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c u A 2 r R -1 

Ruman brain is 0o complex a cpptcm that it i-j r.;ally 
very difficult to undorotand it. Only a cuperbrain, which 
has more capabilitieo than human brain, can havo exact inns )tt 
into it. tudieo upto now could hay.  . their spread only in 

the limited acpocto in the interprotatiof of the functionirza 

of human brain. The available literature, relating to the 

pattern prose; oiz and recognition in ham brain, is more or 

loss, based on hypothetical analysis as, specially in recog-

nition of patterns, very small, almost negligible, data in 

available from ph~ioiological sources. Different resoc-reherc 

have interpretedite procoos of recognition in human brain in 
different manners, mathematically or theoretiO lay. No one 
theory is oxiotina xrhich is capabloof interpreting the procea- 

oinj and recoritioa of simple as voilcc complex patte :na, 

incorporating the fact speed of recognition of patterns under 

real world conditions i.e. enlarged, distorted, rotated, in 

clutter cite. T1aooivo rocoarch cork is required in future for 

czpla irg the roconition process of throc-dimenoional 
f.27 

patterns or patterns in motion and also for discriminating 

thousands of colours very accurately. 

The cork in this dissertation has boon organized in eight 

different chapters. Chapter I introduces about the importance 

of the problem and abo ,~.vao organization of the dissertation. 

The Gnat cmy and phycio loy of brain has bran dioo a sod in 
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O hr pt c .; ?, Chaj t ccy 3 doaia about the dotc.ilo of hcrac xn 

vtouc3. oyatcss alas critb thoory of vicuai po'ccption. ;o 
poro opt ion of colourr3 by visual cyc t c to dtcc uc od in 
4th Cht ptcr. Cbi' ter 5 dcala. rrith extraction of feat urca 
and roco nition of oirip10 pattoxnt;. The r000 tion of 
complex pattorno tIuowji pattern adaptation and probabi-
oictic approach Is Given in Chapter 6. The pattorn and Ar 

roai world conditions are considered in Chapter 7. `T O 

icnara conclucioxo and dlocucaion about the cork are given 
in ].coot chapter. 



a 

1'L ti 

Drain is to moot comploa structure of human or ;L.n.cm. 
5: hero arc numerous Ch =l lengea oven upto nou In un I erstandiu; 
the anatomy and phyoiolo5y of human brain. Drain performs 
the functions of etora o of pattornc, their procc'cif,,; and 
Roco-',niticn. Tho norrvous eyetom to s so complicated subject 
and cuo lrnoti so littlo about 1t # that :t is necessary to drat7 
heavily on nxualoCouc oxporionce in other dicciplinoc. `hccc 
othor areas of knouiodte supply models, some reasonably 
accurate, some sith a oomblanc o of reality and some almoot 
completely conjectural. Performance of Malian brain can 
be thought of containing four categories* 

1) It extracts the features that are moanis ;ful from the 
mass of incomi sensory information. 

2) It compares incoming sonory and thought patte . us 
a inst previously stored patterns indict tine• by 
electrical djschareee that recoiition has occured 
uhcn patterns arcs similar, 

3) It stores as memory some reasonable faccimite of rocunt 
h:.ipponinns as Hell as tmportent features of past patterns 

4) It o=itos various muscles,, glands or "Inclusion 'boti 1 ee " 
In cocordcuico tttb a very complicated interplay of 
pat 4 ©:inn pant and present. 

cL pattorn is the oynthor~io of individual ^lemonto ouch 
an ltJ '. and &1t doge pulsations of the iir, tho moleou]r 
constitucnti 02 Ood, the pressure otjruui on norvo fiber 
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-ondinz or frevu °nciee of pulse traino etc. Patterns may 
be from very simple to very very complex typos« 

gnat om 

Human brain broadly consists of three sections 

(i) Forebrain (2)  fidbr :in (3) Hind brain. 

The posterior part o ' the brain becomes apical cord# 
Forebrain may bo divided into two parts, the anterior part 
telenoophalon and posterior part Diencophalon. The midbrain 
or mesencephalon becomes a part of brain stem. The hindbrain 
is ago divided into two parts -- in anterior part, the met -
encephalon and the posterior part, myenc ephalon Fig. (2.1)0 

Primtr division 

Forebrain 

%lid brain 

lied brain 

2000nt rX 
+( v[#3 bna 

Teluteepbalon 

Diencopbalon 

I>2econ-cophalon 

Met2nc kaIon. 

My O-VWP kal Cn' 

Zt ruct ores 

olfactory bulbs 
cerebral cortex 
Latercl Verticles 
pithalaieo , pineal 

bocAy, Thalamic 
iypothalarocc 
:Staff r of pituitary ;lend 

mni1 ary bodice 
Greater part of third 
vorticle 
Cal licull, 
Cerebral Aqueduct 
Cerebral Pod uncles 
Red nucleus 
Cerebellum 
Pons 
Fourth ventritele 
Me I:odul],a 
Pyramidal T rL:ct 
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The bz'4in and opiral cord a-o protected by menin;o :3 
iombr:. noo a hioh arc throe in number and consist a toui, 
Librcuo outer layer, the durarnattor, a dolic .to intornodiato 
mcmbruno, the arachnoid and the inner vascular lays s  the 

pta matter. 

t.ithin the cranium it is composed of two layor~ rhich 
adhere very closely except that they are separated by vancuo 
oinuo c . outor layer becomes fused with cranial bones. The 
inner layer of the dura lines the vertebral canal extondinu 
dox-sn over the spinal cord. 

The delicate aLrachno14 membrano linoo the dnr. matter 
and eztonda don over the cord. There is a sub aruohnoid epaoo 
at each depression between the convolutions of tho brain. The 
eubarachnoid spaces are filled with corebrocpinwl fluid uhich 
protects the brain and cord from mechanical injuries. It is 
a lytnphlike fluid with a fete vhito coils in its Di3caoo rhich 
otteot3 3 alter Ito composition or amount* 

It Contains a dense network of blood vessels. It is 
applied vary clOsoly to the brain eurface and spit l cord. 
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1laLira "; .i a 

Thoro arc three principal typoo of nouro ;liar cello, 
namely astrocytot, oliGodondrecyteo, and mioro3l. ocytos. 
Actrocytos and oli, odondrocyt .o arioo from neural tube cello 
and thero-ore are cctodermal In origin but microligocytes 

arise from mosodorm. 

Aotroc 43 

nstrooykoo are asoociated with the neurone and blood 
vosoolo of the CI 3. Under tho piaziatter, they form a mombrano 
of nouroclial cells around blood v oeolo. Those are of tiro 
typoo — protoplaomio and fibrous. The protoplasmic astrocytes 
have tar or cytoplaomie proc0000s than tho fibrous astrocytoa, 
are more irrocularly branched and are found genorally in Cray 
matter* Pibrouo actrocyteo mdtb lani thin procoeoeo are found 
for the most part in uhito matter* 

Aotrocytio filial cells have been r,ho ,n to exhibit an 
action potential urith a duration many tics kon3er than nerve 
cello  . t.'hon stimulated electrica .ly, they are capable of Glow 
contraction lactin , savoral minutes* Weurog ial cells are 
commonly involved in infection and in primary tumors of the Ci.:t4 

Oli aodondroo 1013 

These are found abundantly in CLLS and are smaller than 
astrocytoo. Those are commonly cluoterod around the largo coil 
bo lioo of tho ncurouo trhor they are caliod catellito oollo . 
They cro founcti in rauo alone nerve fiborn in the white cattor 
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of the CJ. 

IC ro 1ioC yt eo 

They have vary shall irregularly ohupod cell bodio:i with 

two or more prococooc. The proceococ are finely branohod with 

short opin like prooctioflO. 

yontr :c 0 

The ventricles or cav'i ..ice of the brain communicate with 

each other and are continuous with the central canal of spi l 

cord. They are lined by a membrane called : pondyma. The 

ventricicu, the contral canal of the cord and the eubarachnoid. 
Spacoo are filled with ccrcbroapinal fluid. Lateral ventricles 

of cerebral hcmiophcres which are lar. -cot cavi .ios communicate 

with the third ventricle, of diencophalon by way of an intor-- 

v©nticular formers. The third .ventricle co cctc with the fourth 

throu,h a cerebral aqueduct which traverces the midbrain. The 

fourth ventricle is continuou3 with the central canal of the 

opi ..~l cord. 

Corabroopynal fluid fI1verc out throe h the membrane and 

circultito~: slowly throu&h the ventricles. The fluid pooter!orly 

through intorvoncirculur foramina into the third ventricle, 

thou throu h the cerebral aqueduct and into the fourth ventricle 

The fourth vontriclo hac throe openingo in its roof that permit 

tho fluid to flow into the aubarachnoid opacoc around the core~-

bollum and medulla. The fluid thou fbws slowly down through 

t a eubarac void opaoo, c ovorina the spinal cord and also enters 

tho central canal of the cord. Pi-. (2.2). 
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Nervous activity with the cerebral cortex results in 
ooTsoious thought, It provides for this higher intelligence 
of mwn ire terse of reasoning ability, good Judgement semory 
and. Will power. It provides interpretations of special senses 
of eight, hearing, taste small and touch. Cerebral cortex 
helps in initiating a voluntary muscular response and direct-- 
ing our own body movements - certain emotions - feelings of 
charity, appreciation of beauty,, a desire to do right are 
functions of cerebrum, more primitive emotions such as rage 
may be in part the expansion Of a lower per of the brain, the 
hypothalamus.  Many acts that are o dinarily reflex way be 
dominated or controlled by the cerebrum 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 numerous lessor depressions on the brain 
surface. The numerous lesser depressions are OsU ed eulci 
and separate the elevations which are convolutions. The 
brain is covered by the covering or cortex of gray matters 
It is composed of millions of unmedullated nee -osll bodies 
and fibers* 

Inside of the brain which looks white # is made largely 
of medullated nerve fibers. These fibers say connect the 
Cortex with the spinal card or they say extend between dif-
ferent parts of the brain itae3 i A large nerve tract con-
necting the right and lent lobes of Cerebrum is called corpus 
ccllosus Pig* (2.3). 
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io.iuroo divide tho corebrut into anatouiccl ar'mi cLui-: i 
lob cc . They are the frontal, parietal, tcmporl and occipital 
lobo. The frontal lobe lion blow the frontal. bone and to 

ooporated from the parietal lobe by central eulQuo. Pari tal 

lobe is thorefo o pootorior to the frontal lobe. The temporal 

lobo lice on the oido of the brain bolow the lateral corobral 

f seuro (tho oylvicn fissure) 

a  • 

It io not pocoible to localize some of the function of 

the corolbrum. o can not pin point the areas that ifoprno will 

power or any one part of the brain that io the seat of memory. 

Even then certain functionsare performed by some well defined 

areas i The Motor area lice just ant crier to the central oulcuo. 

To cause contractions of voluntary muooloc, voluntary impulses 

arise in this area, The area governing the thigh lies at the 

upp r part of tho motor area vhile the .uoeloo of the face and 

ton uo aro controlled from lover part. It tEl intereotinG that 

a Creator area proportionately is devoted to governing the 

muecloc of the hand and tonMe then to the muselos of the trunk. 

Tho motor epocolt area is concerned with the coordination of all 

the mu clog of the face, tongue and throat necessary for speak-

ins. The motor arc.: of the right cerebral hemisphere governs 

the movemoub of muscles of the left side of the body and vice 

versa, The roason for this Jo that the nerve tractct from the 

motor area acrono over cith,-,r at the base of medul1,a or at 

variotzz lovolo in the spinal cord. 



A itnou l cd o of the location and function of tho motor 
area hvo be'n of Groot value in the dio„onoio of many typc3 
of brain dicoacoc or injurioo, Corobral hcmorrbar,o ofton 
cc,llcd 'otrol.o ° or 1spoplozy, while uoually occurrin' deop 
r~itbin tho brain in the internal oapzulo, hac the Game offcct 
ao a surface injury. 

Thera live a oonoory area, pooterior to central culcuc, 
for the intorprotation of ocnnation ao touch„ pain, temperaturc, 
preocuro and mu3cle so=- e, Thia to called ..itLineouo sensory 
area. rho right oonoory area in or'pre is eennation 3 received 
from the loft oido of the body and vice versa. 

View 1 interpreting area is located at the back of the 
brain in the occipital l+ bes.. Nervov impuioe arivine in the 
retina are convoyed to the interpreting area by nerve tracto. 
Thia ooneor, j area anabloa one to interpret and undorotcnd uhat 
he acre,- * Lose of the ability to understand iritten ordo or 
symbols, is recognized as a form of aphasia in which individual 
io unable to read hie own language. His eyes may 3 € ble to 
see and follou the printed words but the symbols mean nothing 
to him 

The auditory areas 	are coneorn&& iiith the inter-- 
protation of tho sense of hearing and ao located in temporal 
lobes. each aroa rccoivec impulses from both ears. Injury to 
those ar-oa cauccc failure of the memory . the moaning of 
uordo. it is a typo of sensory aphasia. AlthouSh hearin; may 
rcrziin unimparied q the uordo or their moaninj is not rcc oan zcd 

intorprotin ar as for tho oenoo of taste and small have 
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.zot boon doZinitoly located. A cortia,-,l arc € c ociatcd zuiwli 
tho oo o of tacto i.e located near oylvicn fi"aurc cad at tic 
ludo of central ou1ouo whore oonoory im.:u3.000 from the co:'c: 
uro intorprotod. Two olfactory bulbo are locrLtcd vontrally 
below the frontal lobos of oorobru , tshoro ix portc.,nt synaptic 
oonnoctionc are made bettieon tho fibres of ho olfactory nerve 
and tho interpreting area of tho brain. The interprotir, 
areafor the conso of omoll is thouht to be alor,; tho eatery 
tracto tur Lich ortcnd in ward from the olfactory bulbs. 

It tho uppor part of the motor area is otimu]od,muwculr 
movemontn occur in the lower extremity on the opposite ..lido o2 
the body. But if ono s time .ato3 the middle or lower part of 
the carp , uith acct uat c otirnulf lower extremity movomcnto also 
occur. It in found that in the area for trunl movement the 
muealoc in the trtmk have loueet threshold i.e. are moat 

fiat 
easily .stimulated bet1 evidently the various regions arc not 
specific. 

It is gono-ally agreed that the cortex is composed of 
five to coven layers of neurone o !'leotrical Stimulation td 
tho surface area can press very different motor effects from 
those prodtxOodby► normal nerve otimUl '. 

E: perimcnto showthat probably all areas ofthe cortex are 
actually oon~ orimotor i.e. they are not exciucivoly sensory or 
ozelucivoly motor. The reion directly anterior to central 
sulcun is prcdoair. iV, 4 motor rboroac the ro;ion posterior to 
contr:.1 sulcu i 	 sensory or a.iZoront. iotor 
fibres in kisslizcd con ory areas producn- motor roapofDO in 
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zu Ncloc ccoociatod with the activity of the ocnao orian In-
vo ivod • 

The die &ccphalon to the pootorior part of the for'.brain. 
1ho lin3o of demarcation are not diotincts sinoo many otructur: o 
lie partly in toloncephalon and partly in dionoophalorl. Thus 

obaroid ploxuo of this region is continuous with that of tolo-

nec:phclon, since grca.tor part of tho third vcntricto is th 

cavity of die opha1on a part of it is the cavity of Tolcnco-

phalono The thalamus region may bo dividod into an upper por-

tion or cpithala,a intox odinte portion, the tbalura pro-

per, and a lower portion, the hypo thalamus . From the Epitha-

lamt there arises a growth called pinoal body. It l.a conoi- 
orou as ends -G rive ,land, althou h its function is not roll 

underctocd* 

The thalamus is the largest of a number of areas of 

,ray matter deep within the brain called B.00&. Ganglia. It 

is important relay center for both motor and sensory impulses, 

and has extensive cortical connection. 

Hypctha: un is co ,p000d of structure locatod in the 
banal portion of dieneephalon. They include the mammill :ry 
bodies and several other nuclei* There are also such structures 

co tho optic chiasma, the infundibulum and pit 121tary bosky. 

I ammillary bodies conoist of two rounded eminences of gray 

jnat 4or. Thoy are believed to ho concerned with emotional as 

:call as certain visceral effects* Optic cbiacma is fozod by 
optic n,  rvo. :Jomo of those fibros cross to the opposite aide 

and aomo do not . Tho otn1k of pituitary bower, tho ins undibulu m 
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u  	u a dornrotJth from the floox of dior~ccphalon. 
pituitary body is u gland of intornal aocrition. I' is 
coiipors& of tiro lobes rt The posterior lobe arieoi co ncrrouo 
tiocuo with the infundibulum, but the anterior lobo ban a 
diftoreut ombr y~ologioal oriGin, 

in hypothala3uo hoot regulatory centre and tho Centro 
of water metabolism are located. It is a regulatory centre 
for both the o pothotio and parasympathetic divisions of 
autonomic nervous oyster, Functionally the hypothalasuet is 
Closely a000ciot ed with various endocrine activities of the 
pituitary Gland. 

Inter.vr Ftznetion of Cerebral Cortex 

Fl an brain consists of almost 10 billion nourouc and 
apparontl r they arc able to ace  pt, reject and interpret The 
information oupplied to them by sensory neurons. U1uch of the 
visual perception is organized by neurous of retina before 
passing ctlonZ to the visual cortex* Researchers are trying 
to ozplain hovx visual cortex analyzes retinal images by study_ 
ice, ro onzoo of individual, cell®. There are two types of 
aroao - one in :rhioh small circular pattern of light evoked 
a maxim= rospone by a oma l group of receptors in the retina 
ccllod 'on' areas and the other where as small spot of light 
oupprooseCT firm; until liiht was turned off, called 'off' 
aroac* shits there are centre'on with root area 'of f )type r d 
contr,-- off with roct area *on )typo i'ield . = heoo 'on' and 
'o2." Zic1&;, cw found by Rubel and riccol are represented 
by ©trte:i,"ht linen not by circles,, 'On$ and 'oft' areas are 
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pax: mtcd by ?1r^ar boundaries. Oricntc..;ion of too 1i2-or.r 
arr~., 	varied from vortical to horizone°Cl. It ap7o 
them th. t viouai oorton to oapablo of roarran in the inoom nj; 
imnu . ,eo to cmphacizo linco avt1 ooftouro. 

~;.Aomory P roceenos 

;!7mory ia tho ability to race It evcnto or ivtormationo 
about provioue oxporionCeo that may have happened only a fou 

minutoc oho or that may have occurred many years ago* Thoro 
oo:mo to be a short term type memory and a long term maaory of 
fact and cvonto which may 1ant for the lifs time of the inr-

dividual. 

Theory of faoilitation attempts to explain memory on the 
bc.cio that passage of an impulse over a set of ue rons and 
sympeco may m .e it easier in some ?ray for similtr impul000 
to folloi the osme path. Eventully,L certain pathway urould 
become fat ilitatod and easily recalled • This hypothesis ox 
plain 3 the pr0000a of repeating a list of facts or 1earnin; 
the words of a forei„n lanjuao by ropotition. Facilitation 
is also given as an explanation of habit formation. The 
meclutnicm of memory, however, is still  la rrely un1norn. If 
it can be localized, it is probably in the cortex, perhaps 
close to the cenaory area that pertains to it. 

.tb very mild electrical otima .o ion in the temporal 
arc, patients oonotimoo recall events that occurred in the 
past quito vividly and in Gre-tor detail* The mo.mory record 
may not bo In tho intorpretivo area itioif but in coo deeper 
area : olatod to it. 



15 

P any inve:,tigmtora searched key o memory in RNA` and 

protein motubolicm. A molecular theory of memory is an 
attractive hypothesis but very difficult to establish an an 

experimental basis 

..its age loan of brain cello tckes place, thereby, the 
aced person becomes forgetful. for recent ovento but may recall 

pant events well. Other factor for it may be reduced supply 

of bloozl to the bin or a reduct:. on in the oxyonation of 

brain cello. 

Brain stem includes midbrain, pony and medulla. Great 
nerve traot,7 connectia :y the spinal cord with higher synaptic 

levels in cerebrum peso through bruin stem. 

Tiidbrain is the upper portion of brain atom. In human 

beings it is covered by cerebrum and loses most of Ito optic 

tract connections,, The greater part of the midbrain consisto 

of nerve tracts that carry impulses between cerebrum and 

corobeliu , medulla and spinal cord. The anterior part is 

composed largely of two grct nerve tracts the cerebral pedu- 
c 

nloe. The cerebral aqueduct extends from third ventride to 

fourth and traver es the midbrein. Between the aqueduct and 

cerebral peduncles lie the red nuclei,, two masses of Cray 

matter connected by nerve tracts with the cortex of the cere-

brum, the thalamus, the cerebellum and the spinal cord. Red 

nuolc i are concerned with muscle tone and skilled movements. 

The nuclei of the occulomotor and trochlcar cruniLa nerves are 

also 1oe^ted in the midbruin. poetorior to the cerebral 

aqueduct in the area called tectum, with four structures cx~llcd 
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uu!~ovlor and infcrior oolliculi. Inferior collsculj 1a 

cucii-moo;'y In function, co conoidcrod cuOitory rozloz contra 

in u.u-=LI 1O . 

Tiro corobollar lobo3 are loocitcd bolo r the occipital, 
labor of tbeoorebrt r.i. Area bet loon tho tt-o is vormio. The 
c erobellum has a cortex of cray matter but difforont .from 
corcbrum in many aopecta. It to not co olutcd in the oamo 
manner but appearo as a seriesof 3.ago'o- thNin the cortoz 
are largo cello of Purkinjo, with their remarkable bran inc 
dondri.ton. Those offoront cello are ur~d only in the corton 
of the cerebellum* Inferior of tlao# coroboUwn io lar oly 
composed of zhito matter# a.tboh the (ray matter of the cor-
tex darcfinds deeply into tho uhita matter and elaborates into 
an inverted treelike ;attorn of branobisj (called arbor vitae). 
There are some muc.let. of Cray matter tthin the cerebellum. 
Great nerve tracto, cerebollor pedunolco, connect the core— 
bollum uitb the eerobrwn, the pons and the medulla. 

The pons co tot of horizontal nerve tracts that servo 
to connect the tro homispboroo of trod cerebellum anteriorly 
and vortloai tracts that connect the cerebrum with the medulla 

The corcbelluai has bccn called 'the Secretary# to the 
corcbrum, It does not Initiate motor responses but functions 
to coordineve muscular rovoaonto so that tho action will be 
smooth and efficient instead of jorkO and uncoordinated. It 
10 coo ooncornod c lth the oc uilibr um of the body and 10 
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conncctcc't by norve fibroo uith the ocmi-ciroular ccni1c of 
the in.:cr oar tthich are ooncorr d rrith equilibrium. The 

cerebellum it able to direct the muscular coordination that 
t cn&a to keep body balanced in vario uo position , . It is also 

concornod with coordinating impulses received from tho c. nso 

of hearir,  ;, Bono a of oight and tactile sense. 

Corobollum helps to maintain the tone of muscles. 

flamixala pith cerebellum removed exhibit a peculiar uncoordi" 
salt 

rated walkins3 t , * All fux Lions are below level of conscious 
activity, sonoory Impulses received do not produ~3o sensation. 

In corobol .ama„ localization of function as ,~ not as cue- 
finito as in cerebrum. Each cerobe lar hcmiephero controls 
the coordination of movement of appendages on the same aide 

r►L 
of the body, t1heroas ver ,s controls the coordination of the 
trunk inuscu3.atwe. An ivtjury to the right hemisphere may 

affect the right aide of the , body an well as appendages of 

that sido. Auditory and visual stimuli aro received in an 

area located at about the middle of the dorsal aspect. Dqui- 

libruim seems to be controlled from two crates, one in an 

anterior and other in the posterior cortical area .visual and 

auditory areas overlap. This association seems .relevant to 

behaviour in that we draw the hand away from an unexpected 

touch and tie look in the direction of unoxoected sound. 

It provides barn to the brain otcmt the myelencophalon. 

It is continuous with the spinal cord but doom not have eta 

structure, while nerve tracts are continuous some aro lar or 
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and botto: definod in medulla. Zomo fibres oro€rn to oppo..tto 
oido. ho continuous gray matter of the cord in broken up 
into 3rouuo of nuclei in the medulla„ Thoso include nuclei 
of Ir th 0 i th Ith ans A Clth cranial norvoo. The centrr1 
oriLl of the cord io continuous anteriorly through medulla. 
Jhere it opens into the lowor part of the fourth ventricle, 
Nec u lu contains vital reflex centres as, cardiac inhibitory 
o€~ntro, which by ryas of vague no re acts in s1owir heart : to, 
the vasoconstrictor centre, responsible for the constriction 
of porlphera1 blood vessels and the consequent rise of arterial 
pre3sure$ a roopirwtory centre which provides nervous stimulus 
for regular respiratory movements. The calla also controls 

a number of common reflex activities such as laughing, eough-

.ne and sneezing and many of the activities of di estivetract. 

These are 12 pairs of nerves arising from brain within 

the cranial cavity Fig. (2.4). These are numbered from I to 

XI I and crc having different namoi , Those are like, spinal 

nerves but are highly specialized.  

arises from sensory receptors located in 

the Lipper part of mucous membrane that lines - wal cavity* 

The nerve is purely oonsory and is concerned. with carrying 
nerve impulses that vivo rioo to tho oenso of smell. Indivi-

duel fibres grow inward in this nerve. 

II..cJi. , , is a sensory nerve condor zcd with the some of 
ai bt. It ariao-i from the ganglion colic 2oo~. tod in the rotina 



~. prnyt ,S~n,Sory 	«~ 

turd ventr~cM' 	••• 

Slq"N dnc{t ref(trZr, 	• ✓ ~~ 

1øw 	Y1RI~tr !e  
Cere6eIlaM  

CtJ+ sYa 1 pgw!dact 

►rstdwtd 

Cc r1rct! suleus 

t motor ores 

- CO4RII eal(osurr~ 
a tom. petlucidurn. 

Q& Viar CUmmt,SSUMe 

fin& 

- 	 ~(ialarnus 
CereL v l pdu~icli 

;ra►rtal lobe 	 r 	f . __ 	_ _ _ oictirry ¢raLb'. x 

~ C C~l[QSr►LCi 	 \ 	Optic iierive / 

`~'~f'`~P~ysia 	 / i----✓r'oecut~+»oto~' ttervt i~' 

►mmm<llarybadret 	.~ _ 	`~_ 	 ------°-►-1_,ineim rmt v{ tf'*.MinaItterye 
gtt►tgLth v of trigemin! 	_.___{ __ 	_ 	 y ~/dbduceris nerve V( 

Vi -~ ~--~~ 4t~UStC.0 herVe to fxmervl Cn},e 
// 	 ~' 	J 9lossoph iw"gea l he ix 

vtaquS tterve x 

— accessory nerve xl 

s` 	hypo,96wot nerve  1i 

LJ  

f!C - 2.4 Verdvat vi& o f the brain. , to9 
bows of cra#tIdl nerves 

Li 



19 

of the eye and its fibres from the optic tract which loads 
back to the lateral geneiculata body of the thalamus, Pros 
there sensory impulses are conveyed by secondary neurons to 
the visual interpreting area In the occipital lobe of the 
cerebrum. The crossing of some of the fibres of the optic 
nerves probably results in better coordination of responses 
between eye and, brain. 

I I.IO9motprs IV `rpok 	) and VI4habuent. nerves are 
motor nerves to the musoleG that move the eyeball* The III and 
IV nerves arise from nuclei of gray matter located beneath the 
cerebral aqueduct in the midbi'oin. The trooblear nerve nucleus 
is posterior to the nt leus of occulomotor nerve. The nucleus 
of abducent nerve is in the lower part of the pens. O*culcm©to 
nerve also carries fibers of parasympathetic system to the air-
oular muscle of iris and to the ciliary muscle of the eye. 

LV) The trigemix al is a mixed nerve with both 50115027 and 
motor nuclei • There are three large branches of trigeminel 
nerve 1► ophthalmic,, maxillary and mandibular. 

Opthalmlc; branch to a sensory branch and carries impulses 
originating in the surface of the eye,, in the isarimal end 
and from the nose and forehead 

)Iazillary branch is also a sensory branch and has a broad 
distribution of its nerves. Amara; the structures supplied are 
teeth and gums of upper jar the upper lip and cheek. 

*andibular branch Is a,. mixed nerve. It has many small 
breaches, some of these nerves supply the teeth and gums Of 
lower jaw#  the chin, the loner lip and the tongue • It is motor 



to the *jucoloa concerned v ith mastication. 

tyll) The facial norvo la a mixed Home. Ito motor nuclouc 
lion, in the lo:for part of the pond and fibr®o are supplied to 
tho n.uooloa of fcoa and fore hoad. Tho sensory branch is very 
omall. Its fibero ari a from the geniculato ganglion loci'tod 
in the 4oaporal bone and are distributed to the anterior tuo 
thirdo of the ton uo. They are concerned with the cense of 
Taoto. The motor branch also ca.rrioo the fibers of par .cym-
pathetic system to the sublingual and au1 zillary aslivury 
glundo . Psrmoywpathstie fibora stimulate vacodilation € nd 
soorotion in these glands fibers QOnoo=ed with taste sensa-
tion and parasympathetic fibers pia through the tympanic 
cavity in chords tympani branch. 

(y111) Vootibulocochicar Servo (acoustic) Is a sensory nerve 
concerned with the sense of bcarin and with equilibrium. It 
is composed of two novae of different oriiu and function. 
The coobloar nc rvo carries auditory impulc300M Its g nt,l on 
lies In the cochlea. Prom recoptora in the spiral organ of 
the corti, the auditory impulse is conveyed inward to the 
modulla. It orooaco over to the opposite aide and paonos up-
ward tLirou h the pond and midbrain over a series of neurons 
to the audit 017 interpreting area. in the temporal lobe of the 
cerebrum. 

The voatibular nerve arises in the vestibular ganglion 
of ho portico of the our aoz oOiatod with the ac icircult:r 
c€nw:lo. It cntoro the modules but bas important connections 
with tho corobollum. It is concerned with maintaining oqui t- 

{7 ri u+i . 
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Q)) The G1ooflopharyoal nerve arisoo from u t ho modulla and 
supplies the tonEao and pharynx. it is a mixed nerve; the 
motor 'ibors are djotrjbutcd to the muscles of the pharynx 
vhilo acm ory fibers are supplied to the tonsils, Mucous 
noebrnos, of the pharynx and the poctcrior part of the ton.jus. 
Stimuli rooultin in the oeusa of taste orb.inatc from ro©o- 
ptors located In the large pap llao at the back of the ton u o. 
tocrOtcry and vasodilator fibers are distributed to the parotod 
oalivt ry gland. 

( ) The Vague nerve is the longest cranial nerve. Its p 4b-
tray lies from the modgilla,, throw, ;b the nook and thorax to the 
abdomen* It is a mixed nerve - sensory branches convey impulz ,s 
from the mucous membranes lining the respiratory and di.;eotivc 
tracts. Voluntary motor Move are distributed to certain 
muscles of the pharynx and lc.ry". , The right and left vague 
nerves send branches to the cardiac and pulmonary plexuses. 
Above the stomach, they unite to form esophageal ploy. Branches 
supplying the abdominal viscera arise below the o6opbageal 
plozus and contain involuntary fibers from both vague norvos. 
Vague nerve carries inhibitory fibers to the heart and odors-
t ory fibors to the gatc glands and poncreas ac troll as vaco-
dilator fiber r to the abdominal viscera* Autonomic fiboro are 
also supplied to the bronchial tubes, esophagus, stosach, 
pancreas, Call bladder, small intestine and aoecnding colon. 

( ) Tho accoacory nerve (a motor nerve) is compdoed of tore 
par tc, a cranial and a spinal portion. The crunial part arises 
from a nucleus In the medulla and cmor,oc from the cido of the 
medulla just bola' the roots of the vdguz. The spinal part 



22 

arises from the spinal cord in the upper cervical region 

and ascends, passing upwards through the foramen magnum. 

The cranial portion is accessory to the vagus and supplies 

most of the pharyngeal and laryngeal muscles. 

(y,n) 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. 

F I!DJ hI  

a 
It is that part of central nervous system within the 

vertebral canal. It is continuous with the base of the brain 

anterior Ly; posteriorly it tapers to a threadlike strand below 
the second lumbar vertebra. In the early fetus, the spinal 

card extends the length of the spinal canal, but as the fetus 
grows, the vertebral column grows in length at a greater.te 
than spinal cord. Hence the cord is drawn forward in the 

vertebral canal and the roots of lumbar, sacral and ooecygeal 
nerves travel down the spinal canal to reach their normal 

places of exit. The taillike group of nerves is called cauda 

equines. 

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. 

Some ascending tracts - the vertical neurons of the 



23 

cord Lro arr8naod In orderly bundlea. Two of the lar;o 
poDtOY.or noocndina tractq are the fcLocioulu3 gneilio and 
fceoiculus cunor.tu . The ecU bodies of the nourone oompo:~-
inL3 th000 trQcto lie in the do yul ganglia of spinal eonory 
nervoo and their fibers extend upward to the medulla ending  

in the nucleus cuncatus. (A nucleus is a Group of norveo -~ll 
bodies within central nervous s ,stem) other neurons convect 
the nuclei and the thalnmu3 a third sot of neurons cunve is 
impulses from the thalamus to the sensory interprotinr, arege 
of cerebral cortex# This is the pathway by which the position 

of the muscles is interpreted and the seneotious of touch cr 
received, 

.barge tracts in the lateral part of the cord am direct 
cerobollar tracts. They are concerned with muscular coordina-
tion. Sensory impulses met be considered as unconsCiou3 muscle 
tJ onOe,are conveyed upward to the cerebellum. 

Spinothalemic tracts lie in the l it^ral and ventral 
portions of the urhite matter* These ,pathways convey impulses 
to the thalamus and then to tho cerebral cortex whore they may 
be interpreted as pain, temperature, pressuro, touch and 
muscle sense. 

tome Descend.i ; Trzcto 

The neurons composing the corticospinal, trictc have their 
o'i in In the motor area of cerebral cortex« fiost of thorn 
Gross over to the opposite side in the med.ul,,a and descend in 
the lateral part of the cord. nonce the rncu cross Cd pyra-
midal trot or lateral corticospinml tract. ¶ho fibers that 
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do not oro3a In the medulla form two small vontfal columns 
called the direct pyramidal tracts or vontlsl corticospinal 
trr eta • The neurons of both tracts make c„y ptic connections 
with the motor nerve roots of spinal norvee at various iovcla. 
The neurons of tho direct pyramidal tract cross in the anterior 
white commjjsurro 3uat before they make synaptic connection with 
a spinal norve root. These are the pathways of voluntary motor 
impuloor; to tho muscles of the trunk, arms and legs* The 
dir oct pyramidal tract supplies muscles of the, trunks the croaoos 
pyramidal tract supplies muscles of the a=. and legs. About 
two third of the doscendine fiboro cross over* 

Extra pyramidal cyAtexm involves greater area of the cortex 

including supplementary motor area. ourous of this system may 
ov 

eynapoe several times at subcitiøal levels (includes basal 
g n5lim, red nucleus and roticular formation)before reachin a 
spinal motor outlet. 

The ruboepinal tracts (the cell bodies of whose neurous 
are located in red nucleus of the midbrain) descend throu 
lateral part of the cord. Their fibers cross immediately and 
d©soond to various levels of the cord whore they make connection 
with spinal motor nerve roots. Since red muxci :us has both 
cerebral and cer *bol .ar connections, much of the voluntary 
muscle control may be transferred to involuntary muscle coordi- 
nation over these pathways, 

The Vetibulooptnal tract on ,inatos from the nuclouo of 
the vostibular nerve in the modul e.. Jinco they receive im-

puicas from eemiciraulcr cols of the cur, their function is 
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The cain cianoco of retinal ao 	are 

}2^c -'pvora -- (rode and condo) perform pbotoaotoction cnd 
thoroby initiate the no .l ei ►nal. 

Qan lion Colic •- tranoi it the vioual tnomation to the brainy 
the azoxo of ganglion colic form tho optic nerve. 

Bipolar Cello -f make compiox intorconnectiono bottioon roccptor 
and CanClion cello. 

Hori^ont^l Conti- nako latoral connections at the oynaptic 
junctions bot coon rocoptoro and bipolLz colic. 

Amoerino Cello - make literal conncetionc at the oynaptio 
junctions botc oon bipolur and analion cello 

l3xcopt thorn basic neuron clascee, there are a number of dif-
forent types ouch ac inopbipolar cello1 m14i of ,,n .ion cello 
of e. The light gammon throe ~h oovora]. neural co13. 1Ayerl, which 
are trr.:n paront, boforo reaohina to tho rocoptore (rods and 
cones) chore photodotootion takoo place. Retina has Glicl 
cello also, in act :it ion to neurouc T tshich had boon conoidorod 
only to tale part in metabolicn but more recent ovidoneoo in-
dicato that they play a role in nourolo ical oial procescin,. 

The optic nurse passes through a hole (blind epot) that 
to 150 array from tho fovea in the rwsoL direction. The Combi-
nation of hii;h aenoary reocptor donoit,y in the m :cuia plus 
lotor don3ity toward periphery dictatoc the arohin confi ura 
tion of nic. 3.1 (b ) 
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to ad3u3t muscular coordination in relation to maintaining 
c iui1ibriq . 

ins' Bowes 

Thirty one poiro o spina). nerves arise From the cord. 
They are grouped as '- cervical 8 pairo $ thoriac, 12 pairo, 

u L '!tbarw- 5 pair, - sacral 5 ppirn$ ooc y sal - I .pair. 

Spinal. nurvoc form cervical, brachial„ and lumboscor ,l 
plOYuOOE3. 



In order to ;;o in for vioual pat torn proccco ine and 
roconition in hun: n brain tic muot, firot, havo an inoi ht 
in the neural automy and physiology •of visual oyotcm in 

brief. 

Anatoay and. Ph oiolo of Viou l U rte t 

The oyo loofa out upon the riorlc and by a mochaniom 
reports its dot :ilo to the brain* fiotr, exactly, the vioual
roporto convert i comin, 1i it into norvo irnpul000 and hots 
brain intorprote th000 i ►puloos, to a perplexing problem in 
phyoioloay. 

The Pies.( ict) oho~ao the major parte of human eye. The 
aye ball to nearly spherical. The unli of the oyoball to oompooc 
of throe layers - the outer coat to fibrous tunic consisting 
of oclora and cornea. The intermediate layer is a highly vao-
cular, pigmented tunic oomp000d of ehoroid, a r uocu3ar 
body and the iris* The innermost layer is retina. The ref - 
ractintj media of the eye contain ► aquoouo humor lone and 
v'itrruo body. 

The cobra to a i hite layer of the eye. It oov wri the 
oyo'1 Ala. o teopt the cornoa and conoiato of a donoo interlacinG 
of abate fibrous tioouo. Thais opaque coverinG ho3.po to main-
tain the shape of the eyeball and protects the more 4olic.~to 
©tructurros from injury. The ant.rior ourfaco io covered by 
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Coa3uctiva• 

Cornoa to tho tra.noparont part of the Delos. It ro 
pro onto about one sixth of the total aroa. AotiCpatica to 
uow ily caucod by tho inporfect curvature of the cornea. 

The tntericd .ato layer of the oyobaU is eoop000d of 
Cbroidp cil#ary body and the trio. The charted to u dark brown 
me ►brcno that linen the adorn and it le conccrnod with tho 
nutrition of retina. Hein dark It abeorbo It ,t rayo and 
prevents reflection. OptSi.o nerve paooeo through the cIo 'oid 
at, the back of the eyeball. 

By the otl~ary nuocioo the cyelono ad junto ito convozity. 
For close-up work as reading, ciliary auaeloc Blacken and Iona 
bocomcc more conve c* 

The iris is the moot anterior portion of the choriod. 
It is highly coloured part of the ey°e. The eyes of human 
boinao may bo blue, ray, croon or bz to depending upon dio°-
tribution of piCmonto. Tho oircu1r opening of the iris ic 
called the pupil* It appears black as it openo into the dark 
rococo of the eyeball. Tho iris to anterior to the lane but 
posterior to the cornea. 

Tho tons to a clear,, transparent ti.00uo located pootorior 
to tho pupil and trio. It is biconova ions but oometthat more 
convoU on the -ostarior side. The lone is able to cban o its 
deCroo of oonvozity durmna accommodation for near and fat 
vision With tho help of ciliary muscles. 
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flotin :. in tho inner no ru'o uo t uni o o? the yo. I to 
li h t oanoitivo end oitondo about 240 crams tho inner air» 
c unforonco of tho crc, Thin portion of the oyo forzmo or1i-
nally as a pct of the lateral wall of the brain* xho retina, 
thoL h very thin, contains several layers of neuron,, through 
t.hich incoming liCht has to paoc. Inportcnt of tho o layo 
aro of .t, oamoly-in n.or 1tmit ink p. optic oorvo,, fibers, gz nClia, 
innor ple ziform, inner ncloar, outer plouiforin, outer nuoloL r, 
and outer limiting.. Only than tho lir reaches i2io actual 
li, ht oonsitivo roceptora the rode and ooneo. The rods roopond 
to all visible uavolonatho, tihoroao tho cones roopond individu-
ally ciitb na a in blue, Croon or red ro ;ion, of the olootro-
n€ ctio opoctrun. So the rods proi`id o only achromatic (block 
and nhito) vioion and operate primarily at Tory lots light levels 
The control 10  portion of the retina, called fovea, containo  
only cones and to there 'ion of hi& visual acuity. Fovea to 
the oub3cctive *enter of the optical oyotot o. flora are 34000 
oonoo (no rods) crowded into a disk (the maoul r) of about 
1.2 n (40 ) in 4iamotor, The zediuo of the disk, macula., to 
about 100 cones 0 The oi, ht 1ayore s ontionod, , mini l in 

ovcal z'oaion, 

Tho cantor to contor opacin betweon comeo at fovea is 
.0023 nti, i.e. an angle of about 0.010  botsro0A the tuo rays 
of lit that are foou ood cat adjacent *ones, The eaporiconto 
an viotal acuity aloo ohoi th= t an observer can r000lvo tto 
Point oour000 t7hich ass 0.010  apart (the a to soon from the 
oboory 2). 
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2bo cain c lan000 of rotinal noeti urc s 

f^c~•ptor, - (ro& and cones) perform photot3©toction cnd 
thoroby initiate the r,ourr i Ct al. 

Qanolion Cello - trauoait the visual inZorviation to tho brains 

tho anone of gan,lion coils form tho optic ne c. 

Dipolar Cello - make corploz intwrconnoctiono betvoon rooc; for 

and anSIion cello. 

1Ioricontal Collo- ko lateral connections at the cynapti 

junctions botlezoon receptors and bipoll..r cello. 

tmQerino Cello - nwilto lateral coancotiono at the synaptic 

junctions betuoon bipo].Lr and ganGlton cells,  

zcopt those basic neuron classes, thorn art a number of dif-
foront typos - ouch no mopbipolar coils, miiaot njtion cello 

etc. The light passes tbrou,- ~h several neural coil laycr,  ,, uhicb. 

are trr.noperont, Wore roachinj to the receptors (rods and 

cones) ore photodotootion ta;~os place, Retina has Clial 

coils also, in at tt iron to nourouo, which had boon considered 

only to ta10 part in metabolism but more recent evidences in-

dicato that they play a role in nouroio .oat signal. procosoing. 

3ho optic norvo paeoeo through a hole (blind spot) that 

is 150 atmy from the fovea In the nasal direction. The combi- 

nation of hih sensory receptor density in the m .oula plus 

lotor do.raity tot and periphery dictator the arching confi,-ura- 

tion oz Fig. 3.1(b) 



, o oolouro r?rnuin faithful outoido tho macular 
ro ion tho rwtio of on ono pox' fibor probably hallo t z'oujt-
out the rotina. Tho numbor of rods per Tibor gradually In-
c reecoo from 1 noc:r tho macula to 250 at tho periphery, cr ors 
hits oonoitivity to chanc3 in liGht intonaity guards raga- inot 

onoak attacko. 

Photodotoction oc cure in cylindrical cuter oo ciont:i of 

rods and oonoo. Th000 outer ootpnento Sro 1µm in diameter and 
reno illy 25 zm lone. Libt that in not aboorbod in the ro-
coptore is ubiorbed in the black piapont epithelium layer. 

Xurnan retina consists of 5 million cones and 125 million 
rodo. A cone covers a much larCor area than a rod and no ro-
tinal. aroc.c covered by rods and cones are compurable. Thera 
are about 1 million nerve fibers in the optic nerve,, but oioc-
tron microscope reports about 10 times 'this number in the frog 
•rojina uhi.ch easily ; iVen an idea of fibers in human retina. 
Rod and cone cello have osoentially the same basic structure 
but rod Celia are typically 10 or and more slender than cone 
cello. 

The optic nerve pathuaye to the visual cortex are a bova 
in Pie. (3.2). The fibers of the optic nervo are the as cotao 
of an lion coils, the nuc1oi of hiob are in the retina. Tho 
optic norvoo for the tt:o eyes join in o. Croon-ohcpod structure 
callod Chiacma, and then separate in tuo ncrvoo called optic 
trt:a. At the chiacma, half of the nerve fibers ouitch ov r, 
no that tho riCht oidoo of both rott xo o,ro connc otoc to the 
right oido of tho brain and lot aides aro oonn ctod to the 
left side of the brain. 
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'w azor~r oi" j cn lion collo in tea^ rotin oroi1 tbrot ; 
tho chicnma to tho loft and ri,-,ht latomr.l Co y culato bodi c-i 
*iLiob occur at the undoroide of the bran* Thoro they makc 

yripiO connoctiono c1ith nourouo that ooLd thoir airou: to 
tho vlfival carton and tho ,louor back o .do of tho brain. Thoo 

cro f oti fibora that loavo the optic tract after the chiacma 

and , o to the aro:.o on the undorcido of the brain called prow 

tooted region and the -- uporior collicttluo. Th000 are Gonorally 

believed to be cauociatod frith pupillary refloz and eye move-

mont roripoctivoly. 

The ima ;oo coon by both oyoo are combined into one at 

lateral Conj.culato bodice. The ci n'.c iwa o is oplit into 

right and loft halvoc, the loft retina]. fioldo (or right 

vicual ftolda) oinj to the loft homiopbero of visual oortoz 

rhilc ritjbt retinal fiolo o are projected on right hemisphere* 

As tho fibers are a]co oplit into upper and lower holvoo 

(pia. (3.2)) it concludon that vional field is broken into 

quadra to. The upper and ].oar halvoo era also caper tad by 

the oulcarino ioouxo of the occipital lobed. Doopito the 

pbyoioal co ration into four cortical roc ions * there its no 

obvioui vertical or horizontal line diacontinuitg in no l. 

Vicion Acooctution fiboro brid,lo the Cap botuoon loft and 

rt;ht bomiap' oroo o iho poriphorn]. fi'boro servo variouo im-

portant auxiliary functiona l and are not vital to roaclin , 

ability,, co only 34000 macular fiboro resod be conoidorod. 

- ilo coaoornin , vitb pat torn r000nttion in vioua] cortou 

tic reached this conolucion by roadie tbrou;, x a bolo that 

oubtonQo 40 at the retina. 
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Convergence between maouiar fibers of both eyes at 
lateral g.entoulate bodies takes place, in a six layer neuron 
useemb17, which can be expleined ap a sohoae for .ntaining 
oolo fidelity when corresponding fields are superimposed in 
binocular vision. Blue fibers from the right eye or. merged 
with the blue fibers fr+o the left eye in the first two layers, 
green fibers merge in the nexttwo layers and rod fibers merge 
In the r inSiig two $ 

t1oot atonietngfeature Is bow can a single cone handle 

such a vi.4e range of stimulus aznptttudeo. To aOcount for this 
wide dynamic rangoability four mechanisms are responsible * 

I) J very o ious mechanism in pupfllary light reflex that 
010008 the iris in the prcen0e of high average brute. 
tress • Average pupil di ete r is given by 

4 5* 35- ) /( 35+j)n B in candle /as  

The pupil, diameter varies approximately from 2 to 0 m a 
and th+ middle value of 5  am occurs at a brightness 
level of about I ca .l.e/m . Ibie mechanism can modulate 
retinal intensity by a factor of 25 to 1. 

There Is enhancement of cone et between almost adjacent 
rean by appropriate release of inhibitory transmitters. 

it Is believedthat this may be the Function= of the 
horizontal cells of retinal struaturo. 

3) Fe dback signals from the brain to retina form synaptic 
3 t-tons with the amacrine cells which, which in tom. 
excite or inhibit some areas relatt?e to others. 
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4) A fast acting automatic gain control (Gc) oht n oo the 
cono firing throahold to ouit loci l in:onuity vc riatican. 

o chiof mochaniom for At Ray ho tho to Lion of 
oolour oonattivo pigont in bit lit and it accwii w 

1c tion in rol tiv'o darkn000. ^ho iria, inhibitory and 
A N dOvicoo o end cone hana1ing capacity of 1000 to 1 
by a factor 10000, thus y1oldinj on offootivo atimuluu 
ran co 107  to 1. 

Visual 'hrooho d - One of the coot important charactor-
iotioa of human vicion to its o azintj1y Cori thz'oohold. 2oro 
typical vcluoo arc given hero 

Visual Threshold of the Haan 
Vi cion 

I fle idoont on 070 

0.75 ffii0Pocanlilo/in2  

20 quanta/o©c/dot2  

100-150 ctuctnta/ooc 

Totinal int onoity 
Potter 

84-114 quanta 

ko or per rod 	 1 quanta/100 mm, 

CP br 	_ i'yore 

'O t1'or 	 10000 quanta/coo 
h'noriy 	 2440 quanta 

Th000 apply for conditiono o m c ziauc curt adaptation, the 
thr ohold to defined ac the level at t hich c: , .,i t otirauluc 
in pozco .vt,d 5Oø.. oZ the tit3o. 9ho photon valuoo chotm arc 
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tho offcotivo n bor of pbotono t7ithin the vi^iblo aaaob1 nG 
of tho rod oar c ono. The enort► throobold is moaous od vith - 
ac~rrot epot of 1i ,t of abort duration, the p000r throchol4 

to noacurod with a narrow opot of light of Ion duration and 

retinal jntenoity threshold to measured with a broad light 

boom of 1On duration. About 50 of the 1i ht incident on 

the cornea roachoc the retina and about 204 of the onor;y 

incident on the retina at the wavolength of peals visual res-

pono o (507 mm for roan and 555 mm for c onos) is absorbed in 

condo or rods. Thua the maximum quantum efficiencies (i.e. 

ratio of photons absorbed to photons incident on eye) for the 

rode and conso are both approximately equal to 0.1. So Rod 

threshold corresponds to the absorption of about 10 quanta. 

The cones require about 25 times as many quanta for throohold, 

which ohoe their highor noise level tihon the retina to recoiv-~ 

Ina a light into ity corresponding to rod throohold, a partir- 
cu 	rod absorbs a aims quantum of Light only ones for 
every 100 min. The eye can tolerate t i.thout damage a quick 
look at the nays in tho sky which has brightness groater than 
1000 LI ed/r2 and visual threshold is loco than I g cd/n2« Thus 
the brl a►tn000 range botuoon absolute threshold and retinal 
damago to gro2tor than one million billion (1015), 

At reasonably high light levels the eye to capable of 
oanoin ; very small differences in the intensity and opoctral 
content of tho 1fght It receives when tuo large colour oamplco 
(z bout 100 field of vi,ov) are hold aide by aide under goo4 

it l lvation„ the ego can readily dotoot diffox'on .es of 0.L 

in opcctral reflectance. It to so oonoitivo in this rogard 
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that tho cyo could diocrimivato o omc at loot 10 million 
different oolour ocmploo, 

Ioopinij in vio tho innuaorablo viounl pattorn to bo 
proc0000d and perceived by the oyo, it is ncccosary to noourio 
a hierarchical or,,anization OiZ il;,Ar to tho tolophono dialin 
oyotom, The £irct 1ayor of visual cortor output nourouo only 
pr000000s nimplo pattern, such an ctrai: ht linen and oircloc) 
in tho gout- player the oimplo otrokac ctvo uay to combination 
of otro os, a h ao lottoro of the alphabots groupo of lottoro4  
Duch as oy abloc arc handled in the follovina layorl finally 
groups of oyl.labloo, or fordo are analyzed. Ideally u oin 10 
neuron can stand for a letter, or a oyllab3.o or an entire i ord. 
Visual pattern are acnunod to bo time invarlont. 

Some C#uyton quotctiono regarding visual cortex orCaniza-
t ions are gLvon  (-Fie .- ---3-3. 

"Area 17 to tho primary visual cortex, uhich lion almort 
entirely on the social azio of oorobral boniophoro but ortondc 
out of to longitudinal fjeouro onto the outer ourfaco of 
occF/pital polo. Area 17 io alco oallod the striate area be 
cause of ito otripcd appoYr noo to the naked aye. Area 18 
lion Immodiatoly above and lateral to the vicual cortoz and 
area 19 lice still f .rthcr above and later l to area 18" , 

" octriccl otiaulation in tho primary vioual corWoE, 
crow 10, or ar ia 19 oau000 a person to have optic auras - thL v 
to, f1cvhoeof 1t t, colours, or oiciplo Corms ouch ao otaro, 



dioko, trionloo and oo forth-but he d000 not ace oo aplioctcd 
Form". 

"SticulL t .on of the temporal cortex on the other hand 
ofton olicito complicated visual parooptiona, oomotinoc cauo 

ing a poroon to 'coo' a scone that he had known many yearn 
boforo' . 

Uidoopread destruction of areas 3.8 and 19 dooroaoc3 
ono'o ability to intorprot ahapoa * sizos and manning of 
oh3ooto, and can oauoo particularly an a rurality Inoun ac 
alonia, or trord blinr.neon, uhioh moans that the person can 
o ao uordo perfectly well but cannot identify  thoir t eanin3o b 

Uooi3ruction of cerebral cortex in the anu3.ar, ;yrus rot3ion 
,trhoro the,, parjotal and occipital lobos all, come to, othor 
uouaUy makes It difficult for a parson to correlate visual 
ina, os uith the motor functions For instanoo, ho 3.o able to 
aao his plate of food perfectly well but is unable to utilize 
tho visual information to direct his cork toward the food, yet, 
If ho feels the plate vrith his other hand s  he can uco steroo-
tazic information from his oonaothotic cortex to direct the 
fork aacuratoly". 

Vial Perception jA 2haoretiaal A 	o 

l3otor'e procoodinj to the visual pattern pro0003in and. 
r000 uition In human brain, uo ohould have an undorotandin; 
Of tho thoorotical aspects of 'soul porcoption• Sono iapor-
tant questions are hero before u to sock explanation. How 
patterns are learned or committed to mcxor 	line those pattoi 
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aro rcco sized u ioo. ouboo ;uc tly oncountoro~k? Ho pattorn3- 
aro rcco nizod tandc,r unfavourc:blo, rcal world condition3 ? 
tr'ion they are di-,tortod i enlarged or rotatod or viouoc+ ulon -
crith other pat tomb in a cluttered anc noi3y vinutal field? 
The patterns are stored in the tnomory as a net pork of memory 
trceoo which reproaont the fe tures of the pattern and the 
attention ahifto Muy take the form of oac cadic oyo-movemento 
or intomndi. oyo movements which are loss than 1120,, Thus 
momorioinj and recognizing a pattern aro closely analogous 
to uaoeriain and repeating, a conventional so ucncc of boha-
vlour each being an a1tox'ting sequence of sensory and motor 
not ivitio o, During pattern perception this theory gives a 
clue os the presence of ocanpath. Thus learning a pattern 
is oiraiiar to oonatruoting an internal roprosontction of the 
pattern in the memory ihi1e rccognizir ; a pattern is analogous 
to finding the internal representation of the pattern in the 
memory. During r000 nition the matohing of the pattern is 
1-uided by tho internal representation thi :b directs attention 
from feature to foature of the pat torn. 1very individual 

fu 
develops his ova way of sequencing in tracing for  es of eL-oh 

pattorn and thin way of sequencing i.e. the ca path is 1rgoly 

affected by the habits of the individual. 

Lye and Visual Corton 

^Ito combined system of eye and visual cortex senses the 

visual field and ortraoto and processes useful information 

from that. It to assumed that tho visual cortoz detects 

simple 4"t-.turoo as linos and auglcs and the focture detection 
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beyond this otc13e procooda a to iin oomo chat more cornplox 
oloment© of a pattern to be, dotoctod and conoidored ao faa' urn 
or prim ivo olomento. Tho notion of tho raov; ition of a 
pattern is bawd on the presence or abaoz o of each dotcct-
able foaturo at each location in the visual field uhieh io 
oxtrc.ctod by visual cortex and o uppli.od to recognition system. 
A note cmrthy point io that feature dotction is not uniform 
throughout the visual field but it is non dotailcd. and pro -
ciec near the contra of fixation (that part of the vioual 
field t7hich to imaged on the fov-a) and only Gross feature a 
are dcXoctod rat the imprecise location3 at the periphery of 
the visual field. The centre of fixation to shifted from 
one point to other In the visual fie2A by rotating the eye. 
The movement of the eye is c ontinuoue...In nor al operation 
the eye alternates, stationary poriodo fixations, 'rith f_ t 4, 
rotational movement o, aacoadoawhich move the centre of fig.- 
tion to now locations in thoviaual field. 

The recognition, a uotcm at one time inep©cto on~.y fo . turo 
or foaturoo dcfaoted by visual cortex in email aroo of tho 
viarual fiolde The contra of attention to ua+u .11y, though not 
o].vayo, oboe to centre of fixation, The recognition eyotom 
ohifto the contra of attention to difforcnt places in the 
vioual field but this door not altiaye shift centro of fixation. 
An attont i on shift of largo angular displacement 50 or more 
takoc tho form of oaccadio eye movemaut unlooc the crude 
fntnro dot cation in non-wfovoal ro,gion of the rya ie accept -- 
able, wh1lo a email anGulur attention ehift (lase than 1124 ) 
may ho aarriod out internally without moving the aye, the 
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contra of fixation simply moving to a new point of the . visual 
field in the neighbourhood of centre of fixation* 

The Internal representation of any pattern in the memory 
oonsiste of sensorymotes memory tomes rich are the rep* 

0 cards of post sensory and motor activity. These records are 
connectedby undireotional links indicating the order in 
which different activities occurred.. 8o a chain of sensory 
and motor memory tx oes can record an interactive sequence* of 

events*  a sequence of sensory situations and motor activities 
which transformed each into the next ,* The memory t c es are 
normally inactive but during recognition  as one of the £►emO 
sensory situation Is e, ited duo to attention mechanism, all 
sensory memory traces recordi.ng previous occurrences of that 
situations 	 t t associatively. These active traces 
are now available to the recognition system which can probate 
the activation by same of connecting links, 

Learning or memorizing a previously mown pattern 
for its recognition in future,  is a process of constructing 
In the memory an internal representation of the pattern. 
Thus may system must contain a model or internal r+epre- 

s entat ion for each, pattern hiah is to be reaggnized. Pcr  
larger and Drip:.ex patterns the internal representation of 
its eubpattern in the memory associate in an orderly 
sequence and that;} •oog itiou of final Vattern thus takes piso,. 
Internal representation of the pattern in the memory 
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is oquivalont to the fos_.turo nottiora of oonoory and motor 
momory trcovo,Y tho oonoory traces , ropronont and record 
foaturoo of the pattern and tb3 motor traces recording tho 
attcntion chifto to 30313 all tho important fecturoo of the 
pattern form one fot.tuto to the other across the visual field. 

The feature not cork is a doucription of the pattern in 
torso of its fort urea and relattvo 1oo~.t ieno . It is a way 
of broa'ling dot n tho pattern into managas~ble, memorizable 
p01o00 and an intention of those peicoo represents the 
pattern us a uholo. If an unknoun pattern is prosontod 
before a poroon, he ozploroo,invootigatoo and analyzoc the 
pattern throu attention chifto from one feature to other 
and trio to find Ito oquivalent in the memory but absence 
of Ito oqui` ale- nt in memory mai oo the person to get acquaintcd 
with the foaturoo of the pat torn and a fetAturo netuorIc iu the 
memory is foamed which contains record of features ae sensory 
traces and attention shiftofrom feature to font o as motor 
tr .coo. The feature notrork does not Include all possible 
mttofltio.": shifts bottioen footuroo but only thooc iiich occurred 
Frith come fro uono y. 

R00 ;~ tion of a Pr►.ttorn 

flocogition of a pattorn is the proocou of findin; a 
featuro notuor1 In the memory uhich is a rcpr000nt:.ation of 
tho pattern or uhf: oh matches the pat torn. It is a ooquot sial 
process uo itch the foaturca of the pattern and memory feature 
notluort feature by feat uro . 
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AC a pattern appoara in tho vicual field, firotly 
attention to firod at any foaturo at random. Thic foaturo 
nctivatoo conoory trucoa in the memory, in one or more fcatur; 

notuorko a the pot rAtial znatehoo for the pattern and one of 
thooe nott~orI a in arbitrarily o©l6ot ed for matchinC, Tho ro- 
co_•;nition oyDten noti atte 1pto to match feature not 7ork Gnt 
pattern feature by foetus through attention chift3. Tho oo-
quonco of mtl:tching foaturco 3o Guided by the memory feature 
notuorI and vorifier the ouocoecivo foaturoa called for by the 
nottlorlt. If the uot~rork is in fact a correct match for 
pattern, then all the fouturco pill corroopond and the pat torn 
util be oucs000fully recognized. If the notuork ie not a 
correct match for the pattern than recognition eyrtem uiil. 
aoonor or later fall to find the feature ozpaotod at come bac^-
tion. The roco ,nition pme4 s to thon aborted or reinitiated 
either uain another oZ tho feature notuori originally 
activated or rootart ing entirely uritb tho moot recently pro-» 
coocad foc.turc. Such miimatcheo and restarts can be greatly 
reduced by expanding the sensory memory tracoo to record not 
only the feature ibioh -the current object of attention but 
L is o a fors groan aoaturoa detectableP° or` hor%ally at the same 
tiro, Thin reduoco tho number of memory traces which match 
and are activated by the consory situation at the initial lo-
cation of the attention and incroaoeo the probability of a 
oolootinG; a correct feature .natrork for matohin frith the 
pattern. It also roducoo time talon for reco nition4 It to 
propocod th..t ouch o aneion of aoariory memory tracoo to 
record peripherally dotoctablo gr000 focturoo occurs gradually 
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. o the p to n b000m co roll tcn_olAn and it io-,-tutu a-tuorj 

bcconci cucil ootnblieb,o in the c c ory. If, eta an pro~a~►o:. ~. s 
cro conni cr £otur o corroopondinj to oo=ory oit :'tlon n.d 
c.4 d onti on ehi u!" co:o i oop^ondin to moto? ©mor t t 'tt000, ac o 

risinc; a pattern bccomoe analoBuuo to aomorizin a convcn-
tional ccqu nco of behaviour and rcconizinG a pat orn io 
analo ;ouc to ropcatinc this cocuonoo of behaviour. So momo- 
ri3in a pattern involvee rocordina in momory a cerguenco of 
aonoory oituationo, the foatureo of the pattern and atton ion 
oiiiftr from each feature to the next and xtnalooucl.y memoriz-
ing- a conventional sequence of behaviour involves recordi  
in nomory a aoquenoo of con3ory c.ituationo and the motor 
aotivitioo uhich transformed each situation Into the nest. 
Jimilarly# In the recognition of a ,pattern each verified 
feature loads to a motor memory trace iae♦ attention shift 

uhicb paocoo to the nort feature and analogously in the ropo 
tition o2 a aequenco of behaviour each proviot ly ozporienced 
conoory situation leads to the motor activity which brin 
about the ncr.t ocnoory cituutiono So pattern perception and 
behaviour germ to be procood in a eloo sly* tualoous fashion 
and require .,cmo t ypo of memory cyst t. 

Ifz lookc, In a xray, habito play an important role in 
the pattern prcoption us they do in behaviour, i. behaviour 
habit may be con:idurod to be a ocquoneo of profcrroc2 roo-
ponsco to a ocqucnco of sensory oituation3. In tormo of per~-
ception theory,, this bocz'.. oo a habitually preferred path 
urhicb In follo; ~dthrou h the facture notuoxt uhon pro :corm, 
from fca wo to 2o, turo durin momorizing or rocs zin ,. 
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hio pt h 0 refo 	to Sao oocLnpath. Each poz'oon dovo3opo 

b,j,O ©f, oht c' oriotic habito of bohaViouis', € 0 caGh oan bo 
0XL!COtOd to dovolop hie out charocteriotic COaapQtt for t oh 

pattcrfl0 ho can rocoa .fleO 2bo ocanpath rill . be difforc t for 

dif2o fl pattorne and for a VO1 pat tore ou ,Agatha rill 

dtftor from poZouu tO Porb0a. Tho ooanpath its fizod and 

uha 000 .atio for a Givoa pardon vxoting a , i1ron patto l* 

The roai tiurici pattOrU3 and throo dinonsio al ob ooto 
are to bo p cived undor various uutavouzab .e Q14 coufuEi 

OitULti0w or conditioin t 

i) Pattorn my be proocucod to the ogre in a tranforacd 

voz'oion j on rgodO disnin.ohod, tranolatod or rotated, 

often acs a reoult of its pocition relative to tho 
oboorVor (thoQh in praottc a hurmno ohai oair a iinitod 

	

ability to 	 ognizeroe 	rotated patterns 

2) Pattorp may be a dietortod version of a kno UU pat to t 
or It may bo of t ..er to the ltnotni pat tern and should be 

roconizcd as ouch. 

} Patton .o Gonora ,. t obeeruod in pr000ncoof other 
a 

p€~tto'ao (clutter) or irrelovont vioual atimu (no :oo) 

rich fort a o onf usl.nG background amcIiot which the 

pattern ouz t be r000gatzotl and belated no a oopsrato 

out it 

To rood loo a pattern one moot irot it oro the irron► 

lovont and con uoi ; back rot ado oiaoo the visual fiold no 

pr00000c ao a t7hoioo without ooloctivo attention, but to know 



44 

whioh features form the irreievent background one must 
already have recognized and isolated the pat tern. By pro-
cesding sequentially with attention directed by feature nst-
works the proposed perception process steers a middle course-
through this ddlemma. If a vie al field contains one or more 
known patterns together with miscellaneous background noise and 
the visual attention falls Initially on the feat n e of the 
pattern, then recognition proceeds In a norsal way from feature 
to feature through the feature network s, the feature network 
directs the attention from one feature to the other feature 
tb$ avoiding the effect of noise and clutter. The pattern is 
thus reco ized and isolated getting rid of other patterns in 
the visual field#  whi+ h may now be subjected to the same pro ,-
ease again, to seek out other patterns. If soi etu ' the in-
itial. attention falls on, thhe noise feature or clutter, t ran 
whstevrer matebtog will be tried, will fail and process will 
start with a new feature, thus encountering and recognizing 
all patterns the visual field, contains. 

)tceptance of certain degree of inao^uraoy is eeseutial 
while recognizing distorted patterns i.e. accepting a teats 
s].ightly different from that specified in a eexw cry memory 
trace or at a location slightly different from that specified 
by the ttent ion shift in the motor meter trace. The degree 
of inaccuracy must of course be controlled and should not be 
accepted beyond a limit since ezeeseive tolerance will allow 
any pattern to match any feature network. Tr lat•d 
(shifted) patterns requi.lre no special bandl.ig„ ones the 
visual attention has fallen on a feature of the pattern, 
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me.kiflej with tho featuro notiorb 1nvolvoo only rolat ivo loca-r 
tiono of tho romaixizi foaturoop rather than thofr aboolato 
loo. ti o 0 

A uniform oaalinrj faotox to applied to reooaniao on -
Trod or diDiaLohoc2 pattern to each attention shi , callod 

or by t10 feat tn'o not is `r , the ooa i ; 'act i a° boi doter-' 

Dino$ at tho tip} of first attontion chift o Si tic.rly, ro 

tatod pattorn3 require that a uniform rotation be applied to 

each attention chi . Th000 ad ju otD onto iU tiatob the loca-

tiono of the Coat ee with the locations dictated by foatrxro 

nctuork but the features .thoasolvoe havin3 boot onlarged. 

dit inichod or rotated as a pants of the p*t tern till not match 

directly vita the foaturoa opociftod in the concory memory 

tracoc. Tho aimplost featuroop lines an anjleo are infact 

ooalo invariant by nature but in cnor it to n000aosry to 

accuno that feat uro dote ttion proceno io scale invariant (as 
re do more ocaploi fcatwoe) and rotation invariant (to the 
o ont tho recognition to). 

- t~ t 

'rho feature netuork for a veryr comploz pattern could 
contain vary ran' moc ory tracco aid be na eably oomplosee.j.,w-4 
Guob cospl.o~r p ttorno sa bo tackled by tuO level (or on 
love l) feature not corks, The upper level not iorI break the 
pattern doun to logo oamplor. oubpettarnn each of tvhioh to 

than ropreaoutod by a norial notuo s of nawacablo co 3plortty, 
On the 3.ot7or lovoL L Conooquontly the upper level nett of 
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v, 5 Oo~ io tho ovorall impr000lon of tho rtorxt a ►d tho 10t7or 
lovol noit7o!k r000ro tho doteiia • In Pact thorn caxo ix nj 
pCobicEO of porCotiafl 	uZo of oontont v tho r000id
to  xi oftonr baoica11y QiIilt ob3ooto each ith minor d 0 
tinativo foattur^o etc.) Vhiob are oinp2.ificd by aootminj 

aafl 3 ovo1 of i ter l roroocnttitiou 	Thio approach loa o 
ovontuu:i1y to the oonoopt of the orraziie oguippot2 tttb a 
complete hioraohioall r or anized Dodol of Ito ouvtx o 
the f or~turo nottic im of the proo c t theory boinj oinply the 
louoat 1GIOL. of Ito hio rci y 

T:c~ao 	ti on 

 

of 1,101 » Knorr P taro 

Ac pattern bocomei tiofl unoc n each eex o r memory traco 
In the fcttaro notuork ozjxn to record not only the fotturo 
c000ciatod with current ob)oot of attention but tloo coma 
cz'oQ fcituroo dotootablo porip1ior .ly at the came time* O 
a vooult of this pr000ao reeocnition of a oU lcmot. n pattorn  

DcY craLmlly bocos poocib10 without c mplotir the cc npatb 
tfld voriyitj all foaturec nitiateIy tmith a very cimplo or 
diotinetivo patters, the first fixation of attention may 
ouf 'ico for roco .t ,on, In a aoquontial recognition p1 Coon 
there io no n of point at which z'coogtition may be oa 1d to 
oc our but rctbor there ie a gradual -build up of certainty ac 
each feature ic vcrifio. 

Any coq tla3. pattern roco itt o theory OUOt face 
trap asobl cmo o 	h r000, tioi opao4o of ubibch htc o a o 

+ apa blo o 22 QttO iori obiito 'Cato tho form o oho covoo n o 
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not Qoto than SOW? or 2ivo £ir,Ation cro pooz iblo or ooeon 
hotic 'oio  ftitorrm3. ct tontion rifts orc not oc b joct to cooLo-
nica1 Inertia oa i ps00ood rat nourc i oDoccio o I tbiav-ay uttl 
tho hot ► of  o4ditioncL1 Aho't to= Qc iory to,ohio oeop o r000 -
nitiOf oo= Oz1ioctb1ô ithiz t otnc o of tho thoory 

Di r. cllt OYi .]. 0 	0291  

TIo tornai reocontttton of t throo dirnr,ioncii 
objoot io oiDply a font o netcrork r000ziing throo diiuoian3. 
foatu o aid throo tttuonGionr1 ohifto of attention =a tb .o 

matched trit ► a throo 4imonDtonai ob joct Urix rQ003flitiO1  in 
t10  



The problcm oZ colour vi-ion hac intri uod roan. for 
conturiec and oev• r ,3 modulo havo bo2n proposed to ei plain 
colour visa: on proceoe. The immenco intoro it of this field 
fetched icy due to 	extensive industrial use in colour-~ 
photoGr .phy color pr ntinn, color t:leviaion and the r. nu--
Cacturo off' colour. ntc for dyes, paints, plastics etc. 

In the induotrie3 uo have to scorch for a tolerance in 

colour for it proper perception smullor the toleranco costlier 
the control procene. So we have to optimize this toloraneo for 
the cost of control. Dtfferont formulas have been proposed 
or this colour tolerance. In this context it grove of utmost 

itportance to have a better understanding boy in humans the 
colours are porciovod. It rould be vary helpful to have a 
model of human colour vision that could quantitatively predict 
colour discrimination capabilities of the eye under practical 
vioiing conditions but no such effective model exists. 3o 
there has been Groat need for theoretical modelsof colour 
vi7Lion which intoarato the experimental data into a consistent 
frame of reference. There are come general models, particularl, 
the trichromatic modal of Thomas Young that have been useful 
as a frsno of ro; oronco for coneral zing experimental data. 

. j 4 and Graham ( 	have rivon very .;ood ;enoral dioce 
cions colour vision for deeper unclerotandin of this coaplsz 
arcs of colour vioion. Diocunsionn of colour vision directed 
particularly to tho phyciciot .'vc be^n iv~n by c~ rs 	and 
roynman 	. i o c dotuilea information uurith emphasis on the 



practioal toped i of colour theory is iven by .~vano 
Judd and yszecki [._-J , Be]limeyer and ldltzman [ -- } . she 
dev1opment of coloretry isdio :u3ooc! in detail by E :d.-ht [ ~ 
who performed the colour'makintj experiments on which the 
modern system of oolorisetry is based* An excellent collection 
of axpe-rte of major source articles concornin8 models of colour 
vision have been provided by Teovan and Birney 	]. Critical 
evaluations of colour vision models and the a regiment or dic-~ 
a ;reements between these models and experimental evidence 
have boon provided by Balarnan and Sheppard f J . 3hoppard'a 
report is directed tovard the engineer and physicist 

e.of çojixtur  

Newton discovered that aprism separates white li t 
into itf! spectral colours. In 1672 he proposed that 1i-ht 
con,3ist -7 of particles of different size thich decrease in 
size from rod to the violet end of the spectrum. These par 
tides when impin a on retina, induce vibrations of different 
frequencies and these vibre t iox2z are tranomitted to the brain 
through optic ncrvn and aocordin ;ly e, colour sensations are 
produceti, ilowrton also proposed a colour circle which described  
the of. oot of mixing oolozarrs • The colours for imrrow-band 
lights wore placed on the perimeter of the circle. The colour 
of a mixture of light is determined from the dia :^€m by a 
'Cootrj-•of Gr~.vity' calculation based on the coordinates of 
the individual lights in the mixture. 

In 1801 gourd, proposed the triohro.4,_.tic model, cyhich 
in the basin for prsicticLly all o:0 our r ad.: vu mot1olo of 
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colour vision. Ho propo^od that retina has throe types of 
photociotoCtorc with different spectral OCoponcoo, and that 
ni ;a:.10 from there photodetoctors are cent to the brain to 
provide colour sensation. Those three photosonoitivo do-
tcotore are usually assumed to be primarily red nonsttivo, 
groan- sonctt ivo and Blue oonsitivo . This h jpothooic is 
basod on the fact that colour samples can be arranged into 
a three dimensional array in/f terms of colour sensation 
they evoke. ITa roll clarified, that Young 'a fundamental 
contribution rao to recognize that this throe-  dimensional 
charactor of colour was the result of the tray the eye per-- 
ociv ;d the light, and was not the result of the charactorieti.,a 
of the pronto reflecting the light *  or of light itself. In 
other words, colour is thrco imennioncl because the eye 
perceives colour in three xiayc, and not because there are any 
throe dimensional aspects of the spectral characteristicoof 
the light itself. Young explained this throe dimensional 
property of colour vision by proposing that the retina has 
three typos o photodeteotoro with different spectral reopono:n 

WL 

.£tor half a. century, P1azi ell and Ro11holz, almost at 
the eamm time, keeping Youn 'o theory the basis., dovelopped 
further the aspects of colour vision, flaxwefl performed 
crude psychological ozperimento to measure colour-matching 
properties of the oyo. Helmholtz explored the colour matching; 
of the eye much more thorou,hly and elaborated Young's simple 
modal ortoneivoly end built a more detailed colour vision 
model called Yoim Ilolmholtz theory. 

'77/59 
6i 
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Tho Your, 'o model provided a preetea theoretical founda-
tions, i iiich t co icohina in rJouton'o oomouhat arbitrary cc1cu-
lttior . The fot'nd33tion yioldod a maths .tically oonoictont 
not o hypothor c for colour mixture which could be rolatod 
to poycholo„iaal ozporiment for vorification. Accordin; to 
the Young's mod©1, the retina detects three colour signals , 
uhich are deoiazk 'y .;d no B, G, 13 that can ba ezpro toed as 

R = 	►(A)I(A)4, chore 1(A) is the received light spectrum 

G = E(A)I(A)dA r(,%),5(A)and 'i(A) are the spectral, ro; F jonc 
B = S(.A)I(A)d , 	the three photodetectors in the retina. 

If txio light spectra have the same B, G, B values they are in-
diotio. ,uohabio to the eye. 

The assumption Boos that we cannot learn directly from 
psychological experiments as tbat are the spectral responses 
i(A), E(A), t(A) of the throe photosensitive elomenta. lio 
ever it can be ohoun that colour matching experiments can yi 1d 
spectral rccpour eo that are linear transformations of r(A),' 
.g(A), Si(A) irhero the ocnotcata of transformation are un.knorte 
Fit. (4.i) chows spectral responses for standard human obseru+r 
that are used in colourim try. These curves were standardized 
by OIL (1nternatonal Commission on 1lluminat .on). These were 
derived from colour matohina experiments and are desiGn: ted as 

(A), (A), (A) . From these values trictixnulus values At, Y, 
Z can be calculated for any given spectrum 1(A) as follows: 

Y = 	(A) I(A)4yc~ 

Z = 	 (A) Z(A)dA 
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AocorO.jnr to the Young I odol E(A), F(A) and z(A) aro lino r 
trr-.nn ormationz of retinal spectral rooponeea 	(A), E(A ): 
(A). The tri otimulue valuoo X, Y* Z are linear trunofor-. 

matior of the throe eigzrnlo Rv G, B formed in tho threo 

photosensitivo elements in the retina. So two liijht opoctra 
have same values of X, Y, Z are indietiajaiehablo to the 
human, eye, Laws of colour mixture as followed from Young's 
Ito del are as 2ollowc: 

1) Trlvarianeo in Colour i atc i : The eye can match in 
colour any light (sanmple) by ulDing appropriate amotnte 
of three suitably chooen standard lights called pri-
m srieo. In making this match it is often necessary to 

add one of the primarioo to the sample light and match 
this mixture against a mixture of other two primaries. 
Theac primaries must be chosen so that mixture of the 
two primaries cannot match the colour of the third. 

2) Q 	 If two lights match in 
colour under one col dition of the adaptation of the eye, 
they will match under any other condition, oven though 
the colours that are evoked in the cue may be different 
in the two adaptation conditions. (Two li ;hte that 
match in colour but have different spectra are called 
motamero. 

3) ltsao©. t .ve a : if light A matches light B in colour € n* 
light B matches light C, then A will match light C. 

4) ii of Additivit~r: If l ht A. matches lig ht B and light f.wri r r/rw 41r fir. rrr i ryr.rwrnr+ 

0 matches with light p, then mixture of A and C will 
match mixture of B and .Do 
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5) idol !i_cQtiqe .Lr t1z if liiht i matches light B, a 
? i; it ttith the same spectrum as A but 9 times intensity 
xTill match c: light with the Dame apoctrum as B and t 
times the intensity. Zlultiplicativo law is actually a 
diroct consequence of the Additivity and associative 
lauo. The testa of lwo of tho color mixture, estab~-
lishodi by r art of , and Helmholz have been repeated by 
other researchers with greater accuracy. 

it is possible to postulate a limitless family of models of 
colour vision which satisfy the basic Young models Thum tho 
Yount model alloiio a very wide variation of ph; 3iolcgical 
detail and of the processing of tho trichromat .c spectral data 
to four colour oozoations* Practically all the models of 
colour vision of last century, as shown by Wright and Judd, 
satisfy the Young trichromatic model. 

The fundamental premise underlying the general acceptance 
of the Young model is th% • the laws of colour mixture have been 
veri,2iod oxperimentally.Bierneon shove that these laws hold 
approximately and introduce a degree of error at higher accu-
racy.  #, A ooriou problem in evaluating the accuracy to which 
the la to of colour mixt a-4,old is that the eye is extremoly 
accurate in comparing spectra that are nearly alike but ex 
porioneoe ren t variability when matching colours if the epectrt 
Is radically different . Th.oroforo it looks quite difficult 
and complex how orror and variability in colour matching should 
be interprotod. 

B6ornoon ha-- pootulatod a nodal of colour vision -shish 



m 
..ollou YounG model and so disobey lace of colour 

.. t uro to some o tt ont . An it eat scfioo laus of colour 
mixture to first c.ppro mation, it appoaro to bo conoiotont 
tiitb ezperimontal ovidonco. The rccopto 0  accordint to one 

coocu1ptiOf,, ccno© hoar r full spectrum of received light 
and the retina processes this full spectral data in perform-  
inc vioual adaptation. The processed data is then reduced 
to throe colour of ►ai. Since this model bao much more 
spectral information available for retinal data processing 
than dodo the Young model, it is theoretically capablo of 
more accurate opootral discrimination and much groator in-
cenottivity to chaujoo of illumination. 

Colour vision process is an amazingly complex process 
as felt by rcooarehert of late 19t' h  century. Young Helmholtz 
colour vision model failed in many respects to explain colour 
via ion pro coos, an f olt by Hering. In particular, Herirvj ro - 
oonised that tie perceive colour $o mixtures of six basic 
sensations rock, croon, yellcm, blue, white and black. These 
six cenaation form three 5fopi► cnt pairs, red-;roon, yellow- 
blue and tihito black. At one time only one sensation of a 
pair can bo experienced so one colour of the pair acts as the 
ner,ative of the other. Tbu ire experience either red or ,rr'on 
but nearer a rodich Croon, to ezperionco either yollow or 
blue but never r. yelloviah blue. Ue perceive the combinstionc 
of rock and ycllo*r (orange), Yollo r and rccn (olive), green 
and blue (aqua)„ bluo and rod (violet) . e all o perceive 
vtriotr inounti1 of black and uhito mixed with those chrom.f is 
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colours which providso tints and shadoo of colours. iJo it 
was po•,tulatod that these three opponent colour oombination.^ 
€pro `'undvnonte1 colour Oomoatiot of human vision. F -8(4•2) 

Judd derived opcctral r^eporrs os of Hering opponobt~► 
colour` o:naation3 from colour-mixturo data as shorn in Fir;. 
(43). A© spectral responses vary with adaptation conditions, 

these arc roeardod as approximatiorn . tie perceive or ;o when 
both, rod and yo11ow signals are strongly excited and violet 
when both blue and red signals are etron ly oxottod. The wave-
length w for o bluo-yollow a igna34 is zero to designated G be-
ecuso this eorroapondo to pure green sensation. The two crave-
lonrGho whore red Croon signal is zero are deei .ted Y and 
B becuuze tL eso correspond to pure yellow and blue oonsatior 
respectively. 

Itoring model is consistent with basic Young model but 
does not a;roe with the more detailed Young4lclmholtz elabora-
tion of the youn.- model. Incorporations of Young and Bering  
models called, eta o or Zone theories, use three types of photo 
detectors of dif 'ormnt spectral responses and develop at a 
later nourolO3ical ota ;^ three-opponent olour signals of 
Hering model* Thus Young model describes 'prooc oa of excita-
tion' and Bering model 'procuee of soneation•. 

It was originally assumed that a red sensation was pro-
duced by certain uavelongthe and a green sensation by other 
wavelengths but lWrin; showed that visual adaptation proo3aoco 
qre so o ztenoivo that there is no direct correspondence btwecn 
a particular light opcctrum and the col ur sensation It evokes. 
Visual adaptation acts as a ro; ulatory px'oc,zse which nodiiios 



tho ro onoe of tho visual sycitcm so its to cox pan ate 1 or 
variation, of illum!r ation. The result is that the colour 
of an ob j oct gonor lly appear, to romain constant pra ctict. ily 
c.:o-pito vary lane charges in tho intonoity and the content 
of the light rofloctod from the object to the eye, as the iliu-
mination on the object changes. 

In his theory Bering did not give Clear ezplcnat ion 
.bout Croy and ho pimply thought it as a mixture of white and 
black oo ation. Dimmick recognized that Croy is entirely dif- 
foront from black and white or their mixturo. At the origin 

of the perceptual coordinates s, the black-rhite sensation Jo 

zero so ue experience pure grey. With increased li ghtness 
L 

ono perceive loon Croy more white, whin with decreased light-
neon we perceive less Croy more black* Lat'r on Wallach and 
Evans also supported Dimmick'u theory of grey sensation being  

entirely independent of black and white* The luminous percep-
tion provides the -flowing appearance of light blurbs, the 
shiny appearance of gold and silver and the luminotZ character 
of brightly lighted areas. The Grey perooption provides the 
grey character of shadow and the grayness contont of object 

colours 

By examining the appeuranoe of a small spot of 1. ; ht of 
one intents ity ou7rro undod by much larger area of different in- 

0 tensity .lallaoh demonstrated his luminou3-groy hypthosiov t on 
email opot was bri itor than the b ck round, the spot appeared 
white and the buekgro and Croy. than the spot wao dimmer than 
tho back-round tho spot appeared black and the background had 
a glouing or luminous uppoaranco quito distinct from white, 

u 
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Uvz. no and •~;~onholt h 	al~io reccn4ly inVow, yi V© > tie  

lun .noun 6;-rcy or fluorooc'caee' rey ecncation by Como poycho-' 
lonicl o pericrnto. 

In tho colour Television model of colour vioion Young 

and Horj concepts have boon implemantod in colour tolovioicn 

broadcaotj . Colour ¶ elevision camera and broadcootin cyotcri 

operr toc lik a c to ;o model of colour vision. It employs 

throe photodotcatoro Frith different spootral responses In accor-

danoc with the Toun model and procecaeo the signals from  

thooe photodotoctoro to form ito--blucI, rod -roen and Yollou-

bluo opponcat colour ci nolo, follo rinc the Haring modal. 

In the transmitter of colour television, iro employ three 

camera tubes uhich receive images from the scene filtered by 

red, green and blue filters. These scanned signals by a air'-

cult are p converted to their appropr a mixture tncorporat 

jug bums and dif'forcncos. The outputs from this circuit arc 

trhito-black, yellow blue, red-green opponent-colour signals. 

Cortain modulation techniques convert those signals into 

signals uhich are than broadcast* Television receiver detects 

the three opponti nt colour signals and recombines them in a netuc 

to rocroato the booic red, grcca, or blue signals. 'hose sig-

nals arc used to drive the red, green and blue electron gyms 

of colour picture tube. 

The advantage of colour television over s hite-black 

typo is that rhhito-black signal is transmitted rrith a tilde 

bend::idt a, thorod-k,roen oignal kith a n3rrouor eanduidth and 

yollo, -bluo oig :l oven n rro:. car b :nduidth, This provi d o 



optic uoo of avui1^blo tcicvioion bandwidth and allots a 
hi h .' ••rolution colour tol©vieion sinalo to b^ tran3mit o l 
over the o ere ban& .dth used for black and uhito television. 

;.Q.Adamo proposed a colour vision model in 1923 x aioh 
provided a useful framo of reference in a research to improve 
the spacing of colour chips in, the i,unseU atlas of colour, 
The rotiz has rod, blue and green-'sans4tivc cones. The of 
Thctivo stimuli detected by these receptors (fit, B, G) roo-
pootivoly) trhich roprosent the light po ror falling within the 
spectral pacsband of the particular retinal cone. The nouml 
signalc3, VR , VB  and V. have a nonlinear relationship utth the 
effective stimuli R, B and G and the visual adaptation condi-
tioz of the cones, the relationship being 

vi, 	 i I  a  , , 9 	G v  , 	 if B/ B;  

urhero Acv, B and 	is the average stimulus of R, B and 
0 to which different cones are adapted* This nonlinear roles
tionohip botuct.:n R, G„ B and Vr, Vat  Vb  is postulated to be 
the some as between reflectance and perceptual scale of light -
noes (funsoll value). Further pootultlon is that the signals 
v ,, 1 and Vb  are combined linearly to produce opponent 
colours signals according to Hering. 

Adams related his model to the colour matching data of 
colourinetry. He assumed that throe types of cones had the 
£o  y, Z spectral responses shown in Pig. (i.1). he neural 
signal of the thrco types were then 

vx = 	, vy = VY/Y  , liz 	Yz /Zav 
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uhoro fc,Y,Z 	are the tri: timu? uo color': cotry value 	of tho 

li bt reflccotin3 from the pc.rticuL'-r colour oamplc under 

otrndLird (day ll„ht) i1lu ation,  av aQ av 
the triotiouluo colorimutry voluoo of lit roflcctina from 
a ubito ati ard. uood as background for different os uplo. 

Than rc &tjroon, bluo-yallw, uhitc--block apparetxt coloara 
cianalo are 

rod-groen 
blue -yel lou 
orbit a-bleck 

Ploto of (YX-V ) ve. (V5 -VI) for Runscll colour camploc chub 
Toro presumed to correspond to the percoptLal rod-,3reen, and 
yellou-bluo dolour sensations experienced by human observor, 
are plotted. so unformity of perooptual opaoing for colour 
chips would be achieved if their coordinator on the plot of 

(v 'v) To  (V-  VV) rare uniform* 

Gj 

It was postulated in previous models that retina contain3 
throe types of cones with different photopigments having dif 
forent spectral responses. For several ycaro psychological and 
phjsiolo-gical experiments, even under electron microscope, those 
throe two of cones could not by deteotcd, Although there Io 
a groct doal . of complexity in the neural interconnections of 

w 
the retina, no three ear. y organization of the connections bet-
coon condo and bipolcr cello has boon c►iacovcrcd. In birds 



'ctin only one typo of cono - pbotopi sent l .d be n found 
cc iod iaopiin. Ar uz D found that the reconerc.tion time 
conct:. nt of rode uc.o four timoc to that of conce but no dif-
fer nico In rogeno-_•ation tin..) conotanüo had be cn obriorvcd 
ammorlG tho canoe . Attempto to diet inrjuiob among; oonez by 
©timu1a ;ins retina with mioroowpic points of Jiht .,aoun-
eucccooful. Rushton in 19570 by i11rvinatt~ , oyo t ith vary_ 
ink tTavelengtb measured tho small amount of liGht rcf1ootini  
from the black layer behind the retina (Photopi ►ent oiptbe-
lium) and prods od fist positive pbyoiolo3ical ovidonco in 
the direction of d1ffQrIrnt cone typeo detcotion. Ho thou 
b1ca-cbod the retina with a strong ltit and repeated the on- 
perimont and thena found the difference epoctra (i.e. the dig- 
f crmnco botu'oon the opeotra of the two cases) , Pinding the 
difference spectra for varying rivelcntho of bleaching 1iit 
ho decided that the rocponuo peako in rod and croon ro ,ionc 
are produced by rod and green photopigmento. But third type 
(blue) photopigmont van even undetected. Brindley and. Rushton 
again conducted the oxperimonta, in which retina was illumi- 
nated in the reverse direction by shining a bright light throujb 
the uhito aelora, in order to determine 0 nether the pro-
vie uu opcetral roopon3 es tiero produce od by different photopiv--
Mont or by different filter effects in the retina. By matoh-
ins the colour of this light i ith that of the light through 
tho pupil, they ircro able to perform crude colour matches but 
only in the long uavelen,th halt of the spectrum. They found 
that the colour match t7a8 achieved when the uavolong;hc for 
both the dircctiono vort: same. 3o it 'trU o one ludod that 
colour ccriraion cannot be the result of 'iltor ci"fcctc 
in 2ron of tho rocoptore i co Is due to photopi ionte, 
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and liac Nichol firot conducted cpoctrophotonator 
ncaourczento on the cones of diocectod fish retina and then 
on huzian retina, lore spin trancmisoivity opootra of an in-
dividLt 1 cone io monourod before and after bleach . the cone 

crith iic it cnd d .fi oronco epoctrum tae obtained. Thia dtf- 
Ya- 

foronco opoat 	clasoifiad many conoo into three croups crith 
poak rcapon000 in yoll.otr*  Croon and blue regions of the 

modes 151 
apoctrum.Wavouido-m 	a  conco being of very email diamotor 
(fcty cyavolongtbe of light), lid; t interference occurs in cone 
and Ught intonoity varies within the cone with radial die -
tanco, with axial diotanco and with an;1e about the axis. 
T hoar intensity patterns with varying trav elonk  h cban e. Alto 
the light radiated out ou h the aide of cone and so the pro-
portion of the 1i ht po r,r propagatin within the cone varico 
with uavolcn the Colour diiorimination may be achieved by 
sensing variations in the lit intensity within the cone or 
by sensing total power propagating in the cons 

Cones being of small diameter may be considered a 
wave-auideo. Conoidorin5 email taper of conci It is convon-
iont to study the complicated optical uovo effects within ro-
tinal receptors in terms of modes of a dioluctrio cylinder. 
Enoch examined tho bight emanating from the tips of retinal 
receptors and found it to exhibit mode pattorrn and he related 
those pattorns to the theoretical one obtained by 3nitzer 
obot orborg . 

Enoch found that the mode patterns tiers remarkably 
stable with variations of wavelength and in many oases did. 

Was 
not change uhen the uuvcicngth Gk varied over the visible 
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band. -:o rcccptoro a~'o dofinitoly not hOn2Q c:n ouR diolcctr4c 
otrtrcturc,^ ; othcruico tho put'"orns mould chorrje draeticnily 
«ith c. vc"+ c ,3th. J,noch has Liven a detailed oum ry of 
rcr~ccrch acoociatcd with optical proportibs of the receptors 
and oo models of vision based on his vorho Schrocdor in 1959, 
proposed o. zaodol. of colour discrimination in which a tit le 
uo .o dotccto fu ,.l colour information by moae in tho axial 
vLriation of light intensity in the outer soGmont 

In 1952, flyers propocada colour di.ocrimintion model in 
cuhich the d is et ors of the outer a oament c of cones differ from 
coma to cone. This would produce e. difference in spectral 
responses of the cones, 'because a variation in diameter thane.• 
the cmor of light that radiates out the side of the cone. 
Bi ernoon has pootulat cd that o si to cone obtains full colour 
information by ooncin the radial variation of light intensity 
within the outer oet,ont of the cone. Bterneon and Synder, 
based on the analysis of mode ex it4tion in the cones, have 
chotin that the radial variation of light intensity has the 
appropr.ato pattern and spectral rocpowo characterittics to 
provido colour Uiccrinination qualitatively consistent iTith 
that of human vision. 

avoguido erode ovideno cc provide reasons to quest ion the 
ace umpti one 

1) the rotiva has three t ypas of canoe frith different opootr 
characteristic ri 

2) the coif'_ o ante in spectral  reopons o in caused by three 
t yp c of Cone piamento . 
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i3i£rrncon and Uynder have ehoun that the cpeotrophotoi 
mct .' ©Xpc:DiDCUto on individual conoo have not proven that 
rctiv: h_ c thro£ types of oonco. The V ct co Ou w a3to tkiwt 
the conco tend to lock onto different mode pattorm ao ahoy 
are bleached, the particularpattern var "in crith the initial 
bleaching condition of the cone. If t Zio occuro #  identical 

send trould exhibit different spectral rocponsoo with peaks in 
the yollo r, green#  and blue rogionc of visible speotrc m depond-
in, on rrhrt modes they happen to accentuate. They havo shown 
that tho mode excitation praoe$o in a coflo can very otronlye 
trith the pattern of photopi, ent bleaching. This could cauao 
identical comes to look out different mode pat torns as they 
are being bleached. 

filootroLhvsiolo tical ." x crimont T1oc l 

Granit while measuring nerve impulse rates in the optic 
norvo found that when retina was stimulated with a varying  
wavelength, several types of spectral reopono£s were obtained 
in different nerve fibers.  Broad spectral response conaroopond-
ix to -black vhito aer3atLon, was ca3lcd by him as rdooirator' 
and several l rror spectral responses, called  +mac a atora' . 
He accuvad that those were the direct spectral re ponnos of 
individual cones and it was the baste for his 'd6minator-
modulatorl model of colour vision* 

Uveotichin discovered contiauuo voltages in fish retina 
callod S potontiinlo iac Nichol end Svaetichin showed that cortai 
4--potont alo oxhibit chrom t responses, which have on 
polarity at one unvolcngth and the other polarity at the o thre 
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.S-jiotrvntit to corroopondi to roc?-Croon and yellow-bltao o-3pon~-nt 
colour rjCfllO have boon found. Iui S-potcntinl corroopondir; 
to the uhito-black ciGn 1I crao found not to chr2,;O po3a .ty th 

tuuvoloflcth. So this theory provided strong support to the 

Boring Modol. 

Lend showed in 1959 that remarkably realistic colours 

can be achieved by projectingtwo black and white photo ruphio 

inagoo throu coloured filters rather than throe as normally 

=0. Land accepted that his theory agrees with the olasoical 

colour theory Of three types of cones which has at its base 
Young's model* Classical colour theory defines only colour 

equivalences of light spectra* It d totes that if a parti~-

cular spectrum ovokes a particular colour in a {given situation, 

a difforent spectrum having demo triotimUluo values will ovoke 
the soma Colour r en displayed under identical condition3. 

It does not specify what the colour is. 

goat of the theories and models of colour vision from 
Uovrton to flazwoll and Helmholtz aasum#d that there is a ono-
to-ono correspondence between a given light opoCtri and the 
colour oonsation. It ovokc d, but Hering ohowcd that there is 

a strong effect of adaptation prososo of vision on the colour 
sensation and demonstrated that a particular spectrum could 

evoke radically dif oront colour sensations under different 

otctoo of adaptation. Adaptation contains slow or *ouc3OKyCivo 
adapt~►4ion' cad in; tc.ntunoous or ' 3imultaneouo AdaptL t ion' .. 

Land c ph^ciac3 that the major visual cffcct., he obocrved 
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are ooicntiaily inotantcnoouo and so arc c if foront from 
Hcr ni 'a ©uocoocivo .4apt ,tiono Thus 'classical colour 
theory' in tho strict sense does not predict chat colours 
are perceived in )f colour photography and so does not really 
apply to the tuo ^colour projections of Land. To predict the 
colo uro pore oivod uo o fond to 'Applicd Colour theory's It 
1yao found convenic t to normalize the triotinulus valuoo 
xg  Y, Z relative to each other to find the trichromatio cook'" 
is iont s it, T, Z, no 

K = x/(x+Y+Z ) 
= Y/(X+Y+Z ) 

Z = Z/(x+Y ) 

The relative values of z, y,. z are not independent but 
related by x + y + z = 1. So a two-dimensional plot is ado--
q to to represent the triohromatic coefficients. Such a plot 
is called chromaticity diagram, It is most commonly the plot 
y Va . x as shown in I ig. (4.1  ) 

BY linear transformation off' those variables several 
other o romati .ity dia rams can be drat n. In the Via 
solid outside curve the spectral ioouz„ which tray zaleulatod 
from , 	spectral plots cbovn in Pig. ( 	Values along 
the spectral locus c% ve are the volongths in nanometero. 
gash point an the tcro dimensional chrom^.ticity di.-.Wram Cor-
responds to a straight line through the origin in throe di-
monoional plot of the X, Y, Z, triotimulus values. Along this 

ins tho ratios among X. Y, Z vcluce are corrto.nt, coordinc.tco 
on a chronttic ity diajrem remain conot'.nt If the intensity- of 
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light in c hon cd koopin shape of opoctrurn ocao,. ao for oach 
point on Who chromaticity di orr tc 9 th.oro io a uholo f m fly of 

opcotru o tho cone ohapo but different intonitioo. ^ho 

uhito point dofino otato of adaptc tion. iept odor ort 'c:mo 

illu. intion couditiono, the oyo porceivca co hoit achronctio 

(uhhito,, black or G;roy) an object with a spectral refloctanco 

that i© flat over the vioiblo ran!;o. Such an object refleoto a 

1i ht opeo `rum proportional to the spectrum of the illuminant 

Thorcforo, the point on the chro &ticity diagram oorroopondin 

to tho epeotrum of the illur lint represents the chrornaticity 

coordinates for all achromatic objects from black to rhitc. 

This is called the Chita point 

Thus the point on thechromaticity diejram having tho 

coorciinattco of the illuminant represents the point of achromatic 

o olouro and around this point € re arrazk od the various hues as 

oho in the Pig. (4.1)• The contours of the congtont hue are 

shoun fcar the condition of etundard day sight illumination. 

Those arc derived by zu,auririg under day lift the triotimaluo 

Valuco o' light reflecting from colour ohmples of the funooll 

colour atlas. 4ø the distance from the urhito point varies, 

saturation of colour iuoraoes an vc.rie from achromatic at 

tho rhito point to mazmuni saturation of the spectral locus. 

Tho concept of 'applied color theory' can bo associated with 

particular ro5ions of ohr'omatioity d .ate at least appao ,~-

natoly with particular oens tiona • The colouri perceived in 

colour photography and colour tolevic ion otc. can be predicted 

with rea onab? o accuracy by 'applied colour thoory' . 
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Land'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 3s not 
just that the colours are different from what the theory pre-
diets but rather they are different in a unique way. So Land's 
fundamental contribution was to prove that present colour vision 
theory tails severely in predicting colours perceived in oomp 
lax eittrntione, So a more effective model of +flour vision' 
Land's Rettnez model' was ,proposed. Actually t It is an extents 
lion of Adam '  ► model which includes of eats of 'simultaneous 
adaptation' to the successive adaptation considered by Adams. 

In!;:. "4 Inez model land proposes that retina has three 
type of cotes with diffórent spectral responses and that the 
signals from all the *ones of each type  modify one another Lu 
a neurological network, omliod retinex.  The resultant modified 
neuz'ologtoal sigma is equivalent to a scale of lightness #, 
These lightness signals in the three rctinez channels are corn- 

red to foram the colOu enøation. 

The physiological problemfaced by id's retinex model 
in that the 'retinez' neurological network was not observed 
in electron microscope  studies but 'Laud clarified it by eug 
geating that this comparison of the receptor side in each 
retina may be p,rfo ed In the brain* But following this we 
resob the conclusion Out Harms opponent cola ails be 
aenerated in the brain because they must be formed after 

retinex comparison. A possible hypothesis that could remove 
this contradiction is the assumption that the colour informa-
tion is time shared in retina by which single renal neuro- 



logical network perfor a spatial integration functions of the 
throe separate retinex networkS. 

ime 8hsrinodeLs of C lour Teton 

In time sharing models, different Colo*u' signals are 
transmitted independently along a single nerve fiber so a single 
neuron convoys full colour information aM then retina compares 
the colour signals from different points in the visual field 
without requiring separate neurological circuits for different 
colour signals • In 1922 Trolend postulated a time sharing model 
of colour vision* A postulation of 'modulation'  model, in which 
average value of the neural signal conveys the achromatic in 
formationand modulations on the neural signal convey redwgreen 
and ye11ow'blue colour inter tion, Average frequency of the 
nerve impulses in nerve fiber represents achromatic infor "- 

Ha 	d frequency modulation o, riea chromatic information 
when the ere Is stimulated by ftokering black and white patterns 
hetv*en 2 and 20 *;a tint btzt very detinto colour ee at ions 
can be evoked #  called pechner colours. Pry studied PeaPrner 
colours extensively and modified the Troland'e model by pro-
poring a set of modulation eat for rid, green#  yellow and blue 
sensations* 	hroeder ,proposed a model of odlaur discrimination 
based *m optical ware interference within a single cone. The 
postulated that full colour data to fed out of the cone in  
so cor anoe with Troland's model 

BLOMeon postulated that retinal cones sense nearly full 
epeatrue of received light end retin uses this full spectra, 
data' to perform euoosesive and simultaneous adaptation. Thew 



o o iou r data are time sharedin order to avoid need of many 
parallel neural networks conotetent with retinalanatomy: 
As poetulated, each cone employs a aoanniz process to sense 
the mode pattern in its outer segment* As the mod• pattern 
varies in a complex Baer with wavelength, it can provide much 
*ore spectral information than can a three colour eyet . The 
scan starts at the otrousferanc, of the outer se ent and pro-
pagatApr Inward to the uiO • The scan eotivat ee only photo-
plosent molecules at a part cular radiu at anyinete ►t. The 
scan In all the cones is synchronized and operate at a rate 
of l82O scans/sec. The effect of moan to to modulate the 
cone signal with the shape of the radial variation of mode 
pattern* 

ae(rtug opponent colour signals are extracted from the 
modulated laveform at the bipolar cells, Average value of the 
sight indicates white-black information, the red -green signal 
is approximately equal to the first derivative and the blue-
yellow signal 3s approximately equal to the second derivative 
of the waveform. 

Actually the waveform obtained by Pry in his mpidel are 
identical to the waveforms derived from scanning process, as 
shown by Bierneon and Synder. Both have shown that the colour 
signaia for this, model would have spectral responses , ].tta-
tively oonatet+ tt with those of human colour vision. Suceee-
eive and simultaneous adaptation is performed within the 
receptor cell layer In tome of nod* pattern ±ator nation, before 
that information is demodulated to toim the opponent colour 
signals. 
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Col oouor' 	,~►i n t r~► 	S ectr 	aanni 116:1 

The eyes in peo eiving colour perform* a wavelength 
diecrininstion, process which Is analogous to the angular 
disortaination performed by radar. There are two basic 
principles for angular discrimination - (1) multiple detector* 
with different angular response characteristics, and (2) single 
detector which saw its reeperne characteristic. This method 
of colour perception deals with the second approach using  
single detector unlike previously postulated methods of colour 
perception using multiple deteotws. A wavelength dependent 
effect within the cone causes light of different wavelengths 
to produce different epatial + tetribntions of energy in the 
photodetector region. An electrical process scans across this 
photodetector region producing a modulated wavdorm which do-
fines the Belo c' informationa. The do value of the wavefor 
gives the i44te informtion, the first bar onic gives the 
blue yellow info tiara. and second harmonic gives the green-
red info ation. The phase dote inen difference between 
blue and yellow and between green and red,* The waveform is 

...r 
demodulated in the retina to ,den*rate separate do voltages 
'which produce white-black, blue eUow end green-red sensations., 

Almost every theory* pertaining to colour perception;, 
universally„ followed the three different types of photo-
eeneit .ve receptors, postulated by Thomas Young. The primary 
effort of oo3e vision theory relies on 'three or more spectral ral 
sensitivity curves of dolour vision but regardless of what 
curves are assumed or what processing is assumed for the 
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signals derived from those curves„ Colour vision theories 
continue to run into serious contradictions. This theory 
is quite different from Youth •e principle. 

Prinol .e 

 

Of Angular an 

In colour vision the eye performs a wavelength discri-» 
mination function which is analogous to the other dieorim; - 
tion functions 	performed by electronic systems as in radar 
s t ems while tracking a target. pig. ►-4 above the two prin " 
ci,pl s of angular scan (1) by the use of multiple radar do-
tectore having different angular response characteristics (2) 
by the use of a single d.tector which varies or scans its 
angular response oharaaterintio, Pig. Qv54 shows a multiple 
detector approach. Detector A (which may consist of a wave-
guide horn feeding a crystal detector) Is pointed along the 
upper dashed line and therefore has a peak response in that 
direction, while  detector B points along lower dashed line. 
Along the solid horizontal axis*  bisecting the angle of dashed 
lines# both detectors have equal responses. To generate the 
colour discrimination signal the signal from detector 3 is 
subtracted from signal from detector A. This subtraction 
signal or r,a1tant angular discrimination signal i.e. error 
signal is zero for a target along the horizontal axis (called 
the horesi t ), positive for targets above the axis and nega-
tive below the axis. Fallowing this target T gives positive 
error signal and T 2  negative error signal. Par targets 
reasonably close to the boreeight the error signal to approxi-
mately proportional to the angular deviation (or error) of the 
target from the,  horeeight, 
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pi 'O (4sb) i11UL3trato a n ular ooaaning approach, k 

oin to dcr ootor ,o onoiliatod tbroi a en arc o ouch that Ito 

,alrootioE at maziau conolti it' vari€o Frith ttuo bottTocm tho 

tt o daohcd otarvee o aho o2foot of thin coannina to to pro4io 
an cnplit sdo iaodulation of the of al doltvocd by the do-
t oot or, ilo aro tritorootod In the fizet hozinonio of that inodta"
lation iItio1i to tit the froqaonoy at angular acotilatiors of the 
detector, For a tarGot along tho boz'ooight first harmonic 
to Zero. For a taztot above the bvreoigbt CT1) the firot bar" 
monte bce pocltivo phase relative to the detector- 000iUotton} 
rhoroao for a targot bolorT the borosi, ,t ouch ao T2q tho fiz+~t 
ha or is has no, at vo phaoo. The first ionic has maximum 
araplittzdo It the target hoe along one of the dashed our co 

and in the viocinity of tho borooight the a zplitude, of the 
fizat haontc As proportional to angular deviation of the 
target from the boroei it • ' izo first Irnzinonic to demodulated 
by phaco sox itivo demodulator from amplified dotectoz' signal 

3ing dotootor oscillation oignal ao rotezronco • The domodu~► 
lator dOhiV a dO oigna1 000cntiohly oquivalont to that iich 
to dohivored by Duitiplo dotootor system. 

'bo difference bettoon trio app ached Io that multiple 
detector cyotom in very difficult to keep in Ca :Lbratton be- 

cauao it regutrpo t o parallel amplifier obonnsle the gains  
of tf1icb muet bo kept matched. The soa t 	otcct o cyotom 

_4uoh oimplor to build but bas the dicadvantago that in 
acctaraoioo -aro produced it the signal from the targot to no-' 

dulcet cd at a trot uono g shoo to tho angular oc€in frequency. 
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T ►o r naular we an o, Ctc1 can be deceived by aontoz tics 
t odul oo Otto 'aturn oiCflai. Pig. (4.C) Chot=s her the an u-
.ar 

 
ocoillatton or oea . of dot for mod too the dotortor 

Pig. [44t)J ohot the cnu.ar roopox o pflttornd of the 
dotcctoz rbon it is at the ortrcixo pointo in the oscillation 
cyolo, The oscillation of tho detector vibratos the pattern 
butt oon the tao curves. The+enuior positions of tho targeto 
T and a2  era ohotrn. Xt le noon that as the pattern vibratos 
back and forth the oig&o produ*od by radar returns froni  
targets 71. and T2  are modulated Frith opposite pbaeo,a  i.o. ihilo 
tho signal due to . target T, to increasing0  that duo to target 
T2  10 dcoroaoing. Fig* [4.c()1 ahoy the amplitude of the first 
harmonic of the ac oiiil as a function of engizlar deviation 
of the tarot from the barooi .t • Tito different si.gns indicate 
opposite phaoo 02 Ac compor t 

Pig. c4-0 1 ebocrs tho dotoc or si 1c produced by, radar 
returns from tar?olio T and T2. They hove a* modulations  
about an average do value and are opposite in phae it both 
targets tiara prose 	niultanoow4y and produced radar returns 
of eQual of nth,, the ac components Vrau14 cancel an+ average 
value could bo doubled. This t70u14 give a false impression of 
target being along borocight, This problem 1+ avoided in moot 
radars by rage , 	that accepts only a single targot  
return at a tine.  
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o.a nS PrI gi .r~ 	t o . tau ! .Qi to 

AoctZmi1; that ho dotootor o o ,11atoo ito di)oct 1 
woopo o :A tho OCt20 r €flnOr too in anjU1ar 000ne, a m aoohro~» 

tlatio 3.i t trot Ud produce onaC modulaaod nvotoa 3w3t ac a, 
O 

	

	.o toraot tr ,th ontUCr coca door. A Ito opootrwn of 
c t would ooracxopond to an infinite numboz of tuxgoto. Tho 

c ODpOOoato + vao to VQriOu3 t1t WOlcaUftba could ocano o 1 and a do 

eiGflal ao1ivc 	by tho dotootoz vo „d cozroaond to vhito 
aenoation sad tbo r, o oo1npon21t twould co=oapOn4 to chromatic 
OOflE3tZtiQfl. 

Tl oz'o o tto cote of basic ohrorntie oo13oatioz2E o po i-
encod in violon yeU .a -blUo end ,cooped, blue ootinj c a 
moat .7o of 70110 s =d green coting no a D.eXatiV0 of rod. 
h ouoGooto that Chore are tto di.ffere , o iodulntion eoo«~ 

ponont a in colour vioiong one ooponont oozoapondin to 

yollotrbluo and the at or to groon od, The phase of a comps

nont mould dotor ino the dtUUoronoo bot loon blue anti yollouu 

or bot oon gr on oti rod. 	The tyro componon o Could bo Itopt  

o•opc to by boi at dig foront : roquo 	ioa or by boij; 900 

out of phaoo t4th roupoot to one nnothero 

Ono of tho problomo a000ciatod iiith con  conventional radar 

angular coon ic that the target echo must be pz'oeont for a 
time Iv or than ono oo3.o of ovan in order for the anulcr 

dico instion to bO porno cdo flovovor in Flo o 

oolou, vicion a .tt ti on the oyo is able to oco colour from a 
very nho t puioo c, light o much oborter thon any rcacon3blo 
cairn po o h U,pti i;hr can the w a ii prindplc be appliod 
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2 thin oont2it ,on nvot bo catiofiod? It io cocomfoA tcd by 
DODUE 	that to oOaninj pmocooc In oo ur viaioa io por' 
foiiicd cuabocVVort to lotootion rathor than prior 10 cotootiono 
ao in anc 	Goan* 

e A priottic o2foot tithe► tho oono Opo too tho tmvo 
Aon, ho of Sr. tic t it t, o=h that difforont t volan tbbs aro 
con oont: tca at di3O oront rotjiono o2 the piotodotcctor portion 
of tho cono and oz .to the photopi monto d Gonorc, to olootric 
oharcoQ. ^bo cea ► .n5 moobaniom roans baok and forth acroco 
the c otcctoi' cad octlo out the ohatrrao from difforoat portionc 
of tho detector at di event inotantg of time* 

ho pricmatio offcot 4003 not soparato the usvoloijtho 
d1ocroto .y but produoco diffo ont diotributiono of onor 
aoroso the photodotcotor for difforon tvoicnths. 1to1ootric 

vo Ul o pattoriz uithira the cone arc probably r ooponoiblo for 
priomattc offoct, Tho oc'v'ij action could bo prodaced by 
an ooet1atini e1cotric field that control the flow. of chcx jo 
from photodotcotor. 

In order for the coni to be performed In airaploot 
manner tho blrao -ye13, oar and Green- rod mo dulat iono ohs o 03.x, be 
haraomioaUy related Evi4o oo ou oeto that tho bluoyolloti 
otGnal to a firot harmonic aI the Croon-ved ojG=). Jo s 
000ond haruonjc rla* (4 7a) ohove a firot appro ination botx tho 
optical onorgy appo o to bo diotributod acroeo tho photo- 
oonoitivo portion of the coo  by jar '~ Cute offoct a .'.narC;g 
tiots2butiono for opcoifto navoboa, tbo 	who vioZot o bluoo 

Croc.. , goll or7 and rod portion of t ,o opca tr c arc oio n. anr2 
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t ro nor L izc1 to t " ity or convoniouco, 

Eloctrioal co n zacOfliDJ7 Donna bao1 and forth 
corona tho photo3onoitivo portion Of a cono in a 
t+ or as in . octcf. Tho offoot of thio ooannin Jo to pro ,-. 

dcaoo the tiavofoD ahotm in ?itj. (447  k) fo ► vo1onth oor-
roepoudi ,; to tho onor y dictrribution In ?i o (z) • The 
loc or ohoa po iou of Pie. (47b) in producod by a miztura 
of tuo do olou tho rod plus violet, coiubinod to for a ra caota 
colouracnaation. 1o1ootig hazonieo above 3000ndo  the 
yo .ou and b1ua rrnvolori tho acnorcto firat har tonioc of oppoaitc 
phaoo, vhiio the na nota and groan mvo.cntaa (enorato second 
haronioa of oppocito phaoo. For the particular tiagolretho 
ooneidorcd, bluo of crcon , e1 su and 	 ota, of 3o  v'oforre 
are produacd * Xuto odiotO t olonthi produce both first 
and oocond hartaonico, Bata that itagnota (uhich Is purple red 
i.o. rod plus violet) is a s aural primary in this thooz7 
rather than rod,, oven thoub zna ota Ia not a opoetra1 colour. 

The uavofo o arc doaoduinted in the rotina to form do 
siCnAla of oppocizj oiGns uhich produce the b] a elloi and 
poon-znnota oonaatioi o The trnvofot arc filtered to leave 

L 
avca'aao vale vhloh c vco the blaok-ihjto or guninosit, , oon-
Oation1  

Pic# (4.8 ) Givoo a plot of the yo .otr luo ac ainal Ufa. 
the , ►van-'rod' (or 	note) ac eigna.l for spectral liGhto 
of cgual onory. Tho nt bo alon ; the ourvo sbc the rrnvo-
ban b in nilliuicro€ r,, The chadod rotonci rotor aivo the appro-
zi ato colour co atiouc ovohad by theco cvolo tho under 
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normal vic nC conditlono. Tbo plot io o1ouatod 2roo 
of n 	Oolouw miztuzo data plus a 1movloo o ttio tio 

1OnrJtI33 it TrhicI r€ iOuo typo of colouz' blind individual oz' 

po onOO c Croy ooncaation, 

4. conf lau Croup v u r to oø at3 lation io4 t o uocd 

In color' vicion and a oil o 000illetion modo to ac1oqu to 

'o' 	+a;ular +1ioer1ntnation TEo clarification 1c that 
rc &r pc pans o ular 4iooinination on a of to tar  Got oro-

cc tho zcopto * ` the eye o o ,o oc t y dif orcnt tavo 
lonjth rc io almu .tanoouoky cad rcriniroo on adtitional pore' 
optirnl diznonoion to roaolvo uavolantjth mi uroo. 1az onamplo 
corzcidorintj an Ideal radar ith lno= rocpon o obom in 
Fla. (h,9c) Tho orz!orz3 signal is +1 ton targot is at anglo Eo 

zoro rbon at 0 2 and wl at O-. Thus radar can detorrnino a, loo 

of the ainglo to rot by error signals9 But ac.hon tuo targotc 

sr r OflUltcflOOZ3.y at l and0-3 as the error signals are 

cancbllcd and tie Cot sezO error ell con$ucing to a aiaClo 

target at 029 To remove the embigrity of multiple targotop 

an additional modo of sing tihicb generates tho ch aos► 
tortotic chotn In Pig. (4.9k) .o employed. 3 F multiple do-
toctora are cmployc a third detector ► can be used uhich aub- 
t'o.oto its output from the om of the other tt7o, Tho targoto 
at angice !-.0 02 end O3 pro6zoo signals In tbo second M040 DO 

cov oopon tng to the points indicated by 1, 2, 3. 

$iglu from A and B nodoo thou plotted on ortho oral 
azio o1C3 tancouo3y ,;ivo a plot of Via# (c~.9c. ),. 
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12 tho tc oto appear Oit UltaUOoUoi7p a r or.to hao bocm p -
vi&o!l for dofinin in to a nbii onott oonco0  tho Gonoral 
poo .t .ono of tho% the tar otop ovon thouji the radon can not 
broa1 otA the tu.i,lo  tarot return Into to oop srato oompo-
nonto to data ino the oiw of pooitiono of the ooparato tar oto. 

ho dohcd oiVolo Pi , (4.c) aboc the analo3ouo colour  
crhool and ltoci the colour oonoation8 are oriontod around the 
vhooi, By 	ng t'io obrornitio 000rinato in colour tro1iug, 
the oyo io ablo to dioti uioh a ua 'olo th ro .ot at the 
c ont or of the tract  	z 	(at point 2 in the yoiloi croon) 
Cron the oono of to rovo1c t : ro ,on at the on of the 
tracking zone (at point 1 in the rod and point 5 In the blue) 
which combine to produce point 4 in the purpla) w 

'ht tio chromatic coordinatoa are rouircd for the eye 
to ctiotuinaioh oaong  the r riot t opoctral roono in cn 
cbiauouo cnimor. For this reaoon the cqo rcqt4roo tt7o coann 
ning coda for colour oo 	tton thoroao a /3 radar track -s 

i o t c noodo only one. 

i a►on ubito Light is nodulAtod at froquoncioc in tho tango 
of 	op ► to 20 o Apo ob cati o conoationo are piodueod ttioh 
are calls I`oebnor colour 	The froquono r attic' Pochnor 
colonic nro oboorvod &noranooc uith 1tht intensity  which 
appoarQ to tndioto that the eye inoroacos ito scan rate 2ith 

oroaoing 1,bt itt cit;, 
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In this chapter#  we have dealt with some simple methods 
for extracting the features of uncomplicated patterns and re-
cog ition thereby. These procedures may be the representative 
of the processing and recognition of simple patterns in human 
brain, as human brain identifies the simple pat terns without 
much effort. So*  naturally, the process of recognition of 
such patterns should not be much complex. Three methods are 
discussed here 

A. Visual Feature Extraction by Mult la Bred Network 

This feature extraction network system is, composed of 
u analog threshold elements which are equivalent to ne rone in 

the retina and visual cortex. Each analog threshold element 
receives is puts from a large number of elements in the neigh-
boaring layers and performs its own special funct one. It 
taken care of one restricted part of the photoreceptor layer 
on which an input pattern is presented and it responds to one 
,particular feature of the input pattern such as brightness 
contrast, a dot in the pattern, a line segment of a particular 
orientation or an end of the line.. Therefore, the network 
performs parallel processing of the information* With the pro-
pagation of the information through the layered network, the 
input pattern is successively decomposed into dote, groups of 
line segments of same orientation and the end of these lines. 



ithouah cro kmou little about the infoimation pr0000iz  

in bump bin, bW uo oar, partly deduce it from the litoraturo 
of neuropbyoiolooy and poyoholoy and can try a multilayorcd 
nott7ork for £a turo extraction of a given pattern. The presented 
oyoton for foaturo extraction has boon dosionod rrith full ro« 
Card to aoohaniaro of Visual ©y®tODS a An effort hao 'boon uado 
to incorporat o the noahaniew of biolo oal oystemQ into the 
notrrork. An en;inoorina approach to thio notuors analyzes 
firot what visual features should bo oxtractod and then a not-
Work vc donigncd to extract those features effectively. 

Ac a neuron is oxtoitod, it yields a pulse train at out-
put and the information is carried in the form of pulse density 
modulation. The information processing in the neuron network 
to m iniy done at synapses, 3.f a neuron tires its output is 
transmitted to the next neuron through synaptic connection. 
The inputs to the neuron may be excitatory » the strong Input 
at which increases pulse density at output and inhibitory -» the 
strong input at rhich decreases pulse density. The number of 
oynaptto oonncotiona to a single nouron may vary from hundreds 
to thouoaud in caoo of neurons in the visual oortez. 

The information flog path In the viouai system folloxuso 
from iøi to mosaic of receptor calls In retina from bipolar cell 
to retinal gangliaa colic 0  from gangitan calls to optio nerve 
end thcn to lateral goniaul(to bodioa The output from lateral 
gocioulate bodio3 to tranonittod to the area l7#  in the corobral 
oorto then to area 10 and then to area 19. fotinal ganliofl 
coil or lateral Cc icuiato cols shove a response as shown in 
Pig, (5.4ao, 	xho rooponoo of the oo .l is intonsi:"'iod or 



: eopcctivoly. 	bu y receptive fields mz'°y be on~cante jc1c 
~p~s•1b) 

(Pi,;.ata) and off' center field. Receptive fields of the cl13 
in area 17 of the cerebral cortex are quite different from thoc , 
of the lateral cni c ulat a cello and roc p tive fields as oho :,n 
in Pik;. (lc4c) are found plentifully. The nourono which h: ve 
these receptive fields are emlled simple cells and respond Obr-
onely to line (or edge) stimuli provided the position and ori-- 
entationn of the line are suitable for particular cell 'Complex 

CT__' r^`~-pond to line stimuli but the position of the line is 
not critical and the coil continues to respond even if properly  

oriented stimuli are moved as long as they remain in the coils 
receptive field. These cells are found in area 13 but also in 
circa 17. 

ypercomple$. cello « These are found in area 18 and 19. Those 
neurons respond to complioatod combinations of features of 
.input pa t erne ♦ For example one of them responds to the corner 

of the figure projected on the retina and another one responds 

to line stimuli of a particular orientation but only when the 
line strength is in a particulur range specific to the cell. 

ynthegis of fe tu4'e extracting network# AnLloZ threshold^le lent 

Anulo7, thro^hold element is functionally analo ou^ to the nedron. 
The output of an element is an analog valve positive or zero, 
which corregpond i to the firinj of the neuron. Avery input to 
the no~ron, t,7rou.,h oynt.ptic connection, has its own inter-
oonnecti.t coefficient, positive or negative, for excitatory 
or inhibitory cyn-has- respectively. The output off' the element 
is lines. rly proportional to the sun of input oignala tz kin,: 
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into consideration it interconnection coo : icient # provi e.- 
the net input ii more than tUrechola, (..hich is set era) . 

or 
then net cum iF zero .o•F ne .tiv©, output ie zero. iat iem- 

ticwlly v 	r ~ 	c(i)t( ) -(1) wherev = output, c(i) 
i=l 

in~crconnootion roof-ficient of input u(i ), I = 1 .. k and 
rp(u) dL :criboo the nonlinear transfer characteristic of 
clement, namely 

q(u)u u : a 
o U C O (2) Fin. ( 5.2- ) 

(u) has been selected nonlinear to introduce in the multi-
layered network the superior ability than two layered network 
became if a m..ultilayerod network consists of only linear 
clement:, the response of an arbitrary element in the network 
can be described simply as a linear sum of the outputs of 
first layer to which pattern in presented i.e. photoreceptor 
layer. it exploits then full capability of multilayereU net- 

work. 

„ultilayorsd net.-iork of e1cmentc is used for the proccs-
iin of motionleo:1 line drawn patterns. The network mainly 
extracts dots and straight lines from the pattern (it has no 
curve detector) e First of the seven layers of the network 
shown in Fig* (5.3 ), is an array of photoreceptors on which 
an input pattern is optically projected. Rest layers con i.3 :c 
of threshold elements and each threshold element receives lb 
input from not,-hbourIn layers out elements in the same li., yer 
10 have no interconnection. The arran ement of elements and 
their interconnections are all bomoCeneous over a , riven lay u_- 
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cnd all o1onento of one layer have stie cat of intercoMn-.,o~-
in coofficient. The information through perGl lot prccO in 
is transmitted iron one layer to the other through int*:raonw-
nectiono « In different layers the at torn is gradually dew 
composed into dots groups of line segments of same orientation, 
the ends of line segments and so on. 

jiiot sx€ c f or I Or (U0 ) 

It is a two dimensional rray of pi otorcoeptoro with no 
interactions among -themselves. As pattern is pro jetted on 
this layer the output of the elements dependingon the light 
incident Upton it produces positive output following a trrncfer 
characteristic iine.a or logarithmic, In carte .an coordin%tte-; 

u0(x9y) denotes the output of the photoreceptor, situated at 
( ,y) point w.r. to certain x and y axis. 

This layer has a .cement& with on- enter-typo receptive 
fields as retinal j an,,iion or lateral enicu to cello. They 
detect brj; fitness contrast in the input pattern and rc:coive 
input signals is from layer u. ul(x, Y) denotes output of any 
element in this lcyer with position ( ,y) in Cartesian co-
ordinatce. C1C , r,) d°~notesin a connec inG coefficient of a 
U1 element where I and i are the argumerdts to deei =rate an 
individual input terminal. S1 is the 	of all points (I . x) ) 
of a vi le element for which (d1(^  ,v)) = 0 holds. 

u1(x,y) _ , 	0i( ,u1) %(x+crY+i)dl % ~ 	(3) 



p(u) dec'cribe: nonlinear charaotcriatic of the element: we 
have adopted only on-center type 	elements as to process an 
input pattern which is drawn with whito lines on a black b: ei~-
around. Otherwise tie will select off-center-type elements if 
black lines are on white back; ro u and C1(1,11) will change 
sign. Thape of C1(1, t) is shown in the Fig;. 	($,4 ) • Cl 
satisfies the inequality $5 	O1( , rj) dj dT, = 0 	(4) 

i.e. sum of positive and negativee coefficients cancel eech 
other. Sc integral in (3) ele: inates the low frequency compo-
ncnt of spatial frequency from It0(x,y). The diameter of the 
central on-area of receptive field determines the resolution 
of this feature extractor, too a .11 an area is not desirable 
as it exa ;;eraatee the high frequency noise in the input pattern, 
It ie proper to choose this dieter approximately equal to the 
width of the lines to be eztrc-cted. For a pattern with lines 
of various widths, It is preferable to choose the, diameter 
approx. equal to the width of finest line. The diameter of 
the peripheral off area should be large compared to the width 
of widest line and preferably larger than the size of the 
letters to be processed 

Layer ull extracts dote in the input pattern, having 
received the input signals from layer u1« Output u,1 is ex-
pressed as 

u11(x, ) = c{1[R C11( ,r) ul(X+f ry+n)dj dT4 	(5) 
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Interconnection coefficients are shown in Fig. {s.5 } M The 
shape of Cu(i .r)) resembles with Cl(# ~'►~) elements which 
have on'center type receptive field. The inhibitory surround 
of °11(I ,n) however, to stronger in deity and at ller in 
diameter than that of C3( 1)). The interconnecting coefficients 
011(1 ,,i) have been determined in such a way that the element 
uii(x,Y) will respond to a dot pattern situated at a pattern 
relative to the receptive ,9 ,eld Pig. (5-6 ) but not the patterns 
as in Fig. (5.6). The diameter of the central area of the 
receptive field in chosen approximately of the size of the 
.ote in, the pattern* The width of t i.bitory surround should 

be determined according 'to the distance between a dot and 
other components of input pattern. 

Detection of Line Com orients (u and U ) 

u and u2 layers detect line components of the pattern 
with final output from t 2* Elements In both these layers are 
arranged in three dimensional arrays. The element  
will respond to a line which passes through the point (x•y) 
of the photoreceptor layer and has an orientation a(0,C a < ii) 

Outputs of layers u20 and up are 

a2(x,y.u) if u1(x.Y) —i f Cl2 (,n) u (X+' ,y+n) 
812 

J b(G) u2(xiy.a4e)del 	...  (6) 

2(z,y.a) 	cp Cf' C2( , f"a)u (x~- ,y+tira) d f' dpi} (7) 

The interconnecting coefficients C12(i .n). C2(I.n.a) and 



b(0) are shown in Figs 	There are backward interconnec- 
tions as well as forward ones between layers u and u2. i.e. 
there is a feedback loop between these layers. The elements 
in layer u2  have receptive fields similar to those of simple 
cortical cells and respond strongly to line stimui i. The 
shape of the fu tion °2(1 r y,a) is determined by the shape of 
the receptive field in simple cells. Layer u improves the 
ability of the network to extract straightlinee but there is 
no pbysiologi3al evidence of existence of such layer in visual 
cortex with backward oonnectiong o 

It there were no U20  layer u2  will directly receive its 
input from ul  layer and u2(x,yo  o) = 'j1 'C2(,T),ac) ul(x+l  . 2  
y+Yj) dj d qq  -(8) under this assumption receptive field of an 
element u2(z., yr  a) , mac. = a/i  ,to shown in Fig. (54o Q) . This element 

responds to a vertical line presented to this element in posi-
tion ebo n in Pig. (s1oh), but it does not respond to the lines 

$1o) 
shown in Pig, (s-fort),. because the inhibit dy Inputs caused by the 
horizontal line suppress the excitatory input due to vertical 
line. The element also responds to on oblique lit presented 
near the peripheral, part of the receptive field shown in 
Fig* (staff ). Fig* (-5'.1d) shows an, example of the response of 
the response of u2(z,y, 9/2) in the case where U2;  does not 
exist, So line components would not be faithfully extracted 
without layer u20. 

Pig. ( 5.11) shows how our system responds to a cross-
shaped line with the help of u2. layer (only for particular 
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orientation of lines 0 and is/2) for simplL y). A horizontal 
line component Is detected by u2(zr y,o) and a vertical line 

by u2(z,y,r/2). Horizontal line u2(z,Y•o) inhibits the resM-

pones of a (x# y # U/2). At the same time a vertical line com*-

ponent Is detected by u2(z y,%/2) and this output inhibits the 

response of a (xty,o). After the response of this feedback 
loop reaches steady state, the outp*ts of a (z,y,o) and r 2D 

C o ,Yv r /,) are shown in Fig. (s'11). so u2(z,Y.o) and u2(z.Y,xf2) 
respond to horizontal and vertical lines respectively without 

any interference from intersecting lines* 
~LCYCCSltS 

Layer u2D Is also effective in suppressing the arc 
response to an end of an oblique line and layer u 2 also does 

not produce spurious output as such a stimulus has already been 
suppressed in isyer a by the feedback Interconnection. In 
order to avoid this line-44tecting circuit to avoid to respond 

for dot, stimuli from dots are inhibited by layer uA20 by means 

of Inhibitory connection - C12(j# r~) from layer U. 

This network can detect line stimuli even in cone of 
blurring or mutilations of lines, or in dirty background. It 
can also accommodate slightly bend or jagged provided those 

distortions are sma3.3. The width and length of the excitatory 

(positive) area of the function 02( # vi,c) is determined by 

considering conditions of distortions to be allowed and length 

of the shortest kin, In the pattern. 

w-  

This layer responds to a line with specified orientation 

irrespective of its position, An element continues to respond 



even it a properly oriented line is moved , as long as the 
line remains in the receptive field of the el+em.nt. It given 
core output when the line is near the centre of the receptive 
field. This ley+ corresponds to the complex cells in cerebral 
cortex. A given element in this layer is interconnected to the 
output of the element layer u. 

u3(x,1, a) '° , ff 03(101,10C) u2(z++ r y'+T1,,eK)d f dt} 	... (9) 
3 

The Shape of the function a3( ,•a)  is shown in Pig. (S'12). 
For example, a (z,3r, /2) receives excitatory inputs from many 
U2  elements which have vertically oriented receptive fields,, 
chose centers are situated along a horizontal line passing 
through the point (x, y) . 'U any Of the u2  elements detects a 
vertical line it sends an excitatory Input to the u, element 
and the a element yields an output M The vertical length of 
the receptive,  field of i , element is the same as that of these 
e2  elements# If the orientation of the line is not vertical, 
none of the u2  elements will respond and so a3  element alec 
does not respond* $o a given element u3(x,y,u) detects a line 
component whose orientation is a witb.out being much affected 
by the exact posit i t of the line, 

Element u4(x,y,ac) responds to an end of a l .na whose 
orientation Is as 	The range of variable 	a 	is 0 	. a < 21 
for the u4  elements#, because we must distinguish an orientation 
of one end of th• line from the orientation of the other end 
of the ran. line. These elements correspond to by ercomple* 
cell in visual cortex. Output of the element Is 



H( 	1 	 4 	f/± Gf LL  u'ye) t)r(ØrJIq 	dN& 

of ihc. 	 ( 	7fc 	d 	U1L. cf 
C (s 

 
Vic fir C3 C 	o) 

Ll 

ttTi 	 1 

ic 	 (4 I 

• 

U iuv, 	esptd j 	 Cc? 	/ueS lecc o tpi1t fillCb) O(C) 

lOh 'S IZCf fl) 	the 	 2at/ 



u4(z. ,a)  = ,{j 	C4( .v),a). U3(x+Jfy+ )dJ d' 	(20) 

The shape of the function C4(1 ,lhu) is shcan in Fig. (s.14) 

which has positive pole at point (x coo a, lain a) and negative 

pole &t (A Coe a, 1 sin a) and taken a slightly negative 

value in the domain, outside these tvO.poles. Distance between 
the two poles is 21 which is the length of the receptive field 

of u , element. 	For simplicity's sake considering only Inter- 
Connections of these two poles. 	Then output of u4  element is 

u grY a 	zp►ux(x+i cosa,,y+1 at a)a)' Km,,u3(z*.X  cosa,, 

y.i sin a 	 000 (1.1) 

where 	,p  = C4  (1 cos at  1 sin a" a) -(l2) positive pale 

*$ 	"` 	,( tea. Cosa,-' Sin a,a) 	negative pow ... 	(13) 

This u4  element receives antagonistic inputs from two u3  
elements 	whose receptive fields adjoin each other in the 
direction of a, both of which respond to a. line of orientation 
a (these two u, elements are called 8 and I respectively). 
The output of element B whose receptive field is shown with a 
olid line in Fig* (E.1sa) is connected to element u#  in an eaoi' 
tatory manner and an element whose receptive field is shown 
dotted is connected in an inhibitory manner when a stimulus 
like Pig w (5.1560) is presented element E 'i0 excited a1d I re-
mains at rest for element u4 is activated,, If stimulus like 
Pig. (s.15) is presented both elements E and I respond and cancel 
each other, so u4  does not respond u4  does not respond for In-
put as in Pig. (.f5) as it provides only inhibitory input. It 
does not respond to Stimulus like Fig. (s.1s k) aa the orientation 



of the line is not a, neither E. nor I Is excited, 

If there exists lack of symmetry in the width of line as 
shown in Fig. (ss then even the middle of the line may, make 
the output of E more than I and seemingly, u4  i.e excited. In 
order to avoid this delimma, I.n> 5  is selected. If the line 
has a slight bend or lack of symmetry sob that a trte part of 
B to excited and I gate no input, then element is excited. In 
order to avoid thin the f uucti.o ► 04( Os „a) has been made 
slightly negative in the domain outside the two poles as shown 
in pig. (s-lsi) and the eloment u4  receives an inhibition propor-
tional to the average activity level of U3  elements. near re-
ceptive field of U4  

Cad: DPQ 
B. e► 	raft o b 2 BE CopDt  

Assuming the macula portion of the eye, which performs 
visual pattern recognition, contain 34000 cones, equivally die- 
tribute+ for green#  red and blue spectral maxima and discharge 
rates of adjacent cones are compared in neuron matrices, one 
third of 68000 , 22700 matrices are involved in comparison 
between identical colour pairs of cones. or geometric patterns 
all the information is supplied by these matrices for pattern 
recognition. The concept considered here, for pattern reocg.- 
nition is based on Rubella findings. 

Dells in the visual cortex are receptive to ON and OP 
areas that are represented by 'light and dark dote, respectively. 
Peaturoe are selected by correlation i*** short vertical lines 
are extracted by short vertical receptor array • We will 
assume that an idealized model consists of a short line of ON 
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receptors which is fiankwd on both aides by parallel lines 
of OFF receptors: some investigators have found that there 
is a neutral gap between ON and OFD' areas* Pig. (u) shows 
n 03 receptors with a weighting factor of 2, flanked on 
both sides by n OF? receptors, with a weighting factor of —1 
and at a center to center spacing of 4 units away from the ON 
receptors. The weighting factors are chosen so that broad 
excitation of the on; ire array, as well as its convolution 
with long orthogonal lines yields net zero output. 

timum Relati nahi Between n and d 

Because human eye is in constant involuntary motion, with 
peak to. peas amplitude of about 20 cones correlative scanning 
interior seem to be justified Pig* (s.16a) shone three curves 
which are a plot of the convolution, of feature extraction 
model when n a 4, d = 2 with various simple geometric patterns. 
Pivot curve is the convolution, with a short line of ezoita' 
tion that exactly matches the ON receptors. Ae the line 
moves from right to left aoroee the field the peak value© are 
+ 8 and -p4. second curve, where a itation pattern is broad 
line displays broad peak value of 48 • The third curve is 
the result of a square pattern which to featureless since 
this pattern does not contain, a short line of excitation. The 
feature extraction model is capable of re jeotin the square 
because its peak value is only four* 

Then d is increased to 3  units as shown in Fig. (s1G 6), 

then the model fails to reject the square, when 4 is made 
s-16c) 

1 unit,the Lode]. becomes too specific and fails to recognize 
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broad excitation. The d = n/2 relationship represents a 
reasonable compromise because it yields a flat topped half 
amplitude curve to an n x n square but full amplitude in ree-
pone• to a line witdth ma- . we will Consider feature eztrac- 
t ion capabilities of smallest receptor group where a = 2, d = 1 
but it can be extended for larger values of n for extracting 
long lines. In a hypothetical physical model (Pia. 517) re-
ceptor group feeds a short line extractor neuron (3LBN) in 
which weighting functions are ey aptio Junction coefficients. 
of inputs. L1LN d schargee when the net input_ exceeds some 
positive threshold level. 

Topologically there are 23 ways in which 6 receptors of 
n = 2, vertical SLEN can be excited as shown in rig. (s1€) 

in the decreasing order of synaptic junction stimulation 
(exciting pattern is shown black).. The net input a 4 is a 
pattern of exact match with vertical short line for n = 2. 
Net input 	oorre*ponce to a corner that will also be 
recognized by a horizontal aLEN. The first pattern in the 
not Input = 2 row is a dot that should be enhanced by reoev-
ing horizontal as well as vertical SLEN recognition some is 
true with next pattern 2 a square. The first pattern in 
net input = 3. row is a horizontal lines  that should be 
rejected.. The SL N should operate then for a threshold be-
tween 1 and 2• A value slightly greaterthan I is assumed 
as threshold. 

Recognition of Dec 	Digits 

Now we apply the SLEN concept for pattern recognition 
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of oirp3.o vicuo,l pttorn. Tho 3.0 decimal di, its[Pig. (.1)] 

each d v in a rcctanalo t h 3 by 5 	 tir10  is off orad 
co a act of pat worn . Spa of these patternsdiffoz' by only a 
oiwjlo o3.ccnt ao 3 Va 9, 5 Va 6, 8 stn 9 and 8 Va 0 t oua ooa-
oful vicue1 patto recognition ocbo o squat be able to dio4w 

tinguish each of those pattern from othore• Bach of the 3 by 
5 reot€ngloo :.o procosocd by 9 vortioal and 14 horizontal 
SLBI1S of ' .a. (c.2o ). only two 013 receptoro of each SUB! are 
©hour in Pia. and the off receptors are not chovn to avoid 
confueion because of over3appi 4 The cantor of tho visual 
ficl1 foods 3713S 5 and 14 each uitb a freighting factor of 2 
ihilo at the some time feoding into 8LB a 4,6,13 and 17 each 
rith a uoihting factor of -1e Bet excitation duo to each 
element in the viauai. field is zero, which can be the basin for 
automatic gain control mesh iom. The excess SLBNS are dig 
tributod uniforcly throughout the periphery, which take into 
account the odd dimenatons of the patterns. 

Tho matrix which oho is not input ike. net eynapticy Juno- 
tion o itativn of each test pattern is shown In tablo I. All 
values from •4 to 44 are shown excepti3, Ten peripheral 
SaE1 s 6 vertical and 4 horizontal have been omitted in Fig* 
(5.22), . Con3idoring theca also 3 by 5 field is covered comp-
lotoly and algebraic stem of each matrix nor becomes zero, 
tihioh vao fundamental assumption. If net synaptic Junction 
excitation increa000, not output ,  mcreaeoa. Considering 
throohold value 1A  not input 4 will prodtaoa output corroopond 
in3 Input 3 end not input 2 1ivoo output corroopofldixg to 
input I etc 0 thou the input oxcoodo the throohold bovol, SL2B 
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tires at a. uniform rats oorrespond$,ng to net input i.e. 
(input minus threshold) *alscs. Than ws derive GLEN dteohergo 
matrix in which I. represents firing of the SLU duo to not 
input 2.3 or 4 c bla I4. As is obvious 6 of the BERMS Wirer 
tire, so only 13 SL to would be ;sufficient for Yost patterns. 

V. employ 'aU-or-Hots ' obanatoristio for the ens-
to extract features and recognize patterns despite  

Vary wide range of sensory receptor stimulus. A rs000stz,tzo~► 
tion of each pat tern utilizing only extracted  features f rom  

SLN discharge matrix# should correlate reasonably well with 
the original pattern Pig, 5.2-1 above the reconstructed pat e* 
tome from extracta6 feat wee.. The error in recognitIon recognition 	 of the 
pattern is tolerable keeping, in view the brick like geometry 
Of the USE arrangement selected., 

we Coma next to the lsarLng and recognition of pattpatterns. 

All the feature .ztraotion"neurcuo form synaptic junctions  
with memory nearo1 e.. For simplicity us can consider a single 
memory neuron 'onn.eoted throe 19 synaptio t mot o e! to the 
19 toaturc xtraotion nsuro ... The junctions of ignorant  
memory are assumed with a weighting factor of -1 at the eyna-
ptio junction of meter neuron* D ing l0aX71i procsse 
these inhibitory ,motions of *3. become excitatory with weightu. 
ing factor (+1) because of the firing of that particular 
feature asaron,. Th*s memory neuron Fig,. (5.2i) learns the 
input patto= and can be used for reoo ition later on. ?or 
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a test att. 4, Input junction on 1 # 3v f r 9 and 14 are exci'" 
t*toxg while remainder are i hibitory# 

-T.—T7 ,.1 

when of unknown pattern is pro jetted on visual cor 
t ix appropriate m 	; neuron should r e v ma um eta.-- 
a zlue from $X1UU netwo?k,* tbszby evokingrecognition of un'. 
known patt.rn. this process of recognition r very similar 
to aetriz multiplication and is Ill trat ed In 	(- 	) 

for test patterns 4 and 7.. The two row atetriz Is a repeat 
of the 8LU F discharge eat .z, The 2.00luen matrix depiote the 
synaptic jt*tct 	weighting factors of memory neuron for 
teat patte 	4 end 7. The aemoi neuron junction matrix iS 

derived from SLIT discharge *trtz by replacing 0 by -I end  and 
exchanging rove and eolwzme. The autip2ication of both 
matrices shows that when Input pattern 4 exaot3y Corresponds 
and enters to the a + a t neuron containing 4, the not out 
put level produced In maximia 1,.*# 5 but toot pattern other 
than eme Harm pattern e.g, 7 when enters memory neuron 
4 a relatively Law output to produced i.e. 2. Mazimi out- 
put values occur along the main 41agonal too* when the input 
pattern exactly aatcb,e the nemty neuron of the ease 
patteern and both patterns are matched. 

Concentrating toot patterns 4 and 7, they have 3 
ooiaan fostt ree 3 (bb.► 2 features at pattern 4 which are &be.nt 
in toot pattern 7,2 (0) and feature that test pattern 7 has 
which Is absent in test pattern 4 Is l( ). Therefore, . ' we 



could  msa r! the degree to which extent tihe test pattern  
are unoorrelated, it will give degree of mismatch between 
the patterns* Pattern recognition is based on d fe;r oar, 
between Vatterna , their similar features represent do i,vei 
which should be blocked, .I " we aubtract the entries of 

CQ7 	 from Its main diagonal Ya l*, we are ].egt only 
with the summation or feature di erences and eia l]arif . are 
cancelled • This, we tiUd feature difference  trix, oon 
s idol again patterns 4 and 7 feature differences ax'. 
oslolated , in the first column 

to z() + IL ( ) 

aim lerly in the eec od d01MM 

Thus feature difte 	a rnat iz i.e symmetrical. BY generalis 
ing the cue for two gated Z at ! we 00 fs a 2'row 

LJ discharge matrix in which features are groiped in aOcor » 
dance with a(i)r Q(])♦ d(). Multiplying this 2 "v matrix 
NY the al+ a.*oz neuron 3unotion matrix y*e34a 
► ►b 	and eubtraoting subtracting 	 entries of a aaI* n from its main 

	

ar 	ea . 
diagonal element [ 	which In symmstrtcai about main 

Table 1I shows the product of entire $LU discharge 
matte and memory  neurons Junction matrix, and th1u teat e 
difference matrix is dived from it to . (IV), The fOIZr  
I. values In the teatura-differeno. matrix correspond to the 



input pat t e 	ihich dU f.r by one feature from the pat tern 
corresponding to main diagonal elesent. 

.f'a(5-23) 
In the same way the 26 letters of the alphabet can be 

learned and recognized. The letters re Witten in a 5 by  
5 rectangle as shown in Fig. (5.2o ), Zn order the cover the 
visual field of thiS rectangle completely, we requir. 3.5 
horizo al and 3.5 vertical. $L3Ne. The excess SLNe are 
uniformly distributed over the periphery of the viSual fields 
Again the inhibitory  or Opp` receptors are not shown in order 

to avoid confusion due to overlapping end only ON receptors 
of each BL are shown. The not exaltation due to each 
elemtht of ' the visual field is zero The net 8L N repot 
matrix is shown in table (V) • Each entry gives net synaptic 
j ct n eza tatton for each test pact tern and Varies within 
limits *4 to 44. Considering threshold valve of each L 
input, to be slightlysore then I only, thcee 8LENs fire tch 
have net input equal to more than I too* 2,3 and 4 and all 
the, 8LiI3 with net input 1 or less than one will prods a no 
output. By net input SI.BN atriz we deduce SLED discharge 
*atri,z table ( ) • With zeros showing that corresponding  
$L !t does not fire. Using $LBN discharge matrix, # the ez-o 
traoto features of the test pattern are associated and 

~~csz4) 
should matd input test pattern ci selr,~1.e. should not pro- 
duos confusion between the two patterns. The aeeociatiof Of 
extracted features of input Test patterns shows that patterns 
are reoonably correlated with the patterns deduced from the 
extracted features of the Input pattern by SLU matrix so 
that an inoaming pattern that exactly matches to synaptic 
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3unotivn distribution r.s+ ,tn in a maxi um diechsr, a rate 
of say 1000 Cps. All memory neurons are clamped to the 
seas aaxtata disohare rate which corresponds to zeros of 
t1le main diagonal of the feature . difference matrix* 

Now consider the learning end rcognition ofsyl2ab 
(look groups at letters) and sent enoes. There is first a 
layer of SL Js which gives out„ ut corresponding t o the in 
put pattern. Some SLENe are fired and some remain ua 
or wexcit.d, in reap a to the net input of each 3LUi . 
The outputs are then Connected to the first ;byes of 
moor neurons which form syzaptic 3uttons with the L1 Ns. 
The weighting factor of such Input for the memory neuron 
-1 or ++, decided by whether the input SLR'has not fired  
or fired,, rs+speetIvelyw The fired SLEU IS shown in the 
matrix by I and unfired by zero* 

The output of th S mend neuron, as dieou5eed earlier' 
depends upon whether the input pattern matches the pattern 
for wish tbi's memory neuron is meant too. aoeordi.ng to which 
its t esbold value Ia set#  dig Zaerning session. It the 
Input pattern matches the pattern stored by memory neuron, 
this c enory neuron is f2xed and produces outputs Thus our 
Input letter i.e. pattern to recognized  perfectly wefl* Nov  
different memory neurons of this layer are AND gated or may 
be said to be connected sceptically to memory neuron of the 
Acct layers which stores the ct plsz patterns i.e. syllab 2e. 
This layer gets Input from pevioiie memory neurons and weighto.  
Ing factors are again decided +1 or -1 by whether the input 
memory neuron has fired or not * If all the,  inputs to this 



s oo oMM Memory neuron i.e . are in 1 poaitton, in ter of 
binary alg.bra, this second. r ran fires,* The threshold 
of this neuron is not to the values shish corresponds to 
the dnt* input caused by perfect recognition of trio 
paths by previousneurons. 

This U any nsur of the eeoon+d. 3 s e fires it to 
obvious that all the Input pattsrns*  whose oorraapondizg 
OUtputO sore connected to this memory neuron are satob 
and we .cans3ul* that the sy3btb3.e*  c posed of those input 
patteri is i sntift d . For itamp3m 'BOA'' is to recognized. 
The patterns 3, 0, and 7 Alf. prodoo• iusximum outputs for 
those eeor neurons of ` f at layers Bch are meant for 
thew letters, r.epaotive2y. Now all those three neuro 
are connected to other aesor' neuron. It 3. 0 and 7 are r 
o oozed perfectly, the outputs from thou! a neurone wore mazi.-  
mum and hence the inputs of this second memory neuron *ttsin  
a wei ting tooter of *3 at ita i*putt s pt is junotions. 
Under perfect matching of 3, 0 and 7,, this memory neuron 
wifl produoemaximumout pit whiok indicates recognition of 
the syllable* The irrsgu3stities in the deduced pat terse, 
compared to the oriØ n. test pattern, are due to 'rick like, 
etr'uct twoat the SLN z'sctang ass ed # 

I 	 Now we will cone 14er how learning and recognition  
test Patterns oocur fie? Again aewn1ng, similar to the 
numera reoogoition, that every feature sztrsctor neuron 
toga a synaptió 3unot ton with the memory neuron. so a 
e ire memory neuron has 3D inputs*  each connected to the 



1#~ 

feature extracting neuron with connection coefficient of 
--1 for the unfired 3 N and +1 for fired neuron say oon•a 
sidering patterns P to be learned, memory neuron has a Ow 

g configuration. Memory neuron matrix for all the -test 
pat terno is shown in table (VII). Thus each memory neuron 

is meant to store features of a particular test pattern 
and produces ma .mum output for that ,pattern* Considering 

pattern P and P. If pattern P i.e projected to the S EN matrix 

of horizontal and vertical 8LEN then the memory neuron co' 

responding to P will generate output 8 while memory neuron 7 

generates 7 for an Input pattern. P. But if P enters the 

memory neuron on P only 6 output is produced. 

?or recognition the multiplication of the SLR' dis ' 
charge matrix and memory neuron matrix is performed . Memory 
neuron matrix is derived from SLN discharge matrix by replan- 
ing 0 •e by '.l corresponding to unfired neurons and changing  

rows into columns. The product of these matrices is shown in 
table (VIII). Theft by s b9tzctjng the entries of each column 

of this product matrix from main diagonal entry we get fea-
tore* difference matrix (table IX), Feature difference matrix 
shows the feature diffdrenooa of the patterns, It has all 
maindiagonal elements zero. It shone the degree to which the 
pattern features are a correlated. The more the values of 

features difference matrix# more is probability of correct 
recognition of the patterns. The values 1 in feature difference 

matrix show that there is small degree of separability in re-

cognition of those two input patterns. 
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Tbo rature,, erenc4tr 
liewrow 	 +('C1A. 

3 4 	5 
I 	f. 	TrE 	1ir— 

7 8 8 	9 
Jrr. 	1 - 

9 8 	9 10 7 10 	If 9 

3 0 4 	3 4 3 a 	1 3 

4 0 	5 6 3 4 	3 5 

8 3 5 	0 1 6 3 	21 4 

5 4 6 	1 0 7 2 	3 3 

6 3 7 3 	8 0 44 4 

) 	3 2 4 	3 2 5 0 	1 1, 

4 13 2 3 4 1 	0 a 
4 1 	2 0 
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G. Two Ctojo Fvaturo Extraction of Alphanumo%rio 
Patterns for Recognition 

This system to proposed for noisy and low resolution 
measurements * This process is quite simple and can be con-

aiderod befitting under the oonotraintn, imposed by fact and 
scour X processing end recognition In human brain. Hero the 

foatu:.,o extraction for pattern identification taken plaoo in 

The fundamental primary features to be extracted are 
stops  branching 	 union. Tbeoe are insensitive to the qua- 
lity and format of a biu.ck uhito bit pattern. The pattern is 
projected on vertical arrays of photosensitive elements. Thus 
the pattern to vertically or horizontally scanned and op3.ittod 
into black-° hito vertical or horizontal strips (or in other 
some OI1-OF  vertically or horizontally arranged neurons 

Sg2ondarY Feat gLes 

Then we determine a sot of properties which is capable 
of discriminating the character classes. Those features are 
derived from primary features.. 

The primary features are beat defined by employing the 
vertical or horizontal scanning on the field of vi@u. In the 
analysis of vertical scanning a segment of black calls is 
called an element, a collootion of intersected olsmento o 
opecifio length is called a croup. An element or a group of 
lougth Cf oaten than some number is called a vortical line. 
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A stop is an open end of a group, a union is a merging of two 
groups into one and a branching Is a spit. tt ing ofagx oup f into 
two. 

Primary' feature detectioAo  Basic Information in the 
analysl$ of vertical scanning is the observed sequence of 
elements of a character. Bach element is described by a pair 
of its end coordinates with x indexing the position of auan' 
ning. Detection of primary features consists in (1) detecting 
the presence of features (2) locating the coordinates of the 
features. 

y(x) lower jr 000rdin te of an element in the xth  vertical 
scanning  

1(z) = upper y coordinate of an element in the zth  vertical 
swing 

e(x) element in the 2th  vertical scanning, specified by 
the values of y(z) and T(x) 

L(x) = length of an element in the a th  vertical scanning 
Y(z)r) 

(z) = set of numbers consisting of A(x), y(z)+1. y( )+2. 
T(z)'i, 1(z) =Z(z) - (x) 

If we repisu e y by y, and Y by)( then all the parameters 
discussed above also represent coordinates and parameters of 
the horizontal scanning* We say that there exists branching 
and the branching point is D x+10  ?1(x+1)  + (x+i) 	it we have 

i 
have following sequence of elements e(z) e1(z+1), e1(a+2), 
e2(x+2), ol(x  3), e2(x+3), furthermore  (1) ,(z) O L (x+l) 
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for i a 1,2 and (2) Li(z+1)'(( Lj(x+2)# 0, aj(X+2)1l Li(x+3) 

for i = 1,2. 	Using analogous ous condition for union, we detect 

union and union point is found to be U (z,( l(a)+Y2(z Iz) if 

the union of the two ,groups occurs at (z+1) 

A atop point is Oa3.led to exist and a atop point ie $' 
the element e(x) is the isolated first 

elementorthe isolated last element of a group which is neither 

vertical nor the constituent of union or branching, we say 

that these exists a stop point for the vertical line e(z) and 

the stop points are S3.(z, (x) and $2(z*r(z)) if jY(z)-Y(x")j .>i 
and f r(z).y(' )J>r for Ix-x# l < 2 r is smut. specified value. 

Primary features for numerals and Alphabetic let tore 
are i FqC 5.25 c, &b) 

tvr .cal g* 2g"ac 

Pattern 	pv(e) 	 .(b►) 	Pv(b) 	c~Nrs 
Stop points 	Union branching 

0 0 1.. 3. 
1 0 0 0 

2 1 1 
3 2 2 1 
4 
5 2 3. 1 
6 3. 1 2 

1 1 0 

8 0 .1 
1 2 1 
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vertical sea 	fte Horizozital ananniug 
Pattern 	Pv(s) Pv(u) 	Pv(b) P14(a) PH( u) 

A 2 1. I 
B 0 2. 3 
t3 2 0 1 2 0 0 
I) 2 2 3. 
B 3 0 2 

2 0 3. 1 G 0 
t3 3 1 1. 
U 0 0 0 4 1 3. 

0 0 0 2 0 0 
J .3 3. 0 
K 2 0 1 4 2. 3. 
L 1 0 0 
14 £3 0. 0 2 2 1 
M 0 0 0 2 2 3. 
N 0 0 0 2 1 .3. 
0 0 3. 1 0 3 
P 0 1 1 1 1 1 
Q 1 2 3 
B 1 3. 2 
$ 2 3. 1 
T 2 0 t3 3. 0 0 
U 0 0 0 2 0 3. 
V 2 0 0 2 0 3 
V 0 0 0 2 1 2 
1 4 1 1 
T 2 0 0 3 0 1 
Z 2 1 1 

Seoon4 3t age ot Feature Extraction 

From primary features points, we derive secondary fea«-
tures which produce distinctive characteriotioe of those point 
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e et s in regard to their relative locations or in regard to 
the number of features in every feature set.  

1) A set of stop points in vertu al scanning is denoted 
by c(s) and in Horizontal scanning +1  (e ) 

2) The set of b .nching points In vertical and horizontal 
scanning are P,,(b), Pu(b). 

3) The set of union points are denoted as 2(u) and P (u) 
in vertical and horizontal scanning. 

or the characters of numerals printed in accordance 
with the model or the shape variation is within the class of 
*models met P (u) and ,(b) are represented by one set = P(u) 
+ P(b) = P(b), 	Then we have the foUowing properties concern - 
tug ,(e) and X(b) for numerals 

1) (P,v(o) ] (P(bf) the number of points In I(o) and P(b) 

is a feature for discriminating some character classes. 

2) Two point sets 1?,.(e) and (b are linearly separable for 
all characters azoept 2 and 5. There emote a vertical 
line z a , which separates p, (a) of characters 3 and 7 
on one side and P(b) of the class on the other side. 
There exists a horizontal line y = P which separate 

of character 6 on the positive side but the 
character of 9 on the negative side. 

3) For oheraoter? 5 the mope of the line connecting two 
stop points to positive and that of character 2 is nega-
t jve.. This is shown in table 1 F'8 ( s 6a) 

The recognit ion of 26 alphabet letters is done doing 
decision table (2). I(5 26 b) 
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R !C G T ION OF COMPLEX PATTERN TR UGH ~9 
1,as7. Ci'71 I4 t~ . [i 9] z6'' 

CZ~1,~~~.C271.C28~ 

In pattern recognition, there are three major problem 

areas 

1) Description of patterns or extraction of characteristic 
features from patterns, This to the problem of what to 
measure 

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

3) Adaptation or waster estimation - when the meaeure-
mete and recognition stet structure are designed, 

there te generally a set of parameters to be evaluated 
and optimized * This optimization is date, dependent and 

L25, 

is usually achieved by some adaptive techniques or 
statistical eatimation. 

The usual foz uiation of the recognition problem is one 
of the statistical decision. In this foxiuiation recognition 

procedures 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 ( ) product of low order conditional 

probabilities . Ramaoher.Waleb functions are Used as the 
orthogonal basis • A notion of the dependence is introduced 
to effect the approximation by the product of low order con -

ditiona3. probabilities. The chain dependence and the 
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2-dtneneional, neighbour, or mesh,. dependence are two iflu 
stances of tree dependiwe . 

In an abstract sense, we are interested in the choice 
of the signal epaO• and its coordinate system based upon the 
pattern classes th.selvee, It is desirable to have the eatbe-
natical structure of orthogonal expansion but t e choice of 
basis should be data dependent t ► reflect the characteristic 
properties of the patterns under consideration. 

Statists el 

 

RoQgnjton 

Consider a pattern as a point in signal space (or measure -
meat space), a decision ru].. is a map from the signal space to 
the decision epaoe , the decision rule associates a unique deoi-
sion with each signal. Equivalently # the rule partitions the 
signal apace into disjoint regiofl and recognition is achieved 
by ascertaining in which region the signal representing the 
unknoVn pat tern lies. 

within the frs*.work of statist call decision approach 
the optimwa recognition eyretem depends upon the priori proba - 
bility distribution of the pattern classes and a set of oo i-. 
tonal probability distributions. let C be thenumber of 
classes and at denote the its̀  
be the a priori distribution of Claeeee Each pattern is re-
presented by a measurement vector x a (z1,x2.,,«sue), n being the 
number of meal `em ents • sot P(z/ai) be the conditional pro-
'ability of a pattern x given that the class X( ~► . 
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so, the recognition system evaluates for the mow, 
pattern z, the following net of joint probabilities or their 
equivalents, of pattern close e► and pattern x s- 

P(x, ) pg P(z/ Q 

and then selects the largest one or equivalent 3.y one oan 
compute any monotonic function  of P(z. e ) , usual one being 
the logarithm. 

no 	in P(x, ) 	In py + in P(/ ) 	 X00 (2) 

so structure of the recognition system is directly dependent Up,  

functional fort of the conditional probability P(z/ak ); once 
the functional form of P(z/a) to known, the structure of the 
reoogniton network can be derived, and the problem of desigri 
ing the network reduces to the statistical estimation of the 
unknown parameters of the tatri button. 

Generally in practice distribution f cotione are un- 

known to the designer so the central problem is thou to appro-
ximate or estimate the unknown distributions Different appro--
xi ration lead to different structuresof recognition networks. 
Usually we assume a certain form of probability distrib tion 
Function P(x/ak)  and common assumptions are independence of 
measurements or normality. Independence leads to a linear 
decision procedure and the assumption of multivariate normal 
distributions leads to a quadratic procedure. First the 
measurements are converted to binary form and then recognition 
method is applied. Xi  is either 0 or 1* 
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Linear decision procedure in only a special o&$* Of 
nonlinear one wh.iokt is more genera,".. A key problem is tee 
decide which nonlinear relation or higher ordEr dependence 
in the joint probabilities are worth eznizining and hair to 

weigh them. 	in the extreme ofe could construct a network 

which requires all t values to represent all the joint 

vents of n binary measurements* which is impractical* So 
we have to consider structures between this extreme and 

linear *no 

The pro blea of probability approximation can be con-
eider*d as the possibility of storing several of the lower 
order component distributions using the interior Of maximum 

entropy or by using neighbour dependence P' 

Derivation of Re+ 	Lion Procedua ag 

The two approaches toward deriving a hierarchy of re 
cognition procedureD, are basedupon the methods of appro ,o" 
mating the probability obstributions by (1) orthogonal ez-
pension (2) product of low order conditional probabilities. 

statistical Inde&4en  

When the measurements within each pattern class are  
statistically independent, the optimum recognition system is 
linear. With statiatioal independen a (1) reduces to 

P(x,ak) =1'k 	P+ x/aka 	.. (3) 

and 	P(xj/ek)a ('(i,k)jr-i 	~ ..# (4) 



nono • In P(z, ak) = in p'k + 
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b(k)+ w(i,k), z .#. (5) 

*** 

 

 

where the weights b(k) a .d w(.,k) are 

	

b(k) 	* in pk +in (1,k) 
=1 

	

v(i,k) 	in[ 	
. 

(6)  

Where. p(i,k) and y(i,k). are respectively, the probate► 
bilities P(z =o/ ) and P( al/ak ),. Equation (5) is linear 
in x "s . Equation (6) gives a straightforward, non iterative, 
w* r of estimating the values of Weights based upon eempl.e. 

g► Orthonorrnai. B. paneton 

We select a suitable set Of vrtbonvra1 funotioZ►# A 
set of orthogonal functIons which are psrtioular1y suitable 
for binary variables are defined as followss 

Lot I denote the ot of all points (21,x2, ». z~) 
with each ail = 0 or 1 , I is the set of all t vertices of 
an n-dimai.aional cube, Define a aet of 2polynomials on X 
as follows 

* l 

= 2X2_1 

4P wJ(X)W 1-1 (2x l) 
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uho o r,t z) for ,> n Ic a finito product of q. 9211 Qn. 
Tt .o not is anorthonorcai baoio in tho vootor opsoo of road 
valucr'1 functiono on X tiith roopoot to innor product 

2 	f( ).c( ) 	 •. (a) 

and the nor 

	

(1 11 	= (ff)l/2 	 .,, (9) 

consoc,uont3y any real valued function f(z) on I can bo ox 
pandca as a unique Unoor combination of 'o, 

2 1 

	

9W 	 (io) 
i.o 

and the oipanoion. uooffietonta arc 

a1 .= ( 3c) " 2 	f w4pi() 	•,.  (11.) 

"Tho +gat of poLnomiuls as given In (7) is also the orthogonal 

polynomialsau3oo tod t;tth the joint probability distribution 

of n idontivall indopondent and ommetric binary random 

variables. 

dQ roo opt at .on of Pro ' xbii ,t f unot ions 

1'ron the viva point of recognition eloton ip].00ntation 
the diroct otpauoion of the probability distribution io con-
voniont an a 

P( fa) = 	a (k)t ~(.) 	 *so (12) 

P c~ak~ 
frith 	c(i) = 2P 	r ' 	 (n) 	... (13) 
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An obvious procedure for affecting the approximation is 
simply to omit higher order terms in (12) . For example the 
first order approximation would just retain the first (n+l) 

terms in (12)1 

P a 	 t cj,(k)q  (z) which is linear in x'e. The 
J=o 

second order approximation would retain the first 3.+n+ ) terms 
In ( ) 

P(x/ak) 	C (k) q(x) r icb to quadratic in 
i=o 

: - s and so on. More explicitly, coefficients of expansion 

are 08(k) 2 	„ P(z/ak) = 2 " for .Ai  n 
r 

01  (in) = 	;. P(z/a ).q (x) = 2' `' [P(X 	" 	&* (Xi  a►lak3) 
x 

and a typical term for a <i ( ) is 

Z P(x/ ) , +1(Z) 

In general, the coefficient of 3th  order term is simply an 
algebraic st of t e corresponding jt  '-order joint probabilities 
whose sign to determined by the modulo two sum of variables 
ci'a • For example the coefficient of the first order term say 

03. is evaluated from the marginal probability P(z3/ak ) 	the 
second order coefficient 4, say Cn+1  is ev luab3.e from second 
order probability P(x vx2/*k). No higher order. probability is 
required for evaluating any lower order ooefftciente. There 
is, however„ a serious difficulty In this prop edure1 the 
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approxiiu tion obtained by omitting the higher order terms in 
(12) may not be a probability distribution at all. The appro- 

xisation may fail to be non negative tor some x„ although thee 
property of unit sum In always satisfied : 

Lo ar ;tbm ofprobability' P'wntionsss 

To avoid this probability of :ron egativenes!, we could 
expand the logarithm of probability instead, provided that 
P(Z/Qk) > o for all x. The expansion is now 

in P WWW 	 q,(x) 	... 	5 
i O 

and the coefficients are C*(k) = 2 	in.. P(z/ak), (x) and 

The first order or linear approximation then could be 

in P( t.)  

and the coefficie to are 3(i) a 2 tin in P(z/ak) and for 1< is 
2 

0'(k) 	2"",` ,,,, ln(P(/ ) 2 E in P(Z/ak) .. (17) 
2 

*i=i 

All the coefficients regardless of their order are functions 
of nt order joint probabilities P(x1..x ....*~/ O in appii* 
cations, in order to evaluate the lower order coefficients say 
tai one has first to estimate he 3oint probability of the origi-
nal distribution P(z1 x2.4 e /ak) unless further simpii yi 
assumption is *ado. Furthermore, the appso matiou resulted 
from dropping terms in (15) in general# would not satisfy the 
property of unit s*, thearefore,# the normalization is necessary, 
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iofinitionp a Joint probabtlit7 distribution 
Ln can bo uritton r o a chi product of 

coudi~, o 1 pro bbiliti os 

One tray to Off oct approination ie to Impose a limit on 
tho a .t t i n bor of vazubloo upon which each var .ab10 may 
bo oonlitioncd, Zit the first order app Mica tho 'variab1on 
era aoo od inth o ent •, in the second order approzXcstto, 
each component probability to oandittoncd upon at moat one of 
the proeoain, varlablos and cc on 

ypoo of dopondenco are '+ io to $ 

A paati+ tttar typo of dependence Is that of tlarkov chain 
dopondcnoo0 Zn tho firot order chain 

o,n the joint probability diotrtbution of ( ) boaomoo 

P(/ o)  
i=1 

009 ( ) 

Frith the oonvontioa that P( /'Z oak) is defined c P(z1/aj ) 

TS orogoz o a acquovoo of aucoceaivo approximation to 

/e1:t) ;! z?(i/L) 
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= 
S ~1. 

Pm(Z/ak) = 	F(' ,h i,x , 	i„ ra c 

P,~,,,~, ~/ ► 3 	P(xj/' 	,►..z2*zlPak) 

With a proper connventiOn ae to the interpretation a 
variables with non4.wpositive subscripts, Those variables are 
to be auto tidally deleted from the expression e.g. 

0 P(z ,/e ) 
,P(x2/Xjr XOsx,,,ira`k) *0 P(z2/ ,ak) 	 •.* (22) 

In contrast to orthogonal expansion, the present appro-
,oration of any order is itself a valid probability 4istribq 

tion i.e. it is non-negate and sums upto wait* 

The basic assumption is that for all I e M. k (19) is 
valid,, When ails are binary# P( / l ,ak) can be written as 

y (i.k) Zj1 3̀  	.x 
S 	~ 

with the convention that 	in always 0. The parameters P 's 
and it's ark `the conditional Probabilities 

y1(i,k) P( , ai/ i r 	 (24) 

and AZ(i,k) a i*.°r O(i,k) , a a 0,1 
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Then in P(x,,ak) w in(Plr  ii 

'° b(k)+  
3f 	i=2 

.M. (25) 
and the weights are 

b(k) = in pk+ 
ii 	0 C 

(26) 

With the definition that , 1(n+l,k) = P (n+l#k), Because 
of dependence among x w e In P(X, ak) is no longer linear in x a. 
It is quadratic in x's. But due to chain dependence,, only 
n"i, but not all quadratic  terms are required.  The total nw-
bar of weights in (25) is l+n+(n-i) 

In the second order chain expansion each variable IS 
conditioned upon the two premed±ng variables i .e. 

#ak) 0 	• • (27) 

Each factor in general requires four parameters for speaifi 
cation, they are 

yo(i•k) * P(* 	. ,'O• ZjNf° O Sic) 
Yl('sk) " P(xsci/XI-11 O• z12 , a) 
T2(itk) P(C&Aj .1al. *i_2 * aid) 
yy(i,k ) '" 	~ `~ ' .°~1~'~s*x"`l~ i~ ~,~ a) 	... ( ) 
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Lot PS(i,k) _ l"` rffi(i,k)* a _ O,3,2,3 
Log*ritha of the second order chain expansion to 

T2(x,s ) = b(k)+ 	wj(1#k) , + 	v2Ci.k)xi.zi.1 

+ „: v3(i.k) *Xj.2+ ,t' ► (ILsk ~a i. r,„. ,,,Xa.-2 
... (29) 

and the weights are b(k) - In pg + , In Ao(i,k) 
i=l  

~ ~  x (i,k)P ti,k  (i+l,k) f (i+3.,k) 
TO s 	a  

(1k) In t om. 	) 

V (iok) a Inty (i,k) 	(i.k) p (i,k)1 (i,k) 
# o , Y is ., 

and Aj(n+l,k) Pi(n+2.k) 

This second order chain t® cubic. in Z1Oa 

In the first order chain dependence, each variable wan 
conditioned upon iinnediately preceding variable but here it 
Is that each variable z may be conditioned upon any one, not 
necessarily inediate, of the preceding variables 

0< 3(t) < i,ak 
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The index set t''°' S(J)4:L I 	defines a directed tries, 
the tree of dependence 	J(i)mil indicates that ~ci is not 
conditioned. Expansion become for tree depends ee. 

m(x.ak) 	(pk P(X/ak))ab(k)+ 	w (i k)x + t(..k) 

+ 	w2(i.k)xj*x3 -i) 	 ►.. (32) 
where b(k) a In gyp + 	in #,0(i,k) 

WL(i9k) a Lu 	, 	,2,.,# t  w?(~-~`~,k)  

(i,k) (i,k ,  

and the basin parameters are 

yo(iok) a P(z1aI/x3( ) 0, e"k) 

a ,i(irk) for m a 0,3. 

Similarly hi ,r _der chain dep 	a can be generalized. 
to higher order tree dependence. Par example in the second 
order tree dependenee the defining property 

where 0 <3(i) < i aM 0 <h(t) <i the variable 	to oondi 
tinned upon any two (or lose), not necessarily the nearest 
two of the preceding variables z1,, *2 0 ...ar i, The chain and 
tree etruottwee are shown graphically in Pig. ((.1). 
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N twork Realization and at1juation . of Wei to 

Eeoh approximation to the underlying g probability dietri-
bution leads to a unique recognition procedure. Network reali-
eation is shown in Fig. 

The first layer receives the binary measurements  
as input signals and forms products of related measurements. 

Size the inp a are blowy only AND gates are required fae 
multiplication. The outputs of the first layer of AND gates 
are the required prodoto together with the original inputs 
x11x21.. w . They are still binary end feed to the second iays . 
Second layer consists of a set of wei ting and summing net. 
works one for each class of patterns . The weighted 8 U E are 
P(z, ) or log P(z,ak). The final layer oo iots of the usual 
process of selecting the algebraically largest output of the 
second layer. The output of the final layer is the recognition 
decision. 

st f r st of re a at 

A system which is capable of optimizing the recognition 
structure is show in Fig. (r,.5). It consists of two sub-
systems R and B R is the recognition estem of variable struo~» 
ture and B has the f*iotjon of generating and selecting etruo-
lures and of controlling R. 

There are two levels of operation in A. Starting with 
any initial recognition structure, B generates a moat of new 
structures, each of which is a variation of the starting struc-
tore. 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 ad duets its variable portion to 

the structure given to it by R, and then ostimateethe reoogni-
t ion porsmetere based on input data. Ravixg estimot ed all the 
parameters,, B then proceeds to recognize the input data. A 
performanoe index for that particular structure is computed 
after all Inputs have been read. When all the performance in- 
dexee for the set of structures generated by B have been accu-
mulated? B selects the structure with highest perxormame« E 
may either terminate this process or generate another set of 
structures from newly selected structure and repeat the cont-
plate evaluation process. 

Performance Index 

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

Performance index so I - PCs) 

as the samples of the design data set are read by a given. 
str+ cture. the recognition results are counted and the recog' 
nition rate is calculated.. 

Another criterion of entropy is used for evaluating 
structures. The u®e of either criterion requires approximately 
the sane amount of computation but recognition rate is conoi-
dered more direct measure of performance. 
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St rue tore Adaptation Praeedur~Czsj 
Ull 

The beet results will be produced it we explore are 

the passible structures in structure adaptation# but it is 

not feasible pract wally,. j1jmitatione of processingpower 
g*nerall.y dictate the actual number of Aruoture to be generated 

and evaluated to be a small fraction of all possible structures 

The structures allowed here are restricted tai linear, chain and 
tree structure, The procedure uses a step-byetep optimization 
technique to attain a local optimum and relies to Iterative 
applications for further improvem t . At each step of optimi- 

glnevafe 
zation some beUatetie rules are used togothor limited number 
of structure variants for subsequent evaluation# Bach etruc -
ture variant dtffex'e from: given structure by one link# 

Three routines are employed for etraot!u adaptation- 

L91 
,routine 

This routine finds the first link for a chain structure. 
Starting from a near structures where no measurement relation 
is considered, the first link of a chain structure is cone-, 

trusted by comparing 	 n pa~ri all 	possibilities and select '  

tug the one that minimizes the error rate 

74^RQqt4nA 

It determines the permutation of the measurements Such 
that the chain structure corresponding to the measurement order-

ing is optimal. The input to this routine$ may be a one-link 

structure produced by the IO routine# a chain structure - or a 

tree structure. The links in the output chain are constructed 
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one at a time. To add the ktb` link to the partial chain the 
best structure Is selected from an allowable set of alterna 
tive structures. These alternatIVe structures are generated by 

(1) Taking one node that is not yet included in the 
partial chain . 

(2) Breaking the link, if any,  that originates from this 

node. 
Connectingthis node to the d cif the partial chain 
while keeping all other links unaltered. 

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

It tries to change a chain structure into a tree etruo-
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 eucceseionj each time a link is broken, a set of alterna-
tive structures is formed and evaluated by oonneotir the 
broken link to one of the nodes in the preceding positions in 
the chain* $peoifivally, let (i1 ,,i2 ,...in) be the Input chain 
structure* At the (n_k)th  step the link between measurements 

k and 	is broken with all other l.i s Intact * To 
form alternative structures xik*1  'a linked with xi j  succee-
siv.ly for every ,nth  less than or equal to k, The beat among  
thie met of structures is selected. With new structure, B 
routine then breaks the link between 'X 	and xik  and repeats 
the evaluation process until all links in the input chain have 
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been examined and reconnected. 

or a set of samples, routine XO is employed ,first to 
find the beat 1-link structure. This 1-link structure is then 
need as input to Li routine, Based on set of samples routine 

Li produces achain structure. At this stage of adaptation,. 
we can either go to the h routine direot1 cr use the Li routine 
again in an iterative fashion to find a better chain structure 
before we go the B routine* 3 routine is used to see h for 
a tree structure with bet ter performance than the chain at 
hem. This specific approach has been motivated by the :foot 

that composite optimization of chain structures and tree 
structures impose a lees severe requirement of computing 
power than a direct search for en optimal tree structure . When 
the measurements are independent the optimal structure is 

linear, neither a chain structure nor a tree structure can im.-
prove the recognition performance. For thga case#, the tree 
structure produced by the procedure will have the same per-
formance as the linear structure* 

p .3 . Let us consider the vertices (zl,x2,z ,a 4) of a 
four dimensional cube. Theo* 16 vertices will be processed by 
LO routine among the six l-link structures denotes by S1i,212• * 
8l6 in the eeafch tree to Fig. (~ 4 ). 8tructore 81,E was chosen 
Using 815 as input structure iir routine generated and evaluated 
structures 821 and 5221 021 was selected. Since there was only 
one more isolated node x3 at this stage of structure adaptation, 
a complete chain etroot a was formed by attaching z3 to the 
last node =l in the partly formed chain. With this chain 
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structure there was no decision error* This chain 
was then used as input to I1 routine again to try to utt 
a bettor chain .structure. No improvement was found. Brouttn. 
was then used to further reduce the error. The search tree 
is shown in Fig. (6 5) where the chain structure produced by 
Li routine is shown on the to of the search tree. $iaq e 
there is no guarantee that a new structure will be better than 
original structure from whi*h it is derived, the original 
structure is also included in the next comparison. This is 
seen in Pig. (€.$)where so is relabeled as 12  - and repeated 
in the comparison with Sii  and 313  both derived from So. or 
this example, B routine produced the structure S2i  with no 
error. 
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patternsdjecoeeed in .previous chapters will not be 
recognized by the methods discussed upto now, if the patterns 

are enlarged, dimin shad, lotated, distorted or are in mo on 
or in clutter a*, unless some mechanism is capable tam aecommo 

dating their variations of patterns, 

InvariancewithReaeotto Side 

3 reriere shows that recognition is largely indepen-

dent of the size of the pattern# A line that has a length of 
10 fovea]. cones will be recognized it It is expanded to 200 

cones* A possible mechanism, that works is obviously starting  
with a given fovea] sensory pattern and repeat the same pattern 
over and over ma in at Increasing magnification. So a scale 
factor is used for such enlarged patterns which is ad ustable 
as directed by the pattern stored in memorl. 

R.aogniipn. of Patterns with Different Line Wdth4 

Upto now a pattern with specified line width was deg» 
tected but if thickness varies then the recognition fails as 

per previous methods. In variance with respect to the width, 
of this line path can b , explained by a repetition of same 
sensory pattern with varying line thickness. 

A oo nition of Rotated Patterns 
Recognition Is independent,, within certain limits,, of 

the angular rotation of the patterns. If a human face is 
tilted 450  or more the brain shows limited capability to a& 
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recognize. In case of patterns with angles and lines, the 
rotation may place them in another category or the brain 
recognizes it with a mall. degree of difficulty in rscogni-

tion. This invariance can be achieved by mapping f'ro polar 

to eemilog rectangular coordinates,* This ie shown in Fig* 

('n), for letter K,. Fi.g, (7•1c) shove the letter It as seen by 

the retina* Retinal fibers are eventually mapped in semilog 
coordinative as on the right sides Angular distances In the 

circular field are mapped into horizontal distances in the 
rectangular field and radial distances in the circular field 
are mapped into vertical distances using a logarit h, m is scale 

in s the rectangular field* This completelydistorts th e 
Original image but it acoompliobe three things »» 

a) Central region of the retina is spread out relative to 
outer regions, so that the recognition of am . objects 
and details is enhance.. 

b) Chang* in retinal pattern cixe as in Pig. (.9') results 
in a vertical shift of the rectangular pattern without 

a corresponding change in the size* 

c) Rotation of retinal pattern Pig. (r•T~-) results In a 
horizontal shift of the rectangular pattern without a 
change in size or orientation. 

. tt 	anbt 	o 	d. L Tt 

The recognition of a pattern in noisy field is directed 
by the first feature selected by attention shift • If it is 

the feature of the desired pattern, the attention ,nil . shift 

from one feet e, to another of the pattern and recognize it 
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properly. I ` the first attention foouees on the featur, of 

noisy background* the recognition will eooner or later, fail 

and &gain the process of reoo€nition starts with some other 

feat uure. Thus finally, it recognizes the pattern. 

ol 
sog 	of $ovjngatterne 

In +user of htan observe" it should be intuitively clear 

that the motion of an ob3eot may itself be recognized as hay-

ingsome contextual signifoanoe. or exa nple,, if one were 

to observe an airplan. flying baolcward, one would surely re-

cognize that it was behaving in an improbable manner.. Ex-

perimentally, it has been determined that a bey subject 

will scan a given pattern with some partiou2ar path and this 

path is a key to the subjects recognition of the pattern,* 

For the recognition of pattern In motion following aesump-

tione are made s ~- 

1) 

 

an observed object w will be assumed to be two-dimen-

sional and moving along a straight ight line of motion 

tangent to w. 

2) the observation of an object w wiU be assumed to take 

place at some fix d ,paint of reference r on the line 
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of the ziotion during the time that w moves past this 

point. 

} an observed object w will be assumed rigid i.e. the 

proper subsets of v from the perspective of observa-

tion shall not be in motion with respect to each other. 

This means  zieafls- that w is considered as only a single 

object in terms of its motion* 

4) an observed object v will be assumed to exist conti-

nuouely along a line segment ext enting across it at a 

igbt angle to the line of motion i.e. objects are 

limited to a o3*es whose shapes may be meaeur*d as a 

pair of continuous functions.  

5) the observation of an object v wtl.1 be assumed to Measure 
(a) the length Of the line segment extending across v 
and being a subset of the line which intersects r at 
right angle to the line of motion, called, *the size 
of w at r' and (b) the dicta ae from r to the bottom 
of that line segment celled 'the height of x at r, 
Fig. 7.2(a). 

finu 9ef.~,.. 	ldill(1) 

The tore f(t w is defined as an ordered pair of var- 

tabt•s as a Continuous function over time giving the ease 

and height of w at r. 
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By eaoumptioxrr (1) to (5) f(+-), to the rooult obtl inct 
from, oboorvin,g u• ¶he ro^ult will be thouht of ao a pat'corn 
and rill bo roforroG to ac 'tho ohape of u'. 

r c~ pt9.o 	) 

In oboorvod object u will be aooumcd to be moving from 
loft to ridit past r, or cxlueivelyt from right to loft p nt r. 

Tho torm f (t )Ty to defined as the pattern producod by 
moving u past r in the direction opposite to the direction cr 
tovec pcAat r in ordor to produce pattern f(t)w• 

If the time ordorin; of either f(t) or f'*(t)if Is rm-- 

versed then, one will have the other pattern, Pia o (7.3) • 

A u  7  

An observed object w will be turned around 1800, indio 

cat cad by the symbol w'. 

If the time orderin, of either f(t)7 or f(t) r+ is re 

versed then one Will have the other pattern Fig. (7.4). 

bcorcm -- 	f ('t )w 
f*(- )%,I= f (f) , 

An oboorvod object u will bo said to be moviza 'forzr, ra' 

on tho pirin of tho olcmclto [f(t), f(±)) with the sub-
oortpto (we er' )+ The opposite pairing wi .l then denote rr 
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moving 'b clrtturd'. 1iG4 (7.5). 

floco';tiLion AloritY o 

hroo aicjorithms may be applied to ob jooto in motion 
dopondif upon the purpose of algorithm. 

(g) Tho first algorithm io applied for the recognition of ,, 

pattern in motion to determine whether or not an observed 
object t has the same shape ao a referonco objoot m in th.e 
sense cuhoro tho shape of an object is oomothin indepondex 
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 
recognition 13 to occurs otherwise recognition is not to occur, 

Algorithm I 

(for roeoCnizir patterns considorin., shape) 
0F33L .V:  
IF 

(f (t) 
= £(t)m) GO TO 1 •1 	~ 

CCxipUTs f*(t). 

Ii' [t°(t)~, = f(± 1) GO TO I ; ELSE 
(Nonreco ition) 

1 	STOP (R.cconition) 
STOP 

(b) Jocond algorithm io for recognizing patterns in symbolic 
ooutort i.e. doyorminat,ion as to whether or no an observed 
object, u, ae a symbol# has the same noanin, as does a r foronc~ 
object m. If and only if u, as observed, d000 have the acme 
cyn bolas mo,~nia as in, then roco3nition to to occur. Symbol, 
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in ordinary coma io conDidorcd as inde indont of the dirce- 

Lion in u.iich oynbol to moving. For oxumplo, ono crowd :runt 
the symbol 7 to noun 'even ihether it Toro scanned from 
loft to right or from right to loft. Aowover, for oymbolic 
purposoc it is nocococ.ry to knotr the direction in cihich an 

object is facing since a symbol uill not neocosarily continue 
to havo the same moaning when it was turned. around. For 
example 7 (coven) turned around becomes 1" (upper case ; mma). 
By thoorcn, the direction in which an object io facing cannot 
be dotez inod under the proaeut mode of oboorvation tlocrr the 
direction in which the object is moving is also determined. 
Der acoumption 2, the latter requiroc that two distinct obcer' 
vations be made of an object w which is to be recognized in 
symbolic context i.e. w must be observed from two distinct 
points along the line of motion such that v rrivcn at either 
the left hand or right hand point first. Only then it can be 
determined whether w is moving from left to right or from 
right to left. .Accordinr-ly, let it be assumed for the purpose 
of second algorithm that trio such observations are made reoult-
ing in both the time function and a setting for the binary 
euitch p(z),, wioro p(x) in act to 0 or 1 depending upon the 
direction in thich objoot x was moving at the time of 
observc;tion.. 

Ai orb 	2 (for recognizing patterns in symbolic context) 

OB:; I iNS P(±)try +(w) 
IF [ S(tt)+ (n) la GO TO 2, BLS 

Ii' [fQ (t) r=f(t )5) GO TO 3 ; ZIL32 
i, 	(non recognition) 
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'OP 
2 I?[t( ) f(I) i 0Q TO I* ZLSE 
3 (Recognition) 

STOP 

Zn other words if we and a moves in the same direction 
when observed # then symbolic recognition must +pour only when  

f(t )m  is equal to t(t ),,. But if x and m move in opposite 
diteotion when observed, then symbolie recognition must occur 

only when W)m  is equal to f *(t),, otherwise w would be re*► 
oozed an a when w is in fact being observed as m'.  

(o) The third algorithm is for recognizing pat terns in the 
context of their motion i.e. determining  wheth or not an 
observed object w has the awe shape as a reference object a, 
and additionally, whether or not w is moving in the sir 
manner as a moved when observed, in tee of forward Vs back- 
ward. Kern dtion is to occur if and only If both are true# 

Ajgorith  3 (for recognizing patterns in the context of 
their motion) 

OBSERVE f (t 
IF tr(t)1, f(t)m) GO TO III ELSE 
(son recognition)  
STOP 

1 	(Recognition) 
STOP 

In other words since f(t),,  = f(t)w'  • algorithm 3 works 

on the principle that if an object is moving forward as 
opposed to backward, and is turned around 1800. then It must 
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begin moving in the opposite direction in order to cantihae 
moving forward as opposed to took rd. 

5p!ad Ind.pdenO 

A recognition mechanism which was not capable of rec og-
nizing an object v independent of the speed wibh irhiob it 
moves past r would certainly be of little practical value. 

Piret assume that v moves past r with a uniform nonrelatil" 
vistic velocity, Then 

distance velocity z time 

Then It foilove that it an object w is moved past r with veto 
city v, to produo. pattern f0 (t ~ and is then moved past r 
with a different velocity v  to produce pattern f1 (±) then 
the two patterns it be different even in the +saes where w 
move* and faces in the same direction for both obser atiou 
this differezna results froma a scaling of time. If the time 
seals for fo(t),is T, then the time eoe ,.e for 11(t), to AT 
where 

?ht if w is to be recognised Independent of the speed 
component of a uniform velocity with which It moves past r ,0 
that the recognition mechanism must generalize the saps of 
w to accommodate time scaling, t 
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It is obvious from the previo ua chapters that it it 
very dUfioUlt and needs a lot of future work to . arpo 
rat* all the important prooesaes which take place In htan  

yjgaj ajstem for processing and reoognition of patterns, 
simpler as well as *ample%#  and Capabilities which account  
for recognition of patterns under unfarou b]., real world 
conditions .*s* rotated, d forted#  enlarged or diatniehed 
or in noisy background. 

he author has applied to Concept of short line 
tractor neuron to the recognition of numerals as well as 
the 26 letters of the alphabet by a 19 and 30 8LENe arranged  
in 3 z 5 and 5 r 5 rectangles. The variation in the shape 
of this let tare pro3ected on the 8LEN network should not 
exceed a 33att • Sadly, by two stage feature extraction 
also the numerals as well as letters have been recognized  
successfully, Through adaptive approach to pattern recog ►. 
ninon complex patterns can be tried* There bad been some 
very sorrioue difficulties in. the organization of this e- 
senate s 

Vary smell work baa been done in this field and a 
Urge portion of the work done for pattern processing 
lend recognition doeo not take into consideration  
physiological facts a'ailable for human Win. 
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(2) The matbematiosi ao.e suggested by different 
researcb•re for the recognit ton of handprint,d 
niaaer&3a x tern signatuxee, or to c.s etc. grow 
so such complicated that It looks =feasible for 
the brain to accosodate them keeping in view the 
iiaitationa tipOeed b total number of neurons 
r.quired for such bulky ealcui►tio s and stor 
thew for fctu.e reference. Zn considering these 
mathematical modeler to trace a feature of any 
pattern which the '1 to can do with not much effort 
and i e .late # we have to do no much *atbimatical 

juggling that sometimes even computer taken bow 
of operation* 

(3) ore at :on of brain, while visual aspects of 

patterns with other sensory twiction an audition 
speech, smell#  touch, taste and tbou gbte etc. thrown 
light on those gaps rich are to be deeply into 
prated while studying human brain as a whale* It 
defies our depth of kno r3 ge, 

Tb. models discussed in 'this work for recognition of 
colour, simple pattern and complex patter reasonably well 
pirtor that fu not ion but the requirementis of a single 
theory to unify theta. 
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