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CHAPTER I 

INTROWcriON 

The infoxmation that is tontained in an .image 

is conveyed ·~ us tbl'Ough the variations in its brlght

ness and colour. When we perceive 1 t, we attach a 

meal)ing to it w-.l.th the help of previously sensed images. 
' I , 

The detemnatioa of meaning is subjecUve. When a 

pet;son is stud"ting the sky for different ·cloud fo:tmations, 

any object 11ke a bird..wbicb enters h1s field of vision 

is considered as *noise•. When an image is given to a 

computer to be processed, the valiations in bxightness 

and colour are sensed, quantized and encoded. This is 

done in a systematic manner w1 tbout rega·rd to the meaning 

or infoxmation contained in the image. the abstracting 

of meaning .is done later, and this is ·referred to as 

•pattem recognition•. Pettem ncognition 1.$ defined 

as the extra¢t1on of ·features of interest of the input 

data fxom a backg.xound• whose details are ir.relevantj and 

assigning them into specific classes. 

Automation of. patte:m recognition is useful in 

situations where the number of patte:ms to be 'recognised 

is very lazge or the required speed of recogni t1on 1s too 



viewing the pattems etc. Some of the areas where this 

is useful are. recognition o'f chl'tlmosornest, blood cells, 

. finger pd.nts. faces. speech. electt:O<U.t~Og~ams, electxo

eneepbalograms, s~ismtc signals, bubble 01: spa)!'lt chambet: 

even:tsJ defects in prlnt~d ·circuits, targets in aed.al 

photographs, ecbo cardiography and so on, Pu(S,) gives 

the areas \-.here· syntactic pattem recognition is useful. 

ln ( 2), Raeside and Ghu give the app1i¢ation tJf patte.J.n 

'recogn~tion in automated. echoca,rdiogram analysis. 

P·attem reeo·gnition pmblents deal with the 
·' ' 

theory and praetic;al tec.'lniques for U$lng machines to 
. , 

.perfom rec;ognition tasks •. Le' U.S consider for example 

the problem of automa,ie mail sorting where a machine 

has to reeogni~e alphanumelie ¢ba1>acters. lhe machine 

b()s to recognize the characters and assign them to 37 classes, 

that is, the 26 letters of the alphabet. lO numerals and 

l rejection class 'Atld.eh contains the characters whieb eannot 

be aceepted as belonging to any of tbe 36 classes. 

Before the patterns are fed into the maeh1ne they 

have to be converted into a foxm that is acceptable by the 

machine. One method of doing this is to convert tbe 

pattem to a binary representation. A gnd is placed 



over tbe pattem, and if more than half of a square 

is shaded, it is marked !; otherwise 0. So we get a 

pattem (fig. l) of 1•s and o• s, the 1 •s giving the 

figure and the O's the ba.;kgJX>und. ln some cases. the 
' 

p.attem can be represented by using the stl'Uctural 

relationship. In _the figure ·(2.a) shown, primitive elements 

a, b, e are defined, and the figure is represented by the 

string of symbols aaabbbcce. Another example fig. (2.b) 

is shown and the. square wave is represented by the stJ:ing 

abac. A structural pattem is descxibed by the intel'l-

connection of the primitive ·elements. 

The ,representation of pat.texns by st:rings is 

possible in cases where the strJ,c:ture is $UCh that there 

is a simple, relationship between the plimi ti ves. But 

this is .not adequate in more complex s.i tuations where 

a tree representation will be more sui table. If there 

is a _hierarchical ordering scheme this leads to a tree 

structure. hi example fig. (3.a,b) is shown vJhex-e an 

image and its tree representation are given. The tree 

representation is obtained \ISing the relation 'contains'. 

the image contains regions a, b. an-d c. · Region a contains 

d. Region b contains e and f. e in tum ·contains h and 1, 
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and f contains J• Regicm o eontains g which <;ontains k. 

Another example f1.g. (4. a;b) is shown where the scene 
' ~ 

contains objects and backgmund. The objecta are three 
' ' 

cubes Cl, C2 and· ca. The cube C.l contains the re,etan

gular st.ructures St •. S:?., and S31 C2 contains S4; 55 and 

56• and C3 ·contains S7, sa and S9. The back:gn:'CJUnd is 
' . 

a table. The tree structure w1 th. the relation 'contains • 
t ' ". 

is shown, In both these representations the image. was 

split into its pd.mittve components and was thus a top.. 

down inte.rpretatio.n of the tree. A bottom-up interpre

tation can also be done as far example, the relation 

'part of1 can be used. SJ.j S2. S3 are part of cube Clt 

end table is :part of baCkCJXOUtld• and so on. 

A more general representation is a web~ which 

is a graph whose n-odes are labelled. The figu~e (5.1, 

a•b• e) shows an object which is approximated by polygons, 

and tbe graph representation is also showr-.. Another 

example (s, 2 a, b) shows an image and the web, using the 

relation 1.is connected to''• Sl, S2 and S3 are connected 

and so on. 

So we have seen three representation schemes 

which an strings. trees and webs. l'he choice of any 

particular representation depends on the problem at nand. 

7 
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There are two appxoacbes to pattem recogni Uon 

systun desig~1. lhey are (1) the ded.sion-theoretie 

approach and ( 2) the syntactic appmac;b. There are 

many similar! ties between the two models. Statistical 
' 

cl.assi ficaticn pxocequres can be involved in the ext rae-
' 

tion of "pdmitives" in the syntactic. model. and the 

association of patte:ms wi tb generative grammars is 

equivalent to the classification of pattems into 

categories. 

DECISION- T'tiEORETIC APPJDACH 

The ded.sion-theoretic appmach uses decision 

functions for classifying pattern vectors. The pxoblem 

consists of assigning en unknown to one of several 

categories. With each category i.s associated a list of 

attributes and with. each attlibute a set of attribute 

values. The space of attnbute values is divided into 

mutually disjoint regions and eadl region .$-s assigned 

to one of the categone.s. Now the given att:tibute. on 

the basis of its attribute values is .assigned to one 

region in the .pzoperty space. Fu( 4) • Nilsson(l4l, 
Patrick (.15 ) • Olen (l) and 1"ou and Gon~al~z(a3) are 

aOJOt"l9 the workers in tb1s field. The dec:ision -theoretic 
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app.maeh te pattern reeognition plays a very important 

role in applied as well as theoretical woJ.t in this field. 

SYNT ACflC APPffJACK 

Wlten patt·ems can be meaningfully represented 1n 

vector fom. the decision-theoretic appsoacb is suited • 

. But in some applications, the structure ef tlle pattem 

plays aa importa~t mle ~n the classlfic;ation pmcess1 

and·1n these si tuatt.ons the decision-theoretic appxoacb 
-

bas sed.ous drawbacks because it does not bave the 

foxmalism to handle pattem structure$ and their relation

ships., 

ln the .structured applOaeh the plPGess of recogni• 

tion involves not only assigning a pattem· to a particular 

class. but also describes certain aspects of a pattem 

which make it ineligible for assignment to another class. 

In this, a complex pattem is described using smaller 

sub-pattems,. and a set of rules. Sacb patte:m is desex:lbed 

in texms of simple~ sub-pa~tex:ns and each .of tbeee simpler 

sub-patterns .is de$cribed in ·terms of even simpler sub. 

pattexns.. Tb.e simples' sub-pattems dlosen are the 

tpattem ,ptim1t1ves•.. The language which gives the 

stt:uctural descx.:J.ption of a pattern in tenns of the 



:patte:m primitive& and their composition operations is 

the pattem descr.iption language, and the rules wh1¢h 

deteltnine "the compost tion of tbe patte:r.n pr.tmi tives 

tnto pattems is ~e grammat. 

Figure 6.b sbovi& tbe decomposition of two 
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' 

chminosome stwctures in tems of the plimi tl ves defined 

in {a). By going along the boundary of the c::hromosome 

in the Clockwise direction', we can detect and encode 

these pXtmi~lves in the fcim of a stnng of qualifiers. 

The stl'ing abcbabdbebebabdb represents the. sut>.rnedi~n 

cb:tomosome and the stdng ebabcbab represents the 

teloe$ntnc chromosome. 

Suppose tbat · each pzim1 U ve is a symbol in some 

grammar• \\here the gr-ammar givGs a set of rules of 

syntax for generating sentences flOln the symbols. The 

strings ·representing the chromosomes could be setttenees. 

So we can have grammars Gl and G2 which generate languages 

L(Gl) and l.(G2} 1 . .L(Gl) would consis.t of sentences 

representing the sub-mediein chromosomes and L(G2) represent 

the telocentxic chromosomes. lf an input sentence 

representing a pattem is given it 1s first found out .in 

which langu$ge it foxms a valid sentence. -So if it 

belongs to L (Gl) we say that it represents a sub-median 
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chromosome, and if 1t belongs to L (G2) it represents 

a telocentric chromosome. If the· sentence belongs to 

both. languages then a unique-deciSion cannot be made, 

and if i.t does not belong to either• it is put into the 

rejection ela_ss .. 

lf there are more than two pattexn classes then 

there will be more grammars, with at least ·one grammar 

for each class. If' the sentence belongs to ~:mly L(Gi) 

1 t is assigned to the i tb class. If it belongs to two 

.languages, then no unique decision is made, and if it 

is invalid it belongs to the rejection class. 

Zf the pattem has a tree or web representation. 

the recogntlon pl'Ocess is done using tree or web grammars. 

Recently the tree systems apptoach to pattem 

reeogn1~t1on bas been gaining popula:d. ty. A tree stxud:Lm'e 

is used to represent the pattem in tenus of its p:d.m1tives 

and relations. lf the pattexn can be represented by a tree 

structure. then the tree, grammar is constructed and tree 

automata can be used to classify the unknown pattems, 

aecordin~ to the pattem grammar. This has been found 

to be an effective method in the elassi fication of bubble 
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chamber events, finger pxint pattexn recognition and 

so en. .. 

Pictorial pattem recognition has vexy important 

appl1 cations .i,n cytology. Some of the areas in bemato-
•• ·-!", ' 

logy and exfoliative cytology ~lt.'e the automatic detection 

of abnozmal Pap smears and automation of differential 

wh1 te blood cell count. lri cytogenetics, the application 
' 

is in identifytng and measuring ir.idividual chmmosomes 

tbat are found in the image of· a mitotic cell. This 

includes 'separation of the chxomosome spread into 

connected c:omponents. sepa.ratlng overlapping chromosomes, 

and maldng size and shape measurements on individual 

chromosomes. Atno:anal human cell has 46 ci'u:omosomes, 44 

of these are eutosomes v.bieh account fo.r the 22 h6mologous 

pal.rs ef ch;r;omosomes. lhe remaining 2 chromosomes are the 
' 

sex chmmos$mes X • X in a female and l .. '/ in a male. . f . . 
The study of aberrations in chmmosomes .is often of great 
. I 
.v~lue in difgnosis. One may like to know whether particular 

kinds of· .aberrations are in any way an indication of certain 

~ong.enital ~alfunction or disease.•. ln order to answer this 

question.,. samples of tissues are collected fmtn several 

individual:s and studied. 
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The wot'k done in this dissertation g1 ves a 

thinning algo:r:ithm which has been applied on Chl'Omosome& 

to obtain their skeletons. Skeletoni2:ation is one of 

the methods of rep resenting a figure in automated 

pattern recogntion. For most of the advanced pattexn 

J:ecogni tion techniques; a subdivision ox- segmentation 

of the picture is necessary. The segmentation rnay be a 

. division o! the picture 1nto ·regions. comsponding to the 

objects, or· parts of .objects or backgxound. After the 

division of the picture into .regions, these r~3ions ar• 

represented and descxibed in a number of ways. Some of 
these representations preserve all the infonnat1.on about 

the .J:egions .• while other representations ::.:·i 1lte'ntionally 

lose info11nation, preserving only the info:r::mation that 

is of interest. These desc::tiptions pxovide features or 

properiies that are dl reetly of· use for classificc:Jtion 

purposes, or indirectly as a step toward scene description. 

One of the methods of representing regions is by thinning 

or sh:r:inking them into skeletons. · Another approaCh to 
segmentation is based on detecting· edges ·Or curves ln.. 

the picture'• these linear features may be the boundaJ:ies 

or parts of boundanes of the regions of interest or they 
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may be tbemsel ves features ot inte:r:est. After they 

ate found they are represented and descl:ibed in a variety 

of way$. 

Cllapter 2 g:l.ves a general and bxtef.1dea of 

the back;S"O.und of image recogn1 tion. Var.lous thinning 

algoii thms are discussed in chapter 3; and in chapter 4, 

a thinning algorithm is presented. The algoli.thm works 

quite v.rell and presel:'Ves the connectivity of the given 

object$. 



C H APTER 11 

tmage recognition involves matching or template 

matching. segmentation and pmperty tneasurement. 

One of the basi·C techniques for image recognition 

is matChing. ln order to detect the presence of a 

partie~ at: ptttem in an imac~}'e. the image is matched w1 th 

a standardised version of the pattern. called a template. 

The picture 1s searched for an object by i;lpplying the 

template at each location, and the extent to vbicb 1 t 

matc:bes or does !lot match the object ls calculated. This 

measure is compared wi tb a pre-detexnd.ned threshold to 

fJ.nd 1 f the object is found at a particular location. 

template matching. is computationally costly. So a sub. 

template can be used. alld vmen the degree of match of the 

sut>.template exceeds a pre-determined value• then tbe 

rest of the template can be used. In most picture analysis 

systems, the sbapes are likely to be distortedi and a 

b1eraJ"chical template matching meUlod can be adopted. The 

object is split into smaller pattems, and templates for 



these portions are applied to tbe picture. Since the 

a.r:eas are small, the distortion also will be less and 

reasonable matehes to the sub-templates can be got. 

tb~n a combination of sub-template matChes it1 appxo.xi

mately the correct l'elati ve positions is found. 'lbese 

positions ate defined according to the direction .of 

the -.ole object template. 

Image segmentation separates a picture into 

o bj eets · and background. Histogram technique~, region- · 

based techniques and edge-based techniques are some of 

the methods of segmentation. Combinations of these 

methods a;-e:::a~S011Usea:; i Th~ objects in a picture 'ean be 

detected by thresholding. the picture*s grey level, 
.• 

' 
choosing the threshold valu~ $0 that the object points 

have a value above the threshold and the backgzound 

points have a lower than threshold value. If f(x.y) · 

is the grey level at point be. y), then by· thresholding 

the pict,ure at a threshold t, we get a two-valued 

pictun ft(x,y) v.bere 

ft(x, y) • 1 :lf f(x. y) ':? t 

= o othexwi se 

20 



In order to choose the threshold, the frequency w1 tb 

wnieh the ,dlffe,rent grey levels oecur in the picture 

is noted. Suppose a grey level s occurs with a 

frequency f (s) in the picture. f(s) is called the 

~· 1' (., 

grey level histogram of the pietux-e. Xf a picture 

contains two populations of points,. object points and 

baekg-l'Qt;~Qd points. th-e p.i~ture's histogram will be 

bimodal, that is• 1 t will ha\fe two peaks. one. correspond

ing to eadl population. · '11~ can choose a threshold taicb 

corresponds to the bottom of the valley between the t., 
' ' 

peaks,. in order to distinguish between the object and 

baekgl'Qund. 

' A method of variable thresholdin.g has been 

suggested for image segmentation,. The entix-e image is 

d1 vided into windows. and a grey level histogram i-s computed 

for eadi window. lhr<ltsholds are selected fo~ the windows 

that have bimodal histogram$ and these thresholds are then 

inte~polated or extrapolated to get a valiable tbresbold 

fot the entire !mage. This method is useful in cases 

vilere, there is a laxge vanation in grey scale· fmm one 

part of the .image to another. Chow and Kaneko have 

successfully used this method to d.Qteet the heart region ~ 
7

) 

on chest "-ray$. ~~"~ 6 8/·)·06 (01-.J/ 
f!:: >;. :~ ··<( ).\ .T I 5 I 
lr .:>.; '•~i 1?.1. 
'! • ' ;; ! ;t~ *""J 1<-, >.. l Jl 

· .. _ .. :.~~~ Ttl-7 3 9 
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Another approach to segmentation is the re\1ion

based m.ethod. Hexe a seed location is taken, and 

neigbbout;ing points are joined to I. t. the ne~gbbou:r:ing 

pointl1 1·f they ha.ve tbe same propertr as that of the 

gtowing seed• are joined. Otheoose when there are no 

neighbouring po.ints wbich can be. jQ1ned to. it. e new 

seed point is chosen. this ls continue~ till every 

' point in the picture is attached to a reg-ion. Region 

detectien tnethods are l.)f two tYPes.. .Xn tb.e merging method, 

there are a large number of small .regions in the picture 

whie:h are then mexged to form laxger regions-. lrl the 

splitting method. the picture is divided into smalleJ: and 

smaller- regions till some conditions are satisfied. A 

combination of these two is the spl1 t and merge method. 

AA abstract. foxmulation of the p:oblem is given by 

Homwitz (t). · 

Let X be the domain of a picture. Let 

f(x y) be tbe brightness functiota defin.ed on x.. A ' t 

logleal pred1cate P is defined on subsets S of X as 

follows.: 

.P .(S} = ( tlUe if there exists a constant • a 1 

) sud\ that j f(x, y) • aj ~ e 

) for all points (x,y) E s. 

l_!'alse otheJ:Wise 1 



where e is a prescribed er%0r tolerance. 

A segmentation. of X is a partition of .X into 

subsets Si, 1 = 1·, ••• , m, for some m such that 
m 

a)· x = U. s1. • 
i:::l . 

b) si n sj = - for all 1 r j 
c) P (S1 ) ·::• true tor all 1 

d) P (S1 U Sj) = false for all .1 F j 
pxovided Si and s3 are adjacent in x. 

23 

A merging scheme starts with a partition 

satisfying (c) and pmceeds to fulfil (d) ; a splitting 

scheme starts with a partition satisfying (d) ·and 

proceeds to fulfil ~(c). A split and merge pmcedure 

begins with an arbitrary partition satisfying neither 

eondi tion and pmduces a p.arti tion satisfying both. 

Most methods -ot edge d~tection make use of 

symmetrical edge detection operators. Differences of 

averages are computed over neighboumoods' of a particula.r 



size, and thus edges are detect!:)d. Ahuja et al, {la) 

give a method o£ edge detection v.bich is not based on 

symmetrical edge dete.ction ~perato;rs. Tbe picture is 

divided into regions a. each having an appxoximately 

constant grey level •.. (x1 y) is a point in one ·of the 

constant regions R and Nr (x. y} is a disk of radius r 

centred at (x,y). It is required to find the largest 

r = r (x,y) so that :Nr(x,y) is entirely contained in R. 

A simple staUstic:al test, a mult1modali ty test is 

applied to find if Nr(x;y) 1s contained in a single 

constant region. Ol!" overlaps several o~ the regions. 

The maXimal N (x.y) 't are used as averaging neighbou»

boo ds. If P is a point where two su.eb N( "• y) 's touch,. 

tbe difference of averages over the N(x,,y) •s is taken 

as tbe edge value at P. Thus edge values along region 

edges are high and tbey are low or zem els.ewhere. 

Th~re are many ways in vbi ch these pxo cessQS 

can interact. the :relaxation metbid is one such. .Let 

A1, ..... • Pn be objects in a scene, each of which 

belongs to one of the cl.asses c1, •••• , em. An initial 

set of probabilistic guesses 1s given, as to the class 
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as$.1gnments of the objects. That. is for every 

i = l, ·• •.•• • n, and f = .1. ·• ••.• , m, there 1 s a number 

P1 {I) v..hich is an estln'late of the probability that 

object AJ. is in class G£• These estimates are 1 teratlvely 
' 

·updated untll hopefully. ~c:lch A1 is ala> st certain to 

belong to a single Glass ~· 

Sometimes 1sol a ted point.s fxom each region. are 

giv.,n, and these are referred to as incompletely specified 

regions. ·A segmentation of such an image is also necessalY 

sometimes .• and for this,. the region boundaxies must first 

be constructed. the authors in (17') p.resent a method fol' 

achieving this • 

. PROPERTIES 

Studies in the field of perception have shown 

that there is a lot of redundant infoxmation in 1miiges. 

Tbere is the example of a •sleeping cat• given by Attneave. 

the points of curvature on the figure are marked. ·the 

curved lines are removed, and tbe.$e po.ints of curvature 

at:e ·joined by strai.gbt lines in an apptopxiate manner., 

The' necessary infoxrnation 1s preserved. and we still 

recognize the cat." . Here. the features· of high info xmat1on 
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value are the points of curvature. We can also consider 

the case of cartoons, whe"re· the few lines successfully 

'communicate a great deal including emotions. lhus, men 
an .image is descd.bed. we do not need to .p!re.ser.ve all the 

details., .Only the relevant info~ation need be described. 

After tile regions of the picture are extra~ted. the image 

is described in tenns of 1 ts properties. Tile shape of 

a re~lon is d~scribed in terms of pmperties like 

connee~edness.,; convelti ty, compa~;tness . .- angles, sides, and 

so on. The description of the t:egion may involve 1 ts 

boundary or its ·t skeleton•. 
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C H A P T E R I:tl 

In this chapter, a revtew of thinning algorithms 

is attempted. 

Hilditch(ll) presttnts an algouthm, mich has 

the advantage that it operates effectively on pietures 

whose range of grey levels is greater than two. '$he 

lists the followit'\g as requirenumts that should be 

satisfied by the skeleton: 

Thiqnestn Points which lie in the edge of the piQture 

are suc·cessively exoded away until there are only lines 

which a~e one point wide. 

Pqs,i:ftioo: lhe thin lines should lie along the centres 

of the line-lik,e parts of the obj.ect. Each time the 

pictu:re is scanned. the removal of points is symmetric 

and parallel so that only points vbidl lie on the edge of 

tbe initial subset are removed. For the next scan, a 

p1c;ture which is one laye.r thirmet than the previous is 

given. 

~ngectivitt : Gach point i:S tested to see if its 

removal will alter the connectivity of the pictu.re. lf 
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it does, then it is rtot re:noved Erven if it lies on the 

edge.. wnen tbis is done in pa.rallel., there is a pl'Oblem · 

when it comes to points ;.vhlch lie so that they are two 

points wide, for the simultaneous removal of both would 

affect the connectivity. 

. 
, N~i tber the removal of p,' nor that of q,i will alter 

connect! vi ty. but the simultaneous removal of both. will 

alter it. therefore, when a point is removed, it is 

ascertained \\betber its removal al tet:$ connects. vi ty~, and 

if any of its neighbours bas been removed thGn the 

removal of these points together should not alter the 

connectivity. 

S,t@t.l.itx ~J. When the final thin stJ.Ucture is reached,. 

this fact should be recognized and the process of remo·val 

of points should stop •. 
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the' algo lithm requires several passes. At the 

beginning, a subset Q of some subpicture f 0 1 P is 

given. Q is defined as these points of P for which fc:t 

takes one of a set of values, say I .• and all othet: points 

of P take one of a set·of values N. .In. particular tbe 

picture usually takes the fonn of a characteristic 

function w1 tb points in Q having value one and all other 

points zem.- Ttu:ougbout a pass tb:zough the points of 

the picture, a record of the lni tial subset Q must be 

maintained. So a third set of values R is kept fot: 

p6itltS whidt have been removed. B n 1 = - and 

R (\ N = si5. &ach point q E P is tested• and the point 

is set to a new value f 1 (q). t 1(q) E. ,R if the point 

is removed., and f 1(q) E: lor 11 (q) 6. · N depending on 

whether the point wa~ originally in Q or not. . When one 

pass is eo .. plete, all points wi tb values in a. must be 

reset to have values in N. .A point P will be removed, 

that .is, it will be set to a new value f 1(p) E fi if 

and only if tt s.atisfies tne following ~;&ndi tions: 

1· lt belon.gs to Q and its removal is allo..,ed., 

f (p} t:_ l 



2. lt satisfies the edge condition, 

}),_ (p) ~ L wbe.-e 

fL (p) = 8 ! + 3 3 + •s + 87 

and a1 = 1 if f(n1 ) E N, 

a1 = 0 otherwise. 

n1, n9• n5 ,and " 7 are the axially adjacent 

neighbours . 

3. 

bas .more 

if \/(p} 

n4 ft3 n2 

n 5 p nl 

n6 n1 ns 

lt is not the tip of a tb1R line. that is, it 

than one neighbour vbicb belongs to Q.; i.e. 
a 

:i:_ 

1=1 

a1 defined as above, 

then the 'not tip 1 condi t1on is \/(p) ~ 2. 

4. .tt is. not the last remaining point of a small 
. . . 

1'circular1 subset Which means that at least one neighbour 

of the point in Q should not have been removed. 



8 
· w( ) = 2: C wheJ:e 

p ' 1=1 l. 

C1 • 1 if f(n1) E .i 

c1 • 0 othexwise 

The condition is w(p) ~ 1 

s. Its removal does ·not al t.er connect! vi ty. This 

will be twe if ·"tbe set consisting of the neighbours of 

p contains one connected component. The number of 

components is found by ca.-~culating the number of times 

J1 

a 'bug• taking a walk asound p by way of it·s neighbours 

would have to cross from outside ~ inst de the subset. 

this number .is called the • cxossing number• of p wi tb 

respect to tbe subset. This number is equal to the 
' I 

number of ·Components. but is zex:o in the case where the 
' . 

bug does not have to leave the subset at all. · The· tt)ug• 

must go fm.m one alCially ~djacent neighbour of p to the 

next axially adjae~nt one. bypassing the ~agonal if by 

so doing it avoids leaving the subset. In (a) tlu~ 

crossing number at p is one and in (b) 1t is two,; 

• • 0 • 0 

0 p • 0 p • 
0 0 0 • 0 () 

(a) (b) 
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is calculated as follows 

and either f(n2t) E. :tun or 

f(n21 +1) E I U R. 

the connectivity condl tion is 

X (p) '* 1 

6. Its removal together w1 th any one of 1 ts neighbours 

does not alter the eonnectivi ty of Q. If ne~ghbotu: n1 of 

p bas been removed so ~nat f(n1 ) E R.. then if the value 

of this neighbour is ~emporanly altered so tba't 

f (n1) E N• 'he CJ:Ossing number ai p, ~(p) should still· 

be one. 

By redefining l. and R, the algo n t~ can be used 

for pictures With a range of density valtles. 

Golay {a) has suggested a two dimensional 

pa:rallel oemputer .based on a hexagonal array of modules. 
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Each module has 6 equally distant neighbours unlike 

the squat:e array wtH~re there are 4 immediate neighbours 

at unit distance and 4 secondalV neighbours at {2' 
distance. 

A B c B c 
J) p a A p D 

p G •f F E 

Square module array . Hexagonal module array 

A module can be either in state 1 or in state o, 
and given the state of any one module in a hexag,onal 

gsoup. and the states of its 6 neas:est neighbours, it is 
' 

possible by a simple operation to either change or not to 

change the state of this module as a fttnction of its 

state and of the states of 1 ts six nea_rest neighbours. 

Tb.ere are 26 = 64 possible combinations of 
' - ' 

o•s and 1·•s foltn1ng the immediate n.eighboumood o.r 

surmund of a module •. This can be divided into two sets. 

In the first set., there !s at most a single, gmup of adjacent 

l's and in the second set tbere are more than one. gxoup of 

adjacent l"s. the weights indicate how many distinct 



'PATTERN 
0 0 1 

1 
1

1 
1 1 . 

1 1
1· o.,_o 1 +0 1 i-0 1 + 1 1 +1 

000 000 0 00 o+o 0 , 0 1 ,-.+1 
0 .. 0 1 . 1 

INQEX 0 1 .l 3 4 .·& 

WEIGHT. 1 b. .6 1 ,:.: 32.. 

"PATTERN 
o· 1 1 1 0 0 1 

1 + 1 1 +0 1 +0 1 +1 0+0 1 0 0 1 
0 0 ·o 1 0 0 0 0 1 1 0 +1 1 +o· 

1 0 1 1 0 0 1 

.IN'DEX , i' ~- 10. 11 12.. 13 

J,J£IGHT 2. ~ b b 6 3 3 !_.;,: 3 2. 

TABLE 1 



dale# p•t,•m• etn· be: fosm•4 bf ••ding Ute pattem 

ebOWJt. ftbl• 1 sbewl. the •• of a. w1Jb\t lt 64 

Wddl it tbtt to't•l ,..be• of posalbt• pttteJftt. 1M 

P·••'-JU 8 and t an. •• Ofd.y •v-etao p•tt•m•• 

tho two sot• of p•tteat en, ••••ted by· lbe 

CQftcapi Of COMOOtlvltf'• In tbe fla' .... tl\t add&UOA 

or delotlou o·f • .1 at the CMtn ••· not dte• ttJ• 

coanoctlvlty of the l'• of the auuoUAd, tlieJGH tn. tU 

oec»ftd •at 11 l.• offettect. 

All ·OpGRti:OM lA \wO-dktlfttd.Oatl p#~allttl 

._..-.. ••t be stallo lA tbal t.o ndQbl»udn~ llO·cillet 

A end e lbould nevoc be opel'•ted UpOa aian4t:eneout1Y• 
1bit could .intiOWce the loQ14d diffic\llty'll~l lllf 

Orllp\tte• wold not be abl.e to ded._ tev •otbol' _, use 

•• old aut• of A W.lft flaAag •• •• au~.und of ' •d. 

th• •• n• eute of s •• f!.ftd&ttg tb• tunol~M o.f A oe 
Vice v•••• ·Jbi• dltflcultv li o~ei"CO•: tty gt.vt.na ., 

oWtitrlftg a..-c• to .A md a. So •• nua,ond wbftelcl 

.&•· .dJ. vlded lftto ••• lubflald•, no two •o.al•• of the . . 

. same tubflold evoe bolat sdJii~etn\t .aftd. tbtn opo•tlfto ....,., 

alaul totleoullr on all •• modulet of eacb whfteld,. taklftt 
one eub.fie:ld aftel' tho other. 

.I 



3 l 2 3 J. 2 

l 2 3 1 2 3 1 

3 .t 2 3 1 2 

1 2 3 1 2 3 1 

3 1 2 3 1 2 

Subdivi$10n of a hexagonal field of modules 

into 3 subfields of non-neigbbourin9 modules. 

The slu:inldng operation is defined by 

i(k)-, the subscrl.pt of a is the index of the 

surro\lnd of any element of the field k v.bich is to be 

operated on. th.e first subscript of M indicetes that 

whenever the index is l, 2 O¥" 3 as defined in table lt we 

have 
-• = o, l(k) 

whereas vbenevez- the element o'f the k field is surmunded 

by a pattem of index o, or 4, 5, •• , ••••• • 13 ' we have 

ai(k) = 0 and al(k) = 1 
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The second subser.i.pt n indicates the number of times 

th~ <;omplete operation is perl'ollned. The superscnpt 

indicates ~at eadl complete operation consists of three 

p~rti.al operations perfo~med successively on th,e three 

subfieids of k. Within the bracket .• the k before the 

;: sign refers to th'l next state of a module, \\4\ereas 

after the = sign. it .refers to its foX'lner state. When 

the cp.eration is repeated until no further changes oe.cur 

in k. that is until ai(k) .=;~· 0 for all modul~s, \\bl¢h is 

indiceited by .making n :::: oo , we get the thinned figure. 

k is used al temat;e.iy to denote the field or 

to represent the 0 or l state of any .module of the field, 

as no ambiguity :results f'lX>m this usage. 

In '(19) , Bosenteld and Pfal ta present an 

algorithm for detetmining the *distance skeleton' ~ieh 
' 

they define. He:re,, the advantage is that the 'flesh' 

·can be fully dete:r:mined fmm the •-skeleton •. ~t the 

skeleton obtained bere is not lnvad.ant undet JX)tation. 

The •distance' between two points is fit'S't 

defined~ Let P and Q be two di..stinct points of a 
'r .... c • ' 

digi t1zed pictun.. and let d* (P,.Q) be the smallest 

po$it1ve tRteger $u¢h tl\a't there exists a sequence of 



points P =t Po • P1, ••• ~· Pn :~ Q with P1 

a neigh~ur of P1 .. 1, .J. ~ l ~ n • 

lhis d* ·is called tile distance from P to Q •. 

X.f .. ., #:: Qt the distance between them. is defined as zen>. 

The· distance .fmm a point P to a glven subset Q ot: .tbe 

p!ei;ure is defined as the smalles.t of the distances 

t~m .P .to Q. · . , 

.First a distance transfoxm of the digitized 

picture is constructed.· For this• each element bas an 

integer value equal to 1 ts distance from the set of o• s, 

assuming that this set is non empty. So the o•s ar., 

.unchanged; since they are at zero d1 stance fl.t)m them

selves. The l's ~ich are boxizontal or vertical 

neighbours of ~e:to$ also remain unchanged, The l • s \\bicb 

a.re hotizontal or vertical neighbours of such l's become 

2's. and SOP on. The transfolm is done using tbe two 
. . 

sequenttally applied local operations as follows: 
-

if a1 j.. = 0 .... · 

= min (ai-l,ffJ., ai,j-l+J.) 

if (!..J) f-( 1,1) and 

ai,j = J. 

= m+n if (1, j} .=: (1~ 1) and 

a1 , = 1 •• 



Since no two points of the picture can be 

distance m + n apart. we know that a1, 1 is at a distance 

less than m + n f:tom tbe se~ of o•s tif this set is non 

emptya thus the final value of a1•1 will be the value 

assigned to it by t 2 • 

' . 
If P = (P~.j) is any picture, J.1' -t:• (f't.J) 

will. be called a partial picture of P if f'i.J = 1i • .S 

·Or 0 for all i, j • 

lf T = .(t1,j,) is a distance transfonn picture, 

the partial picture T• :;;. (t*t,J) definei by t*i,j = t1 ,_,. 

if none of t1,.1,,j. 1 .tJ.+l,j • ti.,J•lt ti,j+l is 

t1 , c + l 1 o. otherwlse. will be called ~h~ •·skeleton• 
. t ·" 

of T. That is-. t* is the set of l'Qcal maxima of the 
. . . 

distance trc:u~sfoD\. 

This skeleton is the smallest subset of the 

transfoltn picture fxot.o which tbe :entire transfoxrn picture 

can be reconstructed by reversing the distance measuring 
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FIG Sa DISTANCE TRANSFORM 
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.In (21). the authors give a method for obtaifting 
the medial line of a figure. Contou-=- points are defined, 

and at each iteration all the contour points are removed 

exeept those \\tl~ch might belong to the medial line,. Vtbicb 

are called tina1 points. lbe f:lnal point conditions· an 

also given.. Ea<.:h cycle is divided into four sub-eyoles. 

The orl.gi.nal picture is initially stored in a 

matrix and in another matnx initially cleared, the final 

points detected at each sub-cycle al'e stored. · A third 

matrix Ci contains the set of contou~ points el~:rninated 

at the 1 tb sub--cycle (1 co, .1, 2, 3). In order to avoid 

elimination of the contour points Which are also final 

points, all the contour points are first deleted f.xom the 

picture and then th·e f1nel points are added. 

Povl1d1s (lo) has desoJibed a thinning algorithm 

wh1c~ goes along the contours of regions;. pe-eling off the 

con'tour and l-eaving only m.tJl tiple pile:els. ln the figure 

showing the relative positions of a pixel and it.s agh't 

3, f / 
"1 

4--
j' 

c-Q r-f-
1/ I "-

• 5/ b 7 
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neighbours, the. ones in the even directions are direct 

o.:r J)..neighbouz:s and the ones in the odd directions are 

indl·rect or I-neighbOu~;s. The contour of' a set of pixels 

Q is· defined as the set of pixels in Q which have at 

least one D neighbour not in Q. 

The C.neigbbours of a pixel on a contour are 

defined as the previous and next pixels found during 
" 
contour 'trac.}ng. 

The author has defined multiple and skeletal 

p1x;ls ·A pixel is said to be multiple ,j,f one or more of 

the following ~ondi tions bold; 

a) It is travened more than once dUring trcking, .. 
i.e. at the completion of the pl'Ocess its 

value is greater than 2. .(Wben a plxel is 

found to belong to the contour. its value 

1 s incremented) • 

b) It bas no neighbours 1n the interior of tbe 

region (i.e. no neighbour with value 1). 

c) lt bas at least one O..neigbbour vAlic:h belong$ 

to the coatour but which is not one of i's 

C..neighbou I'S. 
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A skeletal pixel is one for Which one of the 

followtng conditions is true~ 

a) It is a mul tipl~ pixel . ' 
b) It_ bas e. 0... or L.. neighbour \\bich has been 

c:) 

id~ntif'i~d as a .skeletal pixel during an e.arliex 

traelng. 
. ' 

(Optional) .lts two C.neigbbou rs fo m an 

angl~ of 90° • 

. S denote,s the skeleton, Q the set to be thinned, 

B(_Q) it~ eo~tour, L(Q) · t~e set of pixels of B(Q) v.nich 

are not· mUltiple. M(Q). the set of multiple pixels of B(Q) 

and K(Q) the set of all pixel.s ·in B(Q) vbieh have a 

nei~bour in $, ot: (optionally) satisfy condition (e) ef 
.. 

·the definition ·of a. skeletal pixel. 

lni'tiallV S is sat equal to fJ • ThE! algolithm 

finds B(Q) by :a: .eo(ltour trad.ng method. L(Q) •! M(Q) and 

K(Q) are- found by· retx-aeing B(Q) while checking condi Uons 

of ~-multiple. piXel an~. ~ndS.tion (c) of a sl~eletal pi.~el. 

The"S is. set equal to S V.JA(Q) u K(Q) and Q is· set equal 

to Q..,. B(Q) •. The ptocess is repeated as long as Q is 

not empty. 

/ 



The skeletons obtained using this algorl tbm 

are not symmetric• but this defect is not selious if 

tn,e initial pictures are not thict. The author says 

that tbtnning algori.tbms should be applied only to 

figures vllich a:re rather tb1n to begin w1 th and so 

this se:ves the pux.pose. Mo xeQver, a reeonst:mct1on 

algonthm is also giv.en', which gives an approximate 

reconstwction of the origlnal. shape fxom the skeleton. 
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C: H A P T E R IV 

Vlllen black. and whl te picture.s are considered, 

a pi.<:tu re i$ a fin$ te two dimensional array of points, . 
. say a square a:rt:ay of' s~·ze N X N po.i.nts, each poini having 

a value black/wblte• EveJ;y such assignment of values 

to the N2 points coastitutes ~ p1·cture. 

The concept of oonneett.Vity is fundamental to 

many pattem transfoxmations and is based .on neare$t 

neighboun logic. Eath po1,nt is considered as having ·eight 

neighboun, as sho~ 

nl n2 11$. 

.n.4 p "s 
n 6 A7 na 

t!oJ.lovd.ng Rosenfeld and Pfalt.z (1966). a subset 

of a digitized plcture is connected, if for any two points 

p and q of the pictut-e. tbere exists a sequEnce of points 



The algorl. thm that we have developed sean& 

each 3 x 3 window in the digital picture and examines 

1 f the central point in the window can be removed or 

not. It is removed, that i'• changed fxom 1 to some 

othe.r number say 2• if certain co:ndi ttons hold. At 

the end of each· scan or pass, all tbe 2* s are changed 

into o• s .• 

We., use fbsenfeld's(6) definition of a border 

point. Let S be a s~o~bset of a digital picture. If P 

is a point of $• and tbe neighboumood of P is 

d 

f 

b 

p 

9 

e 

h 

then we call p a north bo.rde.r po.int of b = 0 ; an east 

border point it e = 0 , a west border point i.f d = 0 • 

and a south border po1nt if' g = o. 
/ 

If the following conditions are found 

¥ X X • 0 y X X 0 0 y 

0 1 0 = 1 y l( l y X l 

v ·Y ·y )( 0 y 0 y y X X 

y 

y 

0 



where at least one .at and one v are no.n-.zexo .• then the 

c;entral point is preserved and the next a x. 3 window is 

p~~essed. 

If the above foua:- condlUons are not found, 

then the central point in the window is examined to find if 

it bas at .least two .i.'s as its neighbours. Each of these 

l"s should have at least two l 's in their respective 

neighboumoods al$0• This presexves the connectivity of 

the picture. lf this condition ho.lds good, the point is - . . 

removed, that is. changed to some ·other number, say 2· 
~ ' . 

ln the first scan of the psoeess. north border: 
. . 

points or west border points ate removed if they satisfy 

the above conditions. Xn tbe next scan, south border 

points or east border points th.at satisfy these cond1 tiona 

are removed. After each scan through the whole picture, 

all the 2's which indicate the po~nts removed are set 

equal. to ze;r;o. The pmcess of removal is repeated till 

there are no more points to be removed. We are finally 

left with a thin version of the o:d.g1nal picture. 

this algorithm v1as applied to some pictux-es of 

chmmeso.rnes,. and 1t was found to work well.. The algolithm 
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is presented here• 

the picture is ·digi tize<J. and the input is 

a matd.x A(m.,R) of 1 1s and o•s. An indicatorS points 

out. Y.hetber 1 t is- the first or second sub--cycle. There 

is another indiG:.ator F Wtdeh snows 1f the point is 

reached when there are no more points that can be 

The Algod.thmJ 
.·-··· • * '-~· .... ~· 

Step l . l Read A(I,J), , J = ltN , % =t l,M 

Step 2 : ; Set .S ~· l • .I =· 1. , J = J. 

Step 3 1 ls A(I,J') : l ? If 'No' go to 

Step 4 

St s· _ep 

Step 6 

Step 1 

$tep·lO. 

Is S =. 1 ? If 'Yes' go to Step 6. 

Is it a south or east border point ? 

I.f '-No' go to s·· ·-·tep 10. If 'Yest go 

to Step 7. 

Is 1 t a no rtb or west border point ? 

lf 'No' go to Step 10. 

1 t\>es i't have at least two l 's as 1 ts 

neighbouxs 1 If 'No •· go to Step 10. 



. Step 8 f J)oes each of its neighbour.J.ng l'$ 

have at least two 1' s for their 

neighbour& ? If •No• go to Step 10. 

Step 9 : Set A(l,J) = 2 

Step 10 t Is J l!t N ? If ·•No • then set 

.1 e j + 1 and· go to Step 3. 

Step 11. ~ ls 1 o .M ? If •No' then set. 

l = .I + 1 ·• J # lt and go to Step 3. 

Step 12 : Paint A( I,.J) • J • .l;N• 1 = l,M 

Set I = 1 • J := l, P = (). 
Step 13 a Is A(I,J) = 2 ? If tNot then 

set A( l~ J) =: A( 11 J) and go to 

Step 15. . 

Step 14 : Set A( ,I. J) = 0 : P = 1 

Step 15 : Xs .J = N ? lf •No• , set 

J = J + 1 and go to Step 13. 
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Step · 16 ; Is I # M ? If 'No' se" l = I + 1: J • 1, 

and go to Step 13. 

Step 17 t ,Is S = 1 ? X·f 'Yes • • then set 

S = 2 and go to Step 19. 



Step 18 t Set S = 1 

Step 19 ': ls F = .1. ? If *Yes' then set 

1 * 1. J = 1 and go to Step 3. 

Step 20 :l Stop. 
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Two of the pictures of chl'Qmosomes and the successive 

stages of the thinning ptoc~ss are shown here. 
\ . ' 
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CHAPTER V 

CX>NCLUSIQNS 

Chmmosome analysis involves the classtfi-cat5.on 

of the various chxomosomes into gmups depending on size 

and position of the centmmere. 

lhe reasons for lntmdud.ng automation for 

cbxomosome analysis an obvious f.mrn the nature of tasks· 

involved, The objects are \fewed thxough a ml.cxoscope. 

and the carefulnes-s with which tbe first. slide 1& handled 

and the carelessnes$ w1 tn wh1ch th~ J.Otb slide is handled 

vades from pe:rsOn t-o person. The number of. cells ·that can 

be dealt with by a technician skilled in the field is 

· lind. ted. Factors l1ke fatigue affect th~ judgement of the 
. . 

worker wbo does tbe analysis manually. Since tbese can 

be o11er¢ome by a machine. and the machine makes decisions 

based on measurements; the analysis is done on a. quantitative 

basis. Also due to the ability of the machine to store 
' ' 

· laJ:ge amounts of data,- it can identify ver.y minute differences 
. . . 

which may not be possible for a human to do • 

• 
,Th·e process of automatic analysis involves feeding 

into the computer a _digi Uzed picture of the chxomosomes. 



Segmentation methods are used to extract the regions 

of interest. These· ngions a:re represented so that .1 t 

faCilitates further analysi$. Tben measurements are 

made,. basc:u:l on wbicll decisions are i;aken • 

. 'The woi'k done in this dls's·eriation giv~s 'a method 

of ~presenting the regions .of 'interest which have been 

obtained after &4!fgmentation. 1be method represents the 
I • • I • • ' ' ' '' ., ' 

reg~on by 1 ts skeleton. rtle algorithm p_resent.ed here 

WQI'ks quite well and the skel,etQns of a. few cb:r:omosome 
. . '· ' ' . 

83 

images have been obtained. lbe~e was no loss o£ .c:onnectivi ty. 

The algorithm .is conceptually very simple; and its s1mpl.ici ty 

is a big advantage. the chromosome pictux:es that are used 
. - . . a . . 

here bave been taken £zom Hilditdl•s work (9). 

It was found that if there 1s excessive noise1 so 

that twO lU:ms of a chromosome appear to' rnerge, then the 

algol';i thrn does not seem to· succeed. An example is sbowtl 

where tbe digitized image of the ·chtomosome has a conneetion 

between· two al'llls due to noise. %n this ease. a noise 

cleaning operation can be applied first and the thinning 

algod.thm can be applied latex-. 

atat'acter recognition wa$ one of the first industrial 

.applications of. patt.em recogn1 Uon. Attempts cal\ be made 
l 
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to use the algoxithm presented in this dissextation 

Oft eba:tacterst particularly handwJ!itten ones. Mechanical 

or electxonic scanning is used- to convert an optical . 
· image into electrical signals. This· output is then 

sampled and digitized. In order to facilitate the 

feature extraction and recognition logic. fil t.e:d.ng is 

done by applying line thinning algo r1 tluns which reduce 

the character to its skeleton. 

Pexbaps the ·algoli tbm m~y also be used for 

· mul tlgrey level pictures.,: but this bas not been attempted 

in this dissertation. 
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