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" AHSTRACT

This thesis discusses the develcpment of thinninq and

.,
'~

thickening algorithms for the purpose of thinning oOr
thickening ' camera captured ° Arabic fontss

, . . - - ) V‘-
Skeletonization 1s a wldely_used preprocessing technique

"

in *linearwise’ ‘image analysiss for example;'\\analysis of -

alphanumeric printed or'haﬁdprinfed characterss Chromosomess

etc. One of the methods for obtaining the ‘*skeleton' or a
" . : .
*medial line® of a binary pictures consists in grzsinq

points of the boundary of the object without modifying the

- )

topological properties of the picture until Yt consists of

-

thin linese. _ -

. A o
Various existing thinning alJorithms are ‘presented'and
comparced to‘the algorithms presented in the thesige
Two new paréllel thinning alqo;ithms are developed. One
is based .on 1local operations to detect edge~points,

end=-points and break-pointss. The other is a* matching

alqorithm in which a set of eight templates and two images (

-the current image and the wcrking image ) are used in the

' .

Processinge Both algorithms maintain the connectivitys
conserve the shape cf the original ' image and do not leave
extraneocus pixels within a 3-by-3 window to prbdu;e a pixel

thin skeleton from a connected ‘thick image. Alsc a

thickening algorithm is presenéed.
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‘effective for thinning and thickening of Arabic fontse

.

Experimental resulﬁsw
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' Show™“that these methods are
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Chapter 1

o INTRODUCTION

3

Thinn;nq algorithms have_been ‘studied widely in picture -
processing and ﬁattern recognition because they offer a way
of simplifying pictorial forms.

Our goal is to perform skeletonization s+ thinning and
thickening algorithms on Arabic charac;ers.

. 1 v
‘Thinning alqgorithms ar% used for different purposes such

as: -
T« Automatic analysis of ChromOsome spreads
Ze Quantitative measurement of soil cracking
patternse - o ‘f
3. Feature extfaction s printed character reco-
gnition aﬁd image representatione.
u; Type—-setting characters
thinnini§ 1s the most c0mmoh name for the prdcess of
- t
reducing  the width of a 1line-like object from many pixels
wide to minimal widthe.
Other terms commonly used to describe the determination
of a single pixel are " skeletonization " s+ " medial axis
transforﬁation " and Y symmetric axls transformation ".

One advantaqge of skeletonization is - to reduce the memory

space required for storing the essential structural



<
information present 1n the patternss Secondly « it also
simplifies data structures reguired °~ in processing the
pattern.

There are several possible definitions of a skeléton :

1. Montanari [5) defines a skeleton as being the result
of propagating wavefronts from the inside of the edqe of the
figure. The skeleton i1s then the locus of the intersections
of wavefronts from Opﬁbsite sides This 1s roughly
equivalént to the scheme adopted by most authors + where the
» outside " pixels are removed iteratively from the image
until no more 'can be removed without disconnecting one arc
from another or shortening a line.

2e Rosenfeld.[6-71 takes the definition that a skeleton
1s formed from the cénters of maximal discs placed withain
the object. Using this definition the skeleton can be.used
to reconstruct the oriqinal object accurately by retaining
the radii of the maximal discs and simplf re-drawing tﬁeh .
This definition however does not quarantee that the
skeleton wWill be connected (i.e. one gquarantee that the
skeleton :ill be_ converted to several bla;k with white
spaces in‘betueen) .

3. Davies and Plummer [8] define a skeleton as belng the
result of (2) but J1th sufficient additional points such -
that the resulting skeleton is connected. This is the mOst
useful of the definitions by combining a strict definition-

With connectivitye. <



3
ul Pratt (3] defines shrinking and thinning as
operations that seek to reduce a connected reqibn of pixels
of a given properly set to a smaller size « . Shrinking
reduces the region ‘to a single pixel s while thinning
reduces a region to minimal cross=sectionnal widthe
Skeletonizing is a related operation that transforms a
region to a stick fiqure representatione _
In genéral tF§fining algorithms are used to reduce’ an
elohqated obiject to one elgment thicka
Most existing thinning algorithms take the follauinq
processing route s starting with the analog output ofxthe
scanner device. -
a-Thresholding :The scanner hardware usqaily'converts
'mthe image éo 0 ¢ white) or 1 { black )
betére passing 1t to the computer (see
APPENDIX = A = Je
b- Tﬁinninq ;An iterative edge erasion process remo-—
ves outside pixels until only the skele=

tOn remainse



o5

1.1 _OVERVIEW ON_DIFFERENT TECHNIQUES:

In this sections a review of various thinning algorithms
described in the literature is presented.

A thinning algorithm 1s considered useful for a
‘particular application if =

1« It presééves the shape of the orldlnal imagee.

.2. It preserves the connectivity

3. It does not leave extraneous pixels ( branches )«

Several authors [9-11]1 have studied the problem af

oﬁtaining sets of thickness iHVAriant measurements uh;ch
involve the detérmination of constant thickness *“medial
line" of each object and considering for recoqnitiOnm
parposes only thé features of the line » unfortunately these
measurLements are 1invariant only with respect to a uniform
change of thickness in the entire pictures

Some of the work 1n the ~literature {12=15) is
concentrated on two fundamental approaches. The medial aiis
transform (MAT)_ and the distance transform| (DT). The

. e
strength of the (MAT) 1s 1its ability to generate 1image

skeletons that are always connected The DT on the other
hand prcduces . skeletons that may have gaps but can be
implemented to run faster cn a conventional qgeneral purpose

— .

computer.

Alcorn and Hoggar [16])] discussed the work of Saraqa and

.

Woolloas [17] » Dinneen [18] » Unéer [13) » Sherman 120] and

Deufsch [(13] who all used varicus sized window operators



- —

. 2
which are.passed iterativelf over the whole image to decide
whether a point is to be deleted = The paper concentrates on
the follow-up to the work of Dinneen « A 3=by-7 windou 1s
passed iferatively over the whole f binary ) imaqe.‘ The
number of black pixels in the windaw is counted and if thais
fiqure is below a fixed threshold values then the céntral
pixel is set to white. If the count is above a different
values the central pixel is setr to blacke. According to the

values of these thresholds the reésult is that either small

/éilled

performed by eroding the edge from the black reqgione

gaps 1in the black area are inv or thipninqo 1is

The shape of the window has the unfortunate effect of
producing skeletons with thin vertical lines and thick
horizontal 1lines + so the final " skeleton ™ is not
consistently of unit widthe

Beum [21) started with a binary imaqe and uses an
iterat1v? technique with 2 basses per iteratione. The first
pass marks all edge points as being eliqible for deletion.
The second pass then deletes all marked points which are not
critical to the skdleton i1e.e. points uhich Wwould not cause a.
discontinuity or an end of a line to be shortened . The two
passes are then used iteratively until no more points are
deléted e« A final " clean—-up " pass is used to reduce the
image to a stick line of oné pixel thine 1In the‘paper it is
suggested that a number of iterations be fixed to say 3. Qpe

—
clean—up pass 1s then relied on to complete the thinninge.
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The chief difference between this algorithm and [16) is
in tﬁe organization of the 2 passes « . Hilditch:has ther
secbnd pass delete all marked points . Beum rperforms Ehé
majority of the cﬁecks to prevent deletion of break—-poOints.
and excessive erosion on the second passe the checks being
only done on.edge points marked bn the_first PaSSs
udupa and Murthy [zZ) suggested a method for converting
a bin;ry image directly to a set of poin;s which form a line
segment approximation of the skeletone. The algorithm dses an
iteration where a set of window operators over the image to
detect "™ turning points " and " end-points " 1in thé:imaqu
Unfortunately the alqorithm yields a .skeletcn of a constént
width overraf‘least 6 pixelse.
' ReStefanelli ‘and- A.Rosenfeld (231 presented a basic
scheme of thir\mir;};P which consists of a sequence of four
parallel steps ;hinniﬁé the objects in four <cardinal

o

directions ( north s south s+ wWest ¢+ east ) successively .
The disgdvantaqe of this method is the existence of branches
in the final skeleton.

A.Rosenfeld and L.SfDavid [24) described a simple
algorithm for thinning object down to skeletons and a method
of detecting and pruning “noisy".branches of a skeletons
with the aid of the distance transform of the original

oh3jecte. The main problem of this algorithm i1s that the

final skeleton may not be connected.
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Tamura [25] descrited a thinning algorithm that aims at
two 1mportant properties « The first is of a topological
nature and consists of preserving the order of connect;vitv
of hoth object and baExquund. The second is the definition
Of end points by which the skeleton beqins to emerge from
. the objects. N
CeColee [(26]) described a modified distance transform
(MDT) wHich ccombines the ariginal distance,transform (DT)
with a new set of selected rules to- be defined , and an
appropriate linking algorithm to “produce a connected
skeleton in computing iimes that are significantly shorter
than the medial-caxis transforml(H&T) Amplementation for a
large image arcraye. It should be noted that by using this
methods the skeleton of one pixel width cannot be obtained.
‘Chunq ;hang Lee [(27] presented a sequential. thinning
algorithm which maintains a connéctivity Within 3-hy-3-
window to producé a pixel thin rskeleto_n__f‘r‘Om a connected
thick skeleton. Thé process 1s based on local neighborhood
logic lskeletcnizinq opérations for. fast processinge and
consists of :
1. Sequential application of a modified distance
transform ;
2. linking algorithm i and
3. thlnnlnq'alqcrithm

The algorithm is excellengi concerning the processing
H

time and preserves very well the shape of the criginal image
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but it has sometimes thg/ﬁrqplem of discontinuity when it is
applied to Arabic characters\t‘/'

For Arcelli [30] a skeleton can be obtained using a
matéhinq algorithm in which a set of eight templates is

usedes The problem of this method 1s the existence of

branches in the final skeleton when only one 1mage is used

in the processinge ‘ - J

"For'Carlo Arcelli and Ge.S.Di-Baja [291 the thinning is
gbtained uginq an algorithm uhich- transforms a digital
figure into a set of simple digital arcs and CUIQGS! by -
employing local sequeﬁtial operations e The procedure
considers the removal of suitable contour elements of the
given figqure and it 1s repeated on every current set until
the final skeleton is obtained.

AeBel-Lal and Hoqtoto [32) presented '\a thinning
algorithm which determiﬁes the "medial line's " elements oé
‘an elongated obﬁeet on a digital image and + at the same
+ime a value for those elements equal to the "width" of the
object « The procedure dele;es-boundary points of the object
in an iterative process s+ a way which is widely used 1in the
biblioqraphv to find only the position of the medial line's
element. However using this method the skeleton contains
branches oriqinatinq'in cofrespondence ta all the deletabie
_‘convex arcs of the contour.

1 ’
CeArcelli s LePeCordella and Se.Levialdi [(33] described a

N

parallel -‘procedure applied to a connected image the
“’ .
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procedur2 -fnvolves a step by step. propagaticn, of the

background over the image. At every step. coétogﬁjelements
élther beloﬂqlnqi to Fhe sigaificant convex reqié%s 0L the
current image or being local maxima of the original imade
aré selected as skeleton elements.

For the basic alycrithm of[?aVIidis (321 3 a dark point
P is deleted from the patternLIfﬁ it satisfies all of the
following conﬁitions: 1) it is an gdqe-point; les it has at
least one white four-neighbors; 2) it is not an End—;oint:
and 3) its neiqhborhc;d does not match any of three
predefined 3-by-3 rotating windows ( Pavlidis calls these "

multiple points " and "™ tentative multiple PoOints " tests ).

. N ]
Effectively .« these tests ensure connhectedness of the
skeleton and prevent excessive erosion . L i3
di1lditch [12] presented a thinning algorithm based on

" the following «criteria : a.dark point P is deleted if it
saEiSEies all of the tollowing conditions : 1) it «is an
TN
edge-pointi Z) it 1s not an end-pointi: 3) it has at least
one darck eiqht-neiﬁhbors not considered as deletabie: 43 1t
15 not a break—-point; lLe2e.y its neighborhocd satisfies the "
crossing number " criteria { see N.J.Naccache algorithm [35]
Ji o4) 1ts deletloﬁ does not cause excesslve erosione
R.Stefaneli; and . A.losenfeld [23] ’ presented - a
"simplified version" of Hilditch'é approach (12) déscribed

belcw« In thisfalqo:ifhm. a dark point P-is deleted if it
; )

satisfies the followlng conditicns: 1) it is an edge-point;
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Z) 1t is not an end-poiﬁt: 3) 1its deletion does not cayse
excessive erosion: 4) it satisfies the break-point test:
lece the  nuember of dark to white transitions in the
neiqhbofhéod of P 1s equal to 1. The main problem of using
this method is that the shape of the oriqigal 1m§qg is not

always presecrved and also scmetimes the presence of a~ few

=

extraneous pixels ( branches } either by flaqging the pixels
Jngach pass and deleting the flagged gixels after the lést
iterations oOC déletinq a piiel each time the four conditions
are satisfied. 7

Nabil Jean Naccache and Ra?ijan Shinghal ({35 presented
an algorithm Sased on local operations to detect
edqefpgintéo end-points- and to preVent- excessive erosion$
also coﬁpaée their results wWwith its so- called »Simplified
ver;?gﬁrof Hilditch"™ presented by Stafenalli and Rosenfeld
{231« The algorithm consists of six conditions. One Of the
main diSadvdntaqes is the existence of branchess, the other
is that the final skeleggn;is not connecteds.

For A.Rosenfeld (421 éhe natural concepts of simple
connecé%dness are ‘defined for subsets of a digital picture .
it is shown ‘that every simple connected object  ( Wwith more

-than one element) in such a pilcture has elements which can

be deleted without destroying its simple connectednesse.

Rosenfeld and Pfaltz (40) defined a distance transform

of a binalcy image. This replaces each pixel by a number
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indicating the minimum distance from that pixel to the whi;e'
pointa The distance between two pcints is defined by the
number of pixels 1n the ghorteét 4-connected chain.bet:een
the pointse. This'transformation is calculated by eyaluatinq
a function sequentially in a raster scan over the imaget o
folléwed by a second function in " a reverse scan. Once the

distance function is calculated » a local maximum Operation

1s used to find the skeletcn . It is shown that this is the

. smallest set of points needed to reconstruct the image
’ L}

exactly. The main problem with this algdrithm is zhat’ the
skeleton may not be connected .v However s+ the time rTequired:-
is of the order of the number of pixels in the image

making this form of thinning faster than iterative
. o

._alqorithms.

!

It should be noted that the strokes thinned by hardware

or softwWware are accompanied by different kinds of
P
distortione. Different algorithms produce different deqgrees

ofvdistortion (2v3922+13 1) ’ :

1a2  _QBJECTIVE QF_THE_RESEARCH
The objective of this research is to investigate the

utility of thinning and _thickening algorithms to Arabic

-
Al

characters ,{ and to develap new algorithms that will
. ) : . r .
maintain the connectivity s preserv shape ¢f the original

-

image and avdid such problems as extraneous pixels (

branches ).’ N

™=

e
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.The thesis ;s divideq intc threg parts

Some basic definitionses illustrations and procedures are
presented in chapter II.

In chapter.IgI various parallel and sequential thinning
algorithms are presented and studied iqﬁfdetailo We have
shown Epe probleqs of each algorithm when applied to Arabic
characterse.

In chépter IV two new parallel thinning algorithms are .
developed to investigate the problems discussed 1in ?hapter
III» and applied ﬁo Arabié.hcharactets. Also a thickening

alqorithm 1s presented ¢

Chapter V _presents the conclusions that can be obtained

from the research work presented 1n this thesise.

F

Finally some other examples are given in Chapter VI. 1In

o .
this Chapter all thinning algorithms presented in Chapter
III and IV are applied to‘hand-writéen and printed English

wy : . *
fonts and some numbers. N
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221 ~INTRODUCTIQON. = )

Usually different researchers have described various

" \-———P——’ - _ - ' ) :
formal tests to prevent eéxcessive: 2rosion and to detect

edqe-polntss end-points and break-points. Before going on to,

describe these procedures it would be useful to give brief

v f
illustrations and definiticns for thinning approachese.

-

BAL_ILLUSTRATION_ : ) ‘ ?

Fiqures 2.1+24292.3 and 2.4 illustrate the operation of

a ;fmple thinning and gkeletonization for reqularly shagsé
feqions gnd'irreqularly shaped regions which consists of
:emoviﬁg/border points that are not end-points and do not
result. in a disconnected region under the definition of

e1ght-connectivitye. N

&
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a= Regularly shaped reqion :

P11 1] x | x|x |x]|x
11111411 | x |1 1111 |x
SERER RN ‘ x 1131}«
11111111 x 111111 ]x
11111117 x 111} |x
1Tl | x |11 |1)x
111111111 R XIx|x |[|x]x
1] 1 x Ix]x
11111 . x 1] x ; 1
¢
111 x 11| x 1
1T11111}- x |1 ]x 1
" 111]1 x |1 | x 1
1111 - x |1 |x 1
’ LN x | x| x

——

Eigure 2.1:

Case of .rectangle The value 1 corresponds to
object pixel and x <corresponds to deletable
PLxelSe '

4

Ve
b -
- L , —
w~



1|1 10111 ]
1 {1 1011111
1 {1 110111
I R 11§17
%
111 1{1}1 ]
1 {1 RN RN
1| 1|1} ]
o
AN ENENE
IERENENENES
NERERERE
11 ]1]1]1
BENERERE!
RN R
1111
11111

Eiguge_2s2:

Case of square

X x| x
1 111
1 111
1" 111
1 117
1 TN
x x | x
X X 1x
X 1 1x
X 1 x
b T x
X. x | x
1
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b-. Irreqularly shaped reqion

#
x| 1 &xh;_\ 1
x| 1 T : 1 N
p - x| 1 1
* x| 1 1
) x| 1] x ' ' 1 )
x| x| 1} x 1
x| vf 1] x| x] x| x 11 1
xt x| x) Y 1] 1} x 11111
x| 1 1x] x| x — 1
x} 1 1
x| 1 1

&
]

Bigure Ze3: Vertical region thinning

x| x| x
x| 1} x| x 1
+

xtb x| x| x{ Y] 1] xt x 111
11 11 1] 1k x| xt 11 1 111111 11 1

x| 1] x 1

x| V] x 1

x| x| x

FPigure_2as4: Horizontal regicn thinning

.
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223 —_DEFINITIQNS
It is possible to define thinning in a mathematically

rigourous way on the continuous plane as followsSe

223.1 ~DEEINITION(C1) [21]

Let R be a plane set Brits'boundary and P a point in Re
A nearest neighbor of P on B 1s a point M such that there is
no other point in B whose distance from P is less than the

distance PM. .,

If P has more than dne nearest neighbors then P is said
to be a skeletal point i1n HRe The  union of all skeletal
points 1s called the skeleton or medial axis of R.

This definition implies that skeletal points are

centers of circles contained entirely within R with_ the

property that there is no other circle with the same center
and greater radius ‘contained in Re

Figure(2.5) shoWs some examples of skeletons with some
of their major featires.

One can see that they are very sensitive to noise
sihce a small disturbance of the boundary not only causes a
. disturbance in one branch but also causes the creation of

new branches



N~
\-/ﬁ‘
N
)/
L_/ .
|~
{a) (b)
-
(c) (d)

r

Eigure _Z=23° Examples of skeletons

(a). The linear structure of the character shown in this
Fiqure corresponds closely tc that of the medial axise.

{b)e There is no simple correspondence betWween skeleton
branches and the squares because if thls 1is the case we

should get a point as a skeleton.
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{c). The medial axis of the character shown in . this .

Fiqure is disconnecteds
(d). ThlS flqure shows ﬁhat a4 small ‘amount of ncise
alters the form of the skeleton «

Note that medial axis means the line which lies in the
middle of the tqick object in otheér word the skeleton af
the -thick imaqe.

Another observation that one can make froh Fig.(2.5) 1is
that for objects that ére,thih to start withy the skeletons
provide substantial infcrmaiion about their shapee. Thls is

not the case with a thick object s as shown in Fige(Z.5b).

d2d=2 -DEFINITION(2)

-The skeleton of a set of pixels R is a set found as
follows.

First the skeletal pixels and the contour pixels of R
are determined. Then all the contour pixels_that are not
skeletal are removed and the set thus found replaces Re The
process 1s repeated until a set consisting of only skeletal
bixels 1s lefte

The important part 1s the assumption that one can
decide for each set that certain pixels are skeletal, and
keep them. and the other pixels are definitely not skeletal’

s0 one can discard them.
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- 42323  _DEFINJITIONL3) : CONNECTIVIIY [3].

A fundamental step 1n the rormation of a symbolaic
description of a picture from an 4array of pixels or a
collecticn o0f  primitive features is to  specify the
geometrical relationship or connectivity of pixels « In the
binary picture of Fige.(Z.64) the ring of black pixelss by
all reasonable definitions of connectivity » divides the

picture into three pixel reqyions : the white pixels exterior

™
“tg theé-ring » the white pixels interior to the ring » and

the black pixels of the ring itself. The pixels within each
region are said to be connected to one anothers. This concept
of connectivity  is éasily understood in Figure(2.b5a) but

ambiquity arises when\considerinq Fiqure(2«6b).

/ (a) (b)

/

\

Faguce_2.6: Illustration or connectivity : .a- Ring frqure

H b—EAmbiquuus fiqure
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Neighborhocod operations lend themselves naturally to the

.study of connectivity. since it is defined in terms of

neighborse If the operations are applied in parallel, 1t 1s'

not easy to distinguish among connected componentss since
the ?arallel operations treat every point of the given se;
idepticallv ( see section 2.4.4)e Using the sequentially
applied operationss howevers one can track each connected
regions assigning a value tao each point of 1t as the

tracking proceedse.
[y . &

: 7

2.4 _PROCEDURES

22401 —SKELETQNIZATIGN CRIIEBIA f

In 1mage processing skeletonizgtiod of - binary patteras
consists of successive deletions of dark points (i.e
‘changing them to white points) along the edges of the
pattern until the pattérn 1s thinned td a line drawinge.

Ideally v+ the driqinal pattern should be thinned to its
medial axise

It means the procedure deletes boundary points of the
object in an iterative process to find only thé position of
the medial line's element. Simultaneously calculation of
position and width was found in using two arrayss one to
place the position and the other to record the widthe.

Most ske¥et0nizat10n algorithms consist of iteratively

executing many passes over the pattern where in each pass a

few dark points are deleted.' In any passy a dark point to

e N



bhe dele
intuitiv

a-

2242  _LOCAL OPERATIQNS

By a
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cach el

values

22
ted from the pattern must satisfy the fcllowing
e criterias.

It is an edge-point (l1.e 1t lies along the edqes
of the pattern

It is noE an end—points'(iQe it 1s not a point
which lies  an the extremities of the stroke)e.

It 1s not a break;point (ie.e it is not a polnt
the deletion of which.would break the connected!
ness of the pattern)e.

Its deletion must nat cause excessive erosion
{e«gqg an open ended stroke should not be itera-

tively deleted).

N
n operation on a digitized picture ‘it is meant a
which 'transforms a given m=*n plcture matrix intb
one. A general function of this type has m*n
ls argquments ( one f£or each position in the matrix
d is correspondingly diff;tult to / handle
ionally. For practical purposes, 1t is sirable to
th Ope:atidns on digitized picture which can be
in terms of functions having éOnSLGe:abLy fewer
Se
a local operaticn or neighborhood operation on a
1t is meant a function which defines a wvalue for
ement in the transformed plcture in terms of the

cf the corresponding element and a small set of

*
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neighbors in the qiven- picture. For example such
gperations can be deéxned using a neighhorhood which.
cohsists of the given element and its eight immediate

. - / .
neighborss an operation,of ths type has only nine arguments

and is of the form : ' - .
* .
a = £( a vQ +d +a rd ’
L 1-193-1 1-T+43 1-1+3+1 1e3=1 143
a va vd ra ' ) i

1e9+1  1+7143-1 1479 1+T1,3+1
. _ o ) ) .
When prccessing a picture using local operationss the

purpose 1s to share the results of intérmediate processing

sSteps as auxiliary picturese.

[;:e -proces§inq fcr thinning alqorithms can be serial
] ‘.? V ' )

(sequential) or parallel.

.

2:4.3 _SEQUENTIAL_ PROCESSING

Suppogg that a lecal aperation is_applied to the points
0of a digitized pictg}e iné some definite sSequence. For
s;mbllcityv Suppose that the points afe prOCesseﬁ EOW by row
‘beqinning‘at the upper lefte. , - )/'

~In serial (E:. sequential) processings one point 'is W,
processed at any one time ;3 the result of PLOCessling a ﬁoint
at the n£h+1 iteration depends on a set of points obfainéd
gf the nth iteration .« The processing sequence can be
preassigned for example as a television type scanning of
the v1;ual field ) or computed ( the next point to be

3

processed depends on the results of the previous processing

™

“
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+ thls 1s the cases for example in Tall contour following

algorithms ). In other wordss the new value rather than the

-

original value is used ig processing any succeeding points
which has it as a neighbora.
If g(is3) and g*(i+j) denote respectively + the values

of the 21nput and oOutput images of an elementary step in

LY -
.

point (i;ﬂ) then
' gliedg) = FC g*(i=19J=1)vq ' (i=T93)eg* (i=1+3+1)
G (ir3=1)9GCisd)sq{isi+1)sqCi+1e3=1)y
gli+1+3)9rq(1+14941))
Note that the points (i=1+3=1) » (i=1+3) » (i=-1+3+1) and

(i+3-1) have already been processed '+ while the remaining.

points have not yet been processed.

-

2.4s4  _RARALLEL_BBOCESSING

The wide variety of picture transformations uhichmgan b;
. performed using local operations applied iq_garallel has
given rise to the widespread belief that this' approach is
optimum for loéél picture prgocessing in qener;l;

In parallel prOcessihq the vAlue given to a point at the
nth.lteration depends o©n the talues given to the point aﬁd
its eight neighbors at the (n—=1)th iteration. Thus all the
points of the-fiqure can be ptpcegsed simultaneouslvE

In a parallel .algogithm » the elementary function F 1is

applied at once to all points in the helqhbcrhood .

F( g(i=1+7=71)9g(i=149)eg(i=1+3+1)»

)

: Cqlie3m1)a0ie 39 aCis 1+ 1) 4q (it T4 3=1)s

g'(1+3)

-,

g{i+197)+q(i+1,7+1)) .
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= el
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N
The arguments ( Gl1=199" 1) 10esecscanesesg{i+ly3+1) ) are
- ALY
i

-"always the original picture matrix values + the new values

g°(is73) = PO gli=T1s9=1)seeenccacdeseaaeasgli+l,3+1)) are
stored but are not used until the operaticn has been
perrormed for every (i+3) » when they then become arqgmenté
for the next operation ( if any }. |

Note that sequential processing can be more efficient

than parallel proéessinq when it 1S implemented on a general
computers. On the other hand parallel pProcessing 1is

*

advantageous if suitable special purpose camputing

sttuctures can be used 5 e.g cellylar networkse.

It was noted in [40] that any picture trgnsformation that

‘can be accomplished by a. series of parallel local operations.

.

can also be accomplished by a series of sequential lacal
F

operatjions ¢ and conversaly the same is truce N

Fo e

4



i}

*

Chapter III

VARIQUS THINNING ALGORITHMS WITH APPLICATION_TO

ARABIC CHARACTERS
3.1  _INTRODUCTION | 2
The key step of many pattern recognition .tasks is a
thinning alqo:i£hm.‘ Ogé of rthe methods of obtaining a
skeleton or a ﬁedial axis.of  a binary picture, consists of
-erasing pofnts -0f the boundary of the obieét without
modifying the tgpoloqicai properties of the picture until it

¥
CONS1sts of/ghin_lines.

There are many ways tc perform thinning transformation

when appljied to a binary picture such as:

-
—

T« MATCHING ALGORITHMS USING TEMPLATELS -~
2« USING LOCAL OPZRATIONS

3e DISTANCZ TRANSFORH

Before going on. tb describe some thinning algorithms .

it would be useful to those wunfimiilar to the field to

"define scme common terminologye

¢

Let S be a subset of the digital picture + wWe sSOmetimes

refer to the points of § is 1's and to the pcints not in S

;,;35 0'sa :

.

-
o
o

5
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If P 1is a point of § » and the neighberhood ,0of P is as

denoted in Fige{3.1)}

A B C
D P E
¥ G- | -

Figure_ 321: &eiqhbo:hood of P .

Then we call P a north border point if B = 0 :ﬁ an east
border point if E = {0 § a west border point 2:f D =0 , a
south border ﬁoint_if G = Us a north east corner point if B
= E = b; a east south corner point if E = G = (y a south
west corner point 1f G = D = Qo and a west north corner
poiht if D = B = Q.

| The points B » D » E and G are called 4-neighbors of P (

called also the 1st order neilghbors of P or orthodiaqoual

neighbors ) as shown in Fiqge(3.2). . ”
B
D P E
G
pll'

Eigure_J3.2°¢ The four-neighbors of P
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while t?ese points toqether,  With 4 + C » F And H are
called the B8-neiqhbors of P ( called also the 2nd order
neighbors of 2 ). |

8y the definition af fcur-écnnectivity. pixei P and
6ixel E are connectedﬁiq. both belong t6 propercty set.;s -
Similarly four—conhectivity can be established between pixel
P and pixels B +» D ;nd G » Wwhich all share an extended
boundary +» provided that bpth members of tﬁe pair belonyg to
the same p:ope:ty'set. ' - )

Eight—-connectivity permits pixel P aﬁd bne- of 1ts
diagonal neighbors + with a common point boundary + .for
exémple pixel .P and pixel C to be connected if they both
beionq tg property set S . ‘ .

Note that pixel P belongs to the property.sef“Js which
means that pixel,é is a boint of S with 1 valued pixel.

Mathematically S is called 4—connected if for any two

points P and Q of S there exists a sequence of points

P = Po v 91 [ Pz grescsscasey P = Q
11}

of 5 such that P 1is a b-neighbor of P + 1& 1 &0
' 1 i-1

- S is called 8-connected if for any two points P oand ¢ of
S there exists a sequence Of points
P = ‘PO ’ Pl v P2 'a‘-...'.l.'P = O
n
of S such that P 1s an g—neighbor of P r 1T &1 En

1 1-1
~
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We ~call P a 4-end poant 1f exactly one of 1its

4-neighbors is one (1)y and an S-endpoint if exactly one or

b

its B-neighbors is 1.

For example + 1n

NS

e
- "] 0 v
0 p 1
, 1 0 1

P is 4=-end point ( but not 3—-end point).

We call P 4-1solated 1f none of its 4-neighbors is 1 »
and an 8-isol§ted 1f none.of its S-neiqghbors .is 1.

We caff)a border poaint P M4-simple if chénq;nq 1t from 1
toc 0 does not change the U4-connectedness of the 1°'s in its
neiqhborhpod ; and a d-simple 1f changing it from 1, to 0

does not’ change the J-connectedness ' of the 1's in its

neighborhoode

a

. Fdr example

0 0 0
0 p 0
1 0 1 =

P 1s 4-simple but not & simple i in
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0 0 0

1 ? 1

. 0 Q0 0

Lt 1S neilther ; in

0 0 0

0 P 1

0 0 1

it s bothe.

Readily » a b-endpoint 1s always 4-simple .and an

8—endpointAis 8~-simpley and the same is true for isolated

" pointse

i
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A pixel P 1s a break point if it has a value of 1 and

1ts 3-gv—3 window matches any ¢f the fcllowing sSix window
patterns denoted Dy S;+52+853¢5S415Ss and Ss as shown in

F1ge(3e3)e : .

* x % * 0 ® % * x

Q 1 0 * 1 ® % 1 0

= x * x 0 = % 0 1
5, S5z 53

w *® %* 1 Q * i 0 1

) 1 ¥ 0] 1 ¥ * 1 4]

1 0 & * = # * * *
Sa Ss Ss

Figure_ 3.3: The six Windows S;+S52+S3+541Ss and Se 1' where
X represents don't care conditions ( i.e& can
have eirther the values 0 or 1)

0



32221 . _INTEQDUCTION

The concept of template matching has found wide
acceptance in many applications because of its simplicitye.

In. terms of digital image. ‘a_template { also called a
mask or window ) is an array ‘desiqhed to detect soOme
invariant reqional p;éperty. |

Oone of the mdst fundamental means of object detection

v _

within an image field is by template matchings  in which a
replica of an object of interest 1is compared to all unknown

objects in the image field. If the template match between an

unknown object and the template 1s sufficiently closes . the

.
unknown object is labeled as template Objecte.

.

322+2 _ARCELLI'S ALGORITHM_ {301

The matching alqorithm also called the peeling algorithm

uses a set of templates denoted by Aie A2+ Aas Agq ¢B; Bze B3

and B4 Shown in Fige(3.4).

Matching or ©peeling is a-thinninq algorithm in which
[+ ]
pixels are peeled (removed) from line edges until a one

A

pixel wide line remains [30])e.

Pixels are removed by comparing each 1 valued pixel and
: 2 . i
its neighbors in the image with a set of templates.

[
s
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0 0 * * 0 0 * 1 *
0 1 1 1 1 0 1 110
y * 1 x * 1 * * 0 0
Ay ‘ Az Ay
* 1 * 0 0 0 1 » 0
0 {1 1 * 1 * 1 1 0
0 0 * 1 1 * * * 0
Aa Ba Ba
» 1 1 0 * *
' * 1 * 0 1 1
. 0 0 0 0 * 1
B3 Ba

Pignre 3e8: v Set of templates "3
o - the object values the
background value and *
conditions ( i.e can be

the value 1 represents
value 0 represents the

represents don't
either T or 0 ).

care
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In the templates s =zerg must match 0 valued pixels gnes
mustgymatch 1 valued pixels and asterisks can matchreither 1
or 0 valued pixels in the image.

To begin for example template A, is compared with all 1
valued-pixels and their neighbors in the image. k4

If the match is obtained + the corresponding central
plxei ‘of the image 1s deleted (changed to zero valued
pixel). |

After processing with template A, The ©process is
repeated with template B+ then with A2 ¢ Baes A3y Bar As and
Bs in that order forming a complete cycles When no pixels
are removed during the processing of a complete cycle » the

procedure endse.

the filename,oflthelp50qram z temp1.f6r
3:2e3 _BESULIS = ¥

Using the matching algorithm [30—}11 in which the eiqht
templaﬁes Aredz2sAaviaaesByvBoeB3vBa é:d inv gne image are
used in the processings we obtqih a skeleton but not in the
middle and with branches in many parts of the character .

Results of using the above algorithm on Arabic characters

are shown in F1ge(3.5).



Figure_3s53: Skeletons obtalned using the matching
' alyocrithm [30]) ‘
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323.1 _INTRODUCTION
Usually-‘different researchers have described various
formal tests to prevent excessive erosion and. to detect

edqe-boints rend=~points and break—-pointse.

. 32322 -NACCACHE*S_ALGORITHN -

This algorithm 1s based on the above‘criteria .

For the alqorithh‘ue detine the following s
T B(P;)‘:‘the numbe; af nonzeéo neighbors of Pa

a(P;)=p_z+93+£{.+Ps+Pe.+Pw+Pa+Pq
2+ An edge-point as a dark point with at least one
ahiée 4-neighborse.

3. An end-point as a dark point with at the utmost

one dark 3-neighbQrss

4« The crossing number as

where
b =1 if ( point B(21i-2) is white } and (either
1 N . .
p(z1-1) or B{Zi) is dark )Je

b =0 otherwise

In any gilven pass .ﬁb\gﬁg input pattern 1s scanned

row-wise from left to right and from top to bottome. A dark

ey



¥

’

!
h!

! 37
A o BN
point P; 1s flaqged if all of the following 6 ° tests H1-Ho.
return the value true. -
Hle P> + P4 + Pg + Pg <. 3 ( 1 is an edge-point).
HZ. B(B,) > 2 ( P, is not an end-point)
H3. N(P1) > 1 . N(éli is the number of uﬁflaqqed
at "tip of a thin line" or in appro-
matively clrcular subsets from being

iteratively deletede.

Hbs X(P))

1 P; 'is not QQQreakfpoiht
HS. Either P4 1s unflagqged |
or XI(P;) = 1 X (P1) 1s the crOSSiﬁq number
’ o; P 'if we temporarily assume
that P. is white. This test pre-—
vents excessive erosions
6« Either Ps 1is unfla&#ed
or X (P5Yr= 1 This test prevents excessive
° erosion as it is similar to H3.
At the end of the pass all the flgﬁqed points are
ﬁglefgd. |
3a3a3  _EXPLANATION_OF THE_ALGORITHH
The six operations ( Hlseee+HE) q;ven above éan be . !
explained byithe following (44). . )
To flag fhe point Py wWe must show that P is not an
end-point ¢« nor a break-boint + and nor would its deietion
cause excéssive erosione We show that- below such a'point p

needs to.,compare the neighborhood of P with the four windows

Sshown 10 Flgye(3e68)e
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If the neighborhcod 0f P matcheé any one of the fbpr
windowss then the point P.is‘not flagqed. It-should be ncted
that the points shown as x's'and ¥Y*s in the windows are "
don't care " points (i.en/fﬁeir whiteness or darkness 1is
immateriali. We now examine the four windows one by one » to
-%ustify wﬁv these are the Qindous to COnduét the break-point
+ end~point and excessive erosion tests on P.

If the neighborhood of P matches any of the windows (al.
(b) or (c) of Fiq-(3.6). then twWo situatiohs may dccur @

1

If all x's are whites then P is an end-point.

2

If at least Oné of the x*s 1s a dark pointy then P is
a break point.' " Thus in either of these casess P should'not
be fléqded. i ‘

" Now let us examine windaw (d) of Fige(3+6)« 1If at least
one x and,  at least one y are dark, then P becomes a
break—point and thus it should not be flagged. For further
andlysiss let us assume for ﬁhe time being that.all.x's are
whlté. then thete are eight pqssible configurations as shown
in Fiqe(3e7)a Configurations :Wys Wzy and W3 make P an
end-QOLnt, and configurations We makes Esa break—-pointe. The
absence of conditions 'HS and - H& ccﬁfi cause. excess}ve
erosion in slanting strokes of uidthlz; geg fiq.(a.aa),beinq
réduced to Fiq.(a.éb). The importance ‘of using these’
conditions is shown in Fiq.(B:éc).‘It Was étqted by Naccache
that in qonfiqurations ks; W; and Wy the point P, shouldrnot

be flagged ( found b#-experiment )o In
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T

configurations Wy and way the point P 1s in fact noise.

r..__._51nce the patterns have already been smoothed befo;rﬁﬁhey
, - o

J

~are. fed to our algorithmes such noise 1s always remoWed and
configurations wz and ws shall never exist at the beginning
‘of the skeletonization prccesse. If confiqurdtion Wy Ware to:

occur 1n an intermediate stage Ot'skeletonlégg;ggé\\ then B

would be a spur due to a4 short tail in the original’pattern

(e.q.{ as. 1n chromosomes)s Such a point may.s howévec, retain
some shape information of the pattern and it must not be
deletede sSimilarlys, if configuration Ws ﬁere tOo Ooccur 1n 4an
intermediate stage of skeletonizationy ‘then 1t wouidk be a

-~

singleton ( 1isolated point )i _its deletion would totally
erase the last remaining segment of tPg patternf ?ﬁerefore'
in all of the above .configurations P ;ust not_ﬁe flagged.

By symmetrys we’ exteﬁd Our argument. to the case 1n
window (d) when a%g,the' y's are whi}e and x's take on

. o - s i .
varying values of whiteness or dacknefﬁo Thus for window (¢4

& [ -
alsoy x's and y°'s beccme " don't care "™ poOlntSe:
’

¥
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%—
‘l
T~ 1 0 e X X X X 0 9
. 0r P X 0 P X 0 p 1
¢ e
X X X T -1 O x X g - g
. =
(a) (5} ()
?) 1l
X X x
éﬁ 0 P 0
. y v | v
,TE> (d)

-~ Eigure_ Ja.8°:

S N

4.5

the window (d) of F1ge(3+6) are shown 1in Fiq.(S-?)i

N\

r

If the neighborhood of a dark point P matches
any of the four windows above the point F is
"not flagged » x's and vy's are ¥ don't <care
conditionse

The eight paossible configurations that could exist in

hl

-0
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¢ 0 0 0 0 Q0 0 0 0
Q P ¥ 0 B G 0 E J
1 U 2. 1° J 1 0 0 0 1
hl hz NS
of of v 0 o | o 0 y o | ¥
J v U 0 e 0- 0 12 0
1 U 1 0 1 L 1 ™ ¥
We C Ws We
- 0 v 0 0 0 0
0 E 0 y p 0 "
1 1 1 U 0 J
We Wa
Eigure_Js7:  Eight windows derived from the window (d)

Fige{(3.8a) sShows a slanting stroke -of width L+
Fiq.(ﬁ.ab) shows a skeleten obtained wusing the parallel
thinning algorithm without conditions U5 and i, and
Fﬁﬁ;(3’aC) shoWws a skeleton obtained in the presence of -

conditions H5 and Hbe.

£

ﬁ)
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x % - -
& % -
® ’ - -
*$- * —_— - »
® & - -
% - - -
x5 & - =
® k& N - -
* % - -
w & x -
{a) ‘ ‘ (b)
- %
- &
- %
- %
- %

(c)

Figure_ 3.8: a- Slanfing stroke of width 2 i b— Skeleton
obtained in the absence cf conditions HS and Hé6-

' ¢~ Skeleton obtained 1in the presence ot
conditions HS and Hoa.
32324  _BESULTS
The parallel thinning algorithm given by N.Naccache [33] in
1984 which’ conserves very_ well the shape of the original
Linarv image has the follcowing two problems.
1e It leafes extfaneous pixels ( branches )
,i" the skeleton

. J
Z+ The final skeleton is not connected
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nesults of us:ing the abcve algorithm on arabic

characters are shown in Fi1qge(3ed)e

Figure 3.3: Skeletong obtained using Naccache's algorithm
' : {35]a -
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3.4.1  _DESCRIRTIOQN :

’

A well known skeletonization agpproach is Hilditch's
a%qorithm- Hilditéh’ desc:;bes in detail the . criteria that
.must  be satisfied béfore'ré darck ﬁoint of a pattefin 1is
deleted. ~ However she didn't present her appfoach in a
compact alqorithmic fcrm «

R.Stéfanelli and A.Rosenfeld (231 presented a "gimplied
version " of Hilditch's apprcach aé a formal algorithme

A two—-tone diqitized picture i1s defined by a sgquare
matrix 4 ,Qhere €ach eiement“éi.ﬁ i1s exrther 1 or Q. It 1s
supboséd that the ob9ects consist qf those elements which

C—e

have value 1.

Picture processing  generally involves Aterative
transformations applied to the matrix A f where each
transformed point depends on (i.e ?ooleén fﬁnctionr of) a
small set of neighboring pointse.

It is usually assumed that the neighbors 0of the point

(1+¢3) are:

e

(i93+1) 0 (i=To3+ D) v (i=T23) v (i=T43=1) s {is3=1)
(i*1+3=1)+(i*143)s(i*1+9+1) and the point

(1+3) itself as inm Fiqure(3.10).
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Pe : EFz - Pa
(i=1+9-1) (1~1¢9) (1-1+9%1)
>
Pa ‘Ei Pa
{1+9-1) (1+3) (1+3+1)
. .
; .
Py Be Ps’ .
(1+1,3-1)" (1+1+3) (i+1,3+1) |
Figure_3.1Q: Designation of the nine vpixels in a 3-by-3
Window -
.y E0h P 7 .'( . .
Note that larger neighborhoods(5*3 and 4*7) . have alsa
sbmetimes been used [26-27) +The algorithm requires simple

computations and makes  use of a small (3%3) windowe

32422  ALGORITHM_:

A first possible method for extracting the medial line
{i.e the skeleton) of the figure consists of removing all
the contour points of the figure except the on's that might
“belong to the line. The Qxﬁﬁf’points P2 v PRy Pu o és ’ éa
| vy Pz 4. P; and Py are known as the aﬂne;qhbors of-P; and tﬁe
four points Pz » Pe » Ps and Ps are known as the 4-neighbors
of P, ) i

In the alqorlthmg ‘thexgéntohr point P; is deleted fgom

the digital pattern if it satisfies the followingy tests.

»



1. 2 \<_ B(Pl) ,S 6 v

2e AP} =1

3. - Pz % Py * Pg = 0 )

4. P2 * Poa = Pa = 0

Where:
. © ‘

o ’ A&?;} 1s the number of 01 patterns in the ordered Pz
N i . o7

Psx v+ Pa s Ps 9 Ps 9y P7 + Pa » Po and P> that are the eight

u

~

neighbors of P , -

B(P,) 1s the number of nonzeif;ﬁbiqhbors of P, that is:
= + + g + P Bsg + Pr- + + 7
B(?l) P2 Ps Pa _\f/ 6 P‘f' Pa Po
If any condition 1s not satisfied then P, is ng deleted
from the plcture . As an example of this is shown 1in

Figi(3+11) where A(P) = 3.

> - ' 1
0 0 ' “);\ 1
- b
1 P, 0
2
¥ 1 0 . 1 ,
"’ k__/ \\'_/—\
3 3 /
A(Py) = 3

Figure_3.11: Counting the 01 pattern 1in the ohefffi/get
. PoyP3¢PasPsePsrvPreParPe and pz ‘9 - :
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3ala3 _RESULTS
The simplified version of Hilditch presented by
Stefaneili and Rosenfeld (¢3) is described asrfollous :
a= A point Py is déletedkfr?m the'pattern if
: )

fa=  Z & B(Py) L6

‘b- A{p) =1

, c—- Pz_* Py ¥ P =0
' d- P2 * Ps * Pg = 0
‘ &
s are satisfied. The algorithm may not retain the shape

properties of the original pattern. and sometimes the

~! bpresence of extraneous pixels ( branches )} in. the fing}&g

. - -3
skeleton .« - Results of using the above algorithm with

procedure (a) on Arabic characters are shown in Fige(3.12).

The filename of the program : ALGSUB10.for

P- A point P; is flagged ( labeled with another value

F

rather than 0 or 1 }) 1in each pass and at thé end of each

£

pass all the flaqged points are deleted.
The aiqorgthm 1n this case yields%the following results:
1. We obtained a skeleton but not in the middle.
2« The alqo:ifhm leaves a few extraneous pixels
and sometimes the shape of the original image
o is'hot p;eserved.
‘Resudts of using the above alqorithm wity procedure (b)
on Arabic chargctefs are shown in Fiq.(3.13).

s

P\%7 'Thg filename of the program is : ALGSUBl.for
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Figure_ 3.12: Skeletons obtained using the "™ Simplified’
version ot Hilditch when_ -the cenmra%:point‘9|

15 deleted.

J



{

Figure_3.13:.

I

Skeletons obtained using the "™ Saimplafied _ ;
version of Hilditch when . the central point P, /)
1s flagged. ' '

#
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. ~.
3231 _DESCRIETION & )
The -sehQéntial thinning algorithm presented in [27)
consists of t;ree steps J;

1. Sequential application of a modified distance

5 .
transform % . /} ) .
: / }

2+ linking algorithm 57 and
3. thinning algorithma -
B )
The block diagram shown in Figure(3.14) - ITndicates the
image analysis process for extraction of shape and position

information frem the binary images Given a thresholded

binary image (see'APPENDIX - A -)y followed by the distance

“transfqrm s an initial skele%gn/is obtailned hy‘applyinq the

o
first or the second equaticn of the new selection ruless a

linking algqorithm 1is applied immediately after the new

selection rules to.achieve B connected skeletons and because

the resultant skeleton is not one pixel thin everywheres a

thinning procedure is needed to c¢btain the final skeleton.
' ; /
In the following sections each block 1s explained 1n

detail. -



Figure_ 3.1b:

Thresholdeds binary
region’ imade

o

[N

- .
Distance transform

e

. N,
Initial skeleton by
new selection rules—"

3keleton brapch
linking

Skeleton thinning

-

Final skeleton
obtatined

The block diagram
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3.5.2.1  MODIFIED DISTANCE TRANSEORN :

The modified distahce transform includes the distance
transform and the new set of selecticn rules for picking up
skeleton elegments.

DISTANCE TEANSEQEM_(DT)_[401_::

Distance transform islused'hy many researchers in the
detecmination of the skeletons because the processing tiﬁe,ﬂ\
" is véry féét. o ' ’

Given a digitized- picturé_whose elements have only the
values 0 br Te iF is- desirable to construét a distance
transform of the picture in which ceach element has an
integer-value equai to 1ts &istanée ‘from the set of 0's
(it.is‘ assumed that the set o0f 0's 1s nonemptyle Thus in
particular s the 0's remain unchanged since tth are at zerp -
distance from themselvess,  the 1's which ére horizontal or
vertical neidhbgrs_oﬁ O0's also remain .unchanged o ‘the 1*s
which are'horizoh;al or vertical neighbors of such 1's
becéme 2°'s qnd SO oh. , X

The distance -transform util£%$d in f;sl is substituted
by ‘the distance -transtorm explained in (401. It can be
perfgrmed usiny the following method :

1= On the first pass the image is scanned row-wise from
_the upper left hand corner to the loier right hand corner -
Each 1 wvalued pixel iﬁ'the image is assigned a new’ valued, .

) T
according to :



wn
“ G

D{rowycolumn) = min(d(row~lscolumn)s

/_’}’
D(rawscolumn—=1))+1.

This calfulates each pixel's distance from the 1left to
top side of a line.
2= On the second pass » the image is scamBed row-wise
from the lower right hand corner t& the upper left hand
COLCNere. Each nonzerc valued pixel is assiqhed a new valued
g . .
pi1xel according to = < .

D(roJ,column) = m;n(D(row+1scolumn)41Q

-~
D(rowscolumn+1)+1, &
‘ . iy
Di{cagwscolumn)) .
. ‘
%
N r .
/_\J S « . )
?%E : -4
LA
N ' P2}
~ & . "

[ b i

v

%
:

S

1



‘as \an example of this is shown in Fiqure(3.15)

1~ The first pass w7

-
’ T
s T N N N ol 1] 1 111 v 1) 111
I
1111171 1] 111 1121 2t 2] 2] 21 2
N 1 1111 1} 11 '1 21 31 3| 31 3] 3
111l ip o ™oL 1] 2] 3] w4 ugf o
“Afapaba] ] _ ¥\%/3 4] 5| s} 5
1{1 1) 1) ] 11 2] 31 4| 51 6] 6
11 1] v 1y 1} 1 13 2] 3| o) 516]7
v
y 2= The second pass ’
1l\1 1111311 1§11 11 11 1} b1y 1) 1
112124121 2] 2] < WL 2) 21 zf 2] 211
. 1121331 3] 313 11 21 3] 3} 3| 2} 1
1b 2] 3 ul 4] a] uir ™ 1] 2| 3} 4] 3] 2¢f 2
11z 314)]3135]5 11 21 31 3] 3] 2] 1
N a2
112131635166 11 21 2 2] 2} 2} 1
112 3sl5)67 1 1] 1) 1 1) )1
] ' Eigure_3.15: Example of using the distance transform (4901
given above S
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in

the ones explained in

A simpler distance transform than
‘We sometimes

[25] and [40} is given as follows
digital image

let S be a subset gqf a°
refer to the Point of 5 as 1's_ and to the pcint not in S as

0'se.
and (uev) can be
¢

For any point P of S » let d(p) denote the distance frgm
the points

the point P to the nearest point not in Se.

The distance between two points {(x.y)
the minimum distance between

obtarned by taking
"{xsy) and (usv) in the four directions (north + South 'y east
T valued

{ 1t means

and west ).
is a point in 5
pd'-‘ﬁ
a -point not 1in S (it means O valued

Note that . (x.y)

and (usv)

pixel )
the same result as before

pixel).
Using this methed Wwe aobtained

( see Pigs(3-15).
'EEH_ﬁﬂLEQELQ_-EQL§§==

The goal o©f the new sel;ction rules is to generate an

. 5 pixels as skeleton

also to select more

initial skeleton
% .
elements to achieve a more ‘connected skeleton at the gutset

of the skeletonizaticne



(¥4}
[s ]}

There are two ways to pecform the new selection rules.
The first one selects the sxeleton using the cross
neighborhood of 1length one of each pixel according éo
equation (a) : >  . . ' ' -
_Equation (a) can be written as 3
1E ( DC1s3)47 > DLLe3=1) » D(1s3)41 > D(1=1+9)

- ~

D(1e5)+1 > D(1+3+1) and D(ieJ)+1 > D(1+1+43)

1]

then D2(is3) = D(is7)

otherwise D2(ir3) = O

'The second one selects the skeleton using an extended
cross neighborhood of length two according to egquation (b)

as shown in Fige.{(3.16).

ie3-2 1e -1 1+ ie+1 ie3+2

Fiqure 3.18° Cross neighborhood for MDT selection rules
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gquation (b) can=he wWritten as :

1f ( DCiv3)=D(iy3=2) + D(is3)-DCd=2,7) +
 D(is9)=D(i+209)% D(is3)=D(ir3+2) > 2)
[«

then D2(is3) = D(is3)

otherwise b2(1+3) = 0 W }
Note that by using the second equation wé produce é
skeleton which is mére connected than the skeleton cbtained
by using the first equatione | _ ' x\\
D(i.i)- represents the didtance transform and DZ(i,3)

Lepresents the initial skeleton obtained wusing the new
selection- rulés.
An example of using equations (a) and {(b) 1is shown in

Fig.(3.17). S ‘



IEREEEEREENE 1O EIKIRIEI RN (O
N PR PN IV Y PR I 1|Q) 2| 2| 21 1
1|2 3f3]3f2] 1 2|3 3| 2] 1
W 2latbsls| 2|1 /11| 2]3|®) 3]z
il 2]3]3]3] ] 11 2|0 3|@) 2]
12222z} 1| 2] 2] 2|Q) 1
IRIEIEI KR O RIEIRIRIEL O]
(a)
IR EREREI R E ARIRIEIRI KN
1l z2]z2)z2)z]z2)n 111G 2| 2| 2| 1
1 e]|3falsla]n 11 2[QIGIG)] 2| 1
ilzlslelslzli |l | 1{2|QIGG] 2]
1|2]3})s|3f2]n 11 21QIG|G) 2| 1
lzlz|2]2]2]n 1) 2| 2| < | 1
IRIEEERERERE AEIEIEIENENE
(b)
Eianre_jai1= a- Skeleton obtained using equation (a) i b=

Skeleton cobtained using ‘equation (b)°




3ea54262 LiNKING ALGORITHM:
A linking algor:ithm is applied lmhediatelv after the
new selectioﬁ rules to achieve a connected skeleton.

The linking algqorithm links the gaps produced by the new
selectign rules so tha£ a connected skeleton can be
cbtained.

The algorithm can be divided into two steps =

1« Linearity test

2. Linking process

For the purpose of minimizing the processing times the

- . -
linearity test is intrcducedmto detect a possible linearly

connected skeleton segmeAt within the 3 by 3 window centered

at the current pixel . If the linearly connected skeleton

segment can be dgtected in any horizeontal s verticals, or

. .-
diaqgonal direction within the 3-by-3 windaow the lirking

process 1s. bypasseds and time 'otherwise required to

accomplish the linking process is saved. If the linearicty
test falls to ~detect any linearly connected segqment within
‘the_3-bv-3 windowes pixels are tested extending over a T-by—4

»
window for the linking proce%§.‘
RN Ll
le Linearity test :

\‘:\ b -

The linearity test is operated over the 3-~by-3 window

centered at the current pixel P1,j. It is only performed
. ,
when the DT value of any image Fpoint is greater than z2:0

1.2 when anp - I'mage point Hélcnqs to a skeletons A linearly

connected skeletcn segment 1is.defined as :

?TJ .



(i) Having three elementss in the same row or
columny ~ . : ) '

Oor any Of two diagonal axes of the windowe.
(ii) All the DT values of the three elements must be
greater than zero. .

Withcut the linearily test» the linking process

described below would itself still do the ﬁob;‘
2- Linking process :

The linking process 1s operated over a 7—-by—-4 window as
shown 1n Fi1ge(3«18). : The windcw is moved 1in a similar
fashion aé the 3~by-3 window. The current pixel, Pis+j 1S
located at the middle element of the leftmost column of the
T7-by=4-windows . \,)

The linking area is-subdivided 1into five reqions ( see
Fig«(3.18)): Norfh (N) ; Northeast (NE) % East (2)
Southeast (SE) 3 and South (S) « The linkind'operations are
sequentially executed in clockwise directicons from the North'
region to the South region. The NE and the SE EeqionS‘ére
3-by=-3 windows;: the N and S are 3—hy;1 windowss; and the E
region is 1-by—-3 . windows In each region if the element
closest to the cﬁrrent pixel ( or one of its 8-~neighbors )

/

is the skeleton elements the linking operations are bypassed

and proceed to the next reqion in quence. In the N» NEs
t
o’

ane E regionsse the wllnkinq-opefations try to link two
connected components 1ntc cne connected component 3 but in
the SEZ and S regionss they try-ko reduce the gap betwWeen two
connected compbnenés from two pixels to‘a 51nqie pixel
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separation. Once, a connected component is obtained or a gap

has been reduced in a regione the linking process 1is

terminated for that particular pixely and the linking window

is moved to the next pixel. *

o

-__.r...._.,____,__

NE |

-~hF-1-—-+--t

1 ' !

Current pixels P il X : 1 E |
1y° i
17} ———]-_—l-"'"'f"_"'
! | |
S I ! SE ¢
B It A Y S BRI |
. | [
1 l )
?
\ L4 -
Figure_ 3.18: 7-by-4 neighborhood window for skeleton
linking .

The resultant skeleton 1s connected » but not pixel thin
everywhere. Therefore a thinning procedure is needed to

-

obtain” the skeleton ( i.e one pixel thick )

-

3450243 ~ THINNING ALGORITHM:

All selected skeleton elements are alyggzzv in distance
transformed values. These elements dré’c0nverted into 1'sy
where non-skeleton elementssy 'Qven those with distance
transforméd values greater than 0 are converted into 0'se.

' . [
/

fo
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The proposed algorithm 1is to test all - the combinations

-

to determine whether the current pixel Po can be removed or
no;. The window is moved from the upper left corner to the
lower right corner of the_ '111}aqe. If the connectiv'it'ng‘g all
neighboring skeleton pixels in the window’is preserve@ﬁgfter
removing the cepter pixel from thg wWindows ﬁhe center pixel
is permanently removed ( converted to zergp ). HdﬁeV§%?
¥

the window contains only one nelqhhor plxeifﬂ the “center
pixel is not removed. If it contains no nelqhborlnq pixels
the center pixel 1 an isoiated pixel ) is removede. -

L -t
The _thinninq algqorithm proposed -according to the

B-connected definition, consists of the followlng sSiXx
operationsSs

1. STORING: ¥

7

The presence or absence of any neighbors P1 for 1 & 1§ 8

is~represented by 1 or 0 respectively »;

. for 1 & 1ig 8 in

bite T «(Ts is the hOSt significant bit in the left most

paosition)s see Fiqure(3.19). E ]
2+ MASKING:

Bits T2 ¢+ Ts v Tea aqg Ta of byte T corresponding to the

~

four corners of the window are masked out (turned to zero) (

and the result is stored in byte TH.
3e SHIFTING:
The contents of TM are shifted left by one bit (with

end—-around carry) and the result is represented by Q.
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4. OReing
{

The contents o0f T and 0 are OR'ed” together and stored
into TRe -
5. COUNTING: . g
The :baits in ‘every + pair of consecutive 'posltions
(including end—éround carry) in TR are compared. For every
change from 1 to ¢ in the pair ¢+ a change counter N;H,O(TRS

b

is:incremented. The total number of 1*s in TR ( N;{TR)) is
6 T

also computed.
| 6« DECISION HARING:

If the change counter froﬁ step 5 v Ni—o{(TR) is greater
than 1+ the current pixel Pp 1is.not removed. . If Ny —,o iR)
contains 1y and the total number of 1's in TR ( N, (TR)) is

also 1 the current pixel 1s not removed 3 otheru%égrthe
")
current pixel 1s rcemoved.
Pigure(3.19) \ presents a 3~hy~3 neiqhborhood Wwith pixel

definitions

G . -
Pe | Py P2
‘ P

o Py Po Pa

Pﬁ Ps - pﬁ
Figure 3.19: Po ¢ current pixel i P;sP2sesesPy : eight-
_ neighbors pixel § P +P3+Ps+Py * four-neiqhbors

pixel

-



An example of the thinning algorithm is presented in the

followinge -
1 0 1 J 3 1
k)
\ ¥ 1 9 40 }ﬁ\ 1
1 Q 1 0. 1 J

(A) (8)

a (:
Tse T7 Te Ts Ta T3 T2 T1 Tg Tz Te Ts T4 T3 Tz T

1T

[
.
~
L1
o
o
(=]
L]
o
o
(=]
(]
[=]
<
-
<
-
[=]
'y
<

t
L]
z
~~
[
0
~
1]
-
=
~
i
2o}
St
1]
-—

120 1—=0
N (TR) = 4 N (TR) = &
1 1
6« Pp 15 not removed _ Po 1s removed
. :?‘h
Le}
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32523 - _BESULTS (‘\Q\, g <

—+B a result the alqgmithm ( the explanation given aéoue
. L4

J preserves very well the shape-of the oqriginal image and

its processing time 1is very short ( at the utmost 39
[ . . .

seconds} « The disadvantage 1is the appearance of the
disconnectivity where tHe linking alqorithm fails to dc it

in characters as shown in Figs.{(3.20) and (3+21).
> . N

- (, .

Ta Usinq the first equat;dn of the ne

Y

selettion,rules-thé’filename of theé
program 1s : De.for
Za Usinq_ihe sééoud equétiop of the new
selection rules the filename of the
pr qraﬁ 1s : D1.for
T
Results of using the above alforithm on Arabic
characters either by using the first or the second equation ¢
%

of the new selection rules are shcown in Fiq.(3120) aﬁq

(3.2T)e



>

Flaugre_3.20:  Skeletons obtained using the seguential
thinning algorithm by using the first equation
of the new selection rules. '

Eigure_3.21: V~Skeletcns obtained using the sequential
thinning algorithm by using the second
. equation of the new selection rulese.

k)
o -
» - -
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/

#

]



3.6  _CONCLUSION B - o

‘ I . e M
four parallel thlnnlnq‘/,aiqefithms . are pPresenteds

- ’ -

»
- implemented and applied tofarabic fonts namely,;hejnatchinq

(a-qunf‘/i/ hme the " Simplified version of Hildlitch ™,

<+

= 4
iua ¢cache’s. algyorithm and the sequentlal thinning alqorlthm.

- Y

He have. shown the problems oz each dlgorithm when applled to
L]

. nrahlc fontse. These problems lead us to deVelop new tﬁlnnlnq

-*alqorlthms as 1t wlll be explained in the next sectlon.

1

v
A
SR

el . . ) . ?‘
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_ Chapter IV _
EEEEQII!E_Zﬂlﬁﬂlﬂg_ﬁﬂg_IEIQEBﬁIHIE_LLQQBIIHUE
HITH_APPLICATION. TQ ARABIC_FONIS

Y

: - . :
Ge1 _INTBODUCTION =~ . )

In picture analys:is it is ~often convenient to deal with
a stick line Qetsion ( skeletoﬁ ) of binary imaqés. A
thinning algorithm is considered useful for a particular
appliqqtion if a1t malntalns the connectivitys conserves the
shape 'of the original image and does not leave extraneous
pixels ( brgnches ) in the final skeléton « Two parallel
thinning algorithms are developed. One is based on local

operations to detect edge-polntsy ‘end-points and break

pointse and it consists of four sub-iterations in which each

oneé is divided into four conditions. The other is a modified

apprdoach ofamatching élqorlthm (30) in which a set of eight
templates and two imaqeg ()the current image aqd the working
iﬁaqe ) afe used in/the processinge. Both alqoritﬂms maintain
the connectivitys counserve the shape of tke original image
and do not leave extraneous pixels uithinla 3=-by-3 window tO
produce a pixel thin skeleton from a connected thick images

x
PSR

&y o -

Also;a thlcﬁenlnq algorithm is presentede.

) ' B

Experimental results show that these methods arxe very

effective for thinning and thickening of Arabic characters.

= 63 -



422 -NEW BARALLLEL THINNING ALGORITHM =

4221 _INTRODUCTION

The parallel thinning algorithm 1s developed to

lnvestiqate'the problems discussed 1n Chapter IIi. It 1is

based on local operatlons to detect edge-pointss end-poinats

and break-points ( i.e that the point P; is a condidate for
deletion if, it is an edqe-points not an end-point and not a
. break-pointl. Also the: algorithm consists of four

sub—iterations

$22e2 -ALGORITHHM '
In each pass the input pattern is Scanned COW~wlse from
the uppgr'left'hand corner to the lower right hand co}ner.
In each pass a dark pdigt P; is flagged if at least one
. Of the following four sub-iterations is satisfied .
Note that weach sub-iteration is divided into four
‘conditions. ' '
The first sub—iteration
1« a- 2 & B(P1) £ 6&-
b= A(2;) = 1
c— P *-Pq *.Pa = 0
d= P4 * Py * Pg = 1

The second sub-iterati

- -

]
2« a= : & B8(E,) < 5
b= a{P;) =1

C—~ Py * Py * Pg

|
o

d= P4 * Py x Pg =

fe]
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The third sub—iteration
3. a- 2 & B(Py) o
b~  A(F1) = 1
= C~ Bz * Py ¥ Pg = 0
d-— P2 * Pe * Pa = 0
%ﬁ ‘The fourth sub—-iteration
| L.  a= 2 & B(P) & O
b— A(Py) = 1
.'. ' c~ Paz.® Py * Pg =0
d- P, * Py * Pg = 0

At the end of each pass all the flagged pixels are

-

.deleted. *

4.2.3  _EXPLANATION OF THE POUR SUB=ITERATIONS :
. b .

.
!

We begin by explaining the first and the second
conditions Dbecause they are the same for all the
sub-iterations then conditions “(c) and (d) for each
Ssub—iteration are explaineds.

1- In condit%pn ﬁa) the end-pgoints of the skeleton line
are preserved (thié means the conﬁition verifiés,that P: 1s
an edge-point and not an end-point)e

Note that an edge-point 1s a dark point that has at
‘least one white four-neighbors and an end—point‘is a darxk
point that has at most one dark eiqht-neighbors.

2= Condition‘(b) verifies that the porint P, to be
deleted 1s not a break-point ( 1.2 1its deleti;n must noct

break the connectedness of the oriqinal pattern J.
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3« Conditions {(c¢). and (d) for the first sub-iteration :

Po % P, *_éé = 0

1

In'condition (3) the pcint P, which has ‘been removed

might be an east border point OL sguth border point or

north— wWest corner point

The Solutions to the set of equations : -

Pse = 0.

¥

or M
Pse = 0

or

G

P> 0 and Pg = C

4. Conditions (c) and (d) for the second sub~iteration

-

ﬂPz * Pg ®* Pga = 0

-

¢

Po * Py * Pg
In condition (4) the point P, which has been removed
might be a south border pcint or a west border point or a

north—east corner pointe.

The soluticons to the set of equations are = n

Pe = 0
Qr ,
Pg = (-
o or
‘P2 = 0 and P4 = 0

-5 Conditions (c) and (d) for the thicd sub=iteration

Pz * Pa-* Pg = OV
Bz = Pg * Pg = 0
In conditions (5) the point P: which has been femoved

might be a north border pcint or a west border point or a

sguth~east corner pointe.



¢

~J
[ 2

The solutions to the set, of eguations are =

P = (
- or
Pa = g
or
Pa = {0 and 26 = 0

"6 Conditions (c) and {(d) for the faurth sub-iteration

Pz * Pa * Po 0

[

P> * P, * Pg 0

In conditian (5) the point P,; which has beeairemcved

T

might be'{%ncrth border point Or an east

south-west ‘corner point.

-

int Qr a

?;;ifr po

The solutions to the set of equétions are. :

Pa = 0 . ‘ . gﬁ?
or “ﬁy&
Pq = 0
or .
Pe = Q0 and Pa = 0
<
W Norcth -
74
“ Pz ' h
West | Pa Py P East
Ps .
- 3
South
¢
A
Figure_U.1: Points un%er consideration and their-lpc&%idns

t

b

-
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The above algorithm can also be implemented using an

’pﬂx\\;/-alternative method as follcws. : oy
4 R

4 » . -

In cenditions (c) and (d) for each sub-iteration the
following eight templates can be creatéd as shown 1in
Fige(bel)e '

* g % ® | &® # s * ¢
111 | = «= 1] 0 = 01 ]
3 =x L3 x £ x =
® y & g ‘
. - .
4 o
* = # ) “ 0 % % 0 %
0 1 = Q 1 = * 1 Q
\ \
3 * 1 & = * a e i
’1:4. T‘j T6
™ * & & ™
"= 3 w
=7 % 1 0 g 1 * '%

I
: . Set of templates used 1n the processing®: The
value 1 corresponds to the object » the value O
corresponds t¢ the background and * can be
either 1 or 93 N

1=
e
| 9]

Eigure &

-
= ¥ ’ r

.
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74
lIf the two cdnditions
1e 2 & 3(Py)) g 6
2 a2y = 1
are satisried and at leagt one of the eight templates I;»
Toe Taxe-Tar Tse Ter Tz and Ta given above is matched With
the pixel; in the given image then the central pixel Pl'is

flaqqed . J

~
In each paSS the point P, is flagged if at least one>of
the four Sub-ltetatlQﬁS 1s satisfied ( first procedure )f or

théﬁhatth 15 obtained { second procedure ). At the edé e}

=~

each pass all flagged points are deletede.

- . ¢ .
The processus 1s repeated until no more pixels are

deleted from the patterns thus the final skeleton 1is

obtainede.

i

the filename of the program : algsub#d.for

Ba.2s4 -BESULIS

The above algorithm either by using the firstzProcedure
or the second one yields excellent results with resq‘;t to
the shape of the original 1image ¢ conRectivity and contour

nolise lmmualtye

-

Note that this algorithm 1s applied to Arabic charactars

and the results obtained are excellent as shown 1in

Fiqs.(u;u) and (8.5). ’

3

o
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5tart _ '
;
'(*gcan the imaqeifOH-Hlng.——f—__ Q0 tOo the ‘
next point [

the 2nd sub
verified

he 3rd sub
verified

The point Py is
-Qeleted_

C=C+1 - :

the 1st scan
terminated

,_*/’ | All flagged points
K - " dre deleted

P o
f’.

/\'

- Fignre_4.3: Flowchart ., of the new ?parallel~ thinning
algorithm

;;H;- M
- N

4
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Eigure 4.4: Skeletons obtained using the new parallel
' thinning algorithm
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4.3 _THE_MODIPIED ABPROACH_OF MATCHING ALG
{ ' . .

o
g

ITHM_ =

4e3a1 _INTRODUCTION:

In image -processifige not only the development of new
techniques dﬁti also the improvement -of existinq techniques
are important. Develcpment cf baoth a parallel aiqorithm and
a sequential algorithm foc Weach technique is' ﬁesirable,
because image processing might be pecrformed by a general
purpose sequential,computer Oor parallel processing dedicéted

hardware.

-

4.3.2  _ALGORITHY =

-

4 a

The modified approéch of a matching algorithm {301 1s
another barallel thiﬁninq algorithm 1in which a set of eiaght
templateé {30-31] denoted by Aty A2s A3y Ay B1y B2y B3s BS
( see Fige(3.4) ) and twe images { a current image for which
templates aré compared and a working image of the same éize
which is updated when templates are matched ) are used in
the procgssinq-

Pixels are removed by comparing: each 1 valued pixel and
its neiqﬂbors in the current imaqe. with a set of templates.
in-the templates zeros must matﬁh 0 valuyed pixels '+ oOnes
-must match 1 valued pixels and 'asterisks can match éithér 1
6: 0 valued pixels in the currcept imaqé- - o
Initiallvethe current image and ‘the Wworking 1image are

identical coples of the original 1nput 1magee.
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To begin + .template A, is compared with all 1 valued

Pixels and their neighbcrs in the current‘imaqe .- Ig~the
match is obtained. the ccrresponding centtal pixel of the
4

/ worxing image 1s deleted ( changed to a Q valued pixel ).
| After prccessing with template Al ,.the cuccent image 1is
discarded and the working image becomes the new current
1mage » and the new working image is cbtained by copying the
_new current_imaqe .
The process is repeated with templates Brs 22+ H29 Az
Bsr A4 and B4 1in that order forming a complete. cycle. When
no pixels.are cemoved aurinq the processing of the complete
cycle s+ the procedure.ends.
| As a result of this method + the shape Oof the original
image 1s very well preserved'qu has éood connectivity < The

algorithm leaves very few extraneous pixels only on the dots

of the characters as shown it FiGe{ded)e

F

the filename of the program :.templefor

1 T

- To avoid this prcblem {presence of éxtraneous pixels on
_the dots of the characters) we divided  the character into
tWwo parcts 3 a chafadter withoaﬁ dots and dots alone. Each
part is processed separately.
To separate the dots from“the character the following
methods caﬁ Ee used : |
. 1- Follow the border using the bérder followinq.alqorithm

{ see.APPENDIX - 8 - ).
7



v L ' 50
. . .

-~

Z- The minimun border is the dot and the maximum border

is the character without dotse. )

3= Find the location of the dotss which means £ind.:
. #

I v I + J and: J as shown in Fige(3.5).
" min - max -~ min max - g

min ‘ -

min

max ,

E;gu:e_§=§=. The location of the dot

”

- N <o
4= Create a window depending of the size of. each dot -

5- Store.it in ancther arcray
- Steps 3=5 are repeated for other dots. e
an example of separating the dots from the characters

is shown in Fige(te3)e : . ' -
o e . .
After. the separation the next step 1S tO0 process each

"
-

" part separately’
a— Character without dgts @ This proces% was done by the
matching method using eight templates and Lo images ( the

-

working image and the current image ).
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N

b-"The - dots = For “this '%ﬁse one offthe
B T . ) R
methods can be used. ' . e

R - “, e ! 5

"1+ By the determination of tﬁe éoordiﬁete

-
hit

, I v J and J _+ the dot can be

~

b max min max .

by the point (IvyJ) at the center uhicb

galculated as: .F

min max

\ , ad min max

\k -_— -

e ihe second method .consists of iterativ
mdany passes oﬁer‘the pattecrn where in each
points which lie on the boundary are. changed
pointse.

For the first pass we scan the image ' row-
upper left corner to the bottom right corner
change from 0 to 1 ( i.e from the backqround
pixel) or 1 to' 0 ( i.e from the oﬁ%ect
bacquoﬁnd pixel)s we label the obﬁect‘uifh
means’ that the value (2) will belong to the bac

the second passes

. N
following two-

-

s I ' .
min
replaced
—
can bhe
!

ely executing
pass object

Al

to background

wise from the
and for evegy
to the obﬁéét
pixel to the
value 2 which

kground after

g



g2
) -

e - ,FOr the second. pass we scan the image column—-wise frem
the upper lerff cogfner tc the bottom right corner and also

for every change-from ¢ to 1-0or 1 to 0 we label the object
N & N Yo ’ *
by the value 2 . . » (T S

Once the second pass 1s tercminated all the pixels~aith

label&( <) are then changed to the value 1 thch is the value

-~ o0f the obiect. ] -

-

% , The process is repeate with in the same manner as

- {
! —‘;zﬁ}alned abowe until we rgﬁch the poilnte.

\\\_jOnce the DEOCESblnq lS terminated for the tWwO parts the

last step is to add them to one which is our final skeleton-

the filename of the program : tempwind.for

[ S ] E . = ; N
g The flowchart of this method is shown in Fige(ue 74-
. Sl

-

»



m,
v cr=Q
. T g
' I~ Pehform the separation ;
=g

>t Character without dots

v

Initiafly the current 1mage
isfequal to working image

Y

A; is applied to current

image and. once the match

is obtained P, is deleted
from working image-

-
N ! T
) . .
N

‘Once the current image 1S
scanned then it 1s discarded

y

Copy wOrking image to current?
and from current? to workingl

»

Proceed with AzvAzsAsrBy9B2
Bz and B4 wWith the same manner

the skeleton
obtained

v Eiguge_8.7:
algorithm

Dots

“Replace with a.
points at centers.

-(\

Flowchart of the modified approach of matching
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-

T Thés_ méthod works for all Arabic Ccharacters and ‘the

results are excellent with respect~ to the Ppreservation of
£ ‘ . - ‘ )
the original image , connectivity and CONtouUr noise immunity

Lol

as shown in,Fiq.(u.10). ‘ .

Note. ‘that the processing time in this method takes
-~ . AN .

. %onqe; than the other methodss . = I

1e gesults'of déinq the above alqoritﬁh'befbre -
" +performing the separatidén are shdown in Pigebel —
2. An example of separation of .the dots from the

g "“ characters is shown in Fige(4.3).
“ 2 - q &
- 3« Results of using the above algorithm after

o

thq separation are shown 1in Fiq.(ﬁ.fb{.'

~ -

e
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Eigure U4.8: Skeletons obtained using the modified

approach of the matching algorithm before the
. separation e
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Ergure_%.37 An example of separaticon of the dots from
the characters



Figure_4.1Q:

Skeletons
approach of
SeparatiOne.

obtained using the
the matching algorithm

S

modified
after the
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4s8  _AMELIORATION OF THE_SEQUENTIAL THINNING ALGORITHM

4:4.1  _DESCRIPTION -
The sequentia; thinning algoraithm pre;ented in
Chap;er;;II— has the problem of dlsconnectiVitﬁ- )

To minlmize this disadvaﬁtaqe W€ lnserted ;%*the program
the two firét conditions given 1in the new parallel thinning
{ see sectidn 4.2 ). |

| Ta 2 & Bx(-P:) S 6 ' .
2« APy = 1 '
where B(2,) ishthe number of nonzero neighbors of P, and
A(p;) 1s the 07 pattecn in the -ordered Par+P3+ParPs
v96:97793,99 and P, . S ’ )

Note taat condition (1) verifies that P; is not an
end-point and condition | (2) verifies that P, 1is not a

. _
break-point ( iee it 1s not a point which breaks the
connectedness of the stroke). Note that Py is a candidate
for deletione.

By inserting the tWwo conditions the

filename Of the program is : DMOD.for
.

4.8.2 _RESULTS
By inserting the tw¢ equations (1) and (2) the problem
of discontingity in the skeleton obtained using the

sequential thinning algorithm (Z6-271 can be minimized 43

shown 1n Fi1ge.(4.11).

Y



Eigure Ba.11: Skeletons obtained using the amelioration of
the sequential thinning algorithme
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4.5 _GEZNERAL_COMPARISON

&4541 _SIHELIEIED_IEESIDN_QE-HILDITCH_AND_IHEhNEH_EARALLEL
' THINNING _ALGORITHY : -

The simplified versicn of Hilditch which is presented by

Ae«Rosenfeld and R.Stafenalli as a formal algorithm may not

retain the shape properties of the original shape .

By using the new parallel thinning alqorithm which is

based on the four sub—-iterations we obtain excellent results
Wwith respect to both connectivity ¢ contour nolise lmmunity
oo,

and shape of the original pattern as shown in Fige(4e12)e

-

B.5.2 “YMATCHING ALGORITHM AND_ITS MODIFIED A?PHOAQH

B; using the eight templates ( Arcelli;s mask ) given
above Vand only one image in the processing we obtai; a
skeleton but. not in the middle and with branches in many
parts of the.charcacter.

dy using the same templates and two images ( the WOCKing
1mage and the current image ) we agbtain excellent resunlts
but only for the character without dots 3 far the character

Wwith dots we still have branches on the dotse.

After separatingy the “dots from the charécter and

processing each part alone as we explained before we obtain

excellent results for all Arabic -.characters With respect to

the preservation of the shape properties of the original

lmage » connectivity and contour noise immunity as shown in.

F1ge(u.13).
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4oDe3 _SEQUENTIAL THINNING ALGORITHM_AND_ITS_.AMELIORATION

The sequential algorithm which cons;sté of distance

transform new se;ecticn rules -llnkinq élqorithm and
thinning algorithm is the bast algorithm cdncerainq the -

processing time and - conserves very well the shape of the

original image but has the problem of dJdiscontinuity . %g
inserting the two conditions as 1t was explained above the
problem of" discontinuity is minimized = as shbwn 1ﬂ
Fige{lalid)ea _—
. “

A general comparison between the methods rteviewed and

the methods developed is given in the following table.

TABLE -1-

ALGORITHMS "ADVANTAGES DISADVANTAGES

Matching alyorithm | good connectivity | Presence of branches

Naccache algorithm the shape 1s very disconnectivity and
well preserved branches

Simplified version |sJccd connectivity | the shape properties

of Hilditch : | are not preserwved
Seqguential thinning excellent concer— disconnectivity
algorithm ) . ning the progces-
. S{E? time
Modified approach excellent result | the processihq time
of the matching WaLet the shapes - 1s long
algorithm connectivity and

noise immunity.
\
New parallel thin- same advatages as no disdvantayes
ning algorithm 1in the modified
approach
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Hilditch when P,

cbtained

Hilditch when B,

obtained-
alyorithme

(are)- Original images

32

2
]
a b
C d
&
=] £
g h

(bef)- Skeletons
the simplified version of
1s deleted ;7 (ceg)- Skeletons
the simplified version of
1s flagged i (d+h)- Skeletons
the neWw parallel thinning



T

S

LV
Lt

(ase)~ Original images § (byf)- Skeletons
obtained using the—eiqht templates and only
one image in th'e processing (30) 3 {c+q)-

Skeletons obtained using eight templates and
two 1mages ( the current image and the working
image J 14 the processing 3 {d+h)= Sxeletons
obtatined using (c} and with separation of the
dots frem the character.



Figure

a b
(ot d
e f
g h
Pl ’
L
(ave)= Oriqinal"blnary images i (bef)~

skeletons obtained using the -sequential
thinning alqorithm with the first equation of
new selection rules § {cegl)- By using the

second egqguation of npew selection rules 3
(d+h)- Skeletons obtained after inserting the

two conditionss

= et
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4.6  _THICKENING_ALGORITHM:

B.56.1 _Introduction:
In the following we present a thickening algeorithm which
k)

15 the opposite of the thinninge

b.622 _Algorithms:
-Thel algqorithm consists of iterativelv'executinq many
passes over the pattern: where 1in each pass background
points which.lie_ on the boundary are changed to object

pointse
For the first pass we scan the image row-wise from the

T

upper. left corner to the bottom rigqht corner and for every

change from { to 1 (1.e from the background to the object

B

.

pixel) or 1 to 0 (i.e from the object pixel to the
background pixel) we label the background wWwith the value (Z)
which means that the value (2) will belong to the cbiject

- <%®

after the second pass.
For the second pass we scan the 1mage coluymn-wise from
s ! .
the upper left corner to the bottom right corner and:also

for every chénqe from 0 to 1. or 1 to 0 we label the

background by the value 2 .
Once the second pass 1ls terminated all the pixels with

lab%; (2} are then changed tQ the value 1 which is the value

of the obiecte.

The process 1s repeated in the same manner as explained

above until the desired thickness 1is obtained.’ -
. L §

F



the filename of the program is : thicksfor
The flowchart of thickening algorithm ™ is  shown 1n

qu.(u.15)l

4a623 _BESULTS
Using this method for the thickening algqorithm we obtain

excellent results . N

v

Results of using the above algorithm by taking as inpq}
the ori&lnal imaﬁe are shown 1n Fig.(4<15).

Resultsv of using the same algorithm but taking the
thinned characters as the original image are shown

Fige(lal7)e



—————@ Scan the 1Mage Cow-wise

;

For every change from
1====0 or Q===-=-1

1

Label the background
with the value 2

.

Scan the image column-wise

:

For every change from
1----0 or Q----1

1

Wwe label the background
Wwith the value 2

;

) After the twgo passes .
the value 2 are changed
to the value 1

Is the

No _ ) -
desired thickness

Figure _H#.13:

obtained

Flowchart of the thickening algorithm

37
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Flgure 4.16:

Results ot using the
thickness 2z and 5.

above algqorithm

with



Figure 4.17: Kesults of using the above algorithm with
thickness < and 4

.3
LRe]
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4.7 —CONCLUSION:

. we have Sﬁowﬁ that the new parallel thinning algorithm
and the modified approach c¢f the matching algorithm preserve
very well the shape of the oriqinal image and vyield
excellent results with resne?t to both connectivity and

"

COntour noise immunity when applied to Arabic fontSe. We have
also experimentally comparea our algorithms with the
reviewed algorithms presented in Chapter=III-, finally a
thickening algorithm is presentede.

Note that the new parallel thinnin? alqorithm is better
than the modified approach of the matching algorithm con-
cerning £he processing timé.'Both'alqorithms vield excel-

lent results with respect to the connectivitye. shape of

the original image and contour noise immunitye.
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Chapter V

SUMMARY_AND_CONCLUSIONS _:

In this thesis we' have presented various thinning
algorithms althcugh we had discussed all the conditions
necessary beforg a dark pcint could be deleted from a

patterna.

The parallel thinning algorithm presented by Naccache in

- 134% preserves very well the shape of the originalyimage but

has two problems = 1) existence Of extraneous pixels
(branches); 2) the final skeleton is.not connecteda.

For the matching method using the eight templates given
by Arcelli (301 Qe have shown that if only one image 1s used
in the processingy we obtain a skeleton but not in the
middle and with branches 1n many parts of the, character }
and by using two images ( the working image and the current

image ) we obtain excelient, results for the characters

without dois o but for those“ with dots we still have

branches on the dots . To remove this problem we separate

the dots from. the character and wWe treat each part
separatelye. Using this methcd we obtain excellent results
with repect to connectlvityq“shape of the origqinal imagqe and

-

COntour Nolse 1mmunitys

C - 101 -



. ‘ & 102

We have shown that the “simpllfled\;ersion" of the
thinninq algorithm presented by Stefanelli and Rosenfeld
(23] may nOt_retain the shape properties of the input
pattern and presence of branches in the skeleton either by
flagging the pixels in e fh pass and deleting the flagged
pixels after the last’jiggration or deleting a pixel each
time the four conditions are satisfiede. By using the new
parallel thinning aldorithm. which consists of the four
sub-lterations ( each one is divided into focur conditions )
we obtain excellent results with respect to the shape of the
original i1mage . connectivity and contour noise 1mmuni£y-

The Lee's method which is the best one concerning the
processing time and preserves very well the shape of the
original image has the problem of discontinuity which is
mini#?;ed using the two conditions as we explalnéd above.

At tﬁe end of the thesis we have presented a thickening
algorithm « Note that all these algorithms are applied to
“camera captured" Arabic ﬁoﬂ;s.

A Th;nninq algorithm was developed in this thesisa. Lt is

an excellent reference which can be used in all the applica-

tions mentioned in chapter I.
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Chapter VI

SOME_OTHER_EXANPLES

In this section algorithms presented in Chapter III and

Chapter IV are applied to hand-written and

L

fonts and some numbers.

™

printed‘Enqlish

Figure_ H.l1: Skeletons obtained using
algorithm {390 '

- 103 -

the matching
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Fiyuce 6+2:  Skeletons obtdlned.asinq Naccache's algorithnm
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Figire He3: Skeletoﬁ% obtarned using the " Simplified
version of nilditch when the central point P,
is deleted. {
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f

Figure fal: Skeletons obtained using the "- Simplffied
version of Hilditch wQen the central- point P,
. ) .

15 flagged. {
/

g
!
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Fiqure 6.3:

Figure_fHa6:

Skeletons oObtained using the seyguential
thinning alqgorithm by using the first equation
cf the new selection rulese.

Skeletons . obtained using the sSeguential
thinning algorithm by using the second equation
of the new selecticon rules.
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¥

"

Elguie B=7: SKkeletans ?btained using the new parallel
thinning algorithm '

- <

N\

-~y
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Filgure_ 5.3:

-

=

Skeletons obtained using
thj:ﬁgninq dlgorcithm

w

the

new

108

parallei
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Figure £,.9: Skeletons obtained using the modified
approach of the matching algorithm

5
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-
Fignre_R.11: Skeletons obtained using the modified
L\\ . approach of the matching algorithm '
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'
'
o

Pigure £a.12: Skeletons obtained using the amelioration of
the sequential thinning algorithme. '



Figure_§.13:"
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a b
C d
e f
q h
s

{are)~ Original 1mages 3 (bef)=- Skeletons

obtalned

Hilditch when B,

obtained

Hilditch when P,

obtained
algorithme

using
using

using

the simplified version of
1s deleted ;7 (csg)- Skeletons
the simplified version of
Is flaggqed 3 (d.h)- Skeletons
the new parallel thinning
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a b c
d e f£
g h 1
a b ¢
d e f
g h 1

Fiaure 6.18: . (asdeg)- Original images 3§ (bsesh)- Skel-
. etons. obtained using the eight templates
and only one image in the processing [30] ;
(cvfsi) Skeletons obtained using eight temp-
lates and two images ( the current image and

the working image ) in the processing



Figure £.15:
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a b

c d

e f

g h
"{aye)—- Original binary images ; (bef)~

Skeletons obtained using the  sequential
thinning algorithm by using the first equation
of new selection rules 3 (ce+g)= By using the
second equation of new selection rules 3
{d+h)- Skeletons obtained after inserting the
two conditionse.
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Eigure £.10: General comparison by using numbers
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APPENDIX - & -

GHRAY LEVEL THRESHOLDING.

This aﬁproach consisis of dividng the gray-level scale
into bandss and then usxnﬁ thresholds to determine reqions
OrC tO obtarnm bouyndary pointsa The threshold values is the
gray—-level valuép- which separates rthe -obﬁect & and the
background o§ an %maqe., All pixels with gqray-level value
below the thresholﬁ Ty showWh iﬁ-Fiq.(1) are declared as '0°
and the levels above T as 'z53*' ( thié is valid for the

binary transformation). This technigue is called

single-level thresholding and T 1s known as the threshold

value of the image. However there might be cases where the
image might contain more'than "twa distinct populationss as
shown by the graph given in Fig.{(2)«. In these casess 1t 1isg
then required to gqroup the levels_ into more than two
populationsa.

Then we have a multi-lével th:ésholdinq wWith diffegéal
threshold values ( for the AiSthra@ given as an example iﬁ
Fig«.(2)s we héve two threshold values Tx'and T2y

For the single level thresholding the objective 1S to
seléét T (threshold value)d. such that tﬁe band 81 ( see
Fiq.(%)) will contain as closely as possiblev .levels

associated with the backgrounds while B, Will contaln the

levels of the objecte.



Threshold selecticn for an image hliyoqram 'is thesafe
shape das the oane rqiven in Fig.(1) - cr (2) i1s gquite
Vstraiqhtforwafa- The threshcld is selected at”the bottoh ot
Fhe vélley bétween._two pegksq- There exist methodss which
consist of transforming the histogram of an image ( uhen-@he
tasx of éelectinq @ good threshcld would be quite difficult
) -to a shape where threshcld selection would not pose a
problemy, as the ones shcwn in Figs.(1), andl (2. Such

techniques have been investigated by several authors fcr

more details refer io (T}.

r

P(k) 4

~Exgure. 1i: A sample histcyram ili:gfiatlnq ‘a  bi-modal
, distributicn - . ‘

N



fn- 3
4+
N
_ P
Eigure_2:

A sample hastoygram
piStributipn. '

‘1llustrating a

multi-modal

=]



APPENDIX ~ B - .
'{.-d

BORDER FOLLOWING ALGORITHM

TABLE 1

Co-ordinates of eight neighbors

LX(J) LY(J)
1. ID Jb
2e LX(1)+K1 LY(1)-KZ
3. LA(2)-K& LY(2)-K1
4, LX{3)-K. LY(3)-K1
5. LX(4)-K1 LY(4)+K2
Ge LX{(3)}-K1 LY(S5)+KZ ~_
Te LX{(6)+K2 LY(6)+KT _
Se LX{(7)+K2 LY(7)+K1

Co*brdinates of the border element : (I1yJ%)
Co«ordihates éf'the first neighbor = (Id.Jd)
K1 .= Jd-J1 K2 = Id-I1

The border fcllowing alqorithm consists of the following
six stebs . T~/

1- Detect the first border element at (qud1)_ (a dark
pixel) through a . row (cr column) scane. The element
immediately preceding (I1,J1) is labelled as the first
neighbor (Idedd)e. .

2~ Starting with l(Id'Jd) and prqéeedinq clock—uise:.
label the other seven neiqhbor§= Oof (I1+J1) as 2¢3veeaes o
set Kr2a T

' 3- Evaluate the_co-ordinates LX(K)y» LY(K) of the K
neighbor of (I14J1) using table 1 .

4- If the pixel at the K i1s a *1* ( ?:e a dark point

pixel )s» then this pixel is the next border element. Define

-

- 14 -



ey 1

A

(I1,317) as this element and (Id.Jd) as the preceding

. /
elements GO to step 2.

5- If the pixel at the k neighbor is a '0's set k=k+1

and goto step 3. _ : : | )

6. Proceed until the first border element detected in
JUS

L]
step 1 is encountered againe -



APPENDIX - C -

AR A OO HHIOK ORI IR
c filename : templ.for . *
< *
€c Description : This program is implemented to perform »*
c thinning algorithm using matching method *
c in which eight templates denoted by A1,B1 =
C A2, B2.A3,B3,A4 and B4 are used . Note that *
c only ons image is used in the processing *
Clatolofolotolotootmtolntotololci: ool ot e D e s e S
) integer h{128,128),p(9>.dd,k1,k2,k3,ks, k5, k6

character img(128,128)

integer K7,k8,k9,k10,k11,k12 ki3,k14,k15,k16

character#*16 filnme,filename

write(# #%)’ enter the input filename °

read(¥, Cal16>’) filnme _

write(* %> ’enter the output filename’

read(*, Cal6>’) filename '

write(* »)’ enter the size of the image —-——->’

read(*, %) nsize : -

write(#, *>’ enter the scaling factors over X and Y’

read(*, *) scalx, scaly

write(w »3’ 17

open(l ,file=filnme, form="binary’,6 status=’0ld’>

open2,file=fjilename, form“’blnary status=’new’)

write(Ck, W) 2°

do 20 i=1,nsize ;

do 20 j=1,nsize .

read<{1)> imgdi, j>

h(i, jd=ichardimgdi, jO2

ifChdi, j).eq.0>then

hdi, jo=1

else )

h{i, j>=0 : .

endif

20 continue

write(¥,%) ’*enter dd’
read(* ») dd
do 111 k=1  dd

¢ templates Al and Bl

do 30 i=1,nsize

- 126 -
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do 30 j=1,nsize
ifchdi, jo>.eq.1> goto 40
goto 30

49 continue
pC2d=hd(i, j+1>
p(3>=h(i-1, j+1>
p<4>=hCi~1, j>
pC(3>=h(i-1, j-1>
pCaY=h(i, j-15
pC7r>=hCi+l, j-1>
p(8i=hdCi+l, j>
pCoI=hCi+l, j+1O
Kk1=pC4d+p(S>+pC6D
k2=p(22+p(8>
if{kl.eq.0.and.k2.eq.2) goto 22

goto 30
22 h{i, j>=0
30 continue

do 301 i=1, nsize
do 301 j=1,nsize .
ifChd(i, jd.eq.1) goto 401
goto 301

401 continue
p(22=hdi, j+1>
pP(3>=h{i-1, j+1i>
p€4>=hCi-1, j>
p(35>=hgLi-1, j-1>
pC62>=h(i, j—1>
pC7o=hdi+1, j-15
pC8O=hd{i+1, j>
pC(9d=hdi+l, j+12
k9=p(3>+pC42+p(3D
k1Q=p{7)+p(B>
if(k9.eq.C.and.k10.eq.2> goto 221

goto 301
221 hd<i, jo>=0
301 continue

c templates A2 and B2

do 12 i=1,nsize
do 12 j=1,nsize
if(h{i, j>.eq.1> goto 13
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-

goto 12
13 pC2>=hdi, j+1> -
: pC33=hdi-1, j+1D>
pC4d=h{i~1, j>
p<5>=hCi-1, j—1>
pCod=hdi, j-1>
pC7o=h(i+1, j-1>2
p(8O=h{i+1, jO
pCoO=hd{i+l_ j+1i>
- k3=pC22+p(3d+pC4>D
kd=pC6OX+p(8D
if(k3.eq.0.and.k4.eq.2) goto 14

goto 12
14 hdi, j>=0
12 continue

do 129 i=1 nsize
do 129 j=1,nsize
ifchdi, j>.eq.1> goto 139
goto 129

139 pC23=hd{i, j+1>
p¢3>=h{i-1, j+1>
p<42>=hdi-1, j>
p<5>=h{i-1, j-1>
plod>=hd{i, j-1>
pC7O=h(i+i, j-1D
p{8>=h(i+l, j>
PpCPI=h{i+l, j+1>D
k11=p(2>+pC3>+pC9>
k12=p(5>+pC6> -
ifC(kill.eq.0.and.k12.eq.2) goto 149
goto 129

149 h<i, jd>=0

129 continue

c templates A3 and B3

do 16 i=1,nsize
do 16 j=1,nsize
ifrchCi, j>.eq.12 goto 17
goto 16 )

17 pC22=hdi, j+1>
p(3>=hdi-1, j+1>
pC4d>=hdi-1, j>
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18
16

171

isl
161

p<5>=h{i~-1, j-1>
pCod=h{i, j-1>
pC7X=hd{i+1, j-1>
p<8>=h{i+1, j>
pC?d=h(i+1, j+1D
kS5=p{2>+p{B82+p(9>
k6=pC42+pd{6D
if<k5.eq.0.and.k6.eq.2) goto 18
goto 16

h<i, jo>=0

continue

do 161 i=1,nsize

do 161 j=1,nsize

if¢hdi, j>.eq.1> goto 171
goto 161

pC2>=hd{i, j+1>
pC3>=hdi-1, j+1>
pC4>=hdi-1, j>
p{5>=hd{i~1, j—-1>
pC&d=h(i, j—-12
pC?O=hCi+1, j=1>
p(B8Y=h{i+i, j>
pC(o>=hCi+1, j+1>
k13=p{72+p(8)+p(9>
k14=p(32+pC4>
ifC(k13.eq.0.and.k14.eq.2> goto 181
goto 161

hd{i, ji>=0

continue

c templates A4 and B4

21

do 222 i=1,nsize
do 222 j=1,nsize
if¢hdi, jd.eq.1> goto 21 |
goto 222 R
pC2)=hdi, j+1>
p(3>=h(i~1, j+1>
pC4O=hCi-1, j>
p<(5>=h(i-1, j-1>
pC6d=h(i, j—-1)
pC7o=h{i+1, j-1>
pC8d>=hCi+1, j>

3
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pC9d=h{i+1, j+1>
K7=pC6d+pC7d+pC8)
K8=p(2>+pC4d
ifck7.eq.0.and.kB8.eq.2) goto 23
goto 222 =

23 h<i, j>=0 .~

222 continue
do 2221 i=1 . nsize
do 2221 j=1,nsize
ifChdi, j>.eq.1) goto 211
goto 2221

211 p<2)=hdi, j+1)
p<3d>=hCi-1,7j+1>
pC4d=hCi-1, jd
pC5d=hCi-1, j-12
p¢6>=hli, j-1>
pC7y=hCi+l, j—1)
p<(8Y=hCi+1l, j>
pCOI=hCi+1, j+1D .
K15=pC(5)+pC6)+pCT)

K16=p(2>+p(9> T
if(ki5.eq.0.and.ki16.eq.2> goto 231
goto 2221

231 hd{i, j>=0
2221 continue
111 continue
do 131 i=1,nsize
do 131 j=1,nsize
ifchdi, j>.eq.0> then
h{i, §>=255
else
hdi, j>=0
endif ' 5
131 .| continue
do 140.i=1 nsize
do 140 j=t,nsize
imgdi, jo>=charcChd(i, j>>
140 cont.inue
writed2? ((img(i,j),j=1,nsize),i$1,nsize)

~close(2) -
stop. 7
end ;f' .
a7
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APPENDIX - D -

0

filepname : alh.for

Description : This program is implemented to perforh
thinning algorithm using N.Naccache’s
method

¥ % % % % ¥

oo oa0o0ono0oaan

integer h(128,128),b(9>,g(9>,p(9>
character img(128,128)
integer nsize,n,m,sum,xpl,initl,init2,11,cc
character*16 filnme,filename
write(® %)’ enter the input filename ’
read(*,’Cal1s6>’> filome
writé(*,*)’enter the output filename’
read(*, ’Cal6>’> filename . )
write(% %)’ enter the size of the image ———->~7
read(*, %) nsize ' :
write(* %)’ enter the scaling factors over X and Y ~’
read(®, %) scalx,scaly
write(w )’ 1°*
open(i,file=filnme,formi’binary’,status=’old’)
opent¢2,file=filename, form=’binary’,status=’"new’>
writeCOx »3> 27 ’
do 20 i=1,nsize
do 20 j=1,nsize
read(1> imgdi, j>
h(i, j>=ichardimgdi, j>>
ifCh{i, j>.eq.0dthen _ _ ¢
hCi, jo=1 |
else
h(i, jo>=0
endif
20, continue
close(1)
write(x, %) ’enter cc’
read(x, %) cc
do 7 kk=1,cc
do 30 i=1,nsize
" ' = 131 -
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do 30 j=1,nsize
iftchdi, j>.eq. 1D
goto 30

40 continue
p<2O=h(i, j+1d
p(3>=h(i-1,6 j+1>
pC4d=hd{i-1, j>
p<¢32=hd{i-1, j—-1>
pCoO=hdi, j=-1>
p(72=hd(i+1, j=1D>
pC8X=hd{i+1, j>
pC93=hdi+1, j+1>
gC2)=p(2>
gC3o=p(3>
gC4d=pC4)
g2C50=p(5>
gC6)=pC6>
gCTo=pC(7>
£C8l=p(8)
g(9d)=pCP>

c the first condition

goto' 40

Sum=pC2)+pC4>+pC6>+pC8> -
ifCsum. le.3> goto 50

goto 30
50 continue

.¢ the second condition

init1=0
do 1 k=2,9

if(pCkd.eq.1) then

initli=init1+1
endif
1 continue

ifCinitl.ge.2> goto 60

goto 30
60 cont.inue

c the third condition
init2=0
do 2 k=2,9

irC{gCk).eq.1> then

Cinit2=init2+1 .

b
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70

endif

cont.inue
if¢init2.ge.1> goto 70
goto 30

continue

‘¢ the fourth condition

- 80

20

100

do 3 m=2,5

1=2%m—-2 :
if(pCl).eq.0> goto 80
blm>=0

goto 3

11=2%m—-1

ifC(pClld.eq.1.or.pCll+1>.eq.1> goto 90

‘bBm>=0

goto 3

continue

b{m>=1

continue

xpl1=0

do 4 n=2,5
xpl=xpil+bin>
continue 7
if¢xpl.eq.1> goto 100’
goto 30

contithue

c the fifth condition

110

ifC(gl4>.eq.1.0r:g<4d.eq. 0> goto 110

goto 30
continue

¢ the sixth condition

120

30

gotd 30

continue

‘hdi, jo=2

continue

do 200 i=1,nsize

do 200 j=1,nsize
ifChdi, j>.eq.2> then
h{i, j>=0 o

" endif
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200

131

140

continue

continue §
do 131 i=1,nsize | \f
do 131 j=1,nsize . ‘ _ -

ifChCi, jD.eq.0> then ‘ ‘
h<i, jo=255

else

hdi, jo>=0

endif

cofft.inue

do 140 i=1,nsize

do 140 j=1.,nsize

imgdi, jd>=charchdi, joo

continue :

write(2> (limgdi, j2, j=1,nsized,i=1,nsized
close(2>

stop

‘end
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APPENDIX - E -

filename : algsubl0.for

c »
c »”
¢ Description : This program is implemented to perform >
c thinning algorithm using the "simplified *e
C version of Hilditch". The algorithm w>
C consists of four conditions and if they *
C are satisfied the point pi is deleted *>
C >
c

$lérge : :
vintegerx2 h(128,128),g(128,128);cc,kk
character img(128,128>
integer nsize,m,c,p(9),prol,pro2, pro3d, prod,mm
character#*16 filnme,filename
" write(x, %) ’enter the input filename’
read(»,’Cal6d’) filnme -
write(®, » ’enter the output filename’
read(*, ’C(al16d’> filename ‘
write(* %>’ enter size of the image
read(x ») nsize ’
write(Cx, %) 1’
qpen(i,file=filpme,form;fbinany’,statusé’old’)
open<2,file=filename,form="binary’, status=’new’)
writeCx, #’ 2’ B A )
do 1 i=1,néize
do 1 j=1,nsize
read(1> imgdi,j>
h(i, jo=ichar{imgdi, joO
ifCh(i, j>.eq.0> then ' g
h<i, jo=1 ' - .
else o \%ﬁ
h¢i, j>=0 | . -~
endif
1 continue
close<1)
write(*,%) ’ enter cc ’ -
read(*, *) CC
do 7 kk=1,cc
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15

11

: 10

12

13

deo 2 i=1 nsize
de 2 j=1,nsize
if ChCi, §>.eq.1> goto 15 ) e
goto 2 '

pC1d=h<i, j>

Cpe2d=hci-1, >

pC3d>=hCi—1., j+1D
pC4d=hdCi, j+1D
pCSY=h{i+1, j+1O
pC6d=hCi+1, j>

pC7Y=hCi+1, j-1)

p<8)=h(Ci, j-1>

p<9d=hd{i-1, j—-1>
p(2)+p(3)+p(4)+p(5)+p(6)+p(7)+p(8)+p(9)

if{m. le. 6. and. m.ge. 2) goto 11

goto 2

init=0 g

do 10 mm=2,8

lf(p(mm) €q.0.and. pl{mm+1).eq.1) then

1n1t—1n1t+1

endif

continue

iIf(pC9).eq.0.and. pC2).eq.1) then

init=init+l '

%

endif

ifdinit.eq.1> goto 12

gota 2

pProl=pC2>*pC4d¥pC6d -
Pro2=pC2>%pC4d>*p(8> '
if{prol, eq.0. and. proz eq.0) goto_ 3
goto 2

h{i, j>=0

continue

continue

do 13 i=1,nsize - =
do 13 j=1,nsize

ifChCi, j>.eq.0> then

hd{i, jO=255

else i

h{i, jo=0

endif .

continue
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do 8 i=1,nsize

do 8 j=1,nsize

img(i, j>=char(hdi, jd2

continue '
write(2>CCimgdi, j>, j=1,nsized,i=1,nsized
close(2) -

stop

- end s
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APPENDIX - F -

0
/
B Sl o i e che bd o]

¢ filename :-algsubl.for >
o] ' .. >
c¢ Description : This program is implemented to perform " / :
c ¢ ' thinning algorithm using the "simplified = :
c’ version of Hilditch™ . In each pass the * :
c the point pl is flagged and at the end of = * ;
c the pass all flagged points are deleted. - :
o] ' »* é
c , :
$large - “
integer»2 h(128,128>,g(128,128>,cc,kk
character imgC128,128>" -

integer nsize,m,c,p(9),proi,pro2, pro3, prod,mm ,
character®l§ filnme,filename S
write(», %) ’enter the input filename’ ’
read(*, ’Cal6>’> filnme .
writeCk, %) ’enter the output filename’
read(*,’Ca16>’) filename
write(* *)’ enter size of the image °’
read(* »> nsize
write(Cx wy?> 17?
openCl,file=filnme,form=’binary’,status=’0ld’>
opencz,filé=filename,formé’binary’,status=’new’) j
writeCx, %0’ 27 | ; ‘
do 1 i=1,nsize ?
do 1 j=1,nsize :
read(1> imgdi, jd
hd{i, jd=ichardimgci, j>>
if¢h(i, j>.eqg-0> then
h{i, j>=1
gli, j>=1 "
else L i
h<{i, j>=0
g(i, jo=0 -
endif
1 continue e

‘close(1)

write(#w »> * enter cc ’

read(*,»} cc

[ p TRty A NG o T



!

15

© 11

10

12

15

130

do 7 kk=1,cc

do 2 i=1,nsize

do 2 j=1,nsize

if <h<i, j>.eq.1> goto 15
goto 2 )
pC1d=h(i, O
pC2d=hdi-1, jd
pC3>=h(i-1, j+1>
pC4ad=h(i, j+1>
p<5Y=hCi+1, j+1>

pC6I=hCi+t, O

pC7d=hCi+l, j-1>

p(8i=hdi, j-1>

pC9>=hCi-1, j~1> .
m=pC2)+pC3)+pC4d+pCSI+pC6I+pCTI+pC8I+pC9d
ifCm.le.6.and.m.ge.2) goto 11

goto 2 ‘

init=0

do 10 mm=2,8

if(pCmm>.eq.0.and. p(mm+1).eq.1> then
init=init+1 '

endif

continue

if(p(9).eq.0.and.p(2>.eq.1) then’
init=init+1 ’

endifr '

if¢init.eq.1) goto 12

goto 2

prol=p(2>*p(4d%p(6D

pro2=pC2)*p(4dd>wp(8d

if(prol.eq.0.and. pro2.eq.0> goto 3

goto 2 '
gCi, jo=2
continue
do 130 ii=1,nsize

do 130 jj=1,nsize
ifCgCii, jj>.eq.2) then
h(ii, jjo>=0

endif

continue

continue

do 13 i=1,nsize

L]
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do 13 j=1,nsize
ifCh(i, jd.eq.0> then
hCi, j>=255

else

“hCi, j>=0

endif

cont.inue

do 8 i=1,nsize

do 8 j=1,nsize

imgdi, j>=charch(i, j2>

continue
write(2>CCimgdi, j>, j=1,nsized, i=1,nsized
close(2)

stop

end



APPENDIX - G -

Crioloioicicioinioioioioioioink HOOHOIOH OO OO HOIOIOICINIIOICICIOINIOIOIBIOIGIOIIBICIGIOIOISICIONOIOK
c filename : d.for

c Description : This program ‘is implemented to perform

c thinning algorithm using Lee’s,method -
C _ based on some aspects which can be

c summgrized as follows :

c - 1. Distance transform

C ; 2. New selection rulﬁs us%gg'thg Tirst
C equat.ion. :

c 3.- Linking algorithm '

c | 4. Thinning algorithm

¥ % ¥ ¥ ¥ ¥ # ¥ 2 %

CHeieloisioiololoicioloioioloioioioibiolioioioininicioitibinioibioiciololoinioibicioioivitioiniciolibiointoloioioloioloior

integer h(128 1283,g€128,128>,d2(128,1285,d3(128,128>
1ntewer 1.C8),tmd85,qgl(8>,tt(8> ,m,k, or, mi,m2, dd
, character img<128,128>
character#16 filnme, filename
write(u,#> ’enter the lnput fllename
readCk, ’Cal6)’) filnme
write(*,*) ’enter the output filename’
read(®, *(al16)’> filename,
‘open(l,file=filnme, form=’binary’,status=’o0ld’>
open(2,file=filename,form="binary’,status=’new’)
do 1 i=1,128 '
do 1 j=1,128
readdld imgdi, j>
hCi, jd=ichar<imgCi, §)
1 continue
closed1id
do 2 i=1,128
do 2 j=1,128
irchdi, jo.eq.0> then
HCi, jo=1
else
h<i, jd=0
endif
2 continue

c Distance transform '
‘do 3 i=1,128
dao 3 j=1,1238
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41 .

42

g

3

¢ the new selection rules

43

46

44

43

17

23

ifch(i, jd>.eq.1> then .

do 4 k=1 ,128

if(hd{i, j>.ne.h<i-k, jd.or.h(i, j>.ne. h(i+k, jO> then
maxi=k

gotao 5

endif : _ ) ’ .

a3

continue

continue

do 41 m=1,128 * -
ifChdi, j>.ne.hdi, j=m>.or.h¢i, j>.ne.h(i, j+md> then
max2=m

goto 42 =

endif

cont.inue

cont.inue

ifdmaxl. lt.max2> then

gli, jo=max1

else

- gli, jo=max2

endif

endif

cont. itue

~- R
do 43 i=1,128
do 43‘j=1,128
if(g(i,j)+1.gt.g(i,j—1).and.g(i,j)+1.gt.g(i—i,j)) goto
goto 44 . - _ -
if(g(i,j)+1.gt.g(i,j+1)fand.g(i,j)+1.gt.g(i+1,j)) goto
goto 44 a o
h<i, jo=gCi, jd _
goto 43 - T
h<i, j>=0
continue
do 17 i=1,128 -
do 17 j=1,128 K
d2¢i, jd=hci, §> -
continue -

. do 14 i=1,128 |
do 14 j=1,128

" ifChCi, jd.eq.0d> then - &
d2<i, j>=0
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else
d2¢i, jo=1
endifr
14 continue.
do 58 i=1,128
do 58 j=1,128
ifChCi, j>.eq.1> then
gCi, jd=hCi-1, j=1d>+hCi-1, j>+h{i-1, j+1d>+h(i, j+1>
»  +hCi+l, j+1D+hCi+1, j>+h(i+1, j=1>+h(i, j-1D
ifCgdi, j>.eq.0> then
d2d¢i, j>=0
endif
‘endif A N o
58 continue |
c linking algorithm

do 123, i=5,128

do 21 j=2,127

ifCd2¢i, j>.ne.0> then . v
¢ SUBPROGRAM A : ' : ‘ v

ifCCd2¢i—1, j-1>.ne.0.and. d2Ci+1, j+1>.ne.0d.or.

. % (d2<i, j-1).ne.0.and.d2di, j+1)>.ne.0>.0or.
»” (d2(i+1,j—ﬁ).ne.O.and.dZ(i—i,j+1).ne.0).or.
w  (d2¢i-1, jO'.ne.0.and.d2Ci¥l, j>.ne.0).or.
*  (d2Ci-1, j~1>.ne.0.and.d2Ci~1, j+1)>.ne.0).or.
%  (d2Ci-1, j+1).ne.0.and.d2Ci+1, j+1).ne.0).or.
W (d2C{i+1, j=1)>.ne.0.and.d2Ci+l, j*1d.ne.0d.or. .-
* (d2Ci-1, j—1>.ne.0.and.d2(i+1, j=15.ne.02> then. .
L 1t=1 :
else
1t.=0
endif

if{lt..eq.0> then
c SUBPROGRAM B :
cn region— 7
if¢d2¢i-1, j>.eq.0> then B
if<(d2(i-2, j>.ne.0.0or.d2C(i-3, j0.ne.0) then
| d8Ci-1, jd=gCi-1, jd
if(d2¢i~3, j>.ne.0> goto 21
endif '
endif
C ne region
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ifdd2di-1, j>.eq. 0, and d2Ci-1, j+i>. eq 0. and.
* d2Ci, j+1>.eq.0)> then
ifCd2{i-3, j+1>.ne.0.0or.d2¢i-3, j*+2>.ne.0.or.
w d2¢i-3, j+3).ne.0.0r.d2{(i-2, j+3>.ne.0. or.
» d2Ci-1, j+3>.ne.0) then
- d3Ci-1, j+1O=gli-1, j+1>
goto 21 . . d
endif ' '
endif
c e region
1f(d2(i,J+1) eq.0)> then )
1f(d2(1,3+2).ne.0,or.dZ(i,j+3).ne.0.) then
d3<i, j+1d=gdi, j+1> :
ifcd2di, j*+32.ne. 0> goteo 21
endif -
endifr
C se region ™
if(d2(i, j+1>.eq. 0. and. d2(1+1,3+1) eq.0.and.d2Ci+1, jO.
* eq.0.and. d2(1+2,J) eq.0.and.d2Ci+3, j>. eq.0) then
irfdd2Ci+1, j+3>.ne.0.or.d2Ci+2, j+3>.ne. 0. or. d2Ci+3, j+3D.
> nefd.or.d2(i+3,j+2).ne.0.or.d2(i+3,j+1).ne.0) then
d3Ci+t, j+1d=gCi+l/ j+1>D
goto 21
endif
endif
I
C srreglon
ifdd2di+i, j+1).eq.0. and d2di+1, j>.eq.0d then
1f(d2(1+3,3).ne.0) then
d3Ci+l, jO=gdi+l,j > ' ;
endif ~

_ ’ endif
\\Hﬂ,/’/' endif
) endif

21 cont.inue '
123 : continue

c thinning algorithm
. ¢ do 7 i=1,128
' do 7 j=1,128 )
1 gli, §d=d2<i, jd+d3<, O
1fCgCi, j>.eq.0> then )
hCi, jo=0 he B bt
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" write(wx %) ’enter dd ’
readCx, %> dd

100

c Shift

else
hdi, jo=1
endif
continue

do 99 kk=1,dd
do 20 i=1,128
do 20 j=1,128
- ifChCi, j>.eq.1> goto 100

goto 20

£C1>=hCi~1, j>
£€2)=hCi~1, j+1)
tC3>=h(i, j+1O
£Cad=hCi+l, j+1D
£C5)=hCi+t, j>
£C6>=hCi+1, j-1D
+£C7d=hCi, j=1>

tmC1y=tC1D
tm(2>=0
tm(3>=t(3D
tmC4>=0
tm(S)=t(5>
tm(6>=0
tmC7O=L(7D
tm(8>=0

tm .
q<1>=0
qC2i)=tm(1>
qC3>=tm(2>
q<C4>=tm(3d
q<Sd=tmC4d
qC6d>=tm(3>
q<7=tmC(H>
q<8>=tm(7>

c OR_;ng_t and g
do 200 k=1,8
or=t.(kd>+qCk)
if{or.eq.0> then

titCkd>=0.

£C8>=hCi-1, j-1D

a
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200

300

1000
1001

1002

p 20
99

40

50

else |

ttCkd=1

gndif
continue

niott=0
do 300 m=2,8

ifdttdm—1).eq.1.and. tt(md.eq.0> then

ni0tt=n10tt+1
endif
cont.inue

ifCttC8).eq.1.and.tt(1).eq.0> then

n10tt=n10tt+1

endif

if(ni0tt.gt.1) goto 1
goto 1001

h<i, jd=1 |
if(ni0tt.eq.1) goto 1
goto 20

ifdnitt.eq.1) then
h<i, jo=1

else -
h<i, j>=0

endif

continue

cont.inue

do 40 i=1,128 ‘'

do 40 j=1,128 ©

000

002

ifch(i, j>.eq.0> then -

h{i, jOo=255

else

hdi, jo=0

endif

continue

do 50 i=1,128

do 50 j=1,128

imgdCi, jd=charcChd(i, j>>
continue

writeC2> (CimgCi, j>, j=1,1283,1=1,128)

close(2)
stop

-end
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L

APPENDIX — H - .

0

/

Description : This program is fmplemented to perform
thinning algorithm usifig-Lee’s method
bése n some concepﬁs which can be
summarized as follows. i

1. Distance transform

2. New selection rules using the
second equation . ’

3. linking algorithm

4. thinning algorithm

[

- /
/

i

o000 o0o0n0no00

0

R
integer h(128,128),gC128,128),d2¢128,128),d3C(128,128)

integer t¢(8),tm(8),q(8),tt(8>,m,k,or,mi,m2,mm

' character img{(128,128>

character®l6 filnme,filename
write(® %) ’enter the input filename’
readCk, *Cal6d>’> filnme .
Wwrite(x #> ’enter the output filename’
\\L, reéﬁ(*,’(a;ﬁ)’) filename . \T\ /’
open(l,filé;filnme,form=’binary’,sﬂétus=’old’)
open(2,file=filename, form="binary’,status="new’>
do 1 i=1,128
do 1 j=1,128
readd(1d> imgdi, jo
h{i, jd>=ichardimgCi, jo>
1 cont.inue
close(1d
do 2 i=1,128
‘do 2 j=1,128
ifrchdi, j>.eq.0> then
A hei, jo=1 '
) else
h{i, j>=0 ——
- endif :
2 continue

c DNistance transform

do 3 i=1,128
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do 3 j=1,128
ifchdi, j>.eq.1> then
do 4 k=1,128 .
ifChdi, j>.ne. h(i-k, j>.or.h{i, j>.ne. h{i+k, j2> then
" max1=t 7
goto B
endif _
continue el
5 - continue ) [f:_¢¢
do 41 m=1,128: ) ISR
if(h(i,j).ne.h(i,j—m).or.h(i,j).ne.h(i,j+ﬁ)) ﬁhen_
max2=m
goto 42
endif
41 continue
42 continue
. ifCmaxi.Ilt.max2Y then = ' \&¢
gli, jd=maxl '

[

-

else
gCi, jo=max2
endif
endif

3 continue

¢ New selection rules’
do 43 i=1,128
do 43 j=1,128 -
iFCCECi, jO—gCi, j=22I+CgCi, o -gCin2, jII+CgCi, >

+  —gli+2, $I2+CgCi, jO-gCi, j+22).gt. 2> goto 46

goto 44 ' -
46 hei, jo=gCi, j>
' ‘goto 43 <
44 h{i, j>=0
43 - continue ]

do 14 i=1,128
do 14 j=1,128
ifch<i, j>.eq.0> then
d2<i, j>=0
else
d2C¢i, jo=1 ' ~
_ endif
-14 continue’,
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do 58 i=1,128

do 58 j=1,1i28B

ifchCi, j>.eq.1> then v
g€i, jo>=h<(i-1, j—1>+hd{i-1, J)+h(1—1 J+1)+h(1,J+1)
+hCi+i, j+10+hCi+l, J)+h(l+1 3—1)+h(1 3—1) {
ifCgli, jd>.eq.0> then -~ | ' ]
d2<i, j>=0

endif

endif

continue

c . Linking algorithm

do 123 i=5,128
do 21 j=2,127 )
ifCd2¢i, . ne.0> then

c SUBPROGRAM A

CF 3R 2 % R %

L ¢dz¢i-1, j-1).ne.

ifCCd2¢i-1 J—i) ne.0.and. d2Ci+1, j+1).ne.0>.or.
(d2(i, j=1).ne.0.and.d2(i, j+1>.ne.0>.or.
Cd2Ci+1, j-1>.ne.0.and.dZCi-1, j+*1>.ne.0d.or.
Cd2(1—1 Jj>.ne.0.and.d2(i+1, j>.ne.0d.or.
Cd2¢i-1, j=1).ne.0.and.d2<i-1, j+1>.ne.0>.or.
<d2<171,3+1>.ne.0.and.d2(i+1,j+1>.ne.o>?or.
¢d2Ci+1, j=1)>.ne.0.and. d2Ci+1, j+1>.ne.0d.or.
0.and.d2Ci+1, j-1>.ne. 03> then
1t=1

else

1£=0
endif

ifClt.eq.0> then

¢ SUBPROGRAM B :
cn region : !

ifcd2¢i-1, j>.eq. 02 then -
if¢d2¢i-2, j>.ne.0.0r. d2¢i-3, J) ne. 0) then
d3¢i—-1, jo=gli-1,j>

if¢d2¢i-3, j>.ne. 0> goto 21 "§ o
endif )
endif

~ <€ ne region

*

we

ifCd2¢i-1, j>.eq.0.and.d2¢i~-1, j+1).eq.0.and.
-d2Ci, j*1).eq. 0> then -

ifCdz2(¢i-3, j*+1>.ne. 0. or. d2(1—3,J+2) ne.0.or.
d2(1—3,J+3).ne.0.or.d2(1—213+3).ne.0.0r
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C e region

-

» d2C¢i-1, j+3).ne. 0> then
d3di-1, j+io=gdi-1, j+1>
goto 21
endif .
endif o

1FCd2Ci, j+1).eq 87 then

ifCd2Ci, j+2>.ne.0.or.d2¢i, j+3>.ne.0.> then

d3Ci, j+1d=gCi, j+1D
ifdd24di, j+3>.me.0) goto 21
endif '
endif
c se region ‘ "

.
1£Cd2Ci, j+1>.£q. 0. and. d2¢i+1, j+1>.eq. 0. and. d2Ci+1, §D.

* eq.0.and.d2Ci+2, j>.eq.0.and.d2Ci+3, j>.eq.0> then

irdd2dCi+l, j+3>.ne..or.d2(i+2, j+3).ne.0.0or.d2C(i+3, j+3D.

*"ne.0.or.d2(i+3,j+2).ne.O.or.d2(i+3,j+1).ne.05-theh

d3Ci+1, j+1D=gCi+l, j+1D
goto 21 ‘
“endif
endif

"¢ s region

I£Cd2Ci+1, j+1>. eq.0.and. d2¢i+1, j>.eq.0) then

if<d2C¢i+3, j>. e 0> then
d3Ci+1, jo=gCi+1,j > -
endif ' '
endif \
endif ?33
endif
21 continue
‘123 " continue (ﬂ

C thinning algorithm

do 7 i=1,128 - A
do 7 j=1,128 N

c gCi, jd=d3Ci, j>+d2Ci. ) %
gCi, jo=d2Ci, jP+d3Ci, j3 ) <4
ifCgCi; j>.eq.0> then
"hei, jI=0
else
hei, jd>=t
endif L 4 . “




7 continue _
do 99 kk=1,10
do 20 i=1,128
do 20 j=1,128
ifCh(i, j>.€eq-1> goto 100
goto 20 ‘ .

100 ° tC1d>=h<i-1, j>
t.C2Y=h{i-1, j+12> o "
tC3)=h{i. j+¥ I -~ '
LC4d>=hCi+t, j+12
£<¢5Y=hCi+1, j>
£C6)=hCi+1. j—1>

oz £¢7)=hdi, j-1)

t¢(8>=hCi~-1, j—-1>

ym<1>=t<1>‘-
tmC2)=0 -
tmC3d=tC3>
tmC4>=0
tmC5d=tC(5). ’
tmC6>=0
tmg7I=tC7>
tmC8Y0
c Shift tm §
- ge1dy=0
- q<2y=tmc1) .
g<3>=tm(2>
qC4d=tm(3>
qC¢5)=tm<4>’
q<6d=tm(5>
qC7I=tmC6>
qe8I=tmC7d
c OR_ing t and ¢
do 200 k=1,8
or=t.Ck)+qCkD>
ifCor.eq.0> then
tt.Ckd>=0
else
ttCkd=1

.

) endif
200 | continue
n1tt=tt(1)+LL(2)+tt(3)+tt(4)+tt(5)¥ft(6)+tt(7)+tt(8)

3.
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n10tt=0
do 300 m=2,8
if¢ttim-1).eq.1.and. tt{md>.eq.0> then
n10tt=ni0tt+1
. endif
300 continue 7 .
ifCttC8).eq.1.and. tt(1)>.eq.0> then
n10tt=ni10t.t+1
endif
ifCni0tt.gt.1)> goto 1000
oto 1001
1000 . hdi, jO=1
1001 if(ni10tt.eq.1> goto 1002
goto 20
1002 iﬂ:nltt.eq.l) then
> hei, jo=1
else
h<i, j>=0
' endif
20 continue
do 40 i=1,128
do 40 j=1,128
irChdi, j2.eq.0)> then
h<i, j>=255%
else
h<i, jO>=0
endif
40 . cont.inue .
.do 50 i=1,128
do 50 j=1,128 °
img<i, j>=charchdi, jdO
50 . continue
writed2) CCimgdi, jd.j=1,128>,i=1,128)>
. close(2) - :
st.op
end
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APPENDIX - I -

]

filename : Algsub4.for

Description : This Program is implemented to perform
thinning algorithm using local operations.
‘.a\,fto detect. edge-points , end-points and
-~ break-points.' The algorithm is divided
into four sub-iterations

¥ ¥ 3 X X2 X %

&
-
m

H
W

i

integer*2 h(128,128),g(128,128>,cc,kk, pro5,pro6, pro?
character img<128,128>
integer nsize,m,c,p(9>,prol,pro2,pro3, prod4,mm, prod
"character#16 filnme.filename
write(*,*) ’enter the input filename’
read(*, *Ca16)’) filnme
write(®, %> ’enter the output filename’
read(®, *C(alé>’) filename
write(®,%)>’ enter size of the image ’
read(x, %) nsize. '
write(Ox, %)’ 17
open(l;file=filnme,formf’binary’,status=’old’)
"open(2,file=filename, form="binary’,status="new’>
write(Qx, ®)’ 27 ‘
do 1 i=1,nsize
do 1 j=1,nsize
‘read<¢1) imgCi, j>
h{i, jd>=ichard{img(i, j2>
ifChd(i, j>.eq.0> then
hi, j>=1
gli, jo=1
else
h(i, j>=0
g€i, jo=0
endif

1 continmie
close(1d
writeOx w) * enter cc ’
‘read(x, %) cc
do 7 kk=1,cc
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c the first subiteration
MR A AOIIOIOICICIAICHOIHORFAIOIOR

135

11

10

-12,

‘do 6 J=1,nsize

do 2 i=1,nsize

do 2 j=1,nsize

if Chdi, j>.eq.1> goto 15
goto 2 '
pC1d=h<i, j>
pC2o=hCi-1, j>
pC3>=hCi-1, j+1>
pC4d>=hCi, j+1)
pCS>=hCi+1, j+1O
pC6d=hCi+1, j>
pC7>=hCi+1, j=1)
pC8Y=hCi, j-1>
pC9I=hCi-1, j~1>
M=pC2>+pC3D+pCad+pCSI+pCEI+pCTI+pLBI+pC9)d
if(m. le. 6. and. m. ge'\2> goto 1

goto 2

-

init=0

do 10 mm=2,8
if(pdmm>.eq. 0. and. p(mm+1).eq.1> then
init=init+1

endif

continue - -
Af(p(Q) eq. 0. and. p(2) eq.1> then

Jinit=init+1

endifr
ifCinit.eq.1> goto 12
goto 2

'proi—p(2)*p(4)*p<6)

pro2=pl4>%plH)4p8D _
if(prol.eq.0.and. pro2.eq.0) goto 3
goto 2 oo,
gli, jo=2

continue

do 6 i=1,nsize

ircgdi, j>.eq.2) then
h<i, j>=0

endif

cont.inue
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L4
c The second subiteration

C Motoloiofoiotolotoiloolololojolololoioiloloolotolok

151

111

101

121

31
21

61

" endif

do 21 i=1 nsize

do 21 j=1,nsize

if-Chdi, jd>.eq.1> goto 151

goto 21

pC1>=hdi, j>

pC2>=hdi-1, j>

pC3d=hdi-1, j+1>

pCad=hCi, j+1)

pC(5d=hdi+1, j+1)

pC6d=hdCi+l, D

pC7T2=hdi+1, j-1>

p{8>=hd{i,; j-1>

p<9O=hd(i-1, j-1>
m=pC2X+pC3>+pl4d+pl5d+pCaI)+plTI+plBI+p(9>
ifCm.le.6.and.m.ge.2) goto 111

goto 21 '

ihit=0

do 101 mm=2,8

if(pCmm>.eq.0.and. p{mm+1).eq.1> then
init=init+1

endif ‘

continue

if(p{9>.eq.0.and. pl(2).eq.1> then N
init=init+1

endif

ifCinit.eq.1) goto 121

goto 21

Pro3=pC2X#pl5d>%p8D
prod=p(4>*pl5>*p(B>
ifCpro3.eq.0.and.pro4.eq.0) goto 31
got.o 21

gli, jo=2

continue

“do 61 i=1,nsize

do 61 j=1,nsize .
ifcgdi, j>.eq.2> then
h{i, j>=0

continue
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¢ the third subiteration

do 50 k=1 ,nsize
do 50 1=1 nsize
if ¢hdk,1d>.eq.1> goto 60
goto 50
60 p{1>=hdk, 1>
p(2>=hCk-1, 1>
pC3>=hCk-1, 141>
p4d>=hCk, 1+1) |
'pC32=hCk+1,1+1>
pC6d>=hCk+1, 1D
- pC72>=hCk+1,1-1>
" p(8Y=h<k, 1-1)
p(9)=hCk-1,1-1>
m=pC22+pC3D+pC4d+p(S5O+plEd+p(TI+pl8I+p (9D
ifCm.le.6.and.m. ge. 2> goto 70
goto 30 '
70 init=0
do 80 mm=2,8 \
ifCpi{mm).eq.0.and. p(mm+1>.eq.1) then
init=init+1
endif
80 continue &
' if(p€9>.eq.0.and.pC(2).eq.1> then
init=init+1
endif
ifCinit.eq.1) goto 110
goto 350
110 proS=pl2)%pl4d%p{8D
prodé=pC2X*p(6d*%p(8D
if{pro5.eq.0.and. pro6.eq.0> goto 120

<

goto 50 . '
120  gCk,1>=2 | R
50 cont.inue - -
- . ‘'do 130 ii=1 nsize ~

do 130 jj=1,nsize
irdgdii, jj>.eq.2> then
h{ii, jj>=0
<endif
130 cohtinge 0 «
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¢ the fourth subiteration

HORAISAOOICICICIOIICICICIOICIOIORIOIOIOI O AOROK

601

do 501 k=1,nsize
do 501 1=1,nsize
if Ch<k,1>.eq.1> goto 60
goto 501

pC1>=hCk, 1)
pC2>=hCk-1,1>
pC3d>=hCk-1, 1+1)
p<4r=hdck, 1+1)
pCSY=hCk+1, 141D
pC6d>=hCk+1, 1>
pC7y=hCk+1,1-1>
pC8Y=hCk, 1-1)
pC9I=hCk-1,1-1>

-

 m=pC2Y+pC3)+pad+pCSd+p6d+pCTI+pCB8I+pC o)

701

801

1101

1201
501

1301 °

-,

ifCm. le.6.and.m.ge.2) goto 701

goto 501

init=0

do 801 mm=2,8
if(pCmm>.eq. 0., and, p(mm+12.eq.12 then
init=init+1i

endif - Ny

continue -
ifdp(9®.eq.0.and.pl(2).eq.1> then
init=init+1

endif

if{init.eq.12 goto 1101

goto 501

pro7=pC2)%pl4d2%p(6D
pro8=pC2*pl43%p(8)
if(pro7.eq.0.and. pro8.eq.0) goto 1201
goto 501 : '
gCk,15=2

continue

do 1301 ii=1,nsize

‘do 1301 jj=1,nsize

ifCg(ii, jj>.eq.2> then
hdii, jjd>=0
endif ‘

cont.inue
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continue

do 13 i=1 nsize

do 13 j=1, size
irchCi, j>.eq.0> then
h{i, j>=255

else

h<{i, j>=0

endif

continue

-

.do 8 i=1,nsize

do 8 j=1,nsize

imgCi, jd>=charChdi, j>

continue

=

writed(2>(Cimgdi, j2, j=1,nsize), i=1,nsize) -

close(Z) ‘ -
stop
end
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c filename : tempZ.for , »
c ) - - i
b ]
]

cDescription : In templ.for using eight template and only

c +one image we obtain a skeleton but with many
c branches in different parts of the character.*
c Temp2.for is implemented to remove this - - jy
c disadYantage in which two images are used thex {ih‘
c current. image and the working 'mage . Note " LN
c ? that the eight templates A1,B1,A2, B2, A3, B3, Ad%
c “and B4 are also used . : *7
. ‘ o :
c , .
integer h(128,128);g(128,128),p(Q),nsize,ki,k2,&iﬁ~‘~_ﬂx\““
. character img(128,128) j
character*ié filnme,filename .
wrlte(* #»)* enter the input filename
readC#, *Cal6>’> filnme =
write(x, %) ’enter the output filename’
read{*,’(al6>’> filename
write(x, %)’ enter the size of the image ————>’
read(*,%> nsize '
wrlte(* *)’ enter the\scallng factors over X and Y ’
Tead(Ok, ¥ scalx,scalyf
openl,file=filnme, form=’binary’,status=’0ld’>
open(2,file=filename, form="binary’,status="new’> -
write(s #7717 »
do 10 i=1 nsize
do 10 j=1,nsize
readCi?> imgdi, j2
h<¢i, j>=ichard{img(i, j2?
if(hdl, j>.eq.0>then
h{i, jo=1 3
else
h<i, j>=0
" endif i
10 continue
. WriteQCwm x> » 27 _ ) .
do 99 i=1,nsize ~

do 99 j=1,nsize
I
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09

g(i, jo=hdi, j>
continue

C© template Al

o
-~ -\\
- [ 11
. ;
'
—
1
T, @
\ \ 1]
\‘.-_— -
20

write(Ow, =0 *enter kk °
read(x, x> kk

do 101 k=1,kk

do 1 i=1 nsize

do 1 j=1,nsize .
ifchdi, jd>.eq.1> goto 1%

g0£0 1 :

pC2>=hdi, j+12
pC(3>=h{i-1, j+1>D
p<4O=hdi-1, j>
p<5>=hd{i-1, j—1>

p<6d=hd(i, j=1> .
pC7>=hCi+1, j=1) s
pC8>=hCi+1, jd '
pCPI=h(i+1, j+1D
k1=pl4d+pC52+pL6D
K2=p(2)+p(8>
if(ki.eq.0.and.k2.eq.2> then
gCi, jo=0

endif

continue

do 20 i=1,nsize

do 20 j=1,nsize ‘
h{i, jo=gCi, j> _ \
continue

c template bi

21

do 2 i=1,nsize .
do 2 j=t, fsize -~
if¢h(i, jd>.eq.1> goto 21
goto 2

pC2)=hCi, j+1)
pC3d=hCi-1, j+1
pC4d=hCi-1, j>
p<¢5>=hCi-1, j-1>
p<6>=hCi, j—1>
pC7O=hCi+l, j=1)
pC8d=hCi+1, jO
pC9d=hCi+1, j+1)

- k1=pC3>+pC4d+pC5D
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30

k2=pCTO+pC8)

-

ifC(k1.eq.0.and.k2.eq-2> then

gli, j>=0

endif

continue

do 30 i=1,nsize
do 30 j=1,nsize

‘hCi, jo=gCi, O

cont.inue

c templates a

31

40

4
4

a1

‘do 38 i=1i,nsize
do 3 j=1,nsize

ifChCi, jd.eq. 12
goto 3
pC2d>=hCi, j+1)
pL3d>=hCi-1, j+1D
pC4d=hCi-1, j>
p<5>=hCi-1, j-1>
pC6d=hCi, j—12
pCTH=hCi+1, j~1>
pCB8IY=hCi+1, jd
pCO>=hCi+1, j+1D

goto 31

k1=pC2)+p{32+pl4d

k2=pC6)+pC8)

ifCkil.eq.0.and.k2.eq.2> then

gCi, jo=0
endifl

. continue

do 40 i=1,nsize
do 40 j=1,nsize
hdi, jo=gdi, jo
continue

template b2

do 4 i=1,nsize
do 4 j=1,nsize
ifCh(i, j>.eq.1D
goto 4
pC2d>=h{i, j+1)
pC3oghdi=1, j+1>
p<4>=h¢i-1, j>
p(S>=hCi-1, j-1>
pC6d=hdi, j-1>

goto 41.
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50

PCTI=hCi+l yj-1)
pC(B8Y=h(i+1, jd
p(9)=h(i+1,J+1)
RI=pC2)+pC3)+pC9)
k2—p(5)+p(6)

¥

if<ki.eq.0.and. k2. eq 2> then

gCi, jo=0

endif

continue

do 350 i=1,nsize
do 50 j=1,nsize

*hdi, jo=gci, jd

cont.inue

¢ templates A3

51

60

do 5 i=1,nsize
do 5. j=1,nsize

ifCh<i, j>.eq.1> goto 51 ¥

goto S
pC2O=h(i, j+1>
p{3>=hdi-1, j+
pC4d=h(i-1, j>
pCSO=h{i-1, j=1>
p<6>3=hdi, j-1>
pC7o=hd{i+l, j-1>
pC8i=h(i+1, j>
pC9>=hd(i+1, j+1>
k1=pC23+p(8)+p(9)
k2=pC4d+pC6D

ifCki.eq.0.and.k2.eq.2> then

gCi, j>=0

endif

continue

do 60 i=1,nsize
do 60 J-i,nsizé
hd{i, jo=gdi, jd
continue

¢ template b3

61

do-6 i=1,nsize
do & j=1,nsize

goto &
pC2>=hdi, j+1>

AifCh(Ci, j>.eq.1> goto 61
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- 70

p<3>=hdi-1, j+1>
p<4d=hCi-1, jd
p(S>=h(i-1, j-1>
pC6d=hCi, j—1)
p<7>=hCi+1, j-1>
p<8Y=hCi+t, j>
pC9d=hCi+1, j+1>
K1=pC7)+pC8O+p(9>
kK2=pC32+pl4d
ifCki.eq.0.and.k2.eq.2) then
g€i, j>=0

endif

continue

do 70‘iE1,nsize

do 70 j=1,nsize

h{i, jo=gCi, j> .
continue

c templates Ad

71

80

do 7 i=1,nsize

do 7 j=1,nsize

ifchdi, j>.eq.1) goto 71

goto 7

p<2>=h(i, j+1>
h(3)=h(i—1,j+1)
pC4d=hCi-1, j>
p<¢5>=h{i-1, j~15

pC6d>=hCi, j-1>-
PC7I=hCi+l, -1
p<8>=hdi+1, j>
pC9d=hCi+l, j+1)
k1=pC62+pC7>+p(8D
k2=pC2>+pC4>
if(ki.eq.0.and.k2.eq.2> then
gli, D=0
endif =~
continue:

do 80 i=1,nsize
do 80 j=1,nsize
h<i, jo=gCi, >
continue

c templaﬂe b4

do 8 i=1,nsize



do 8 j=1,nsize
ifcChdi, j>.eq.1) goto 81

goto 8

. -81 pC2I=hd(i, j+1) . )
pC3d=hCi-1, j+1D T —
pC4d>=hCi-1, O 3 N T ;
PCS3=h<i—1i, j71) | . '

pC6>=hCi, j-4> , .
[\\\\\_ _ . p(?é;§5%£1,qﬁ1> <,
. p(8I>=hdi+1, jO :
\j ' S PCOI=hCi+l, j+1) - :
k1=pC5)+pC6d+pC7d —
k2=pC2)+pC9) ' |
ifdkl.eq.0.and.k2.eq.2> then
g<Ci, j3=0 : :
. " endif
8 . continue . -
do 90 i=1,nsize : —
- ~do 9Q4j=1,nsize
» hCi, jOo=g¢i, jd
90§\. cohtinueﬁ? L
2~ 101 continue ,
. " “do 100 i=1,nsize
do 100 j=1,6 nsize
ifcgci, j>.eq.1> then
. ] - gCi, jo=0
' - /e}se.

=R gCi, Pu255 ' _
endif .

100 continue .
‘'do.110 i=1, nsize
"do-110 j=1,nsize
imgdi, jo=chardgdi, joo
. 110 continue
write(2) (Cimgdi, j>, j=1,nsized,i=1,nsized
closeC2) ) . ®
stop ' '
- end
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filename : tempwind.for

c

c

c

5 Description : «In‘tempz.for Cusing the eight. templates

c and the two images ) we get an excellent

c result in character without dots . But for
c ¥ - those with dots we still have branches on
C

c

c

c

c

c

C

c

S

-

. . . the dots . Tempwind. for is implemented t.o
' remove this problem using the following
procedure :
1. Separate the dots from the characters
Process the characters without dots
Process the dots alone a‘
Add the dots to the character

T EEEERR R

- N

lnteger h¢128,128)>,dC128,128>,gC128, 128),p(9) k1,k2,Kkk,
. ‘ integer hag(3>,mag(3>
' .character img(128,128)
- character*16 filnme,filename
¢ write(®, *)’ ‘enter the input filename ’
read(x, "Cal6>’> filnme
write(*, %) ’enter the output. filename’
read(O¥,’Cal16d’d filename
write(®, %)’ enter the size of. the image ——==>’
ead(%, %) nsize
B ?ipen(i,fileﬂfilnme,form=’binarY’,status=’old’)
open(2,file=filename, form="binary’,status="new’>

writeCQe, 20’ 17 .
o . do 200 i=1,128
" do 200 j=1,128
) d<i, j>=0
200 continue S i
- imp=0 ' !

do 201 i=1, 128

do 201 j=1,128

readd(1> imgdi, §1

h{i, J)ﬂichar(img(l J)),
if¢hdi, j>.eq.0> then
- hdi, jo=1

elsE . 7

tig
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201

hdi, j>=0
endif

continue
closed{1)

¢ Separate the dots from the characters

204

205

&

wriie(*,*)’enter the iength’
read(¥, %) ki
kZ=int(ki-2.0>

do 203 i=k2+1,128-k2
do 203 j=k2+1,128~k2
ifchdi, j>.eq.1> then
sum=0

do 204 k=1,k2
al=hCi-k2, j>
a2=h(i-k2, j-k>
ad=h{i-k2, j+k>
ad=hCi+k2, >
aS=h{i+k2, j-k>
a6=h{i+k2, j+k>

‘a?=hC(i, j-k2)

a8=h{i-k, j—k2>

a9=hdi+k, j—k2>°

a10=h(i, j+k2)

ali=hdi-k, j+k2>

al2=hCi+k, j+k2D

a=ai+a2+a3+a4+a5+a6+a7+a8+39+510+a11+a12

sum=sum+a '
continue

if{sum.eq.0> then

do 205 ii=i,i+k1

do 205 jj=Jj, j+k1

ifch(ii-k2-1, jj—k2-1>.eq.1> then

d(ii-k2-1, jj-k2-1)>=1

h{ii-k2-1, jj-k2-1)>=0

endif

continue

imp=imp+1

maglimpl=i

hag(imp)>=j

endif

endif

- 166 -



203 continue
do 206 i=1,nsize
do 206 j=1,nsize
gli, jo=h<{1i, j>
206 cont.inue

c Process the characters without dots
c template Al

wri&g&tf*) ’enter kk ’
read(*%ﬁ) kk
do 101 k=1,kk
do 1 i=1,nsize
do 1 j=1,nsize
ifchdi, jd.eq.1i> goto 11
‘goto 1

11~ p<2>=hdi, j+1d
p(3>=h(i~1, i+1iD
pC4d=h(i-1, j>
pC5d=hCi-1, j-1)
p<6>=hd(i, j-12
p<7I=hCi+1, j~12
p(B8O>=hdi+1, j>
pC9O>=h{i+1, j+1d
k1=pC4>+pC3d¢pC6d
k2=pC2>+p(8D
ifckl.eq.0.and.k2.eq.2> then
g(i, j>=0
endif

i continue
do 20 i=1,nsize
do 20 j=1,nsize
hdi, jo=gCi, j> 4

20 continue

c template bl

do 2 i=1,nsize
do 2 j=t,nsize
ifChdi, j>.eq.1) goto 21
goto 2

21 pC2>=hd(i, j+1>
p(3>=hd{i~-1, j+1>
pCad=hcCi-1, > -« ¢
p¢55=hdi-1i, j-1>
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30

™. c templates a2

31

40
c

N

PC6I=hdi, j-1D

PCTI=hCi+l, j-1>

© pC8d=hCi+1, j>

pCOd=hCi+t, j+1)
k1=p(3)+pC4d+pC5)
K2=pCT7)+pC8)
ifckili.eq.0.and.k2.eq.2) then
g<i, jo=0 :

endif

continue

do 30 i=1,nsize

do 30 j=1 nsize

h<i, jd=g<i, j>°

continue b

do 3 i=1,nsize

do 3 j=1,nsize .
ifchdi, j>.eq. 1) goto 31
goto 3
p<2>=h(i, j+1>
pC3>=hdi-1, j+1> .
pC4d=hdi-1, j> ~
pC5d)=hCi-1, j-1>

pC6>=hdi, j—-1>
pL73>=hCi+l, j—1>
p<8O=h(i+1, j>
pLo>=hCi+l, j+1>
k1=pC2)+pC3)+pC4d
k2=pC6>+p(BD

ircki.eq.0.and. k2.eq.2> then
gCi, jo=0

endif

cont.inue-

do 40 i=1,nsize

do 40 j=1,nsize

h{i, jo=gdi, jo

continue

template b2

do 4 i=1 nsize
do 4 j=1,nsize
ifCh(Ci, j>.eq. 1> goto 41
goto 4
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41

50

c templates A3

4
N

51

- 60

-

pC2d=hCi, j+1) -
p<3d=hCi-1, j+1)
pC4d=hCi~1, j> -
p<¢5>=hCi-1, j=12
pC6I=hCi, j=1)

pCTI=h i+, §—1)
pC8d=hCi+l, jd

PCOI=hCi+l, j+1)

K1=pC23+pC3>+pC9>
K2=pC5)+pC6d> 4
ifcCkl.eq.0.and.k2.eq.2) then
gCi, j>=0

endif

continue

do 50 i=1,nsize

do 50 j=1,nsize
h(i,?)=g(iij) '§3 - -
continue 2

do S i=1i,nsize

do 5 Jj=1,nsize

if<hCi, j>.eq.1)> goto 51
gota 5

pC2I=hCi, j+1d
pC3)=hCi-1, j+1D
p<4d>=hCi-1, j>
p¢5>=hCi-1, j-1>
pC6d=hCi, j~1>
pC7O=hCi+1, j-1>
pC8Y=hd{i+l, j>
pC9d=hCi+1, j+1>
k1=p{2)+p(Bd+plPD
k2=pC4ad+pl6D
ifCki.eq.0.and.k2.eq.2> then
gCi, j>=0 '

endif

continue

do 60 i=1,nsize’

do 60 j=1,nsize

hCi, j>=gCi, 3>

continue

3

c template b3
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do 6 i=1,nsize
do 6 j=1,nsize
. ifchdi, j>.eq.1) goto 61

oto 6
6%/y/w§3§;:£(i,jf1)
¢ pCIYShCi-1, j+1)

-

70

p€4d>=h{i-1, j>
p<5y=hdCi-1, j-1> ’

p€63=hd{i, j-1>

pC7o=hdi+i, j-1>

pC8I=hdi+l, O

p<9O=hdCi+l, j+1D
K1=pC(7I+p(8r+p(9>
k2=pC(3>+pC4dd
ifCki.eq.0.and. k2.eq.2) then
gli, >=0

endif

continue +4

do 70 i=1,nsize ”
do 70‘j=1,nsize jf
h{i, jd>=gCi, j>

continue

c templates A4

71

3

do 7 i=1 nsize

do 7 j=1,nsize

ifchdi, jd>.eq.1) goto 71
goto 7

pC2O=hdCi, j+1>
p(3>=h(i-1, j+1>
p(4d=h(i-1, ®
pC53=hCi-1, j-1>
pC6d>=hdCi, j-12
pL7O=hCi+l, j-1>
p<8O>=hdi+1, j>
'pCoOIShCivt, j4AS
k1=pC(6d4+p7O+p(8D
kZ2=p(2+pd4dd .
irckl.eq.0.and. k2.eq.2> then
g€i, jo>=0 -

endif

continue _

do 80 i=1,6nsize

7




&

do 80 j=1,nsize
h{i, jo=g(i, jd
80 continue
c template b4
do 8 i=1 nsize
do 8 j=1,nsize

ifChCi, jd.eq.1> goto 81

sgoto 8
81 p<2>=h(i, j+1O

pC3d>=hCi-1, j+1>
pC4>=hCi-1, j>
pC3d=hdi-1, j—1>
p<6d=hCi, j-1>
pC7y=hCi+1, j-1D
p<(8>=hdi+i, j>

C pC9I=h{i+l], j+1D
k1=p(5>+pC6>+pCT)
K2=pC2O>¥pCod>

8

ifcki.eq.0.and. k2.eq.2> then

gCi, jo=0
endif
8 continue
ﬁho 90 i=1,nsize"
'~ do 90 j=1,nsize
ha¢i, jo=gC1i, j>
90 cont.inue - '
101 conginue
: do 100 i=1,6nsize
do 100 j=1,nsize
if$g(i,j).eq.1) then
gli, j>=0
else e
gCi, j>=255
endif
100 continue

c Process the dots alone

write(*, %> ’ enter kk for dot’

read(w, w). kk'

do 311 k=1,kk
do 330 i=1,128
do 330 j=1,128



—

340

331

350

3110

3120

)

3130

3100
311

099

110

ifCdi.eq.mag(1).and. j.eq.hag(1d).or.(i.eq.magl(2)>. and.
J.-eq.hag(2)>.0or. (i.eq.magl3). and. j.eq.hag(3>)) then

dCi, j>=3

else

ifcd<i, j>.eq.0. and. d(1 ,Jj+id.eq. 1)/goto 340 #
goto 331

ifddd(i, j+23.eq. 0> goto 330

ddi, j+1)=2

goto 330

ifrdddi, J) eq.1l.and.d(i, j+1).eq.0> goto 350
goto 330 °

I

1fCd<(i, j-1>.eq.0) goto 330

dci, jd=2
endif

.continue

do 3100 j=1,128
do 3100 i=1,128 g
irddd(i, j>.eq.0.and.d{i+l, j>.eq.1d goto 3110

goto 3120 o~

ifdd(i+2, j>.eq. 0> goto 3100 : ) .
dCi+l, jO=2 : "
goto 3100

ifCdCi, jd.eq.1.and.dCi+t, j>.eq.0> goto 3130
goto -3100 '
ifdddi-1, j>.eq.0> goto 3100

dci, jd=2
‘continue

cont.inue

do 999 isi 128

do 999 j=1,128
ircddi, jo. £q- 3) then
gCi, =0 §°

endif r ’j\~fw -
continue ) C\

do 110 i=1 nsize . '
gdo 110 j=1 nsize l T

imgdi, jaFmchar(g(i, J)T‘

continue o -
write(Z)u((img(i,j),j=1,nsize),i=1,nsize)

E
s

closec2) Qc
stop C
end I \ :-\’;.' ]

) AN
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filename : dmod.for . ‘ -
Description : In d.for and di.for ¢ Lee’s method > we

still have a discontinuity in many
charaGters in which the linking algorithm
fails to do it . To minimise this problem
we insert the following two conditions :
1. 2 < BCp1> < 6 o
2. ACpL> =1 Fy

--------------------

nanoo0oo0o0ann

]
,

gl

integer: h(128,128),2(128,128>,d2 28,128),d3(128,12é)
integer tC8),tm(8),q(8>,tt(8),m,k,or,mi,m2,dd
character imgC128,128) ' \\\vf‘\
character»ié filnme,filename
‘write(®,%) ’enter the input filename’
read(=, ’Cal6>’> filnme =
write(wx, wd »enter the output. filename’
read(*,’(alé)’) filename
open(i,file=filnme, form="binary’,status="0ld’>
open(Z,fileﬁfilename,form=’binary’,status=’hew’)
do 1 i=1,128
do 1 j=1,128 \
readC1) imgCi, jd
h<i, j>=icharcimgCi, j>
1 continue A
close(1)
do 2 i=1,128
do 2 j=1,128
irchdi, j>.eq.0> then
hei, jo=1
else
hd{i, j>=0
endifr
2 continue
do 3 i=1,128 N
do 3 j=1,128 .
if(h(;f}??éa?{a then
do 4 k=1,128 %
if¢h(i, jd.ne. hdi-k, j2.or.h(i, j>.ne.hCi+k, j2>> then
maxil=k ' : '

M~
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41
42

3

endif - _ . fh&;

endif : X ‘jf'

continue ' B %
continue N '
do 41 m=1,128 ‘\\\\ .
ifchdi, j>.ne.h(i, j-m>.or.h(i, j>.ne.h{i, J+m)) then
maxZ=m

goto 42

endi}

continue,

continue
if(maxl.lt.quZ) theP

£a

gCi, jo=max1
else

gCi, jo=max2

endif

continue

“t

¢ the new selectTion rules

43

46 .
\ i
44
43

» goto 45

do 43 i=1,128
do 43 j=1,128
1f(g(1 Jo+1.gt.gli, j=1>. and g(1 Jo+1i. gt gli-1, jd>>

<
[

goto 44
Afrcgdl, J)+1 gt..gCi, J+1) and. gdi, jo+1i.gt.gCi+1, jOO

*y goto 46 j

goto 44

hdi, jo=adi, j>

goto 43 . _ .
hC 3 §=0

continue -

c linking algofithm

do 123 i=5,128 )
do 21 j=2,127
if<d2di, j>.ne.0) then

c SUBPROGRAM A :

* % OE E ¥

irddd2d<i-1, j-1>.ne.0.and.d2{i+1, j+1>.ne.0D.or.
d2di, j=1)>.ne.0.and.d2(i, j+1).ne.0).or.
(d2C¢i+1 2j-1>.ne.0.and.d2{i-1, j+1).ne.0).0or.
€d2C¢i-1, j>.ne.0.and.d2Ci+1, j>.ne.0d.or.
(d2<i-1, j=1>.ne.0.and.d2¢i-1, j*1).ne.0).or.
¢d2Ci-1,j+1).ne.0.and.d2Ci+1, j+1): ne. 0. or.
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"‘g’»/
* (d2¢i+1, j-1D.ne.0.and.d2di+i, j+1>.ne.0d.o0r. -
* (d2Ci-1, j-1)>.ne.0.and.d2d{i+t, j=1).ne.02> then ®-
1t=1 ' P
else ' ka,)/// _ .
1t=0 ' '
endif
if{lt.eq.0> then
c SUBPROGRAM B :
c n region &
+ ifC(d2¢i-1, j>.eq.0> then
ifCd2¢i-2, j>.ne.0.0r. d2(i—3,j).hg.0) t.hen
d3ci-1, jo=gdi-1, j>
ifCd2¢i~-3, jd>.ne.0d goto 21
endlf
endlf
¢ ne region
1f(d2(1—1,3) eq.0. and d2(1—1 j*1).eq.0.and.
#»  d2<i, j¥1d.eq.0> then
1f(d2(1—3,3+1) ne.0.or.d2C¢i-3, J+2) ne.0.or.
w d2(¢i-3, j*+3).ne.0.or.d2C¢i-2, j*3>.ne.0.or.
*  d2¢i-1, j+3)>.ne.0d then
d3d¢i-1, j¥1d=gCi-1, j+1D
.goto 21
endif
endif
cee region
ifcd2¢i, j+1>.eq. 0> then
if¢d2¢i, j+2>.ne.0.or.d2(i, J+3) ne.0.> then
d3(di, j+id=gdi, j¥1
if(d2¢i, j*3>.ne.0) goto 21
B endif
« endif
c se region
ifCd2¢i, j+1).eq.0.and. 22Ci+l, j+1)>.eq.0. and. d2(1+1 J>-
* eq.O.and.d2(1+2,3).eq.0.and.d2(1+3,3) eq.0> then
ifCd2Ci+1, j+3>.ne.0.or.d2(i+2, j+3>.ne.0.or.d2Ci+3, j+3D.
% ne.0.or.d2C(i+3, j+2>.ne.0.or.d2Ci+3, j+1>.ne.0> then
d3Ci+1, j*1d=gCidl, j+1D '
goto 21 ‘4 L
endif ) “ ‘
endif
c s region

’
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if<d2d¢i+l, j+1>.eq.0.and. d2Ci+1 J) eq 0> then

ifCd2Ci+3, j>.ne.0) then
d3Ci+l, jo=gdli+l,j >
endif
endif
endif
endif 4
21 continue '
123 - continue
thining
do 7 i=1,128
do -7 j=1,128
gCi, jo=d2Ci, jo+d3¢i, jd
ifCgdi, j>.eq. 0> then
hei, =0 )
else
hd{i, jo=1
endif
7 continue
writ?(*,*)’enter dd’
TeadOx »*) dd
do 99 Kkk=1,dd
do 20 i=1,128
do 20 j=1,128
ifChdi, j>.eq.1> goto 100 ,
goto 20 : i '.';a'
100 tC1d>=hCi-1, j>
' £C2>=hCi-1, j+1>
£¢3>=hCi, j+1)
£C4I=hCist, j+1D .
t{5O=hdi+1, j>
1<6>=hCi+1, j=1O
t(72=hd(i, j-1>
L(8>=h(i~-1, j-1>
m1—t(1)+t(2)+t(3)+t(4)+t(5)+t(6)+t(7)+t(8)
if{mi.le.6.and.mi.ge. 2> goto 23
goto 20 ) .
- 23 continue ‘ H
: init=0 '
do 24 mm=1,7
if{tCmmd.eq.0.and. t{mm+1d.eq.1> then
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24

init=init+1
endif
cont.inue
if¢t(8>.eq.0.and. t{1).
init=init+1

endif

ifCinit.eq.1> goto 25

" goto 20

25

c Shift

cont.inue

tm{1id=tC1>
tm(2>=0
tm(3D>=tC(3>
tmd4>=0
tm{5O=t(5>
tmC6I=0
tmC7o=t(7>
tm(8>=0

tm-

qC1>=0

q(2>=tmC1)> -
gC3d=tmC2>
q<4d=tm(3)
qi{5>=tmd4>
q6d>=tm(5>
qi7o=tmC6>
q<B8I=tm{7>

¢ OR_ing t and q

200

do 200 k=1,8
or=t.Ck>+q&k>
ifCor.eq.0> then
tt.Ck>=0

else -
ttCkd=1

endif

continue

cL

L4

eq.1) then

nitt=t£(1)+tt(2)+tt(3)+tt(4)+t£(5)+tt(6)+tt(7)+tt(8)

ni0tt=0
do 300 m=2,8

ifCttCm-1>.eq.1.and. tt(md>.eq.0) then

n10tt=n10tt+1
endif
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e

300

§ 1000
1001

1002

20

continue

ifCLt(8l.eq. 1. and. tt(1Y>.eq.0> then

n10Lt-n10tL+1
cndif ;

ﬁ

ifCnidtt. gt.. 1> goto 1000

goto 1001
h(i, jd=1

goto 20
iftnitt.eq.1> then
h(i, jo=1

else

hdi, jo>=0

‘endif

continue

" do 40 i=1,128

do 40 j=1,128

if<hdi, j>.eq. 0> then
h(i, j>=255

else '

h<i, j2=0

endif

continue

do 50 i=1,128

do 50 j=1,128

imgCi, j)=char(h(i,j))

Acontlnue
write(2> (Cimgli, j>, J=1 128>,i=1,128>

close(2>
stop
end

e

‘ifCnl0Ott.eq.1) goto 1002
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APPENDIX - O -

C HOMIIIIOIIORHIICIIIIIONOt. oMokl
filename : thick. for

>

thickening algorithm using scanning

W
‘ ]
Descript.ion : ThiS'program,is‘implemented to perform %
: -
method »

w

nOononogan

n o0

integer h(128,128) -, .
character img(128,128),imhTt28,128)
.integer kk . :
character#16 filnme -
write(* ) ’ enter the filehame ’
read(*, *Ca163’) filnme '
openl,file=filnme, form=’binary’,status=’old’)
open(2,file=’out. img’,form=’binary’,status=’new’)
do 20 i=1,128 . ——
do 20 j=1,128. ‘ '
~readC1) imgdi, jd - -
hd(i, jd=ichardimgdi, j>> , v
Lifch(i, j>.eq.0>then
h{i, jo=1
else
h(i, j>=0
“endif
20 continue . &
write(x, %) * enter kk’ )
readCe,w) kk
do 11 k=1 ,kk
do 30 i=1,128
do 30 j=1,128 :
ifchdi, jd.eq.0.and. hdi, j+1).eq.1) goto 40 .
goto 31
40 h<i, jo=2
‘goto 30 . , i
31 ifc¢hdi, jd>.eq.1.and. hd{i, j+12>.eq.0> goto 50
goto 30 :
50 hci, j+1D=2
30 continue

s ‘
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60
i1

80

140

‘h(i, jo=2

do 100" j=1,128
do 100 i=1,128

ifCh(i, j>.eq.0. and h¢i+l, 3D. eq 1 goto 110
goto 120

I
F
&5

Il . -
2 . . —, e e

goto 100 : -
ifChdi, J) eq 1. and hdi+l, j>.eq. 0D goto 130
goto 100 ‘

hdi+l, jo=2

continue )

do 60 i=1,128

do 60 j=1,128 . '

ifr<hdi, jo.eq.0> then . -
h<i, jo>=0

else

h<i, jo=1

endif

continue

continue

do 80 i=1,128 !

do 80 j=1,128

ifChCi, j).eq.1) tlien _ -

h<i, j>=0

- else
- h(i, jO=255

endif

continue

do 140 i=1,128
do 140 j=1,128

imh<i, J>=charchCi, §>)

cont.inue ‘ ~
write(2)> CCimh<i, 3>, j=1,128),1i=1,128)

close(2d

stop

end
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