 comecrmod with tho
nutrition of rotina. DBeing dork it absordbe light royo ang
provents rofloction. Optic norve poeses throuch the choroid
nf the back of the cyeball.

By the ciléary nuscles thoe oyelons adjusto ito convonity.
For cloeenug vork as recding, ¢iliary nusclec slocken and lono

bocones more Convexn.

The iris 1s the moot anterior portion bf tho chorioed.
It 49 hichly coloured part of tho eyo. Tho oyss of human
boingo may be blue, gray, grocn or brown dopending upon dise
tridbution of pigmonts. Tho circulnr opening of the iris i
callcd the pupil. I¢ appcars bladk.aa it opens into the dork
recoos of the oyoballe Tho iris is anterior to the lens but

pootorior to tho cornes.

Tho lons 48 a clear, tromeparent tisouo locatod pootorior
to tho pupil and irig. It is biconova lona but somevhat moro
Cconvex on tho ;ostorior side. The lons 1o able to chango its
degroe of comvexity during accommodetion For noar and for
vioion vith tho holp of cilinry muscles.
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Rotine 4o fthe innor norvous tunic of tho cyc. I% d0
ligh% conoitive end oxtondo about 240° crééﬁ tho inncr cip-
cunforonco of thogye. Thio portion of tho oyo Lormt oxiji-

nolly oo a port of $ho latoral woll of thoe braine The roting,
thoush very thin, contains sevoral layers of ncurons, through
tvhich incoming lisht has to pasp. Importcat of thono layoms
ore eight, namoly~innor limitinsg, optic norve, fiders, genglia,
innor plexiform, inner nuclony, outeyr plemiform, outer nuclocy,
and outor limiting. Only thon tho light reaches tas actual
light -consitive roceptors tho rodo ond conen. The rods roopond
o nll vieible wavolensgtho vhercas tho conos roapond individu~
ally vith paminma 4n bluo, groon or red rosions of tho oloctro-
nagtotic opeetrum. So the rodo provido only achromatic (block

and vhito) vioion and operato primarily at vory low light lovels
Tho contral 1° portion of tho rotina, ¢allod fovesn, containn

only conos ond 1o therefion of high visusl occaity. Povee io
tho subjcctive centor of the optical systonms. Hera.are 34000
conos (no rods) crowded into e diek (thd mecular) of about
1.2 oo (4°) in diemctor. Tho radius of tho disk, mocula, 4o
about 100 cones. Tho ocight layors mendionod, ﬁgfminimal in

Tfoveal reglone

Tho contor to center spacing between comp at fo§ea is
«0023 B0, L.64 00 anglo of about 0.01° botveon the twvo roys
of lizat that are focusnod at adjacont cones. The esperimonto
on vigunl couity 0lso choy th:t an obsorver can rosolvo $uo
point oourcon which oro 0.01° apart (the onglo scon from tho

oboorv o).
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MNRALYENS
2ho roein clnnoes of rotinal norveo™ U0

ltee-ptoro « {rodo vnd coneco) perforn photodetoction cnd

thoreby initicte the nourcl signal.

Conplion Colls ~ tronomit the viounl informotion to tho braimy

tho azows of ganglion colls form tho opilc neive.

Bipoler Ccllo =~ mako complox intorcomncetions betwvoon roccptor

and gonglion collo.

Horizontel Collo~ moko latoral conncetions at the oynoptic

junctions botwoon roceptors and bipolir colls.

'Amuorins Cells - mako loteral conncetions ot the synaptic

junctions betwvcon bipolir and ganpglion cells.

Sxrecopt those bapic nouron claspes, thore oro a nunbor of dif-
forcnt typoo =~ ouch os mopbipolar cells, midpot aengiion cclls
otcs The light posoeo throuh sovoral noural ¢oll layers, vhich
ore trnsporont, boforo reaching to-tho rocoptoro (rods and
conan) vaere photodotoction takos plocc. Rotins hos gliel
collo clso, in adcition to neuroun, vhich had bocn considered
only to tcko part im metobolinm dbut more recent covidoncos in-

dicato thot they ploy a role in nourolozlonld oignal procesoing,.

Tho optic norvo pnsses through o hole (blind opot) that
i 15° nuay from tho foves im tho nasal dircetion. The combi-
notion of hi_h sccnsory recoptor denoity inm the meculo plus
louor domity towurd poriphery dictoton tho crching confisura~-

tion ol Tirs 39 )
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jineo colours romain Loithful outoido tho macular
roglon tho rotio of on conc por fibor probubly holds throu h-

out the rotina. Tho number of rods pcr fibor graduslly in-
crenroo from 1 mocr tho maculn to 250 ot tho poriphory, viere
hizh oonsitivity to changes im licht intongity guardo apgeinod

onock attacko.

Photodetoetion occurs in cylindricol outor ocgments of
rods ond cones. Thooe outer sogments aro 1 um in diameter ond
generclly 2% pm long. Light that is not aboorbed in the ro=-
coptors is absorbed in the black pigmont epithelium layer.

Human retino consicts of 5 nmillion cones and 125 million
rodo. A cono covers & much larger arca than a rod and so re-~
tinal arone covered by rods and cones are comparable. Thero
are about 1'm11110n nerve fibers in the optic norve, but oloc-
tron‘mieroaeope reporto about 10 timoo thie number in tho frog
‘rocing vhich easily giveo an 1daavo£ fidbers in human rotinn.
Ro& and cono colls havo esaentially'tha same btacic structure
but rod cells are typically longoer and moTe slender than cono
cells.

Tho optic nerve pathwvaye to the vicual cortex eroc shovn
in Pig. (3.2). The fibors of the optic nerve are the axoun
of ganslion colls, the nuelei of vhich aro in the retinas The
optic norveo for tho tvo oyes joim in o crogs~chapoed structure
called Chiccmn, ond thon seporate in twvo nervoo oelled optic
tractone A% tho chiacma, holf of the nervo fibors owvitch ov r,
oo thet tho right sidoo of both rotinas are conncctod to tho
right oido of ¢tho brain and loft oides aro conncctod to tho
lcft oddo o2 tho broin.
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“ho azonr oY penglion colln 4n tho rotimn ozterd throush

tho chicsma $o tho left and zirht latorrl geon culato bodics
al:4eh occur at thoe undorside of tho breime. %Thero they moke

syneptic coancetions with nourous that sodd thoir axzon:s to

4ho vinual cortox cnd the lowor back sido of tho bdroin. Showo
oro fouv fibvoero thot loave tho optic tract aftor the chiooma
and go to tho orous on tho undorside of the broin enllcd pro=-
te0t0d region ond tho ~uperior colliculus. %hosc are generally
belicved $o bo asgociated with pupillnry reflox and eyo movo=-

ncnt respactivoly.

The imaroc coon by both oyes are combined into ono at
lateral pgoniculato bodies. The single imago is split into
right ond loft halvoo, tho loft rotinol ficlds (or right
vioual £iclds) poing to tho loft homisphere of visunl cortex
vhilc right rotinnl £i0lds are projected on right hemisphorc.
Ag tho fibers oro alsco oplit into uppor snd lowver helves
{Pig. (32)] 4% concludes that vigsual fiola iso brokon into
quedrentc. Tho uppor apd lowvor holvoo are also geparatoed by
tho onlecarino Linouro of tho occipitel lobes. Dooplte the
physical scparction imto four cortienl rogions, thoroe ic no
obviouz vertical or horizontol linc discontinuity im normal
vigion. Accociution fidors bridje the gep botwoen loft and
right hemiophorose Tho poriphoral fibors serve vorious im-
portant aumilicry functiono, ond aroe not vital $o roadins,
ability, co only 354000 mnculer fibors neocd bo conoidorced.
“hllo concorning vith pat torn rocognition in viounrl cortox
e reached this conclusion by roadins throusns o holo thot
oubtonds 4° ot tho retinn,
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Convergence between macular fibers of doth syes at
lateral geniculate bodies takes place 4in a six layer nsuren
asscnbly, vhich can de oxpia:,ned as o scheme for mainteining
colour fidelity when corresponding fields are superimposed in
binocular vision. Blue fibers from the right eye are merged
with the blue fum?c from the left eys in the first two layers,
gx?em fibers merge in the next two layom‘ snd red fidbers merge
in the remaining twpt

' Host sstonishing featurs 1c how osn 5 eingle cone handle
such & wide range of stimulus amptitudes. To account for this
wide dynsmic rangeadility four mechenisms are reesponsible -

1) A very ebvious methanism $s pupillary light reflex that
closes the iris in the presente of high aversge bright~
nesy . werage pupil diameter is given by

& .,5 - 3(5’0‘35%)/(39‘35#1) sn 3 Am candle/mz

The pupil diemeter varices approximately from 2 to 8 mm
and the  4 middle value of 5 mm occurs at 2 brightness
level of about 1 candle/inzau ‘This mechanism can modulate
retinal intensity by = fackor of 25 %0 1.

 2) There is enhencement of contrast between almost &djacent
areas by appropriate releose of inhiditory transmitters.
It is believed that this may be the function: of the
horizontal cells of retinal strusture.

3) FPeedback signals from the brain to retine form synaptic
Junotions with the ammorine cells whioh, which in turn
excite or inhibit some arsass relative to others.
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4) A fost acting cutomatic goin conmbrol (4GC) chungos tho
cono firing throshold to suit local intonoity vericticno,
Pho chief mochonicm for AGC may bo tha dopotion of

colour~soncitivoe pignont An bxzht 1i-h¢ cnd its cccumye
iation in rolative darknosn. %he irio, inhibitory and

aGC ddvicoo oxtend cons~hundling capacity of 1000 <o 1
by 8 feetor 10000, thus yielding on offective otimulun
range 107 to 1.

" Vicuol Throohold = Onme of tho moot inmportont ehoractor-

iotios of human vipion io ite amazingly lov threshold. Somo

typlcal velues aro given hero:

"~ Vigunl Threshold of the Buman
Vision

Incident on oye

Bof ylodon~ :

Brightnaaa C.175 microcandla/m2
Totinal intennity 20 quanto/oec/dol®
Potior 100-150 quanto/oco
snovrry 84-114 quanto
¥o .or per rod ' 1 gquanta /100 min,.

Copo vipion (fovon)
rYowor 10000 quonta/oce
Knoyrgy 2440 guanta

Thoge opply for conditions of muxioum durlk ndaptotion, tho
throohold 4o dofinecd ac the lovel at vhich ¢ 1ligt gtimuluo

in porcoived 50~ of tho timoe. %ho photon veluoo ochown core
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tho offcetivo nunbor of photono within the vicidle poosbrnd
of tho rod or cons. Tho enorpgy throshold ie measured vith o
norrov cpot of lisat of chort duration, tho povor throsuold

40 mocoured with & narrov spot of 1lisht of long duration and
rotinal intcenoity threshold io moasurced vith o bdbroad light

beon of 1long duration. About 500 of tho 1l4;ht incident on

tho cormea roachos the retina and about 200 of tho cnorzy
incidont on the rotina ot the wavolength of peak visual res—
ponso (507 mm for rods and 555 mm for cones) ioc absprbed in
conos or rods. Thus thoe mozioum quantun cfficiencicn (Lo
ratio of photons absorbed to photong incident on eye) for tho
rodo and cénaa aro both approzimately ogqual to O.1l. BSo Rod
threchold corresponds t0 the absorption of about 10 guanta.

Tho cones reguire about 25 times ae many quanta for throsholad,
vhich ohows their highor noice level vhon tho retina i8 recciv-
ing o light intonpity corresponding to rod throshold, & parti-
cular rod abzords n single quantum of light only once for
evory 100 min. Tho oye can tolexrate without demage a quick
look at the sum 4n tho oky wvhich has brightnese greuter than
1000 © cd/ma and vioual throshold is loes than 1 p cd/mZ. Thus
tho dbrighatnoss ronge botueon absolute threshold endé retinal
domage i grezter then one million dbillion (1015).

A% reasonably high light levele tho cye 46 capable of
onnsing veory smoll difforeonces in tho intonsity and opoectral
contcnt of the ligh® 1% recoives when two large colour samples
(cbout 10° £4014 of viov) are hald sido by olde undor mood
illunipation, the cyo con ropdily dotoet dAifforenczos of 0.1

in opcetral roflcetonccs It 10 oo ooncitive 4n this rogard
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that tho cyo could diceriminotc cnons ot loaot 10 milliom

asfferont colour sanplose

anlza n of Vioua rto

Eocoping in viow tho 1nnuaorablo visual patiorn to bo
procosocd and porcoived by the oyo, 4% is ncceosary to assune
& hierarchical organizantion sinilur to tho telophono dicling
pyotvome Tho £irst layor of vigual cortox ouiput ncurous only
prodcsses simplo poatiornm, such oo straisht lincs and eircloaoy
in tho noxt«layer tho oimple otroltes givoe wny to combinntion
of strokes, sush oo lottoros of the alshaboty groups of lottors,
such as nylladlen oro handled in tho follovimng layorsy finnlly
groups of eyllableo, or words aoro onalyzed. Ideolly u ocinglo
neuyren con otand for o letter, or & oyllodle or an entire wvord.

Visunl patterns arce acouncd to bo timc invariont.

Sonme Guyton guototiono rogarding visenl cortex organize-~

$ion are given [P ).

“"Arca 17 o tho primory visual cortex, which lies almo~t
ontirely on ¢the modial axic of corebrol hemisphoro but oxtendco
out of the longitudinal fisouro onto the outor curfoco of
oec%pital polo. Axea 17 40 aloo called the striato arca dbe~
causo of 4ts otriped appoorance to the noked oyee Aroa 18
lios imnediatoly chove and lateral to thoe visuel cortox and
area 19 lico still further above amd latoral to orea 18" ,

"lleetricel otipulntion im tho prinary vioual cortoz,
orod 18, or arzt 19 ccusos o porson $0 have optic surag = thed

io0, finchosof 1lizhi, colouxrs, or cinplo forns ouch as otars,
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diocko, trionzlos and co forth-but he doos not soc complicctiad
formn?,

"334inulstion of tho temporal cortex on the othor hond
ofton oclicito compliocnted vicuad) percopiions, somotines cause
ing o poroon t0 ‘ses' a scono that he had knoun muny yearo

befoyroh,

Uidespread dostruction of pross 18 and 19 docroeases
ono'oc ability to imterprot chapoo, sizos &nd mconing of
objocto, and can couse partioculerly an atrormality knoun oo
aloxia, or word blindness, vhich means that the poroon can
oeo wvords perfectly well but cannot tdontify thoir meaningoe.
Dostruction of corebral cortex in the anzular gyrus resion
vhore ¥ho, pariotol and cccipital loboo 0ll come togothor
uoually mnkes it difficult for o porson $o corrolate visual
inones vith the motor functions. For instanco, ho 18 ablo to
seo hic plate of food perfoctly weli but ic uniblo to utilizo
tho visunl information to direct his work touvard tho food, yot,
4f ho feels the plate with his other hand, ho can use steroo~
toxic information from his somesthotic cortex to direct the

fork accuratoly'.

(9),01¢61
Visual Porception QA Theoretical Aggraachz

Dofore proceoding to the visucl petiern proccosing and

rocognition in humin brain, ve should have an undorotonding
of tho thoorotical aspocto of visurl porcoption. Somo impor=-
tant quostions aro horo before us $o scock oxplanation. Hovuw

pattorns arc loommacd or committed to mcmory? Ilov thoso pattor:
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are rccosmized vhon subsoiuontly encountored? Hov pattoras
arc rccosnized under unfavourcble, rcul world conditions ?
vheon they are distoyted, enlarged or rotated or viewou ulon -
with other patternc in a cluttored and noisy vinuel fiold?
?ho patterns arc stored in tho memory os o notwork of mcmory
$rcecoo vhich ropresont the feutures of the patiern and the
attention ochifto muy take the form of sac cadic eyo-movemento
or intorncl oyo movements which are loss than 1/2°. Thus
nomoricin: and rocognizing a pattern aro closely analogous

to nomoricing ond reopeating o conventional se ucnce of beoha=
viour ooch being an altermating sequonce of sconaory and motor
activitino, During pattern porcoption this theory gives a
eluc of the prescnce of scanpuths Thus loarning a pattorn

15 oinilor to constructing an internsl ropreosontntion of the
pattorn in tho momory while rocognising a pattern is snalogous
to finding the intcrnal roprocentntion of the pattern in the
BCMOTY e buring rocoznition the matohing of the pattern iso
ruided by tho intcrnol represcntation which directs attention
?rom feoturc to fonture of the pattern, Every individual
dovclops his ovn wny of soquencing in tracing fouéﬁfes of euch
pattern and thio wvay of sequoncing i.e. tho scanmpath is lorgely
sffocted by the hubite of the individual.

Lye and Visual Cortoxn

ho conmbincd oystem of oyo and vicusl cortex scnses the
visunl fiold ond oxtrocts ond proccopos uscful information
from thote It 10 oooumod that tho vicual cortox dofocto

oimplo rostureo oo MMneo ond onzlos cnd the focture dotoction
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boyond thie stoge procoeds olloting somovhat more complex
olenonto of ¢ pattern to be delectod and conoldercd as featursn

or prinilivoe clomento. Tho notion of tho rozosmition of a
pattorn 1o baood on the presonco or cbscmse of cach dolecct-
able foaturce at cach location in the visunol ficld which ic
extroctod by visual cortex and cuppliod %o recognition systom,
A note worthy point is that footure delection is not uniform
throughout the viouol f£icld but it is more detoilcd and pre~-
cice near the contre of fizatlon {that part of the visual
f£icld vhich is imaged on the fov-a)} and only gross featurcs
aro delocted atithe imprecise locations at the poriphory of
the visual fielﬁ. The centre of fization fo shifted from

one point to other in the visual field by rotcting the oyo.
The movecment of the oye is qpntinuoubx._xh?ﬂor@ﬁl operation
theo cye altornates, sﬁation&ry yériedh fixdticns, with £o..
rotational movemento, saccades which move tho centre of fizce-

tion to nov locations in thovisusl field.

The reocognition system ot one time inspocts only fe.turo
or foaturce dofected by visual cortex in omall éroa éf tho
visual ficlds Tho contro of attention ic usually, though not
alwayl, ¢loso to centre of fization. The recognition syotenm
shifts the centre of attontion to difforont places in theo
visuul ficld but this dooo not aluays shift contreo of fixation,
An ettontion ghift of large angular displacement 5° oy more
telkec tho form of saccadic cye movemont unloss the crude
fcotnro detcetion 4in non-foveal rosion of the eyo is accept~-
ablo, vhilo o emall angulur attontion shift (loss than 1/2°)
may bo carriod out intoranlly vithout moving tho oye, tho
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centrs of fixation simply moving to & new point of the visual
46143 in the neighbourhood of ocentre of fization,

Memory Syastes

The internal representation of sny pattern in the memory
consistos of gensory and motor memory treces which ars the ree-
corde of past sensory and motor activity. These records are
connected by undirectionsl linke indicating the order in
which different activities ococurred. 5o a chein of sensory
and motor memory traces can record an interactiva sequence of
events, a seguence of gensory situations and motor activitieas
which ¢tranaformed each ;L,nta- the mxt. The memory traces are
normally inactive but during recognition aé one of the memory
sengory situation is emﬁe& due to attention meeha;n!f.sm, all
sensory menory traces recording previous ccourrences of that
eituations are agtivated nssociatively, These active traces
are now available to the rescognition system which can propagate
the activation by mesns of comnecting links. |

_ Learning or memorizing & previously unknown pattern
for its recognition in future, is a process of comstructing
in the memory an internal representation of the pattern.
Thus memoyy system must contain s model ar’v internal repre~
aentat ion for each pattern which 1s to dDe recgegnisced. Por
larger and complex pattierns the internal representation of
its sub=pattern 4in the memory associate in an orderly
sequance and tho@ggfycogmtion o:t final pattern thus takes pluce.
Intsrnal r&pr&uﬁtaudn of the patierm in the memory
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is oquivalont to the foufuro notwvorkt of consory cnd motor
nomory troecs, tho scenoory troces roproaoont and recoxd
featuron of tho pattorn and ths motor ¢races recording tho

attontion chifto to scan all tho important fecturcs of tho
fromv
pattorn ferm one foutufic to the othor across tho visual field.

The foature netvork ic & description of the pattorn in
torms of ite footures and relative loocations, It 1is a way
of brogoking doun tho pattdrn into mannpgeable, nemorizeble
peices ond an integration of these pelcoo represcnfs the
.pattorn uo & vholoe If an unknovi paltern is prosonted
before a porson, he cxplorou,investigates and analyzes the
pattorn throush attention chifts from omne fonture to other
ond trica $o £ind ito equtvalént in the momory dbut absonce
of ito cquivalent in memory nakes the peraoﬁ to get acquainicd
vith the footuros of the pattorn and o feuture network in the
nomory ic formod which contoins roeocord of featurces as sengory
traces ond atitention shiftofrom focture to featuwoe as motor
trccose The foature notwork does not include all possidble
asttontio. chifts botwvoen fentures but only those vhich occurrcd

vith como froquoncy.

Rocognition of n Poiteorn

Reocognition of & pattoxrn is the procoss of findin a
foaturo notvork in the memory vhich 18 a ropresontution of
tho pattorn or vhich matchos the pattorn., It 10 a ooquohfial
proccoo vo noteh the fonturcs of tho patterm and memory featuro

notvorl f£cature by foaturce.
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As o pattern oppoars inr tho vicual ficld, firntly
attontion 4o fizod ct any feoturo ot randome %hic feature
nctivates conoory truces in tho memory, in onc or more feature
nobvorks, tho potcnticl matches for tho pattern and one of
thooe neduvorks io arbitrarily selected for netchinge. Tho ro-
co nition oyoten now attempta to motch feouture notwvork ond
pattorn focture by feoture through attention chiftc. Tho ce=
quonco of nrtching foatures 1s guidod by tho momory featuro
notvork end verifien the successive fonturos called for by the
notuork. If the notwork io in foet o corrcet mateh for th
pattorn, thon all tho fcoturcs will corroopond and the pot termn
vill do ouccosafully recognized. If tho notuork is not o
corroct mateh for tho pattorm then recopnition syntem vill
soonor or lator fail to f£ind the feoture expooted at some locn-
tion. Tho rocoznition proccss 4o thon aborted or roinmitloted
cithor usiny another of tho featurec notuorks originally
activntod or rostarting ontirely vith tho most recently pro-
ceosod focture. Such mismatches and restaris can be grootly
roduced by ocxpanding tho sensory memory traces to record not
only the fenture vhich the current objoct of attention but
t1s0 a fou gross deaturcs detectable pmfphorially at the same
timo., Shic reduccs tho number of momory traces which match
and are activated by the censory situation at the initial lo-~-
cation of the aticntion and incroaces tho probobility of a
soleeting e corrcct feuturo neotwvork for matching with the
pattorne It Qloo roducos time taken for recofmition. It is
propocod th.¢ ouoh expansion of sensory nomory truoces o

rocord poriphorclly detoctadlo groos feoctureo occurs greduclly
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o tho putitorn vococmes woll krown and itu forture ntuwor:
bogomea uell cotnblished 4n the nenory. If, and an propoasy,
o connider foutur o0 corrcopondin; to ocrsory cituvztilon cnd
ctiontion ohiMo cowresponding to motor momnory truces, ncmno-
rizing o patiecyn bocomos analogaus to momorizing a convene
tional gcousnco of behaviowr ond rocognizing a potiorn 1o
analo ouc to ropeating this eoquonce of behaviour. So memo-
riging o pattorn involves rocording in memory o ceguenco of
consory oituations, the featurco of the patitern and etton‘ion
ohifts from occh feooture to tho next ond analogously nmemoriz-
ing a conventionul sequence of beohaviowr involves recording
in nemory o ooquonce of tensory situntions and the nmotor
cotivitioos vhich trensformed each situation into the next.
Jimilarly, in tho recognition of o pattorn eoch vorified
fosture lceds to a motor monmory tracoe 1.c. attontion chif't
vhich paances $0 the noxt featuro and analogously in the ropo-
tition of a soquence of bchaviour ¢sch provicusly exporienced
sensory situntion lcads t0 the motor cetivity vhich brin o
cbout the ncert scnsory situations So pattern perception and
boheviour scem to ke proceod in & closoly analogous fashion

ond require come typo of momory systcm.

Ift lookc, in ¢ way, habits play an important role in
tho patiorn porcoption ugs they do in bohavicur. A4 bohaviour
habit may bo concidorod to be o sequonco of proferred roce-
ponscc t0 & ocqucneo of scnsory situations. In teorms of pore-
cecption thoory, thic bocomes a habitually proforred poth
vhich in folloucdihroush the focture notvork vhon pro:coding

fron fcoturo o Zo.ture during momorizing or roco-mising.
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7hio puth 4o veforrod to ao wcanpath. Eoch porocom dovolopo
hio oﬁa charactoriotic habito of beohaviowr, oo cach con bo
ozpeetod to dovolep hie ovd characteriotic eeanpathlfor zach
pattcrn, ho con reeognisoe 2ho poanpath will be daifforcat for
aifforent pattorns ond for a plven pat torn sconpeths will
da12for from porcon To porson. fTho poanpath 4o fizxed and
charactoriotic Cor m givom porgon vieving o given pottorn.

Tho ool vorld pattorms and throo dinmonsional objcots
aro %6 bo porceived under various unfovourable and confuaing
pituations or conditionst

1) Pattorn may be preocrtod to the oye in e transformcd
voroion, ondargod, 4iminichod, transletod or rotatod,
ofton as o repult of its pooition relative to tho
oboorvor {Shouzh in practico humano chgr only a limitod
nbility ¢o rocognize rotated pattiorns.

2) Pottorny Doy bo o dietorted version of & known pattora
or 4t may b3 oimilor to tho known paltern and should do
rocomaizscd oo oueh,

3) Pattorn 40 gonorally observod in prescnceof other
U
pottorns (clutter) or irrelovent vioual otinmuse (noico)
vhich forna o confusing dackground amdiot vhich tho

pattorn nust bo recogndecd ond icolated ao a oeparato
oatity.

To rocogpisc o pattesrn ono muot Lirot ignoro tho irro=
lovont ord confucivs back growad, oinceo tho vicunld £io0ld oo
proecoacd oo a wvholo, without coloativo attontion, but to know



44

which features form the irrelevent background one must

alresdy have recognized and isolated the patterm. By pro-
ceeding ssquentially with attention directed by feature net~-
work, the proposed perception process steers a middle course-
through this ddlemza. If o visual field contains one or more
known patterns together with miscellaneous background noiase and
the visual attention falls initially on the feature of the
pattern, then recognition proceeds in a norsal way from feature
to feature through the feature network, the feature network
directs the attention from one feature to the other featurse
th&a avoliding the effect of noiese and olutter. The pattern is
thus recognized and isoclated getting rid of other pattierns 4in
the visuel field, which may now be sudjected to the same pro-
ceons again, t0 sesk out other patterns. If aomehov the ine
{tial attention falls on, the noise feature or clutiter, then
vhatevver matching will be tried, will fail and process will
gtart with a new feature, thus encountering and recognizing

all patterns the visual field, contains,

Atceptence of certain degree of insccuraoy is essentéal
while recofnizing distorted patterns i.e. accepting a featawe
slightly different from that specified in & sensory memory
trace or at a location slightly different from that specifhed
by the attention shift in the motor memory trace. The degres
of 4nsccuracy must of course be controlled and should not dbe
accepted besyond a limit since exeessive toleranse will allow
any pattern to matoh any feature nstwork, Translated
(shifted) patterns rtqui;a no special hendling, once the

visual sattention has fallen on & featurs of the pattemm,
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neking wvith tho feataro notwork invelves only rolative loca=
t4ono of tho romalping foaturos, rathor Than tholr abooluto
loontiond.

A uniform ocoling faoter io opplicd $o0 recognise one
lorged o dininichod pattern to cach attention shift, collod
2oy by tho foaturo notvork, tho scalin; fecter boing dotor=
pincd ot Sho timo of firot sttontion chif¢. Similerly, roe
tated pattorns rogquiro that & uniform rotation be applied to
conch cttontion chift. Thooo adjvotmonts vill matoh the locae
tionog of the fentures with tho locations distated by fostwro
notvork but the features thomsolvoo having bocn onlarged,
dininichod or roteted an & parts of tho petterm uill not metoh
diyoctly with the fonturen opceificd in the oonsSory monory
tracoo. 'i‘h_c sinplogt featurco, lines and englen are ianfact
conlo invariant by nature but in goneral it is nocossary to

asouno that feooture dotettion process 10 seale invariont (oo

rogords nore complor feoaturco) end rotation invariant (to the
oxtont tho recognition 4a8).

The foaturo network for a very complerx pottern would |
conbain vory many ponery itraceo ad beo ﬁmanaaeably oomplox.eﬂ.w’
Buch conploxr pattorna may bo teekled by twe lovel (or pony
lovol) featuvre notworks, Tho uppor lLovol nctwopk broak ﬂm
pattorn dovn $o0 lows complox cubpattorns ench of vhich 4o
thon sopresontcd by o normal notvorl of mamngonblo conplonity,

on tho lover lovel, Conooguontly the uppor levol notvork
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voeovdo $ho ovoroll inmproooion of tho pattorn cnd ¢he louor
20vol notvork recomlo tho dotnilo. In £o6% thoro oro nony
pooblens of percopiions O.g. w30 of content, Sho rocogni~
4ion of mony basically aimilor objoots cach vith minor Gio=
sinetivo foaturces o%c.) vhich erc pinplificd by csouning
pany lovels of interacl roprooentoiionn. Thic approach lcado
ovontuclly ¢0 tho congopt of tho orgonicm cauippod vith d
conplodo hiornchically orgonised modol of 4ito cnvironmont,
tho fcosuro notvorlo of tho proocat theory being oioply tho
1ouont levol of 4¢s hiorarchye

Rocormition of Vell Knowm Potioras

Lo pettorn bocomes vell hnoun cach sensory memory treco
4n ¢the fonturo netuork oxponds to record not only the fovtmro
poooclotod vith curront objoet of sttention but also oomo
cro%n feasuroo doteetadlo poriphorelly at the camo time. AC
o rooult of this prooceeo recognition of 2 well known pottorn
noy ¢rodunlly becomn possible vithout cdaploting the sconpaih
ond vori€ying all foaturco ultimately wvith & very simple or
diotinctive pattera, the firat fimation of attontion moy
puffice for rocognitions In a sequonticl rocognition procosco
there 10 no ognet point at vhich recognition may bo onld o
oécur bu¢ rocthor thore 40 & gradual build up of cordednty ao
ocnch feoture 10 veziRicd.

Spocd Roesormid tion

Aay ooquenticd pattern rocoznithon thoory nust foco
$ho problco o Lish rocognition opocdo of vhich husans oo

capabloe IT otiontion chifdo toko tho form of oyo movonento,
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not morc tham four or five finalion cro poooiblo por soccond,
houcveor, intermal ottontion chifts orc not cudbjoet to nochine
nlcol dnertio and proectd ot moural spocdn. Imn thiocvay uvidh
¢ho holp of additionol chozt torm nomory tachictocopic rocog=
nition oocny oxmpliocable within boundo of tho thoorye

Phreo Dimoneioncl Objocts U

Tho intornal repsosontotion of o threo dimdanional
objeot 40 oinply o foature netvorit rocording throo dimonoionnl
foaturco cnd thrce dinonsionnl ohifio of atiention ond thio 4o
notched vith o throo dimonsional objoet during recognitica in
the normal pannore
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The problcm of colour vinion hac intrisued nun for
conturiec and ocv. rul modelo hovo bozn proposed to explain
colour vislon procesns, The imnense interont of this field
Totched ig due to iip extensive indusirial use 1n'colour~
photogrephy color pr nting, color t:levision and tho munu-~

facturo of colourcnto for dyes, paints, plastics eote.

In the induntries we have to search for 2 tolerance in
colour for its proper percoption smuller the tolerance cootlier
the control procens. So we have to optimize this tolerance for
the cost of control. Differcnt formulas have been proposed
for thic colour tolerance. In this context it grous of utmost
importance to havo 2 better understanding how in humans the
coloura are porciceved. It would be vory helpful to have a
model of human colour vision that could quantitatively prodict
colour discrimination capabilities of the oye undor practical
vioving conditions but no such effectivo model existo. 8o
thoro has boen groat neod for theoretical modelds of colour
virion vhich intograto the exporimental data into a concistont
froame of referonces There are some general models, particularl
the trichromatic modol of Thomas Youns that have beon useful
ap a frome of roforenco for goneralizing experimental dota.
Jowisit ond Grehan [ ] hove pivon very sood zenoral diseus-
gions colour vicion for deoper understandins of this complex
aorep of colour vigion., Diocussionn of colour vision dirocted
porviculorly to tho phycicist hove be-n jivcn by to:xs BEE ond
Foynmen = . ilovc dotuiled informotion vith cmphasis on the
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practical aspects of colour theory is iven by .vanc

Judd and wWyszecki [,T],‘Bellimeyer and Jdltzwen [ —]e The
development of colog@etry isdiscusseus  1in detail by Jrizht[EH,
who performed the colour-making experiments on vhich the
modern system of colorimetry As based., An excellent collection
of ezgﬁzzé of ma jor source articles concerning models of colour
vicion have been provided by Tecvan and Birney {—]. Criticel
eveluctions of colour vision modelo and the agreement or dic-
agreensnta between these models and experimental evidence

have boon provided by Belarman and Sheppard (5], 0Sheppard's
report lo directed toward the engineer 2nd physicist,.

Hewton discoversd that aprism separates white light
into it spectral colours. In 1672 he proposed that 1lisht
consist of particles of difforent size vhich decrease in
pize from rod to the violet ond of the spectrum. These par-
ticles vhen impinge on retina, induce vibrations of different
frequencien ond thene vibrelions are tranomitted to the brain
through optic nervo arnd accordinsgly, colour sensations are
producctie iowton also proposed a colour circle wvhich doocribed
the eoficcts of mixing ¢olournss The colours for narrow-hand
lights were placel on the perinocter of the circle. The colour
of o nizxture of 1li_ht is detcrmined from the diesram by a
'Contrr=0f Grovity' calculation based on the coordinates of
the individual lishts in the mixture.

In 1801 Youns, proposed the trichroactic model, vhich
in the basin for procticilly all ol our nod rn models of
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colour violon. Ho proponod that rotins huo throo typcs of
photodetectors vith different spectral sesponscon, ond thud

oi ;n:1ls from thone photodetectors are sent to the brein to
provide colour gonsation. These threce photosensitive do-
tectore arc ususlly assumed to be primarily red semsitive,
groen-scneitive and Blue sonsitive. This hypothesis 1is

basod on the fact that colour samples can be arranged into

o throe dinoncionzl array 1nf't¢rms of colour sensation

they evoke. Ilaxvell clarified, that Youns's fundementol
contribution wvas t0 recognize that this three-~dimensional
charactor of colour wae the result of the way the éye per-
ceivid tho light, and was not the result of the charactoristi e
of the pigments reflecting the light, or of light itself. In
other words, colour is three-limensional becausc the eye
perceives colour in three wvays, and not because there are any
threo dimoncionnl aspecto of the spectral characteristicsof
the light itscif. Youmg exploined this throe dimensional
proporty of colour vision by proposing that the retina has
three typoo of photodetectors with difforent spectral reaponsco

after hnlf a century, Mexuell and ﬁel%hoi%, elmoot at
the samy time, keeping Young's theory the basis, developped
further the sspects of colour vision, Haxwell performed
crude psychologicol experiments to measure colour-metching
propertios of tho eye. Helmholtz explored the colour matchin;
of the eyo much more thorouhly and eluborcteu Young's simple
model extensively ciad buillt & more detoiled colour vision
modol callo Youns Holmheltz thoory.

177159
{PEY0AL LIDRARY GHIVERSIYY OF ROCRR..
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Pho Younz'c model provided a prociso theoretical founda=
tion, vhich wao locking in Hewton's comovhat arbvitrary cclou-
letions. The fovnduotion yiolded o mathcﬁatically consiotent
10t ol hypothorer for colour mixture which could be rolatoed
to poycholozicnl oxporiment for verifications, According to
the Young's modol, the retinn detects three colour signsils,

vhich are deoign: ..d cs R, G, B that can be exprosced as

R= ©T(A)I(A)ay vuhore I{A) is the roceived light spectrum

G = Z(A)I{A)ay P(A),Z(A)and B(A) are the spectral res,ons
of

B= B(A)I(A)a), te tho three photodetectors im the rctina.

If $vo 1light spoctro have the same R, G, B values they are in-
digtin uchable to the cye.

The acsumption goos that we cannot lenrn directly from
paychological oxperiments ap vhat are the spectral responses
r{A), G(A), B(A) of the throe photosensitive clementa. Hou=
cver it can be showm that colour matching experimonts can yi 1ld
spectrcl roosponses that are linear transformations of F(A),
£(A), B(A) vheroc the conotcnts of transformatiom are unknown
Fige (41) shows spectral responses for standard human obgerver
that oaro used in colourimotry. These curves wvere standardized
by C1& (International Commisglion on Illuminaﬁion). These wers
derived from colour matching oxperimonts and are designatoed as
Z(A), ¥(A), E(A). From thesc values tristimulus valucs I, ¥,

4 con bo calculated for any givon spectrum I{A) as follovs:

X x(A) I(A)an
Y = F(A) I(A)aydx

ii

Z = ) 1(A)ar
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According to the Young Hodel x(A), ¥(A) and Z(A) aroc 1ino r
trannfommationé 0of retinal opectral rosponses ¥F(A), g(A),
B(A)s 7The trisctimuluo values X, Y, Z are lincer trunsfor-
mations of tho threoe sipgnalo R, G, B formdd in tho three
photosensitive cloments in tho retina. S0 two light epoctra
have same values of X, ¥, Z areo indistin;uishable to the
human oyc. Laus of colour mixture as followed from Young's

Model are as followo:

1) Trivorianco in Colour iiateaing : The cye can mtch in
colour any light (sample) by uoing epproprieto amounts

of three suitably chosen standard lights called pri-

mariess In making this matech it 18 often necessary to
add one of the primarico to the sample light end match
this mixture ageinst a mixture of other two primaries.
These primaries nust be chosen 8o that mizxture of the

tvo primaries cannot match the colour of the third.

2) Constency of letemeric liatch; If two lighte matceh in

colour under one condition of the adaptation of the oyo,
they will match under any othor condition, oven though
the coloura tﬁat are evoked in the coye may be different
in the two andaptation conditions. (Two lishts thoi
match in colour but have different spectra are called

motamoers.

3) Amsociative Loy: IFf light A matches 1i-ht B in colour on
light B matches light €, then A will mateh light C.

4) Lav of Additivitys If light A metches light B end light
C matches vith light D, then mizture of A and C will
match mixture of B and D.
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5) multiplicotive Laws If light A matches light B, o
lisht uvith the same opectrum as A but K timeo intonoity
will match 2 light uvith the same opectrum as B and X
tines the intonaity, :ilultiplicativo lev 48 actually a
dircct consequonce of the Additivity and assoclative
lawvs. The testo of luws of tho color mixture, estab-
lished by mﬂxwell‘and Helmho;% have been repecated by

other roscarchers with greater sccuracy.

It 1o poooible to postulate a limitloss family of models of
colour viosion vhich satiofy the basic Young models Thus tho
Youns modol allows & very wido variation of physiologicesl
detail and of the processing of the trichromatic spectral data
to fom colour scnsetionss Practically all the models of
colour vision of last century, es showm by Uright and Juad,

satiofy the Young trichromatic models

Tho fund&mehtal premisa'unﬁerlying the general acceptance
of the Young modol is tﬁ%. the laws of colour mixture have been
veriliod ozperimentally.Biernson showe that these lawe hold
approzimately and introduce & degree of error at higher accu-
racye. A cerious problem in evaluating the accuracy to which
the laws of colour mizxture-hold is that the eye is extremoly
accurate in comparing spectra that are nearly alike but ex~-
porionces gre-t variability vhen matching colours if the spectr
is rodically difforent. Therofore it looks quite difficult
and complex how orror and variability in colour matching should

be inte:rprotod.

Bbornson hos pootulatod a model of colour vision vhich
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+0llov Younsz model and s¢ dicoboy lows of colour
.«zture to como entent. A8 1t satihofics laus of colour
nigture to £ivct cpproximotion, 4% appocrs o bo consistont
vith oxporimont:l ovidencce The roceptors, according to one
accunption, eecnso noarlyvfull opoctrun of received light
and thoe rotina procoesses this full spectral date in perform=
ing visual adoptations The processed data is then reoduced
to throo colour sirmaels. Sinco this model has much moro
spootral information availeblo for retinal data procoosing
then dooo the Youns model, it io theorestically capablo of
morc accuratc aopcotral discrimination and much greater in-

oensitivity to chonres of illumination.

alg O Se

Colour vision process is an amazingly complex procces
ag fclt by rcoearcherns of late 19th centurys Young Helmholtz
colour viocion model failed in nany respecte t0 explain colour
vision process, wao felt by Hering. In particular Hering ro-
comized that vo perceive ¢olour ags mixtures of gix basic
sonsations rod, grocen, yellor, biuwe, white and black. These
oix occnsotion form three ¢bpé§cnt pairs, red-groon, yellou-
blue and vhite blecke At ome time only one sensation of o
pair con bo oxpericnced so one colour of the pair acts as the
negative of the other. Thus wve exporience eithoer red or -rron
but nover & rediich groon, wo experiente either yollow or
bluc but nover n yecllowvioch bluoe Ue perceive the combinations
o7 rod ond yellow {oranse), Yollow and grecen (olive), groen
and dluc (cqua), bluc and red (violet). i'e olso percoive

veriouwy cnountu of block and vhite mixed with thene chromuiic
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colour~ vhich providéo tints and shades of colours. 30 1t
vao po-tulated thet these three opponent colour combinntions

cro “undemontel colour cersations of humen vislon. Fg®i2)

Judd derived opcctral rosponscs of Hering opponcht-
colour conontions from colour-uixture data ao shown in Fig.
(43)s Ao spectral responses vary vith adaptation conditiona,
these arc rogordod & approximations. Ve perceive oranze vhen
both rcd cnd yollow signals arc sirongly excited and violet
when both blue and red signale are etrongly excited. The vave-
length waor: bluo-yellow signaly ie zero is designated ¢ be-
ccuse this corrosponds to purc green sendation. The two vave-
'~ lenstho vhero red green scignal is zero are aesigpated ¥ and
B Ybecuuse tuese correspond to0 pure yellow and blue scnsations

raspectively.

Horing modol is concistent with basic Young model but
dooa not asree with the more detoiled Young-Helmholtz elabora-
tion of the Youn; model. Incorporations of Young and Hering
modols callod, stase or Zone theoories, uwse three types of photd-
detectors of difforont spcctral responscs and develop at a
iater ncurological gtane three—opponent-colour signals of
Horing modele Thua Young model describes 'proocss of excita-

tion!' and Hering nodel *procuss of ascnsation®.

It wes originally assumed that a red scnsation was pro-
duced by certain unvelonzths and a green sensation by other
vavelenstho but Horing showed that visual adaptation proccssco
gre so oxtonsive that thore is no dircct correcpondence btueen
a particular light opectrum end the col ur sensation 1t evokoo.

Visual adeptation ccto ao a reojulotory proc:us vhich modifies
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tho rcoponse of the visual syotem so as to compensecte for
vorictionn of illumination. The result is that the colour

of an objoet genorclly eppears to romain conctant practicilly
corpito vory larse changes in tho intonsity and the content
ofihe 1icht roflocted from the object to the eye, as the illu-
pination on tho objoct changes.

In hio thoory Hering did not glve clear oxplanation
cbout groy and ho oimply thought it as & mixture of vhite and
black consatione Dimmick recognized that grey is entirely aif-
foront from black ond vhite or their mizturcs At the origin
of tho porceptunl coordinates, tho black-uhite sensation 5
zero 80 ve exporionce pure groy. Uith incroased 1lifightness
ono percoive leos grey more white, whi%e vith decreased light~-
ness wo perceive less grey more black. Latcr on Waullach and
Evans also supported Dimnick's theory of grey sensation being
entirely indopondont of black and whites, The luminous percep-
tion provides the ~lowing appearance of light blulbs, the
shiny oppearcnce of gold and silver and the luminous character
of brirhtly lishtoed arcase The grey perception providés the
grey charnctor of shadows and the groyness contont of object

colours.

By exemining the oppeurance of a émall apot of lisht of
one intens ity surroundcd by much larger area of difforent in-
tensity Uallach dcmonstratod his luminous-groy hypthesis. Uhen
omall spot wao brishitor than the bockground, the spot appearcd
whitec and the buckaround Toye Chen tho opot woo dimmor than
tho background tho opot appeared black and theo background hod

a gloviny or luminous uppecrance quitec diotinct from vhite.

o
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d
uvens cnd Juenholt havo also recontly investigutoy the
luninounn grey orF fluorosceuce=zrey scnsotion by como paycho-

lo~icrl oxpericonta.

In tho colour Televioion model of colour vision Youngs
end Herinsg concopto have been implemented in colour telovicicn
broasdcantinge. Colour Television camera and dbroadcasting gsystenm
operatcs 1lik a ctase model of colour vision. It employo
throe photedotcetors with different speotral responsca in accor-
dancc wvith $he Young modol and proceases the signals fron
thoose photodetectors to form vhito-black, red-iroen and Yeliow-

bluc opponcat colour signals, following the Horing models

In the tronomitter of colour television, wvo employ throo
camcre tubes vhich reoceive images from the scene filterogd by
red, green and blue filters. These scanned gignals by a cir-
cuit arc of convorted to thelr approprife mnixture incorporat-
ing sums and difforoncos. The outputs from this circuit are
vhite~black, yellow-blue, red-grecn opponcnt-colour signals.
Cortain modulation techniques convert thesc signals into wg¥-i:
oignals vhich are then broadenst. Tolevision receiver detects
the three opponcant colour signols and recombines them in o netu
to recrcate the busic red, green, or blue signale. Theose sig~
nals arc used to drive the red, groen and blue electron gums

of colowr picturc tubo.

The cdvantaro of colour television over white-blach
typo is thot vihite=-black oipgnal is transmitted with a vide
bondidth, thorsd-;rocn oignel vith o narrover sanduidth and

yollor-bluc oignul oven norrouor bondvidths Thio provid-o
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optinum uoc of avuiloblo tolevinion danduidth oand wllown o
hi h ¥ rolution colour t2levision signale to b tronsmiticd
oveor $he seno begndwidth used for black and vhite television.

Be(eAdamo proposed a colour vision model in 1923 vihich
providod & uscful framc of referenco im a research to improvo
tho epacing of colour ohips in the hunsell atlas of colour,
fheo rotinu has red, blue and grcen~eans¢tiva cones. Tho of=-
feotive otimuli detected by these roceptors (R, B, G) roo=
peoctively) vhich represent the light power falling vithin the
spociral passband of the particular retinal cone. Tho noural
gignals, ) VB and Vh have & nonlincor rolationship vith tho
effeotive stimull R, B and G and the visual adaptation condi-
tions of tho cones, the rolationship boing

v, = Vn/aav . V. = Ye/o

T & av '’ v

b = VB/Bav.

uvhare Rav' Bav and Gaﬁ 13 the average stimulus of R, B and

¢ to vhich differcmt cones aro adapteds Thio nonlinear role-
tionship botwcen R, G, B and V » Vg, Vb is pootulated to dbe
tho samo as between reflectance and perceptual scale of light-
ness (liunsell value). Further postultion 4s that the signels
Vr,
colours signals according to Hering.

-vg ond Vb are combined linearly to produce opponaont

Adams related his model to the colour matching data of
colourinetry, He assumcd that three types of cones had the
X, ¥, 2 spectral rosponses shown in Fige (41)e The ncural

signal of the thrce types were then

: ' [ 70
v, = VI V., = VY/Y v V= Vasa

b4 av ? y
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vhore X,Y¥,Z2 arc the tristimulus colorimotry vaolues of thao

1ight rcflceting from tho porticulir colour oamplc under
gtendurd (dey 1i.ht) 4llumination, cad ng, ng' Zav

tho trictioulus colorinctyry voluos of light roflecting from

are

o valte oterdard usod as background for differcnt samplos.

Thon red-greem, bluc-yellar, vhite~bleock apporent colours

oignelo are
red-groon = (Vkuvy)
blue~yellovw = (vznvy)
vhite~black = V

y

Ploto of (vz-v,) V. (vz~vﬂ) for Munzell colour samples vhich
wero presumed to correspond to the percoptlLal red~greon, and
yellow~blue colour sensations experienced by human observor,
are plotted. So un%armity of perceptual spacing for colour

chipe would be achieved if thoir coordinatcs on the plot of
(vx-vy) Vs (vz—vy) verc uniform.

Some Physiological Hodols of Throo Conc Throe
Photopisment for Colour Discrimination

It vas pootulatod in previoms modols that retimn contaims
throe types of cones with differont photopigments having dif-
feront spectral responaecs. For sevoral years psychological and
phJsiolbgical exporimonts, evon under oloctron microscope, theso
throe types of comes could not bo deteotod. Although there ic
e groct doal of complexity in the neural interconnections of
the rotina, no threo égay organization of tho conncotions bot-

wvoon conos cnd bipolor cclls hoo boen discoverods In birdo
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rctine only onc typos of conec =~ photopisment had becn found
cclled idopnine Ao wos Zound that the regeneoration timo
conotont of rodo won four times to that of conoo but no dif-
ference in regencootion tis o conotanie hed bsen obsorved
apons tho concoe. Attempts to distinsuish emons oones by
stinulasling retina with microocopic points of li ht .as un=-
succeooful. Rushton in 1957, by illuminaténg oye with vary-
ing unvelength measured tho Small amount of light roflocking
from ¢he black layor behind tho retina (Photopigment oiptho-
lium) and produced first‘positivc phyoiolonical evidence in
tho direction of differcat como types dotcetion. He then
blcached the retina with a strong licht and repoated tho ex-
verimont and then found the difforcmee spoectra (Le.0. tho dif-

foronce botween the spectra of the tuwo cases). Finding the
difference cpectra for varying wavelen:tho of bloaching iight
ho deci&eﬁ that the rosponso pecks in red and green rosions
are produced by rod and green photopigmcntos. Bubt third type
(blue) photopipmont vas even undetccted, Brindley and Rushton
again conducted tho oxpérimenta. in vhich reting wos illuni-

nated in the roverse direction by shining a bright light throush
the vhite seleora, in order to detormine yf’ vhether the pre~
vious speetral responies wverc producod by differemnt photopig-
mont or by difierent filter coffects in tho retina. Dy match~
ing the colour of this lisht with that of the light throusgh

the pupil, thoy wvere able to perform crude colour matches dut
only in the long vavelensth half of the spectrums They found
that the colour match was achioved when the vavolonsihs for
both tho dircctions worce sames 3J0 4t was concluded that

colour Gicerimimdion comnot bo the recult of filter offccto

in froni of tho rocoptors, po is dAue to photopirmonto.
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mrrks and [iac Hichol firgt conducted speetrophotonctor
neasurcacnts on the conon of discected fich retina and thon

on huzan rotina, Horo agcin tranomiscivity opectra of an in-
diviau~l cono io menourcd boforo omd oftor blecching the cone
vith 1icat and diiiorenco spoctrum was obicineds Thic dif-
forenco cpectégé ¢laosifiod muany conos into threo groups uith
peek reaponses in yo%i:gz g§eon and bdluo resions of the
opectrum.Wavosuldo-middle conen being of vory omell diamctor
(fov vavelengths of light), lisht interferonco occurs in cone
and light intensity varies within the cono with radial dic-
tanco, vith axial diotancoe and uvith anzle about tho exino.
Theae intensity patterns with varying vavelenfith change. AlSo
the light radizted out turough the side of cone and co the pro-
portion of the li ht power propagating within the cone vories
with vavelengths Colour discrimingtion may be achieved by
sensing variations in the 1iRBAL intensity within the cone or

by senging total pover propagating in the cons.

Cones boinz of small diameter may be considercd as
wavo~3uideé. Coneidoring small teper of cones it is conven=
jont to ctudy the compliccted optical vave effects within ro-
tinal recoptors in terms of modes of a dieluctric cylinder.
Pnoch ezomined the light emsnating from tho tips of reotinol
recoptors and found it to exhibit modo patterns and ho related
those patterns to the theoretical one obtonined by Onitzer

obsterborpy.

Enoch found that tho mode poatterns uvore remarkobly
stablo vith voariations of wvavolength end in nony caocs Gid

[
not chonno vhen the vovelensth é%%k variced over tho viscible
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bend. Lo rccep%ors are doefinitoly not homo  uncous Qiolcciric
gtrusturcsy otherwvico the pattorns would change drasticrlly

vish vuvolcengthe noch hao given a detailod ocumnmory of
roocoreh oonociated vith optical proportids of the reccptors
cnd 02 modcls of vioion basod on his works Schrocdor in 1959,
propoced o modol of colour discrimination im vhich a sinzle
cone doteets full colour information by mecouring tho cxial
veriotion of light intensity in tho outer segment.

In 1952, liyers proposeda colour dlscriminiion modol in
vhich the diamotcrs of the ocubter scgmento of cones differ from
cono 0 conos. This vould produce a difforence in spectrol
reaponacs of tho cones, because a variption in diamoter changes
‘tho cmowt? of ligat that radiates out the side of the cono,.
Biernsoé?%as postulated that & single cone obtuins full colour
information by sonsing the radial variation of light intensity
within the outcer ce~mont of the como. Bicrnson and Synder,
based on tho anclycio of mede exéitition in the comes, have
showun that tho radial voriastion of 1lizht intensity haes tho
appropricto pettern and spectral rocponse characteriftics to
provide colour diccrininstion qualitetively consistent with
thot of human vigion. |

.avopuido~node Gvidenceé provide reasons to quostion the
agsunptions
1) tho rotino hos threeo types of conos with differemt opeotr
charactoristics
2) ¢he difforonce in cpectral recponsc in cuusod by threo

Sypco of cont pignento.
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Diernson cnd Jynder have ohown that the opectrophoto-
mctozr ocxpsrimento on individual cones havo not proven that

=ctips hop three tyves of concse The «(viduwace sugsosto thet
the coaec’tend,to lock onto differenty mode pattorns as they

are bleochod, the particulsr pattern vorying vith the initial
bleaching condition of the cone. If thie occurs, identical
cones would exhibit different opectral responses vith peuks‘in
the yellos, green, and blue rogions of visible spectrum depond-
inn on vhat modes they happen to accentuates Thoy havo shown
that the mode excitation process 4in a cono can vory strongly.
Uith tho pattern of photopigment bleaching. This could cause
1donticol conss to lock out differont mode pattarns as thoy

are being bleached.

Rloctrovhysiolopical “xporiment HNodel

Granit while meansuring nerve i@pulae rates in the optic
nervo found that vhen retina vas stimuleted with o verying
vevolongth, seversl types of spectral responses vere obiained
in difforent norve fidbers. Broad spectral response coar¢apcnd~
ing %o bleck whito sensation, was called by him as 'domimtor?
cnd ooveral narrow spectral responses, called 'modu%Zaﬁors'.

He ncsuned that these were the dirsct spectral responses of
ingividual cones and 4t was the basie for his ‘*déminator-

modulatort model of colour vision.

Uvaotichin discovored contimuow voltages in fish retina
callod § potontiols Hoe Hichol mand Svaetichin chowed thot cortot
S=potcentials oxhibit chrnmgté% roesponses, vhich have on2

poloerity at omo wavelcnzih and the other polarity at the othor.
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$-pot-ntivlo corrcgponding to red-greon ond yellou=-bluc onnon~nt
colous ~irnslo have been found. An S-potontinl corrcoponding
40 tho vhite=dblack cignal wep found not ﬁo chanso polarity vith
vavolongthe S0 this theory provided strong cupport %o tho

Horing nodols

Lond showod in 1959 that remerkadly realistic colowrs
can bo cchiaved by projecting tvo black and vhite photographic
inarsoo throush coloured f£ilters rathor than three as normally
used. Lond accepted that his theory agrecs with the olasscicol
éolour $heory of three types of cones vhich has at 1ts base
Younzs's models Claopicel colour theory defines only colour
cquivelences of lipght spectra. It diotvates that 1if a parti-
cular spoctrum evokes & particular colour in a given situation,
o Aifforent spectrum having peme tristimulus values will ovoke
the scne ¢olour vien displayéd under identical conditions.

It does not gpecify vhat the colour is.

lioot of the thoorics and models of colour vision from
Heﬁ%on ‘o ﬁaxuoll and Helmholtz assumed that there ic a ono-
to~ono correopondence hetween a given licht opectrum and the
colour sensation it ovoked, dbut Hering chowcd that therc is
a atrong effect of admptation procoss of vision on the colour
gonsation and demonstratod that a particwlar spoctrum could
evoko rodically diffeoront colgur sensations under difforont
otcteo of adoptotion. Adaptation contalns olow or 'sucsecoivo
adaptution’ cnd inctontoncous or 'limultconcous Adoptution's.

Lond cophocissd thot $he mejor visual effcetn, he obaserved
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aro gonentislly instantcnoouo ané so are differcnt f{rom
Horing'c suscosoive cdaptation, Thus ‘classical colour
theozy ! in tho strict ocnso doos not prcdict what colours
‘aro perceoived in ¥ colour photography end so does not roally
opply ©o tho tvo=colowr projcctions of Land. Tco predict tho
colowrs perceivod, ve oxtond ¢o 'Applied Colour theoory'. It
vos found conveniont €0 normalize the tristimulus valuoo

X, Yo Z relative to each other to find ¢he trichromatic cooel=

icionte X, ¥, 2, w8

X = X/(X+4¥4Z)
= Y/(X+Y+2)
2 = Z/(X+T42)

The rolative values of =, ¥y, 2 sarc not independent but
rolated by x + ¥y + 2 = 1ls S0 a twvo~dimensionel plot is ado=-
quate t0 represcnt tho trichromatic coefficients., Such a plot
is ealled chromaticity diagrame. It i most commonly the plot
¥y Vo. x a6 shown 4in Pig. (44).

By linear transformation’ of these verindles several
other chromatility diegrams c¢on be drame. In tho Pige
polid outside curve the spectral locus, vhich weo mlculotod
from ¥, ¥ 2 spoctral plots showm 4m Fiz. (41). Values along
the spectrz) locua curve are the wavoelongths in nanometeroe.
och point om the twe dimexiaional chromoticity di. ram cor-
reoponds to =2 straisht line through the origin in throo Ai~
monolonnl plot of the X, Y, Z2, tristinmulusc values. Along Shio
line tho rotioo smons X, Y, 2 voluce are constont, coordimntceo

on n chroncticity dlosrem romadn constont 4f the intonsity of
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lizht in choenged kooping shape of spoetrum ocgmo. Jo for conch
noiat on tho chromoticity diegrom, thero io o vholo fomflly of
opeotre of ¢ho ocono chapo but differcat intonsitios. Tho
vhilo point dofines otato of adeptction. Dxcept undor oxtreme
1lluainotion conditionn, the oyo percelveo &8 boing achronatic
(vhito, black or sroy) an object vith a spoctral refloctance
that 10 f£lad ovor‘the visiblo ransge. Such an objcet reflecto o
1iht opec*rum proportional to tho spectrum of tho illuminant.
Thoroforo, the point on thg chromdticity diegram corrcoponding
to tho gpecirum of the illuminant ropresonts the chromaticity
coordinates for all achromatic objects from bileck to vhite.
Thio 40 called the vhite point.

Thus tho point on the chromoticity diefgram having tho
coordinates of tho illuminant represents the point of achromatic
colours and around this point are arrangod the verious hucs as
showm in the Pig. (4.4)e Tho contours of the constont huo are
shovn for the condition of stundard day light illumination.
Thome ero dorived by mzasuring under day ligat the tristimulus
values of light reflecting from colour shmples of the Munscll
colour atlas. 48 tho distance from the vhite poimt varies,
noturavion of colowr insroapes and varies fyroem achromatic at
tho wvhite point o maximum saturation at the spectral locus.
Tho concopt of ‘'opplied colour theoory' can be associated with
particuler rogions of ohromatiocity diagrom at least apppoxi-
natoly with particular sensations. The colourn porceived in
colour photosrrophy and colour tolevicion otece. can be prodicted

vith reoaconoble sccuracy by *opplicd colour thooryt,
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Lend's two colour projection proved that 'applied colour
theory! does not really work. It fails to predict the colours
in a two colour projection and it fails grossly. It s not
Just that the colours are differsnt from what the theory pre-
dioﬁn but rather they are differont in a unique way. So land's
fundamental contribution wae to prove that present colour vision
theory falils seversly in predicting colours percdeived in comp~
lex situations. 8o a more effevtive model of colour vision'
Lend's Retinex model' was proposed. Actually it is an exten=
sion of Adam'm model which includes effects of 'simultaneous
adaptation' to the successive mdaptation considered by Adams.

“dtinex modol Land proposes that retins has three

type of cones with différent spectral responses and that the
signala from all the conen of each type modify one another in
8 neurologioal network, called retinex., The resultant modified
neurologioal signal 45 equivalent to o goale of lightness,
Thess lightness signsle in the thyee retinex channels are com=-

pared to form the colour pensation.

The physiological probdlem faced by Land's retinex model
is that the ‘retinex' neurologloal notwork was not observed
in electron nmicroscope studles but land clarified it dy sug~
gesting thet thie comparison ¢f the receptor signuls in each
retinex may be perfommed iv the brain, But following this we
reach the conclusion that Herings opponent colour signals de
gonomtod in the brain decause they nust dbe formed after

retinex comparison. A possible hypothesis that could remove
this contradiction is the assumption that the colour informa=
tion 15 time shared in retina by which single retinzl neuro=-
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logiceal nthork performs spatial integration functions of the
thres separate retinex networke,

ziia smgg Models of Colour Vision

In time sharing models, different colour sigpnels savre
tranemitted independently along & aingle nerve fider so a single
neuron conveys full colour information and then retina compares
the colour signsls from different points in the visual field
without requiring separate neurological circuits for different
colour signals, In 1922 Troland postulated & time sharing model
 of colour vision, A postulation of ‘modulation' model, in which
average valus of the neursl sigual couveys the achromatic in~
forasation aud modulations on the neural signal convey red-green
and yelloﬁ»hlua colour information. Average frequency of the
nexrve mpmea in nerve Iiber represents achromatien informa=
%4 frequency modulation carries chromatic informetion
vhen the eye 1a stimulated by fickering black and white patterns
between 2 and 10 ops faint but very definite colour sensations
can be evoked, called Fechner coloura. Fry studied Fechner
colours extensively and modified the Troland's model by pro=
poaing a eet of modulation set for red, green, yellow and blue
sensations. Sohroeder proposed a model of colour discrimination
b_aéod o optical waye Anterference within a single cone. The
postulated that full colour deta Lo fed out of the come in
“atcordance with Troland's ma&ch

Blernson postulated that retinal cones mense noarla full
spectrum of received Light and retim uses this full spectral
data’ to perfora successive and simultaneous edaptation. These
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colour data sre time shared in order to avoid need of nany
parallel nsural networke consistent with retinal anstomy:

Aes postulated, gach cone employs a scanning provess to sense
the mode pattern in its outer seguent. As the mode pattern
varies in a complex manner with wavslength, it can provide much
more spectral information than can a ihrae colour aystes. The
scan starts at the circuaferencs of the outer sejment and pro-~
pagates inward to the axio, The scan activates only photo-
pxadnt molecules at a particular radiws at any instant. The
scan Ain all the cones is synchronived and operate at o rate

of 18-20 scana/sec. The effect of scan is to modulate the
cone signal vith the shape of the radial variation of mode

pattern.

Hefring opponent colour cignels are sxtracted from the
modulated waveform at the bipolar cells. Average value of the
signal indicates white~blaok information, the red=green signal
is appmﬁm&toxy equel to the firet derivatives and the dlue~
yellow signal is approximately equel to the second dsrivative
of the waveform. |

Aotually the waveforsm obtained by Fry in hies model are
‘4dentical to the waveforms derived from scannilg process, as
shown by Biernson end Synder. Both have shown that the colour
signals for this model would have gpectral responses qualita-
tively comnistent with those of human colour vision. OSucces-
eive and simultaneous adaptotion is performed within the
receptor cell layer in terme of mode pattern information, before
that information 1s demodulated to fomm the opponent colour
signale.



Colour Vision thro Spectral Soanni

The eye, in peceiving colour performs a wavelength
discrimination, process which is analogous to the angular
discrimination pcriaried by radar. Thers are two basic
principles for angular disorimination - (1) multiples detectors
with different angular response characteristics, and {2) single
detector which scans its responss cheracteristic. This method
of colour perception deals with the second approach using
single detector unlike previously postulated methods of colonr
peroception using multiple detectors. A wavelength dependent
effect within the cone causes light of different wavelengthe
‘Yo producs different epatial Aistridutions of energy in the
photodetector regions An slectrical process scans across this
photodetoector ragion producing a modulated waveform which de=
fines thé colowr informations. The dc value of the waveforn
gives the white information, the firet harmonic gives the
blue~yellow information and second harmonic gives the green~
red informations The phase determines différence dbetween
blue sni ysllow and between green and reds The waveforn is
demodulated in the retina to sanoré;: separate dc voltages
which produce white-~black, dlue-yellow and green-~red sensations.

Almost every theory, pertaining to colour éoraeption;
univerasslly, followed the three different types of photo=
'aansitive receptara, postulated by Thomes Youngs The primary
effort of oolour vision theory relies on thres or more spectral
gsensitivity curvaes of colour vieion but regardless of wvhat

curves are assumed or what processing is sssumed for the
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signales derived from those curves, colour vieion theories
continue to run into serious contradictions. This theory
is gquite different from Young's principle.

Principle of Angular fcan

In colour vieion the eye performe & wavelength disori-
minstion function which 4s analogous to the other discriming-
tion functions of performed by electronic systems es in radar
systoms while tracking & target. Pig. (49 shows the two prin-
ciples of angular scan (1) by the use of multiple redar de-
tectors having different angular responce characteristics (2)
by the use of a single detector which varies or scans its
angular response characteristics Pig. {+s2) shows a multiple
detector approach. Detector A {which may consist of a wave~-
guide horn feeding a orystal detector) is pointed along the
upper dashed line and thersfore hes & peak response in that
direction, while detector B points along lower dashed line.
Along the solid horizontal sxis, bisecting the angle of dashed
lines, both detectors have equal reasponses. To generate the
colour discorimination cignal the signal from detector B is
subtracted trom;signal from detector A. This subtraction
signal or reauifint angular discrimination oignal i.e. error
aignal is zero for s target alonmg the horizontal axis {(called
the borssight), positive for targets above the axis and nega=
tive below the axie. TFollowing thies target T, &ives positive
- erroy signal and mz negative error signal. For targets
ressonadly close to the boresight the error signal 4is approxi-
metely proportionel to the angular devistion (or error) of the
target from the boresight,



72

Pige (4.5¢) 1llustrotons angulor ocanning approach. A
odnglo dovector 40 oocillatod through oa arc, owch that ito
diroction of maminum oomoitivity varico wAth timo bobuoca tho
tvo daohed curvoss Tho offoct of this scoanning 4o to produco
on caplitudo nodulation of tho sigmal dolivorcd by tho do-
toctor. Vo aroc intorootod in tho Lirst harmonic of that modu-
lation vhich 4o at tho frogquomsy of angulnr oocillation of tho
dotoetore Por & torget along tho borooight, firot harmonic
1o zoros Por o torget above tho boresight (T3) tho f£irst hore
nonie heo pooitive phase rolativo €0 tho detector oscillation,
vhorcop £for o targot bolow tho boresicht cuch as Tz, tho Rirst
harwonic hos megativo phasce. Tho firot harmonic has maximum
anplitudo if the torget lics nlong omo of the dashed ourves
and in tho visecinity of the borcsight tho amplitude of tho
£irot harnonic Ao proportional to snguler doviation of tho
targot Crom tho boresight. %ho 24re¢ hormonic 40 domodulabed
by pheso oonsitivo demodulotor from amplifiod dotector eignal
using dcolcctor oscillation nignnl ao referoncscs 7Tho domodue
lator delivors dc oignal osesentiolly cquivalent to that vhich
io dolivored by multiple dctoctor system.

Tho difforonco detwvocn two approaches 1o that multiple
dotoctor oystem 4o vory difficult to keosp in calidration bow
cauge it requiron tud parallel amplifier chammels the gaims
of vhich muat bo kopt matcheds Tho scoming-detcotor ayotom
L2 auch oimplor to build dut hao the disadvantogo thot ine
accureeion aro produccd if tho signal from tho target 46 mo=

dulatcd ot a froquemcy closo to tho ansuler ocon £roquonoye



73

Tho ocngulor coon systom com bo docoived Dy o Jammor wiich
nodulaton {to roturn oignal. PFdg. (4.C) chows hov the engu-
lar oscillotion of coonning of dctcotor modulateo tho dotoctor
oignal .

Pige [4.¢)] ohows the engular rospomc patterno of tho
dotestor vhen 1% is at the oxtrcwo pointe im tho oscillation
ocyclos Tho ocoillation of the debector vibrates tho pattorn
botvecn the two curvos. The sagulor positions of tho torgeto
'i‘l and ‘3‘.‘2 oro chotne Xt 1o coon that ao the pattern vidbratos
back ond forth tho oignalo predused by rador returns {rom
targoto Ty ond T, oro modulatod with oppooito phase, 1.0. vhilo
tho signael due to targot T4 4o inoreasing, that duo to target
TE 4o dcoronoinge Fig; [4.c4)] shous tho amplitude of tho firot
harnonic of tho ac signal es & funotion of ongular devisotion
of tho terget froo the boresisht. Tho difforent signs imdicato
opposito phaso of Ac componcads

Pigs (46} shows tho dotcotor signals produccd by radar
roturan from targoto &‘1 and ‘1"2, Thoy bhoave ac meduwlations
about an avorago de¢ value and aro opponito in phase 1if both
targote woroe prosent simultancously and produccd radar roturns
of cqual otren;th, tho sc conpononta vould canool and average
valuc could bo doudleds Thio would give a folee ioppresscion of
targot boing along borosight. This prodlen 48 avoided in moot
radars by o rapngo ggg; tha{; accopts only a single targed

roturn at o tino.
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Seanninn Principlo in Colour Vicion

Aocuming that $he dotector oscillatos its spectiral
mooponao ia tho ocno masner 0o in angulor seon, o monochro~
povdie 1icht vould produce ea o¢ modulabcd wavoform just ac o
pinglo torgot vask cngular ccom dooss A uvhito opoctrum of
1icat vould corroopond to on infindte number of targotos Tho
conpoaonto duo $0 vorious wovolongbho wvould oocmsol ond & do
pignal doliveraed by tho dotootor would correspond to vhito
cenootion ond the oe compoRzat would corrcopond to chromatic

ponoations

Thoro arc 4o oceto of basic chromatic gemsotlons ezpori-
encod in vioion yellov-blue and greem~red, bluc acting as o
negotdve of yollow nnd grecn eoting as a nogative of Tods
Thic cugcosto thoé thore are twoe different oo modulation cone
pononts im colour vicion, ono compomont aarmspénding to
yollov=bluc and tho othor to grebn-trea. Tho phpse of o Gompo=
nent wvouwld dotormine the difforcmso botweoon blue and yollow
or bhotuoom gocon and rede. Tho tuvo compononts could be kept
soporcto by bodng atb a1z foront froguencies or by being 20°

out of phaoo with wospoet to onc another.

0no of tho problons asscciated vith conventional radar
anzuler coon 1o that tho target ocho must be prosont for a
timo lon-or tham ono eyele of ocan 4n ordor Lfor tho angular
disorinination ¢o DO porformcd. Howovor, im ocnalogous
colour viclon oltvntion tho oye io odblo to oco oolour from o
vory ohor{ puloo of licht, nuch shortor thon ony reacomablo
pecn pordode Huaw $held can tho scamning principlo be opplicd
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417 thio condition nuot bo ootioficd? It i0 cecomgodotod by
pooundng thoat tho cecmning procoss im oolour violea 4o pop=
formed cubacquort 06 dotootion rothor than prior to dctovtion,
oo in opgulnr coone |

A pricnadic offeet vithin tho cono é%aruﬁeo tho wavoe
longsthe of dnciam$ light, oush chat difforont wovelophths are
concoentrated of ALd%oront oglons of tho photodatoctor postion
of the cono ond czcitoy tho photopicmonto end gonercte eloeiric
chargone Tho ceonaing mochonionm soans Back and forth acrooo
tho dotcotor omd focds out tho ohargos fom difforcat portions
of tho dotcetoy ot Aifforont inotonts of timo.

Tho pricmotic offcet does not‘separato tho wavelengths
diecrotoly bdul produccs difforcnt distributions of cnorey
oerosd tho photodotcotor for difforonmt wavelenabhs. Diolociric
vavesuido pattorns uvithin the cono aro probably rooponsidblo for
prionatic effoct. ZTho scanniv: cction could bo produced by
an ooeilloting clcetric fiold Thot contwyols tho flovw of charge

from photodctcotors

In oxdoy For tho ccapnipz to bo porformod in einplost
mannor ¢he dluc-yellow and greon-rod modulntiono showld bo
harnonically relaotods Evidopeo supxooto that tho blue~yollow
oignol 4o a £irot hoarmonic and tho groon-ped oigenl 1o o
oocond haymonic I'ige {47a) chowo o £irot opproximation how tho
optical onorgy oppoars to be distridutod ceroso tho photo=
oonoltive portion of the como by pricmotie offaoct. Snoxyy
dictrdbulions for opcsific vovolenstho dn Sho violod, bluo,

groca, yollcey ond rod portiors of tho opcefzuns oro shoun cnd
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oEo nornalicced Yo unity for convonionco.

Bloctrical ceanning ncchanlon ocano back and forth
ceroas tho photooonoitive portion of a conmo in o Oyclic
naanoy a8 indl octefle Tho offoot of thio ccanning 10 to pro=
dueo tho vavoforso choum 4m Pig. (47h) for vavolongths cor-
fogponding So tho cnorgy diotribution 4n FPig. (474). Tho
lovor dached portion of Pigs (475) 40 produced by o mixture
of tvo wovoleastho rod plun violet, condtined to form a masmota
colour oonontion. [loglestinz harmonico above scoond, tho
yollou ond bluo wevelongtho genorato firost harmonico of opposite
phase, vhilo tho nagnota and groon vavelonstho genorato second
harnonics of opposito phaso. For the particular woyolensgths
conslidorcd, bluc, greon, yellovw and marnota, simple wavoformo
aro produccd. Intormediante vavelongtho produse both first
‘ond cocond hormonica. Noto thet magnota (vhich 4s purplo rcd
1.0¢ rod plus violot) 4o o matural pricary 4n thic thooryy
rathes thon rof, cvon Ohoush nagnota 1o not a opectral colour.

Tho wavoforno arc domodulated 4m tho rotim to form de
sigunls of oppocing oigns vhich produco tho dlue-yollow and
goocn~aagncta concationce Tho wavoformo ora Liltorod to leave
average voluo vhich gives tho black-vhite or ﬁumi.nosity, oon=

oation,

Fige (4.3 ) givoo o plot of the yollowebluc ao signal Vo.
tho groon-'red' (or magnota) ac signal for gpcctral lighte
of cqual enofay. Tho nuabors nlong tho curvo shey tho vovoee
longths in millinderomd, Tho choded rogiona give 4ho appro= -

zinote colour nomdantions ovekod by theoo vavolongtho uador
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normol viovins conditionn. Tho plot is calculatod Zrop
ptondord colour mizturo dote plus o knowledgo of thoe wogoe-
lenstho ot which various types of colour blird individual ozne

poricaco o groy oconocation.

A confusion mrous, vhy $vo ofcillation modds aro uocd
in colour vicicn and o oinglo opoillation modo io adoquato
for ¥oder anguler dicerimination. %ho clarificatiom 4o thot
rodor performn cnsulor dicerimination on a oimglo tergot vioro-
a2 tho socopbor of the oyo exporionscos nany diXforont vavoe
length rogiond pimultancously ocnd rcoguiros an adiitional pore
eoptunl dimencion 0 resolve wavelon(th mintuwres. Foxr onomplo
concidoring an 4deal rador with lincer rospondso choyva in
Fige (499 The cxrors eignal is +l vhon targot is at anglo €,
goro vhom at 8, ond =1 6t 5. Thus roder can detormimo anglos
of the oinglo targot by error sigmalo, But vhon tvo tergoto
ars sinulionoowly at 61 and &3 ag tho orror signnls aro
conclllcd and wve got zexro error signal confusing to a singlo
sargot ot ez, ?0 remove the enbiguity of multiplo targots,
on cdditional mode of scannimg vhich gonoratcs tho charaoe
toristic chown im Pig. (49P) is cmployed. If multiple do~
toctors oo cmploycd o "bhird dotoctor cam bo used vhich sub~-
sracto 430 output £rom the sum of tho othor twoe Tho targeto
ot ongles 6y, ©, ond Oy prodwo ocignals in $ho oecond modo B,
corrooponding to tho points indicated Dy 1, 2, Je

Sirmmole fyom A ond B modoo vhca plottod on orthoconol
onio cichitoncously £ive & plot o0f Pige (L.9e)e
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IZ ¢ho Sorpgoto oppear ainulscnooudsly, a moons hao boca prou‘
vidcd for dofiming, in an umanbigonous oomco, tho gonoral
pooitions o2 thof tho targoto, oven thoush $ho rador con ot
brooldowa tho nultdiplo torgot rotwrn dnto Vo coparate compoe
nonta $o dotormine thoe oznet pooitions of the soparato targoto.

oho dachcd o&relo Pige (4.9¢) chous the amnlogous colour
thoel and hov tho tolow sonootions aro oriented around tho
vhools By wing $uo chromotic coomdinate in colour treckinsg,
tho oye 4o oble Vo diotinguich o vavelongth regloh at tho
condor of the ¢racking zono (ot point 2 in tho yollow groon)
£ron tho senso of Svo wavelcagth roglons et thoe ends of tho
tracking gono (nt point 1 in tho red and point 5 in the bluo)
tvhich combime ¢o produce poimz 4 in the purple).

fhus two chrometic coordimntos are rogquired for tho oyo
to diotuingish among tho voarious opoctral roglons 4n an upew
cnblguous momor. For this renson tho oyo roequiroo tveo scan-
ning modd3 for ocolour dlsoyiminntion, whorcan o }6 radar tracke
ing oyotca nocdo only onoe |

Uhon vhito light 4o ooduldated ot froquoncios im tho rango
of 10 ops $0 20 opo ohromatic oonoationc arc produced which
oro collod Pechnor colours. Tho £roquency ot vhich Fochnor
colours nro oboorvod Amcrensos wvith light intemsity which
appeard Yo indicato that the oyo incyoanpcs ite ccan rate Qith
Incronoing Miphat dntonsity.
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REAGHD

In this chépter, we have dealt with some simple methods
for extracting the features of uncomplicated patterns and re~
cognition thereby. These procedures may ba the representative
of the processing and recognition of simple patterns in human
brein, ss human brain identifies the simple patterms without
much effort., 30, maturally, the procees of recognition of
such patternms should not be much complex. Three methods are

discusped heres

71,1241
A, Visuanl Featurs Extraction by Multilayeradﬂetwork[’l

This fenture extraction network systom is composed of
anslog threshold elements which are equivalent to necerons in
the retina and visual cortex. PBach analog threshold element
recelves inputs from a large number of elements in the neigh-
bouring layers and yewarma its own sﬁeeial functiona, 1t |
tekes care of one restricted part of the photoreceptbr layer
on which an input pattern 16 presented and it responds to one
particular feature of the input pattern such as brighiness
contrast, a dot in the pattern, a line segment of a particular
orientation or sn end of the line. Therefore, the network
performs parallel processing of the information. wWith the pro-
pagetion of the information through the layered network, the
input pattern is auccessively decomposed into dots, groups of

line segmentes of meme orientation and the end of these lines.
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Althoush vo knou littlo about the iafosmation proceooing
in human brain, bud vo com partly doduce it from tho litoratuwro
' of'neurophysiology and poychology and can try £ nultilayercd
notvork 2or feoturo oxtraction of o givon pattorm. The procontod
syoten for footurc extraction has boen designed with full roe-
card to nochoniomo of viscusl oystems. An effort hag boon nade
to incorporato tho nochaniomd of biological oystems into tho
notvork. AR ensincering approech to thic netvork enslyzes
firot vhat viounl footurcoo should be oxtracted and thon a net~

vork g'designcd %o oxtract thooo featurcs offectively.

AS 2o neuron io oxcited, it yielde a pulse train at oute
put and tho information ic carried in the form of pulse demsity
modulation. The information processing in the neuron netvork
ic mainly domo at synopses, if a neuron fires its output is
tranomitted to tho next neuron through synaptic connection,
The inputs to the nourop may be excitatory = the strong input
at vhich increzasospulce density at output and inhibitory - the
otrong input at which decreascs pulse donoity. The number of
oynaptic comnections %0 & single nouron may vary from hundreds

to thousands in casc of nourons in the visual cortox.

Tho information £lou path in the vipgual systen follous
Zron ﬁgg'te mosaic of rocoptor colls in rotina, from bipolar cell
%0 rotinnl gonglien collo, from gangliaen ceolls to optic nerve
and thon to latornl geniculpto bodios; The output from latoral
goniculate bodioa 10 trenonitted to tho area 17, in the corcbral
cortoxn, Yhem Vo aron 108 cnd then €0 ares 19, Retinal goanglion
coll or latoral gomiculate coll shows o response as shovn in

Fig. (51avp) Tho reoponso of tho coll io intensilicd oy
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segpectively. vhus receptive ﬁiclda mey be on-center -icla

(PLi ,81a) and off center fieldﬁﬂgg;ceptive fields of the cclls
in areuz 17 of the cerebral cortex are quite differont fron thoc
of the lateral ~eniculate cells and rec«ptive fields as shoun
in Pige (51<4d) aro found plentifully. The neurons which huve
these roceptiveo fields are called simple cells and respond sbr-
ongly to line (or edge) otimuli provided the position and ori-
cntation of the line ere suitcble for particular cell *Conplex
cells’ roaypond Yo line stimuli but the position of the linc is
not critical and the cell continues %0 respond even il properly
oriented stimuli cre moved ag long as they remain in tho cells

receptive field. These cells are found in mrec 18 but also in

ares 17

dypercomplex cellss: These are found in arca 18 and 19. These
naurons respond to complicated combinations of featureo of
input pavterns. For exemple one of them responds to the cornszr
of the fizure projected on the retina and another onec resgands
t0 line stimuli of a particular orientetion but only vhen tﬁe
line strens;th in in o particulur range specific to the cell,

Gynthesis of fe turse extracting network. Anulog threshold zlement

Analo; threnhold element ig functionally analosoun to the nagron.
The output of an element is an amalog valve positive or zero,
vhich correspondt to the firin; of the neuron. Every input to
the nﬁ?ron, tarou h synuptic connection, has i%s own inter-
connecting coeflficient, positive or negetive, for excitutory

or inhibitory cyn:.pcn respectively. The output of the element

i line:rly proportionul to the sunm of input signals tuking
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into consideration it: interconnection cocfiicient, previ.e.

the net input is more than threshold, (. hich 13 set zero).
or

Jhen net cum 19 zero of ney tive, output is zero. Hathemn-

ticolly v = Q{%‘*’Q(i)ﬂ(ﬁ) -{1) wherec v = output, cf{i) =
i=1

inserconncction coefiicient of imput u{i), 1 =1 .. k and

@p(u) @t cribes the nonlinear transfer characteristic of

element, namely

plu) ={: :Eg (2) Fige (52)

e

w(u) hos been selected nonlinear to introduce in the multi-
layercd network the superior zbility than two layercd network
beczuse if a multileyered network consists of only linear
alenents, the response of an arbitrary olement in the network
cen be described simply as a lineur sum of the.autputs of
fifst layer to which pattern im precented i.e. Qhotoréceptar
layer. It exploite then full capability of multilayered net-

wOrke

fabi [

dultilayerad netvork of elecmentz 1s used for the proces-~
3ing of motionlescn line drawn patterns. The netvork muinly
extructs dots and straight lines from the pattern (it hus no
curve defeetor). Pirst of the seven layers of the network
‘shovn in Fig. (53 ), ic an array of phatﬁreeeptora on wvhich
an input pattern 1s optically projected. Rest layerc con:iioi:
of throshold elements and each threshold clement receives #n
input from necishbouring layers but elements in the same luyer
do nhive no intsrconncction. The arrensement of elements and

their interconncctions are all homogeneous ower & /jiven loyev
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wnd all olementso of one layer have ssme pet of interconnoes-
ing coefficient, The information throuch porullel proce - nin
13 tronsmitted fron ome layer to the other throush intercon-
nections. In different layers the pattern is gradually de-
conposed into 6ots,groups of line segments of same orientation,

the ends of line segments and 8o on.

Photoreceptor Luyar (U,)

It is a two dimensional array of photoreceptors with no
interactions amons themselves. As pattern is projected on
this layer the output of the clements depending on the light
incident upton it prodﬁces positive output following & trunsfer
charzcteristic linesr or logarithmic. In cartesian coordiruten
uo(x,y) denctes the output of the photoreceptor situated at

(x,¥) poin%t w.r. toc Certain x and y axis.

Detection of Contraat (u,)

This layer has elements with on-rcenter-type receptive
fields a9 retinul guniliom or lateral gemicuk te cella. They
detect bri htness contragt dn the input pattern and rcceive
input signals from layer w . ul(x,y) denotes output of any
element in this loyer with pesition (x,y) in cartesian co-
ordinetes. C,(f,%) donotesinterconnecting coefficient of a
uy element where 3 and n are the argunento to designate an

individugl input terminel. S, is the set of all points (% 1)

_ 1
of a single element for which 'cl(f ,M) = 0 holds,

iy (xy) = q,Uf Cy(fam) uhess,yenas and ()
i ..21
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¢(u) deccribesc nonlinear characteristic of ﬁhe elsement: we
hevs adopted only ou-center type elements as to process gn
input pattern wvhich is drawn with white lines on a black buck-
sround. Otherwise we will select off-center-type elements if
black lines are on vhite backzroung and Cl(s,n) will change
sign. shape of Ci(f,ﬂ) is shown in the Fipe (54 ). Cy (% ,m)

patisfies the inequality ff ¢,(s,n) a3 ¢, = 0 (4)
i.0. sunm of positive snd negotive coefficients cancel eech

other. So integral in (3) eleninates the low frequency compo-
nent of spatial fregquency from'uo(x.y). The diameter of the
centrul on-area of receplive field detormines the resolution
of this feature cxtractor, too small an area is not desirable
as it exagrerates the high frequency noise in the inpub pattern,
It is proper o choose this diaretor approzimately squal to the
vidth of the lines vo be extrccted. For a pattern with lines
of various widths, it is preferable to choose the dlameter
‘approx. equal to the width of finest line. The diameter of
the peripheral off erea should be large Compared to the width
of widest line and preferably larger than the size of the

letters to be processed.
Detection of Dotg (uq,)
Layer Q31 extracts daté in the input pattern, having

received the input signals from layer uye Qutput uyq g ex~

pressced as

ull(i,y) = cp{j[ﬁ Oll(f,n) ul(x*‘foyﬂ'))df dn} (5)
A Y11
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Interconnection coefficlients are shown in Fig. '(5'5’ )e The
shape of 011(§ yN) resemdbles with Gy (%47 ) elements which
ﬁave on~center type receptive fields The inhibitory surround
of 'On(ﬁ s7) however, is stronger in density end smaller in
diemeter then that of C,($,n). The interconnecting coefficients
cn(g »71) have been determined in such a way that the element
un(x.y) will respond t0 a dot pattern situsted at a pattern
relative to the receptive field Pig. (5645) but not the patterms
as in Pige (56¢d)e The Adlametsr of the central areca of the
receptive field is chosen approximately of the size of the
dots in the patterns The width of inhibitory surround should
be determined according to the distance between a dot and

other components of input pattern.

Detection of Line Componsnta (u,, end “2)

Usg and “2 layers detect line com_ponenﬁs of the pattern
with final output from Ry e Elements in both these layers are
arranged in three dimensienal arrays. 7The olement ua(x,y.d')
will respond to a line which passes through the point (x,¥)
of the photoreceptor layer and has an orientetion a{0gac¢ )

Outputs of layers L% and u, are

By ( Xy 7 p) = v{ul(x.y)-ff Cap # ($em) upy(xeg ,y4n)
912

d?dn - fu‘.a b(G) ua(x’y'a*e)dej sne (6)
-ry '
ay(xeyee) = @{ffs €, (%, Neaduyg (%43 Jy4n,a) df dn’g('l)

2
The interconnecting coefficients C,,(% ,n), C,(f,n,a) and
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b(8) are shown in Figs (5759)%9) There are backward interconnec=
tions as well as forward ones between layers L% and Use 1.0
there is a feedback loop boetween these layors. The elements
in layer u, have receptive fields similar to thoose of simple
cortical cells and respond strongly to line stimulli. The
shelpe of the function 02(§ »Ny@) is determined by the shape of
the receptive field in simple cells. Layer Uon improves the
ability of the network to0 extract straightlines but there is
no physiologioal evidence of existenoe of such layer in visual

cortex with bag:kwéxd connections .,

If there were no Uy, layer u, will directly receive its

input from u; layer and uy(x,y,0) = Q){_“ Co($ampm) uy(xeg o
2
y4n) as a,,‘k -(8) under this assumption receptive £ield of an

element uz(z,y.a). « = 5, s shown in Fig. (SPa), This element
responds to B vertical line presented to this element in posi-
tion shown in Fig, (575), but 1t does no% respond to the lines
shown in Fig. (5“:; Séoei)auae the mmmtm inputs caused by the
horizontal line suppress the excitatory input due to vertical
line, The element also responds to an oblique lime presented
near the peripheral part of the receptive field shown in

Fige {5103)s Figs (519) chows an exsmple of the response of
the response of %Aa(x,y, 8/2) in the case where Uy, do06s not
exist. 8o line components would not de faithfully extracted

without layer “20‘

Figs (51 ) shows how our system responds t0 a crosse
shaped line with the help of Uy, leyer (onLy for particular
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orientation of lines O amd x/2) for simpligﬁf%). A horizontal
line ooﬁponent_is detsoted by ua(x.y.o) end a vertical line
by uz(x,y,n/z). Horizontal line ua(x.y.o) inhibits the res~
ponse of U,,(%,¥,%/2)e At the same time a Vertical lins com-
ponent is detected by na(x.y.u/z) and this output inhibits the
response of uzo(x,y.o). After the response of this feedback
loop reaches steady state, the outpgts of uao(x.y.o) and v,
(x,y,5/) are shown in Pig. (st). 8o uz(x,y.c) and uatx.y.m/z)
respond to horizontal and vertical lines respeotively without
any interference from intersecting lines,

WUrows

Layer u,, is also effective in suppressing the superious
response to an end of an oblique line and layer u, aleo does
not produce spurious output as such a stimulus has already been
suppressed in laoyer Woh by the feedback interconnecction. In
order to avolid this line-ddtecting circuit to avold to respond
for dot, stimuli from dots are inhibited by layer By by means
of inhidvitary comection = Cy,(§,n) from layer uyq.

This network can datect line stimull even in case of
blurring or mutilations of iines, or in dirty background. I%
can also accommodate slightly bend or Jagged provided thess
distortions are smsll. The width and‘length of the expitatory
(positivs) area of the function 02(§,n,x) 18 determined by
consldering conditiond® of distortions 4o be allowed and length
of the shortest line in the pat tern.

Detection. of Line 4u Ares (u,)
This layer responds to a line with speocified orientation

irrespective of i1ts positions An element continues to respond
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‘even Af a properly oriented line is moved, as long as the
1ine remains in the receptive £ield of the element. 1t gives
more output when the line is near the centre of the receptive
field+ Thi® layér ccrresponds' t0o the complex cells in cerebral |
cortex. A Ziven element in this layer is intercomnected to the
output of the element layer Uye

uz(x,y.a) = ¢{ff 03(? m,a) ua(xﬁ-j,y*n,di)&}' dﬂ} bes (9)
8

3
The shape of the function c's(f +Ny&) 48 shown in Pig. (5:12),

For example, ua(x.y. n/2) receiven excitatory inputs from meny
u, elenents which have vertically oriented receptive fields,
vhose Centers are situated along 2 horizontal line passing
through the point (x,y). If any of the u, elements detects a
vertical line it sends an excitatory input to the 03 element
end the Uy element yields an outpute. The vertical length of
the recepiive £1icldd of ug clement 18 the same as that of these
Uy olements, 1If the orientation of the line is not vertieal,
nons of the u, elements will respond and so Ug element also
does not responds So 8 given element u.’.(x,y.a) detects a line
component whose orientation is « without being much affected

by the exact position of the line.

Detection of the End of the Lime (u,)
Blement u4(x.y,a) responds to an end of a line whose

orientation is a. The range of variasdle a is 0<a < 2%

tor the u, elements, decause we must distinguish an orientation

of one end of thé line from the orientation of the other end

of the same line. Thess elements correspond to hypercomples

coll in visual cortex. Output of the element 18
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uy(xe5,a) = q’{ﬂs c4(§.n,a?- ng(x+$,y4n)ds dn} (10)

Th- 4 |
The shape of the function C,(% ,n,a) 1s shoMn in Pige (5%)

vhich has positive pole at point (1 cos a, lsin a) and negative
pole ut (-1 cos a, =) sin a) and takes a slightly negative

value in the domain outeide these two-poles. Distance between
the two poles is 2) which 45 the length of the receptive field
of s, elements For simplicity's sake considering only inter-

connections of these two poles. Then output of u 4 element is

u4(x.ma)a({xp»u3(x+1 cosa,y+l sinala)~ Km.ua(x-l cosa,,
Vel 8in @ )} sen (11)

where K = C, (1 cos a, ) adn a, a) =(12) positive pole

P
“Ep = %{wl cosa,~1 sin a,a) mnegative pols ‘ ees (13)

This w, olement receives antagonistic inputs from two Uy
elaments whose receptive fields adjoin each other in the
direction of a, both of vhich respond to a line of orientation
¢ (these two uy elements are ocalled E and I respectively).

The output of element E whose receptive field is shown with a
011d line in Fig. (5554) is connected to slement 'n4 in an exci=
tatory maonner and an element whose receptive field is shown
dotted is connected in en imhibitory manner whem a stimuluse
14ke Pig. (5156 48 presented olement E 4ig excited md I re~
mains at rest for element u, is activated, If stimulus like
Pig. (5154) is presented both olements E and I respond and cancel
eaich other, 80 u, does not reapond u, does not respond for in=-
put as in FPig. (515¢) as it provides only inhibitory input. It
does not respond to stimulus like Fig. (515r})as the orientasion
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of the line i8 not a, neither E nor I is excited.

If there sxiste lack of symmetry in the width of line as
shown in Pigs (5/57) then even the middle of the line‘ may, make
the output of E more then I and seemingly, u, is excited. In
P is aelgcted. If the line
has & slight bend or lack of symmetry such that swme part of
B 416 excited and I gets no input, then element is excited. In
order to avoid this the function %\(f +Ns@) has been made
slightly negative in the domain outside the two poles as shown

order $0 avoid this delimma, K,> K

in Fig, (515i) and the element u, receives an inhibition propor-
tional to the averzage activity level of Ug elements nezx ro-
ceptive f1eld of u,.

v

(21,021
B. TFea roction by SLEN Cone

Assuming the mocula portion of the eye, which performs
visual pattern recognition, contain 34000 cones, equivally dis=-
tributed for green, red and blue spectral maxime and discharge
rates of adjacent cones are compared in neuron mairices, one
third of 68000 , 22700 matrices are involved in comparison
between $dentical ocolour pairs of cones. For geometric patterns
all the information is supplied by these matrices for pattern
recognition. The concept considered here, for pattem recog-

nition is based on Hudbel's findings.

Cells in the visual cortex are receptive to ON and OBF
areas that are represented by light and dark dots, respectively.
Featuras are selected by correlation i.e. short vertical lines
are extracted by short vertical receptor arrays. We will

assume that an idealized model consists of a short line of ON
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receptors which is flanked on both sides by parallel lines
of OFF receptors: Some investigators have found that there
is a nedtral gap detween O and OFF_arean. Fige (57¢) shows
n OF vpeceptors vith a weighting factor of 2, flanked on
dboth aides by n OFF receptors, with a weighting factor of -l
and at & center to center gspacing of 4 units away from the ON
receptors. The weighting factors are chosen so that broad
excitation of the enﬁire array, as well as its convolution
with long orthogonal lines yields mnet zero output.

Optimum Reletionship Between n and 4

Becaugse human eye is in conatant involuntary motion, with
‘peak to peak amplitude of about 20 oones correlative scanning
intoria ceem %o be justified. Figs (5762) shows three curves
which are z plot of the convolution of feature extraction
model when n = 4, & = 2 with various simple geometric patterns.
Pirst curve 1o the convolution with a short line of excita-
tion th&t exactly matches the ON recepiors. As the line
moves from right to left across the field the péak values are
+ 8 and -4, @second curve, vhere excitation pattern is broad
line dioplays broad peak velue of +8. The thitd curve is
the result of 2 square patternm which is featureless cince
this pattern doeas not contein e short line of excitation. The
feature extraction model is capable of rejecting the square

because it6 peak value is only four,

Then 4 is increased to 3 units as shown in gig. (57¢8),
then the model fails to reject the square, vhen 4 1s made
fig(s-16¢)
1 unitj%he model becomes too specific and falls to recognize
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broad excitation. The d = n/2 relationship represente a
reasonable compromise bacause 1t yields a flat topped half
amplitude curve to an n x n séuara but full amplitude in res-
ponse to a 1line witdth<n~l we will consider festure extrac~
tion capaiiuties of smallest receptor group vhers n = 2, 4 =
but 4t can be sxtended for larger values of n for extracting
long lines. In a hypothetical physical model (Fig. 517 ) re=~
ceptor group feeds o short line extractor neuron (SLEN) in
which weighting functions are sy?aptic Junction coefficients
of inputs, JLEN discharges vwhen the net input exceeds some
positive threshold level.

Topologically there are 23 waye in which 6 receptors of
n = 2, vertical SLEN can be excited as shown in Pig. (518)
in the decreasing order of smytié Junction stimulation
(exciting pattern is shown black). The net input = 4 4is a
pat tern of exact match with vertical short line for n = 2.
Net input =.z. correfponds to a cormer that will alsd be
recognized by a horizontal SLEN. The first pattern in the
net input = 2 row ie a 4ot that should be enhanced by recefw-
ing horizontal as well as vertical SLEN recognition same 1is
true with next pattern 2 x 2 aquare. The first pat®ern in
net input = 1 row is a horizontal line, that should be
rojected. The SLEN should operate then for a threshold be-
tween 1 and 2. A value slightly greaterthan 1 is assumed
a8 threshold.

Recognition of Deciml Digits

Now we apply the SLEN concept for pattern recognition



of oimplo visuald pattoern. Tho 10 decinel digits[Pig. (51)]
onch dzowvm 4n o rectonglo u$;;'3 by 5 pocetangle 45 offored

20 a oct of pattorns. Socmo of theso patternsdiffer by only o
ginzlo olcment 00 3 Ve 9, 5 Vo 6, 8 Vo 9 and 8 Vs 0 : succes~-
oful vicual pattorn recognition gcheme nust be able to dlae
tinguish onch of those pattefn from othorss Each of tho 3 by
5 rectanglos 4o procosoccd by 9 vortical and 10 horigontal
9LENS of Pige (520} only tvo Ol receptors of each SLED arc
shovn in Pizs. and thoe off receptors arc not chovn to avoid
confusian because of overlapping. Tho centdér of tho visual
ficld fecds JLINS § and 14 cach with a welghting factor of 2
vhilo at the oame timo foecding into SIBlls 4,6,13 and 17 onch
with 8 wvoishting factor of -1l. Het excitation duc to each
elomend 4n tho visunl field is zoro, vhich can be the basie for
cutomatic gain control mechanism. Tho ozcess SLENS are dis-~
tribduted unifornly throughout the periphery, vhich tako.into

account tho odd dinmenoions of the patterns.

Tho matrix vhich chous net input i.e, net synaptic junce
tion oxcitation of cach test pattern is shown in table 1. Al
valués from =4 to-¥4 a0 shoun extept=3, Ten peripheral
SLENs 6 vertical and 4 horizontal havo been omittod in Fig.
(52), . Com3idoring those also 3 by 5 ficld is covered comp-
lotely end slgedraic sum of oach matrix nov becomos zoro,
vhich wao fundamental assumption. If net symaptic jJjunction
oncitetion dncroases, net‘autpu$ increcasone Considering
throohold value 1, mot 4input 4 vill produco output corroosponde
inr Anput 3 ond act dnput 2 givon outpud éorranponding to
input 1 ote, vhom the imput omcoodo tho throshold lovol, SLEN
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fires at a uniform rate corresponding to net input i.e.
{input minus threshold) valwes Then we derive 3LEN discharge
ntrs,z‘ in vhi.ufx 1 represents firing of the SLEN gue %0 net
input 2,3 or 4 (tadble Il). As is obvious 6 of the SLENS never
fire, #0 only 13 SLEKNe would bevaufﬁ.o:lene for Test patterns,

Vo employ ‘'all~or-mnothing' characteristic for the ele~

ients to extract feutures and recognize patterns despite

very wide range of sensory receptor stimulus. A recomgtruce
tien of each pattern utilizing only sxtrascted features from
SLEN discharge natrix, should correlate reasonably well with
the original pattern Fig. (5-21) shows the reconstructed pat-
terns from extracted features. The srror in recognition of the
pattern 46 tolerable keoping 4n view the brick like geonatry
of the SLER arrangement pelected.

. We come next to the learning snd recognition of patierna.
All the feature extraction-neurcus form synaptic junetions
with memory neurons. For simplicity we can oonsider a single
mexory neuron donnected :hhz-mt@ 19 synaptio Functione to the
19 feature~extraction neurous. The Junctions of ignorant
nenory are acsumed with e wuig‘htzag factor of =l ét, the oyna~
ptic jJunoction of memory neuron. During learning process

these inhibitory junotions of =1 become szcitatory with weight~
ing faotor (+1) decause of the firing of that particular
Teature neuron. Thus memory nsuron mg;. {5.21) learns the
input pattern and can be used for recogmition later on. Xor
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a test pattern 4, input Jjunction 1,3,6,9 and 14 are exci~
tatory while remainder are inhibitory.

Recognition

vhen an unknown pattern ie proaootad on visual cor~
tex appropriate nemory neuron shwm receive naxinum oti-
mulus from SLEN network, the hx svoking recognition of unw
known patterns This process df recognition ia very similar
to matrix mnltiplication and is Sllustrated in Pigz. (0é))
Ler test patterns 4 and 7« The two row matrix is e repeat
of the SLEN discharge watrix. The 2-column matrix depicts the
aynaptic junction weighting faotors of memory neuron for

teot patternc 4 and 7+ The memory neuron junction matrix is
derived from SLBN disCharge matrix dy replacing O by -1 and
sxchanging rows and columns: The multiplication of both
matrices shows that when input pattern 4 exmotly corresponds
and enters to the nenory nourcn contafning 4, the net out-
put level produced 1s maxinmum l.e. 5 dbut test pattern other
than aeim asurod patiern e.gs T when enteras memory neuron

4 a relatively low output is produced i.e+ 2. MNaginwm oute~
| put values oocur along the main diagonal i.es vhen the input
pattern exactly metches the memory neuron of the sane
pattern and both patterns are matched.

tobk(2)
cmantrnﬂns on test patterns 4 and 7. they have 3

oommon featurss 3 (1)» 2 features of pattern 4§ vwhich are ahsmt
in test pattern 7,2 (§) and feoture that test pattern 7 has
whioh 1z abeent in tent pattern 4 is 1(2). Therefore, if ve
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could neasmre the degrees to vhich extent the hat patt@n

are uncorrelated, 4t will give degree of mismotch betwesn
the patterns. Pattern racognition is based on differancas,
between patterns, their similar festuree represent do level
vhioh should be bdlockeds If we subgtract the entries of

any column from its main diagonnl valus, vwe are lg!t only
with the summation of fTeature differences and sm'{lhﬁﬁm are
cancelled. Thus, ve £ind feature difference mstriz, con~
sidering agein patterns 4 and 7 feature differences are
'cammua‘m the firet column

52 = 3(3) +2 () - 3D + uD
- 2} 42D
similarly in the second column
41 = 33 42 (D) = 30) + 23) = 205) + UD

Thus feature differencs matrix is symmetricals By generalis~
- ing the case for two patterns X and Y we cun fof'm a 2-1ow
SLBN wchargc mctru in uh:l.eh features are grouped in zocor=
dance with a(;). 6(1). “(o)* Hultiplying this 2-row matrix
by the 2-column asmory neuron junction matrix yields

[:2’3 ::c and mabzmotans entries of a column from its main
diagonnl element [b w o } wvhich 18 symmetrioal sbout main

disgonal.

Table II shows the product of entire SLEN discharge
natrix and aesory neurons junction matrix, and then feature
aifference matrix is derived from it,tadle (IV)., The four
1 values in the feature~difference matrix correspond to the
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input patterns which daiffer by one feature from the pattern
corresponding to main diagonsl element.

fig(s-213)
In the ssnme way the 26 letters of the alphabethaan be

learned and recognized. The loetters are written ins 5 by

' rectangle as shows im Fig. (520), In order the cover the
visual field of this reoctangle completely, we require 1i5
horizontal and 15 vertioal SLiNs. The excess SLENs are
wiformly distributed over the periphery of the visual field,
Again the inhibitory or OFF reteptors are not shown in order
to avold confusion due $0 overlapping end only ON receptors
of each SLEN are showne The ne% excitation due to esch
elenent of the visual f1eld 1s zeros The net SLEN input
matriz 18 shown in tadble (V). Bach entry gives net synaptic
Junction excitation for each test psttérn snd varies within
limits ~4 to 14, COonsidering threshold valve of each SLEN
input 56 be slightly more then 1 only, those SLENs fire vhich
have net input oqual to more than 1 f.6. 2,3 and 4 and all
the SLEF2 with net input 1 or less then one will produde no
output. By net input SLEN matrix we dsduce SLEN dlscharge
gatrix tadtle (VI)s With zeros showing that corresponding
SLEN doesn not fire. Using SLEN discharge matrix, the ex~
tractod features of the test pattern are assoocinted and
should matdh imput test pattern clos uxy?ii?: should not pro=
duce confusion between the two patterns. The assooiation of
extracted features of input Test patterns shows that patterns
are reoSonably correlated with the patteras deduced from the
extracted featurea of the input pattern by SLEN matrix so
that an incoming pattern that sxactly matches ie synaptic
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Junction distridbution results in a maxisum discharge ratse
of say 1000 Cps. All menory nourons are clamped to the
same maximum discharge rate which corresponde to zeros of
the main diagonal of tm fenture difference matrix.

Now consider the learaning and rscognition of aylhb&s
(1+es groups of letters) and sentences. There is first a
layax? of SLENs which gives output corresponding to the in-
put pattern. Some SLERS are fired and scme remain unfired
or mmitad. in responde to the net input of each SLEN,
Thess outputs are then connectad to the first layer of
 memory meurons which form synsptic junctions with the SLENs,
The welghting factor of each input for the memory neuron is
=1 or +l, decided by vhether the input SLEN has not fired
or fired, respectively. The fired SLEN 15 shown in the
matrix by 1 and unfired by zeros |

The output of this memory neuron, as discuseced eariier
depends upon whether the input pattern matches the pattern
for which this menory neurcn is meant 1.8, according to which
its threshold value 1s set, during learning aoaéiom It the
input pattern matches the pattern stored by memory neuron,
this memory neuron s fired and produces outputs Thus our
input letter i.e. pattern is recognized perfectly wells HNow
difterent memory neurons of this layer are AND gated or may
be said to be comnected synuptically to memory neuron of the
next layers which stores the complex patterns i.e. synabt;?a. _
This layer gets input fronm prsvidﬁe REMOry neurons and welght~
ing factors are again decided +1 or ~1 by whether the input
neadry neuron has fired or not. I1f all the inputs to this
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se0ond memory muton is.2. gre in 1 position, in terms of
binary algedbrs, this second neuron fires. The threshold
of this neuron is set to the values which corresponds to
the maximum input csused by perfect recognition of the
pmtma by previows neurons. |

Thus 4f any neuran of the second layer fires it 1o
obvious that all the input patterns, whose corresponding
outpn‘bé were connected t0 this momory ¢ neuron are metched
and we conclulle that ths syliadle, composed 0f those input
patterns is identified. For sxomple 'HOY' is to recognized.
The patterns B, 0, and Y will prodacs maximun outputs for
those memcry neurons of firat layer, m:,sh are meant for
thess letters, respectivelys Now all these thres neurome
are connected to other memory nouron. If B, ¢ and Y are re~
ocognized perfectly, the outputc from those neurons were mpxie
mum 8nd hence the inputs of thies second memory neurcn ettsin
& wqi@ting factor of 41 at 1te input synaptio Junntions.
~ Under perfect matehing of B, 0 and Y, this memory neuron
will produce maximum output which indicates rscognition of
the syllable. The irregulatities in the deduced patterns,
compared €0 the originsl test pattern, sre dus to brick like

structure of the SLEN rectangs assumeds

~

How we will consider how learning and recognition of
tent patterns oocur}{u? Again assuming, similar to the
nunerals recognition, that every festure extrsctor nsuron
forme n sypaptic junction with the memary neuron, So s

single meaory neuron has % inpute, each connected to the
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feature extracting neuron with connection coefficient of

-1 for the unfired SLEN and +1 for fired neuron. Say cone
gidering patterns P to be learned, memory nseuron has :éiiﬁﬁi
4ng configuration. Memory neuron matrix for all tﬁe‘tnst
patierns is shown in table (VII). Thus each memory neuron

is meant to store features of a particular teet pattewn

and produces maximum output for that i)attem. Conaidering
pattern P and Fe« If pattern P ie projected to the SLEN matrix

of horizontal and vertical SLEN then the memory neuron corfi@

responding to P will generate output 8 while memory neuron P
generatas 7 for an input pattern F. But if P enters the
memory neuron F only 6 output 4is produced.

For recognition the multiplication of the SLEN dim~
charge matrix and memory neuron matrix is per!ﬁrmaﬂ.’ Memory
neuron matrix is derived from SLEN adischarge matrix dy replac~
ing O's by «18 corresponding to unfired neurons and ¢henging
. rows into columnss The product of these matrices is shown in
tadle (VIII). Thep by substracting the entries of each column
~ of this product matrix from main diagonal entry we get fea~
ture, difference matrix (table 1X)., Feature difference matiiz
shows the feature diffdrences of the petterns, it has all
maindiagonal elements zero. It chowo the degree to which the
pattern features are uncdrrelnted. The more the values of
features difference matrix, mére-is probadility of_cerrect
recognition of(the pattarna. - The values 1 in featurs difteranca
matrix show that there is small degree of separability in re-
cognition of thosirtwo 1n§uz;patterns.
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Thds pmethod of matrix sultiplication for racognition
of patiems and subtraction steps are within the realm of
posaibility for the mawmalien ‘va.am cortexe AG & pact of
its loarning procoss tho mamory neuzon threshold level is
audimatically sots '
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13)
Cs Tvo Ctoge Foobure Extraction of Alphanume#riol

Patterng for Recognition

Thie syctem is proposod for noisy and low resolution
moasurcmento. This proceoos ie quite simple and can be con-
oiderod befittinz under the conotraints, imposed by fast ond
accuraic processing omd recognition in human dbrein. Hero the
fonturo extraction for pattorn identificntion tokes placo in

S e 1benoas

1) Primory features

The fundamental primary featurecs to bo extreoted arc
stop, branching and union. Theoe are insensitive to the qua~
11ty and format of a black-white bit pattern. The pattern is
projected on vertical arrays of photosensitive elements. Thus
the pattern 18 vertically or horizontally scanncd and splitied
into block-white vertiocal or horizontal strips (or in other
sonoe Oli=OFF vertically or horizonxally arranged neurons

2) 3gcondary Features

Thon we determine a set of properties which is capabdble
of diserimgnating tho oharactor alaseess These features are

derivod from primary features.

The primary features aro best defined by employing the
vortical or horizontal scanning on the field of vieus In the
analysio of vertical scamnning & gsegment of black cells is
called an elsment, a collection of interpocted elemento of
opecific length 4o called a group. An element or a group of
longth sroater than some number ie cnlled a vertical line.
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A stop 1s an open end of & group, & union is a merging of two
groups into one and a branching is & splitting ota:gronp? into

two.

Primary feature detection. Basic information in the

analysis of vertiocal scanning is the observed sequence of
elements of a characters Each element is described by a pair
of ite end coordinates with x indexing the position of scan-
ning. Deteotion of primary features comsiste in (1) detecting
the presence of features (2) locating the coordinates of the

features.

¥(x) = lower ¥y coordingte of an element in the x'B vertical

scanning

xth

Y(x) = upper y coordinate of an element in the verticel

scanning
e{x) = elenent in the xﬂ" vertical scanning, specified by

the values of y{z) and Y¥(x)

L(x) = length of an element in the xth vertical scanning
=¥(x)-§{x)

I(xz) = set of numbers consisting of y(x), y(x)#l, y(x)+2..
¥(x)=1, ¥(x) =¥(x) - y(x)

If we replace y by ¥y and Y by X then all the parameters
discussed above also represent ccordinatea and parameters of
the horizontal scemnning., We 8ay that there exists branching
and the branching point is D(€£+1. !L(nl)*-gz(xi-l)) if we have

1

have following sequence of elemsnts e, (x) e,(x+l), e,(z+2),
e, (x+2), o (x+3), e,(x+3), furthermore (1) L,(x) (\ L, (x+1)
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for 4 = 1,2 and (2) Iy (x+1) Iy (x42) # 0, Iy (x42) N Iy (x45) 40
for 1 = 1,2, Using aneslogous condition for union, we detect
union and union point is found to be U (xy(¥ (x)+y,(x)/2) 1f
the union of the two groups sccurs at (x+1)

A stop point is called to exist and a otop point is §
5(x, (Y(x)+y(x))/2) 4 the element e(x) is the isolated first
elanent‘ orthe isolated last eleament of & group which is neither
vertical nor the constituent of union or branching, we say
that there exists o stop point for the vertical line o(x) and
the stop points are sl(x.‘y(x) and Sz(x.:‘r(x)) if }Y(x)»!(x')f >
and [y(z)~y(x')[>¥ for lxwx'l ¢ 2 r 45 small specified value.

Primary features for numerals and Alphabetic letters

are 3 Fgl525 a&b)

Yertical scenning

Pattorn Pv(s)' | Pe.(W) Pv(b) tue)
Stop points linion _branehing

(e}
o~

o O~y dun O

O pvmgmmoo
o

o & HHP%N&»OH
(o]

{irQjoOmv HeEPr Mo W
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Vertical scanning | Borizontal scanning

Pattern Pv(s) Pv(u)  Pv(b) Pu(e)  Pg(u)  By(b)
A 2 1 S R
B 4 2 3
¢ 2 0 i 2 0 0
D 2 2 b X
B 3 0 2
F 2 0 a i 0 0
G 3 h § 1
B 0 0 0 4 1 1
4 0 0 0 2 0 0
J 3 1 ¢
K 2 0 1 4 1 1
L i 0 0
M 0 0 ] 2 2 1
M o 0 0 2 2 1
0 o 1 8 4] L 1
Q i 2 3
R 1 1 2
8 2 1 k!
T 2 0 0 i 4] 0
H 0 0 0 2 0 1
v 2 0 0 2 0 1
W 0 0 (o} 2 1 2
X 4 1 i
b 4 2 0 o 3 0 1l
z 2 1 1

Seoond tage of Feature Extraction

From primary features points, we derive secondary feas

tures vwhich produce distinctive characteristics of these point



[23U56T

i l'f'y; LN

il i
ABLDEF Gl 1
;;zgggv'" I M S N G Fé
RBRSTUVINE

’ “‘““Enir'ﬁ‘"” - ) mtw

M} i lmmmm
F16-525a Yerfical  scann Ln] of 26 alphabetic P"”é"‘ ¢ and 10 numerals

e P

l'—:: 2= -
2 “0 o
= B . B Sxs ;
Eon=se p s e A - un n
=== ;::.Eﬂ_ﬂ; E.. ¥~ bvanchong
=t s = 0 - siop
) <

F'G'"l{”m\'aon'lal Scanm;\g of Serme a(/ahabehc'; lebters



110

sets in regard to their relative locations or in regard to

. the number of features in every feature net.

1)

2)

3)

A set of stop points in vertical acanning is dencted
by P,(8) end in Horizontal scamming Py(s)

The set of branching pointa in vertical and horizontal
scanning are Pv(b), I’H(b). |

The set of union points are denoted as :Pv(u) and Pa(u)
in vertical and horizontal scanning.

For the characters of numerals printed in acsordance

with the model or the shape variation is within the c¢lass of

'model' set P (u) end Pv(b) are represented by one set = P_(u) |

+ Pv(b) = P(b)s+ Then we have the following properties concern=-

ing Pv(a) end P(®) for numerals.

1)

2)

3)

(B ()] [B(b)] the number of points in B (s) and P(d)
i5 a feature for discriminating some character claspes.

Two point sets Pv(s) and P(bY are linearly separable for
all characters axcept 2 and 5. There exiots a vertical
line x = A which separates Pv(s) of characters 3 and 7
on one side and P(b) of the class on the other side.
There esists a horizontal line y = § which separcte
Pv(a) of character & on the positive cide but the
character of 9 on the negative side.

For characterf 5 the slope of the line connscting two |
atop points 1a positive and that of character 2 is nega-
tive. Thie is shown 4in table 1 Fy(s26a)

The recognition of 26 alphadet letters iz dons using

decision tadble (2). Fy(s266)
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CHAPTER -6

(141081 117 1U%] 9 [zo].
RECOGNITION OF COMPLEX PATTERN THROUGH (. 1. (27128

RONLINEAR METHODS

In pattern recognition, there are three major problem

aregs 1

1) Duaeript&nn‘of patterns or extraction of charscteristic
features from patterns., This 1s the problem of what to

measure

2) Decision procedures ~ the problem of developing optimum
decision procedures for recognition.

3) Adaptation or parameter estimation ~ when the measure~
ments and recognition aystem structure are designed,
there 1s zeanerally a set of parameters to be evaluated
and optimized. This optimigation is datu,depaqdent and
is usually achieved by some adaptive twhniqmg g&r
statistical estimation.

The usual formulation of the recognition prodblem is one
of the statistical decision. In this formulation recognition
prooedures can be derived from the functional form of under—
lying probability distributions. Successive approximations
to the probability function lead to a class of recognition
procedures. Probability distribution may be approximated by
(1) orthogonal expansion (2) product of low order conditionsl
prodabilities. Radenacher-Welsh functions are used as the
orthogonal basis. A notion of the dependence is introduced
to sffect the approximation by the product of low order con-
ditional probabilities. The chain dependence and the
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2=dimensional neighbour, or mesh, dependence are two in~

stances of tree dependédnoe .

In an ebstract sense, we are interested in the choice
of the signal space and its coordinate system besed upon the
pattern classes themselves, it is desirable t0 have the mathe~
matical struoture of orthogonal expansion but the choice of
basis should be data dependent te reflect the Characteristis
properties of the patterns under consideration,

Statistical Recognition

Consider @ pattern as & point in signal space (or measure-
ment space), a decipion rule is a map from the aignal epace to
the decision epacey the decision rule associates a unique deci~
sion with each signal. Equxvaiently. the rMle partitions the
signal space into disjoint raggané”and recognition is achieved
by ascertaining in vhioh region the signal rspresenting the
unknown pattern lies. |

Within the framework of atatiatzcal.aeéieion.approaah
the optimun recognition eystem depende upon the griorivproba~
bility distribution of the pattern classes and o set of condi~
tional probability distridutions. Let C be the number of
¢lasses and ai denote the ith class, Lﬁ% P = (pl'pZ'pB"Pc)
be the a priori distribution of ¢lasses. Bach pattern is re~
presented by a measurement vector x = (‘1'*2'°’*n)' n being the
number of measurements . Let P(x/ag) Ye the conditional pro-
bability of a pattern x given that the class g’gi.
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S0, the recognition system evaluates for the unknown
pittorn x, the following set of joint prodedbiliiles or their
sequivalents, of pattern class &, and pattern x -

P(Xsak) = Py ?(3/3k’ eee (1)

and then selecte the 1argaat one or equivalently one ocan
compute any monotonic function of P(x,e, ), usual one being
the logerithm.

8o ln.E{x,ak) = 1np +1n D(x/ak) s (2)

80 atructure of the recognition system is directly dependent up
functionsl form of the conditibnal prodbability ?(x/ak); once
the functional form of P(z/ak) is known the»atructure of the
recognition network ocan be derived. and the probler of design~-
ing the network reduces to the statiatiuél sntimation of the
unknown parameteys of the dietribution.

Genserally in prectice distridbution fumctions are un~

kaown to the designér s0 the central problem is then to az2ppro-
ximate or estimate the unknown distridbution. Differeant appro-
zimmtion lead to different siructures of recognition networke.
 Ususlly we assume s certain form of probability distribution
function P{x/bk) and conmon assunptions are independence of
nessurenents of normality. xndayehdonne leads to a linear
decislon procedure and the assumption of multivariate normal
distridbutions leads to a quadratic procedurs. Mirst the
nedauwranents are converted to binary form end then recognition
method ias applied. X, 1o eSther O or 1,
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Linear dscision procedure is only & special case of
nonlinear one which is more genersel. A key problem is ¢o
decide which nonlineer relations or higher orddr dependence
in the joint prodabilities are worth examining and how to
weigh theme In the extreme one could construct a network
vhich requires all 2 values to represent all the joint
svents of n binary measurements, vwhich ie impractical, So
we have to consider structures between this extreme and

1ineay onee

The problem of probability approximetion can be con~
sidered ag the possibility of storing seversl of the lower
order component distridbutions using the interior of marximum

entropy or by using meighbour dependence§”j

Derivation of Recognition Procedures

The two approaches toward deriving s hierarchy of re«
cognition procedures, are hasédupon the methods of approxie
nating the probability obstridutions by (1) orthogonal ex~-
pansion {2) produot of low order conditional probabilitien.

Statisticsl Independence

When the measurements within esch pattern ¢lass are
statiatically independent, the optimum recognition system is
linear. With statigtical independence (1) reduces to

P(x,a,) = p, gz& P(x, /a,) vee {3)

1-x,
and B(x, /oy )= [¥(e, k)] [(16(4,6)] 3 eue (4)
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Hence 1n P(x,8,) = 1n p, + g;i 1n P(x, /a,)
= b ' yB e she
(x)+ Ex. w(i,k)e xg (5)

where the weights bd(k) and w(i,k) are =~

bk) = lnp + 8- in p(1,x)
i=1

w(i;k) s 1ln [ﬁ '3 K J e (5) '

Where $(i,k) end y{4,k) are respectively, the proda~
bilities P(x,=o0/a,) and P(x;=1/a, )., Equation (5) 1s linear
in x's. Equation (6) gives a straightforward, non iterative,
vay of estimating the values of weights bomed upon ssmples.

An Orthonormal Expsnsion

We select a suitable set of orthonormal functioms. A
set of orthogonsl functions which are psrticulerly suitable
for binary variadles are defined as followss

Let X denote the cet of all points (:r.l,xz, oo X)
‘with each X, = 0 or 1, X 15 the set of all 2® vertices of
an n-dimensionsl cube, Define a set of 2° polynomials on X
as follows =~

ql(x) s 1
9p(%) = 2x-1
92(x) = 2x,-1

1 4
®
L

Qn(x) = 2’!1"1 | Q's (7)
Ppa(®)= (2xy-1)(2x, ;)

n
?211“‘1(1)" 1:.1 (2!1“'1-)
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vhoro 93(3) for §>n 4o o £inio product of pi, 9,0 Ope
Thio oot 40 cnoxthonoimal bacio 4in the veetor spacc of zool

valiucd Zunctions on X with respoet to innor product
(£,8) = 2% Zf(ﬁ)vG(g)‘ sae (8)
4
cnd the normn
“f” = {f,f)l/‘z ' e (9’

conosoyuontly any roal valued funotion £{z) on X cam bo ox~

pandcd oo 2 unique linoor combimation of ¢'s,
2%
£(z) = 2 Op(n) ves (10)

i=0

and the onpansion ceocfficicnte aro

¢ = (£39) = 2™ 5 2(x)gy(x) Ceae (1)
a

Tho oot of polynomiols as given im (7) ic olso the orthozonal
polynoniols anssocistod vith tho Joint probability distribution
of n identicol; indopondent end oymmetric binary random

varieblos.

Reproscatation of ?rohabilitngunotaons

Pron the viov point of recognition syston implenmontation
tho dirccet oxpansion of the probability distridution ioc ocon~

voniont oo 3
. n_,
?(g/ﬂk) = ;tao ei(k)tgﬁi(ﬂi) ece {12)

P(xfar
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An §w1ouo procedure for affecting the approximation is
simply to omit higher order terms in (12). For exsmple tﬁe
first order approximation would just retain the first (n+l)
terms in (12): |

P(xJer) = 3= O, (k)py (x) vhich is lineer in x's. The
i=0

second order approximstion would retain the first 140+(3) torms
in (12)

n
P(x/ay) = %i_z_l Gi(k) q&i(X) vhich 18 guadratic in
=0 ,

xiala and so on. Mors explicitly, coefficients of expansion

are Co(k) = 20 3 P(xfok) = 277 for 14 0
h 4

¢, (k) = 2™ ;?(x/ak)uq)i(x) = 27 [P(x,=1/ay )=R(x,=0/a,)]
and & typical term for n <i< (3) is
Cpua (k)= 2™ ; P(z/2g)o,,, (%)

= g"’{?(xlwl, X, =1 /e ) +P(% =0, %20/, )~P(x,%0,x,°1/2,)
= P(x;=1,%,=0/ay )] ese (14)

In genersl, the coefficient of j’th ordesr ternm is simply an
slgebraic sum of the corresponding Jthworder Joint probabilitics
whese sign 48 determined by the modulo two sun of variables

x, '8+ For exemple the eoorficienﬁ of the first order term 8ay
€, 1o evaluated from the marginal probabdbility P(xllak) and the
second order coefficientd, say Chel is evaluadle from second
order prodability ?(x.xz/ak). No higher order probability is
required for evaluating any lover ordér cosfficients. There
13, hovever, s serious Aaifficulty in this procedure; the
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approximation odtained by omitting the higher order terms 4n
(12) may not be a probability distribution at alls The appro-
ximation may fall to be non-negative for some x, altholfgh the
property of unit sum i# alvays satisfied

Logarithm of Probability Funations:

To avoid this probability of nonenegativeness, we could
expand the logarithm of prodbability instead, provided that
P(x/ap ) >0 for all z. The expansion is now

| -1
in P(l/ﬁk) £ 1§; ci(k)q}l(x) o (15)

and the cosffioiemto are Oy(k) = 2 3 1n P(x/ay)pj(x) end
X

sesr (16)
The first order or linesr approximation then could be

1n P(ybg) = goc;(k)%(x)

and the coefficionts are ¢d{k) = 2™ 3_1n P(x/a,) and for 1< ig
X

cf(k) = 270 2: in{P(x/eg)= 2™ x}_: 1n P(x/a;) ses (17)
x4 =0 xiwl

All the coefficients regardless of their order are functions

of n'B order Joint prodabilities P(xl,xzu..xu/ak‘). In appli-
cations, in order to evaluante the lower order coefficients say
C, one has first to estimatethe Joint probebility of the origl~
nal diutri‘bu’ciau P(xl zzq.,.xn/ak) unless further simplifying
assunption is made. Furthermore, the approximation resulted
from dropping terms in (15) in general, would not satisfy the
property of unit sum, therefore, the nomaliszation is necesaary.
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{y dofinition, o jJoint probability distribution
P(xl,ng,,zzyn%/ck) ceR by uritton oo o ahmgi product of
conditionnl probnbilitios

P(gl,zng,u.zzn/ak) ] P(Ella’k)?(gzlnl’ak) lese P(Ka/xi._looo

2329131,9%)541- P(%/%‘lou oﬁazlﬂlg) see (18)

Onc vay %o cffect approxinmontion is to mpoaé & limit on
the moxinva nunbor of variablos upon which oonch variable may
bo conditioncd. In the first ordor appromimation tho variables
aro nopuned Andopondent, in tho second order opprozimation,
each componém probobility 4o conditioncd upon at moot ome of

tho procoding veriadles and co on.

Typoo of dopondence are folloving s

A partianlar typo of depondomnce is that of Harkov cheoin

ﬂ.opcndcme. In tho firot order chain
P /Ry oy 0Ty mgo 000 B 0By 0p) = PRy /2y _q081)  ees (19)

ond the joint probobility d&qﬁ:r&butim o2 (18) bocomosn -
a/ox) = B Dlay /sy 3 000) e (20)

vith the oonvention that P(z, /zj.8x) 1o dofined o P(z,/ey)

Thoroforo o coquonso of oucooampive approximation to

P(ﬂlp Iizg oe QBB/C.L;) do

Bz/ox) = B Plzy fox)
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?1(!/32) = 1.31 ?(H/ﬁ.ltak)
P,(z/ak) = 131 B2y /2 Ly 0%y opee o Xy gyr8xc)
Ppey (/oK) = 121 P2y /2y 01 0%gupt 2 0% 08x)

with a propoi' convention as to the interpretation of
variables with non-positive subscriptes Those variables are
to be automatdcally deleted from the expression e.gs

B(x)/x,s8y) = P(x, /ay)
P(‘z/'l'xot’--x'ak) » P(xz/xl.ak) vee {22)

In con$rast to orthogonal expansion, the prenent appro~
ximation of any order is iteelf a valid prodability distribu~
tion 1.0+ 4t is non-nogative and sums upto unit.

(1) Rirat Order Chain
The basic sseumption is that for all 1 and k (19) ie
vaelid, wen 2, ‘s are binory, P(xi/xh_l.ak) can be written as

P(xy /%y 00¢) = {B (1, k)[-ﬁgigy } “x {Bli 1,k )[héﬁ;ﬁ

with the convention that z, is always O. The parameters p's
and y's zre the conditional probabilities

Yo(itk) = P(xi “1/31..1“’013];)
71(1015) = P(x,_ “1/31.,1“1a3k.> | ses (24)

and Bn(igk) = lﬂm(igk) sy O™ 0.1
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Then 1n P(x,ax) = 1n[pk 131 P(x, /z, 1 ,8k)]

\‘ - v S itii,k)xi-t-ig vo(40k)x 0%y

see (25)
and the weights are

b(k) = 1n pr+
4=}

¥, (1,k)p (1+41,k)
wy(1,k) = 0 (5 ey, (TeL, 60
o B (1,k)7, (1,k) | -

vith the definition that ﬁl(n&l,k) = ﬁc(m-l,k). Because
of dependence among X,'s 1n P(x,ap) s no longer linear in x s.
It 48 guadratic in x's. But due to chain dependence, only
n+-l, but not all quadratic terms are required. The totzl num-—
ber of weights in (25) is l4nt{n+l) = 2n

1n B, (1,k)

(2) Second Oxder Chain

In the second order chain expansion each variabdle 1s
conditioned upon the two precsading variables i.e.

P(*ifxiai'gs-z'*';‘2*‘1'ak’ = P(Xy /% o)1 %gapsexd e (27)

Bach factor in general requires four parameters for specifi-
cation, they are '

70(1032) - 1’(‘1”1/‘1-1“"' 31,.2"0# ax)
71(1,1:) - 9(31“1/31.1‘(% '1-2“1’ ak)
12(1.1:) - P(:inllxi_lal. Xy os™0s ay)
13(1.111) = P(xiulf’iwl/xicl’l'xi-fl’ a)) ces (28)
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Let 5"1sk) - 1‘1u(1yk)9 n=0,1,2,3

Logarithm of the second order chaln expansion is

+ g} vs(ipk)zlc.xi“z* g} v4(i,k)x1axi.lo!1'2
ses (29)
and the weighte are b(k) = In p *:i.% 1n B (1,k)

1,k)B.(1+41,k) By (1+42,k)

vy (1,k) = 1n (:J"ﬁ—mzrm AR ETEAIL
ot "o ’ 0=

32(1#1‘)3 (1,k) B (1:]31‘)- P (biivk)
BalLyk) Y, (3,k) By (T41,k) B3 40,K)

Ba(Lek) vy(1,k)
v (k) = 30 AT

Yoldok) By(4,K) B,(4,K)valtek)
B LrE) Ty ILE) Vo L EVBg(LEY)  *o* (0)

wz(igk) = 1ln [

w‘_(i.k) s 1n {

and B, (n+l,k) = B, (n+2,k) =0

This second order chain is cubic in x's.

21’02 Dependence

In the firest order chain dependence, each variable was
conditioned upon immedietely preceding veriable but here it
48 that each variable %y may be conditioned upon any one, not
necessarily immediate, 0f the preceding variabua

P(xy /Ry o 0%y oo e oo Xpe Xy 10 )=R(Xy /Ry(3) O J(1)< 10y
see (31)
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The index set {3(1)/0:; 3(1)<1} Qefines a directed tree)
the tree of dependence J(1)=0 indicates that x, ie nob
conditioned. Expansion becomes for tree dependense.

T(x,ok)=ln [px P(x/a)x)]=b(k)+ 251 wilivk)x,+ ;2 w'i(i.k)t““

* ;2 vz(l,k)xi.x3£i) ves {(32)

whers b(k) = ln p, + §: in Po(:t,k)
. =

'k) ¢
wi(4,k) = 1n -"-(—-ET- az::. J2peeel o (ROKy 2 b BLOR

ﬁo(l,&)
B {1,k)y (1:‘3‘) ‘
‘z(i'k) = 1!1 [To ,"k‘jl .’k 'y 1= 2'3‘:01”

and the basic parameteras are
Yo (dsk) = P(xial/z“t') = 0, a)
Y3(L:k) = P(x=1/%,() = 1, ak)
Byllsk) = lﬂm(i.k) for m = 0,1
Similarly higher order chain dependence can be generalized

to higher order tree depsndences For example in ths second
order tree dependence the defining property is

Plxy /2y oy 1%y v e oZ g Zy o) PUR/Xg(5) 0% (4 )08K)

where O <j(4)<4 and 0<h(1)<4 +the variable z; is Condi-
tioned upon any two (or less), not necessarily the nearest
two of the preceding variabdles EyeXogseneXy g The chain and
tree structures are shown graphically in Pig. (61 ).
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Network Realization and Rstimation of Weighte

Bach epproximation to the underlying probability dietri-
bution leads t0 a unique recognition procedure. Network reali-
gation is shown in Pig. (E.2),

The first layer receives the binsz:r measurements Xy oEpy o0
X, as input signals and forms producte of related measurements.
Since the inpyts are binary only AND gates are required for
multiplications The outputs of the firat layerd of ARD gates
are the required products together with the originsl inputs
XysXppeerXpe They are still binary and feed to the secondi laymr.
Second layer consists of a pet of weighting and sunning nete
works one for each class of pattexrns. The weighted sums are
P(xyax) or log P(z,ak)s The final layer consists of the usual
process of selscting the algedbralcally largest output of the
second layere. The output of the finsl layer ie the recognition

dscision.

A Systens for Struoture Adaptation

A system which is capable of optimizing the revognition
structure is shown in Fig. (63 )e It consiets of two sub-
systens R and E R 48 the recognition system of variadle struo=
ture and B has the function of generating and selecting struo=~
tures and of controlling R.

There are two levels of operation im A. Starting with
any initiel recognition structure, E generatéds a set of new
structures, each of which is a variation of the starting struc-
ture. For each of the generated structures (one at a time)
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E feeds the structure description to R and recycles the input
data or training set. R first adjusts its variadle portiom to
the structure given to it by E, and then estimatesthe recogni-
tion parameters based on input data, Havirng estimated all the
parameters, R then proceeds to recognize the input data. A
performance index for that particular structure is computed
after all inpute have been read. When all the performance in-
dexes forthe set of structures generated by B have been accu-
mulated, E silacta the structure with highest pexformances E
may either terminate this process or generate another set of
structures from newly selected structure and repeat the com-

plete ovaluation process.

Porformance Index

Recognition rate is used here as performance index in
evaluating the structures of the recognition network. The
performance index is daftnod in terms of the error rate P(e)
as |

Performance index = 1 « P(e)

ac the samples of the design deta set are read by a given
atructure, the recognition results are counted and the recog-
nition rate is ocalculated.

Another criterion of entropy 1s used for evaluating
structures, The use of either criterion reguires spmroximately
the same amount of computation but recognition rate is consi-~

dered more direct msasure of performance.
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-
Structure Adaptation Proc odure@ )

all
The best rezults will be produced 1f we explore are

the possible structures in structure adaptation, dbut it is

not feasible practically. Limitatione of processing power

~ generally dictate the actual number of ssiructure to be generated
and evaluated to bes a small fraction of all possible struotures.
The struct ureé allowed here are restricted to linear, chain and
tree structure. The procedure uses a step~by-otep optimisation
tachnigne to attain a local optimum and relies on iterative
applications for ftwthai improvement . Atg ;ﬁf& s-t‘e@ of optimie~
zation some hemmistic rules ars used together limited number
of structure variants for subsequent evaluation. BEach struc-

ture variant differs Lfrom given structure by one link.

Three routines are employed for structuPe adaptation-

L0 _Routine
Thio routine finds the first link for a chain structure.

Starting from alinear structure, where no measwrement relation
is considered, the first link of a chain struoture is cons-
tructed by comparing all (g) 1-14nk possibilities and select~
ing the one that minimizes the error rate.

Ll-=Rouiine

It determines the permutation of the measurements such
that the ochain structure corresponding to the measurement order-
ing 18 optimal. The input to this routined may be a one-link
structure produced by the 10 routine, a chain structure or e

tree structure. The links in the output chain are constructed
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one ot a time. To add the kP link to the partial chain the
best structure is Sselected from an allowabie met of alterna~

tive structures. These alternat&ve struotures are generated by

| (1) Taking one node that is not yet included in the
partial chain .
(2) Breaking the link, 1f any, that originates from this
node.
(3) Connecting this node to the end of the partial chein
while keeping all other links unaltered.

Following thie procedure the routine produces an optimal
chain structure i.e. at each step best link is selected.

B-Roytine;

It tries to chenge a chain structure into a tree struc~
ture and input to this routine is a chain structure. Start-
ing from the last link in the input chain, each link is broken
in successiony each time a link is broken, & set of alterna~-
tive structures is formed and evaluated by connecting the
broken link t0 one of the nodes in the preceding positions in
the chain. Specifically, let “‘1'12'“’3’1:) be the input chain
structures At the (n-x)¥B step the link between msasurements
X and x,, . 15 broken with all other links intact. To
form alternative ntructures X4 10 linked with Xy 3 succes=-
gively for every jth less than oy equal to k. The beat among
this set of structures is selected. With new structure, B
routine then bresks the link between x,, . end x,, and repeats
the evaluation procese wntil all linke in the input chain have
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been examined and reconnected.

For a set of samples, routine LO is employed first to
find the best l-link struoture. This l=link struocture is then
used as input %o Ll routine. Based on set of samples routine
L1l produces achain structure. At this stage of adaptetion,
we can either go to ths B routine directly or use the Ll routine
again in an iterative fashion to find a bdetter chaln structure
before we go the B routine, B routine is used to geamh for
a tree gstructure with better performance than the chain at
hand. This epsoific asprroach has been motivated by the fact
thet compoaite optimigation of chain structurea and tree
structures inmposés g leass severe requirement of computing
pover than s direct search for en optimal tree structure. Wwhen
the measurements are indépendent the optimnl gtructure is
linear, neither a chain structure nor a tree structure can inm-
prove the recognition performance. For this case, the tree
structure produced by the procedure will have the same per-

formance as the linear structure.

Bxamples. Let us consider the vertices ("1’*2"5"4) of a

four dimensional cubes Thes# 16 vertices will be processed by
L0 routine among the six l=-link struotures denotes by 811,312..
9,6 in the seafch tree in Fig, {(6-4)s Strusture 61,5 was chosen
Using 815 ae ifnput structure LT routine gensrated and evaluated
structures 8,y and 9501 8, vas selected. Since there was only
one more isolated node 33 at this stage of struocture adaptation,
& complete chain structube was formed by attaching X to the
lest node x, in the partislly formed chaln. With this chein
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structure there was no deciasion error. 7This chain .

was then used as input to Ll routine again to try to att.

& better chain structure, No improvement was found. Broutin.
was then used to further reduce the error. The search tree

4s shown in Fig. (é-5) where the chain structure produced by

- 11 routine is shown on the top of the search tree. Since
there is no guarantee that a mew structure will be better than
original structure from which it 19 derived, the original
structure is also mclﬁded in the next comperison. This is
seen in Pig. (6.5) where so 1s relabeled as 812-'9,!16 repeated
in the comparison with 5;, and Sj; both derived from Sge Por
thin example, B routine produced the structure 821 with no

- eYrroYr.
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Patternsdiscussed in previous chapters will not be
recognized by the methode discussed upto now, if the patterns
are enlarged, diminished, lotated, distorted or are in motion
or 4n clutier e», unlemn some mechanism is ocapable of ascommo=
dating these variations of patterns,

2
Invarience with Respect %o sagg[‘]

Bxperience shows that recognition is largely indepen-
dent of the size of the pattern. 4 line that has a length of
10 foveal cones will be recognized 1f it 1s expanded to 200
cones, A poasible mechanism that works 1s obviously starting
with n given foveal sennory pattsern and repeat the same pattern
over and over agoin at incressing magnification. So & scals
factor is used for such enlarged patterns which is adjustable
as directed by the pattern stored in menory,

L1 t of Patterns with Different Line Widths

Upto now a pattern with aspecified 1ine width wae de~
tacted dut if thickness varies then the recognition fails as
per previous methods. In variance with respect to the width
of this line path can baﬂaxplaine& by a repetition of same
sensory pattern with vur&ing line thickness,

Recognition of Rotated Pabterns!s)

Recognition is independent, within certain limits, of
the angular rotation of the patterns, If s human face is
tilted 45° or more the brain shows limited capability to za-
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recognize. In case of patterns with anglez and linsa, the
rotation may place them in another category or the brain
recognizes it with a small degree of difficulty in recogni~
tion. This invariance can be achieved by mapping from iolar
to semilog rectangular coordinates. This 4s shown in Pig.
(71 ), for letter K. Pig. (710) shows the letter K as seen by
the retina. Retinal fibers are eventually mapped in semilog
coordinates ss on the right eside. Angular dietances in the
circular field are mapped into horizontal distances in the
rectangular field and radial dietances in the circular field
are mapped into vertical distences using & logarithmic scale
in the rectangular fields This conpletely distorts the

- original immge but it acaompliahﬂé three thinge -

s) Central region of the retina is spresd gut relative to
outer recgions, so that the récognition of smaell objects
and details is enbanced,

b) Change in retinal pattern oize as in Fig. (vib) results
in a vertical shift of the rectangular pattern without
e Corresponding change in the sige.

¢) Rotation of retinal pattern Fige. (71¢) results in a
horizontal shift of the rectangular pattern without o

change in size or orientation.

9
Eotterns in Noisy Beokground &l
The recognition of & pattern in noley f£ield is directed
by the first feature selected by attention ehift. IS it 4s
the feature of the desired pattern, the attention will shift

from one featurs, to another of the patitern and recognize it
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prbporly; 1t the first attention focuses on the fesature of
noisy backgroqnd, the recognition will sooner or lufar, fall
and .gaan.the4proceso of recognition starts with some other

feature. Thus finally, it recognises the pattern.

‘ ) [gc'l
eC ion of Mov Patterns

In case of human observers it should be intuitively olear
that tﬁe wotion of an object may itself be recognized as hav-
ing soms contextual significance. For example, if one were
to observe an airplans flying dbackward, one would surely re-
cognize that it was bshaving in an improbabdle menner. Exe
perimentally, it has been determinsd that & humen subject
will ecan a given patitern with aome particular path and this
path 13 a8 key to the subjects recognition of the pattern.

Por the recogmition of patterns 1& mafion,tallawing asgump~=

tionm are mede 31~

Assumptiona
1) an obmerved object w will be assumed to be two-dimen—

aional and mo#zng along a straight line of motion

tangent to w,

2) the observation of an object w will be assumed to teke

place at some fixed point of reference r on the line
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.02 the motion during the time that w wmoves past this

point.

3) an observed object w will be assumed rigid i.e, the
"~ propesr subsets of w from the perspective of observa~
tion shall not be in motion with raspect to each other,
This means that v is considered an anly a single

objeoct in terms of ite motion,

4) an obhserved object w will be assumed to exist conti-
naously along & 1ine segment extanding'acrnss it at a

#1ght angle to the line of motion i.es objects are
limited to a clase whose shapes may be messurdd as a

peir of continuoue functions.

5) the obaservation of an object v will be assumed to measure
(a) the length of the line segment extending across
and being a muboet of the line which intereects r at
right angls to the line of motion, called, ‘the size
of wat r* and (b) the distamse from » to the bottom
of that line sepment ocalled 'the height of w at r&ﬁ‘

Fige 7+2{a).

Refinition (1)

The term f{t} w is defined as an ordered pair of var-
iables as a continnous function over time giving the sige
and helght of w at 2.
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By ascumptions (1) to (5) f(f)w 1o the rosult obtzined
from oboerving wv. She rvosult will be thousht of as a paticrn

and vill bo roforreld to oo 'the shape of w',

Arouption (6)

An obocrved object v will be escumed to be moving frow
loft to rizht past r, or cxclusively, from right to left pant r.

Rafinition 2
The torm f“’(t)V io defined as the pattern produccd by

moving U past  in the dircction opposito to the direction w

woves post r in order to produce pattern f(t)ﬁ.

Axiom )
If the time ordorinz of either f(t)w or f”(t)w is re=-
verscd thon, one will havo the other pattern., PFige. (7.3).

Aspupption 7

An obscrved object w will be turned around 1800, indi~

cated by the symbol w',

Axiom 2

If tho time ordering of either f(t)w or £(t)_, 48 ro~

'
vorsed then one will have the othor pattern Fige (T.4).

‘hcorom = f('t)w = £7(t), .

fﬁ({)w: £(t )wi

Rafinition 3
in observed object v will bo said Yo be moving 'forvurd!
on tho p2irinz of tho olemento [£(E), £7(£)] with tho sub=-
ceripto (w,u')s The opposite pairing i1l then denote v
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moving 'tuckuvardt. Fige (7.5).

Rocormition Alrorithmn
“hroo algorithms may be applicd to objocts in motion
dopending upon the purposc of algorithm.

(a) Tho firat algorithm is applied for the reocognition of =

pattern in motion to determine whether or not an observed
object v han the same shaope ag a refercnce object m in the
genso vhere tho shapo of an object is something independenh
of the direction in which the object is moving or facing. If
in, this sense, object w has the same shape as object m, then

recofinition is to cccury otherwise recopnition is not to occur.

Alporithn 1
(for rocognizing patterns considoring shepe)
OBIskVe f(-t)u
IF [2(t) y = £(£) ] 00 70 1 5 RIS
W

COIIPUT S f*(t)H

I [£7(t), = £(f),] GO T0 1 y LLSE
(Honrecognition)

1 ITOP {Reco-nition)
S0P

(b) Jeceond algorithm 4c for recognizing patterns in symbolic
contoxt l.o0. dotermination as to vhether or notan obsorved
object, v, o8 a symbol, has the same neaning as does a roforenc:
objoct me If and only if v, ao observed, doeo havc the same

oynbolic neunins ac m, then rocognition is to occur, Symbol,
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in ordinory oonce is condidercd as indepondent of the dirce-

tion in vhich synbol ioc movinge.e TFor oxumpls, onc would nint
the oymbol 7 to meun 'seven' vhether it verc sccnned from

lo2% to richt or from right to left. Hovover, for symbolic
purposes it is necessury to knovw the direction in vhich an
object s facing since a symbol will no£ necegsurily continue
to havo tho scme meening vhen it wvas turned around. For
oxample T {(ooven) turned arcound becomes  {(upper case gamma).
By thoorca, tho direction in vhich an object is facing cannot
be dotermincd under the present mode of observation wmless the
dircetion in wvhich the object is moving is also dotermined,

By acoumption 2, the latter requires that two distinct oboer-
vations be mado of an object w which 1s to be recognized'in

~ symbolic context i.e. w must be observed from twvo distinct
points along the line of motion euch thot v urriven at eithor
the left hand or right hand point firot. Only then it can be
 determincd vhother w 1is moving from left to right or from
right to loft. Accordincly, let i3 be assumed for thé purpose
of second alsorithm that two such obsérVations arc madec result-
ing in both the timo function and a setting for the binary
svitch p(x), vhore p(x) is sot to O or 1 depending upon tho
dircction in vhich objeet x was moving at the time of

observetione.

AMcorithn 2 (for rocognizing petterns in eymbolic context)
OB uVs f(f)w, p(w)
IF [P{v)+p(n)s1] G0 TO 2, SLBE
COILELDa £ °(t),
Ir [f"(t)wcf(‘i:)m} GO 20 3 3 SL9Z
1 (non recognition)
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sToP

IF[2(2)#2(£),] GO 20 1y BLSE
3 (Recognition)

37OP

In other worde Af we and m movesin the same direction
when observed, then symbolic recopgmition must occur only when
£(t), is equsl to £{t) s But if v and m moVe in opposite
directions when observed, then symbolic recognition must occur
only when £(t), is squel %o f“(t)‘,, otherwise w would be re~
cognized an m when w 48 in fect being obsorved as m'.

(c) The third algorithm is for recognising patterns in the
context of their motion i.e, determining whether or nct an
observed objeot w has the ecame shape as a reference object m,
ond additionally, whether or not w is moving in the same
maenney es m moved when observed, in terms of forward Vs back-
ward. Recognition is to occur if and only if both are true.
Alzordthm 3 (for recognizing patterns in the context of
their motion)

OBSERVE £(t )y

IF [£(t) =2(t), ] 00 20 1 y BLSE

{Non recognition)

STOP

1 (Recognition)
sTOP

In other words since f(t) = £*(t)w' , elgorithsm 3 worke

on the principle that if an object is moving forward as
opposed t0 backward, and is turned around 180°, then it must
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begin moving in the opposite direotion in order to contime
moving forward ss opposed to beckward,

Speed Independence

A recognition mechaniem which was not capable of recog~
nizing an object w independent of the speed wikh which 4t
moves past »r would certainly be of little practical value,

Pirst asgume thet w moves past r with a uniform nonrelati-
vistic velocitys Then

distance = velocity x tiwe

Then it follows that if an object w 48 moved pest r» with velo~
city v, to produce pattern fa(t )' and o then moved past
vith ad different velocity v, to produce pattern f,(t)y then
the two patterns will be different even in the case where w
moves and faces in the seme direction for both obvservations:
This difference results from o scaling of time. If the time
scale for £ (t) 4s T, then the time scale for Fl(t )y, is ET
where

-1
.vl =Y Oﬁ

Thwe 41f w 15 t0 be recognived independent of the speed
componsnt of a uniform velooity with which it moves past r ,
then the recognition mechanism must generalize the shape of
v t0 accommodate time sceling, to—hove.
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CHBAPITER -8
CONCLUSIQND

It 4e obvious Irom the previous chaptere that 1t ie
very 4iffioult and needs e lot of future work to incorpo-
rate 8ll the important prooescsse which take place in human
iiam ‘system for precessing and recognition of patterns,
simpler es well as oomplex; and capabilities which account
for recognition of patterns under unfavourable real world
conditions 1.0« rotated, distorted, enlarged or diminished
or in noisy background.

The suthor has applied to concept of short lines ax~
traator neuron io the recognition of numerals as well as
the 26 letters of the alphabet by a 19 and 30 SLENs arranged
1n'5}x S5 and 5 x 5 rectangles. The variation An the chape
of the letters projected on the SLEN network should not
extesd a limi%. Secondly, by tvo stages feature extraction
also the numerals as well as 'lattars have been recognigsed
succesgfullys Through adaptive approach to pattern recog-
nition complex patterns can be trieds Thers had been some
very aserious adifficulties in the orgenication of this die~
sertations

(1) Very emall work has boen done in this field and a
large portion of the work done for pattern processing
and recognition doss not teke into oconsideration
physiological factes available for human brain.
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{2) 7The methematical moldels suggested by différent
researchers for the recognition of handprinted
nunerals letters signatures, or faces eto. grcv
s0 much complicated that 1%t looks unfeasidle for
the brain to sccomodate them keeping in view ths
limitations imposed by total nusber of neurons
required for suwh bulky calculations and etoring
them for futnfa reference. In considering thess
nathematical 'iio.dain to trace a feature of any
pattern which the brein can do with not much effort
and immediately, we have %o 4o oo much mathematical
Juggling that sometimes even computer %akes hours
of operatiofis

(3} Correlation of brain, vhile visusl aspects of

. patterns with other sensory function as audition
speech, smell, touch, taste and thoughts etc. throws
light on those gaps which are to be dseply interw
preted while studying human brain as a whole, It
defies our depth of knowledge.

The models discussed in thiec work for recognition of
colour, simple pattern m complex patierns reasonadly well
perform that funstion dut the requiremsnt is of s single
theory to unify then,
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