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INTRODUCTION

The machine replication of human capability
has been the subject of regearch for many
decades . The machine , having the game reading

capability of human is one of such a cherished goal .

‘Still there is a great gap between human reading
capability and machine reading capabili‘ty, and further
effort iﬁ required to narrow down the gap .

In recent years our very complex and 1technologically
oriented society has created a situation in which more
people and organization have become concerned with han-

dling information and fewer with handling materials. One
of the MAJOR PROBLEMS 1IN THE DESIGN  of modern informa-
tion system is automatic pattern recognition,which forms

the theme of the work.



CHARACTER _RECOGNITION : A BRIEF REVIEW

Ultimate goal ﬁf a character recognition research
is to develop a machine which can read any text with
the same recognition Icapabilities as human beings .This
18 the motivation behind all such workasa. The expectation is
that , if the features that people use to recognize characters
are properly described and wused in a character recognition
algorithm then the algorithm should perform as well as
human. § This degcriptive approach is now popular in
character recognition approach , A descriptive approach
éan be provided easily with thg flexibility needed

to take care of the infinite variation of the character

shapes in a category description . A descriptioh represents
a higher level of intelligence . The description of
charactef involves features structural details ) and the
rules = under which they compose a character . To achieve
an efficient description , the featurg | used should be
independent ( iL.e. presence of new features or 'ahaence
of old features ~ should not affecf the description of

remaining features ) .,



APPLICATION OF THE _SCRIPT RECOGNITION IN OTHER FIELDS
s % 2ok ol Fl RECOGNITION IN OTHER  FIE]

A few of the various applications are as
follows :
- Aid for blind people . Such an aid uses photosensors
which converts picture information into Electrical
Digital Signal.This signal is later converted to sound

and tactile simulator [R4,R5].

- Also used for readingnormal text and reproduction of
Braille characterI[R6) .

- Used in postal department for postal address reading
and as a reader for handwritten ° and printed postal
codes [R7,R81 .

- Used in Motor Vehicle Bureau as automatic number
plate reader and also used as recorder for road traffic
control ({R9] .

- Used for automatic processing of documents and automatic
data entry from sheets , Used 1in publishing industry
as a multipurpose document reader for large scale data
Processing{as credit card reader(R101]1) .,

~ Used for examination aggessment and as a marksheet
reader .

- Used in informatién unite and libraries.



IMAGE ACQUISITION

The Qray level image of a Bengali alphabet is
captured through CCD camera and IMAGE GRABBER ,and stored
in the hard disc of a PC/AT. The gray value of the
foreground is of low value and the gray value of
background is bf high value . The range of the gray value
is from 0 to 255.

The conversgsion of input gray level image into

two-tone image is done by THRESHOLDING OPERATION .

DEFINITION  OF _THRESHOLDING :

It is a mapping T from a gray valued image of
M x N sgize to a bihary lmage of M x N size_ such
that
T = F (f(x,y),p(k,y),(x,y))
when f(x,y) = gray value at (x,y)
P(x,y) = local property at (x,y)
-If threshold value depends only p(x,y) --->

LOCAL THRESHOLDING.

If threshold value depends only pix,y) & f(x,y)
—-———> GLOBAL THRESHOLDING. .
If threshold value depends on all parameters
-—=)> DYNAMiC THRESHOLDING.
We create a thresholded image gi{x,y) by defining

1l i1if f(x,y) > T
g(x,y) =

0 1if f(x,y) <= T
T = threshold value.

3
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For the following discussion we assume the gray value
of background Pixel is greater than gray value of foreground
pixel ,

If incorrect threshold value > actual threshold value then
thresholded image will be connected at arbitrary points.
It wil) Cause false additional connection and deformation
of shape. This thing has happened in caHE~ﬁf fig. 2c.

If incorrect threshold value <= actual threshold value
then thresholded image will have unwanted or false dig-
connection as' well as deformation, Thig thing hasg hap-
pPened in case of fig. 2d.

Fig. 2e ghows ~ the thresholded image at gray value
123. Fig. 2f shows the thresholded image at gray value-

128,






OIFFERENT METHODS FOR 'THRESHOLDING

;
1
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If ( pib)/min(p(a),plc))) (= finite predetermine
value then gray value at b 1is the proper threshold .
But if min{pl{al),.plc)) is very amall then

(p{b)/min{pla),plici)} ig always greater than predetermined

value. Moreover there will be a prominent valley in the
histogram if.l the background and object hag different

atatistice.Otherwide it will be very difficult to find a

valley.
2. THRESHOLDING _BY BOUNDARY DETECTION METHOD

Here to outline the boundary  between objects and
background, we divide the histogram into two bands gepa-

rated by threshold T. The goal is to select T so that
band Bl containg,as closely as possible,levels asgociated
with the background while B2 contains the level of the

objects. As the image is scanned a  change in gray
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lavael from one band to other denotes the presence of

a bpoundary. Once Bl and B2 have' been gelected, - the

following procedures will be followed :
It consistas of following two Ppassed

fi(x,y) is the input picture of N X N slie.

pass 1: For each row 1in f(x,v¥{i.e x=0,1,2.3 ..N-1), create

a corresponding row in an intermediate image gli(x,y)

using the following relation for y=1,2..N-1:

Le, if the levels of fix,y)and f(x,y-1)

are in different bands of gray acale

gli{x,y) =

| Lb, otherwise
where Le and Lb are gpecified edge and background
levels, respectively '
Pass 2: For each column in f(x,y){i.e x=0,1,2.3 « s N=1),
create a corresponding row in an intermediate ~ image
g2(x,y) using the following relation for y=1,2.,.N-1:

Le,if the levels of f£i(x,y} and f(x-1,y)

are in different bands of gray gcale

g2{x,y) <
ih, otherwise
where Le and Lb are specified edge and
background levels, respectively ‘
The desired 1image consisting of the poilnts
on the boundary of objects different (as defined by T)
from the background, 1s obtained by using the follow-
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ing relation for x,y =0,1..N-1:

Le , if either glix,y) or g2i(x,y) is equal
to Le.,

gix,y)=
Lb,otherwise.

3. COOCCURANCE MATRIX :

Here a 256 x 256 matrix A is taken. Ali,j] represents
total no. of pixels present in the whole picture of gray
value i followed by (horizontally) a pixel of ﬁray value j .

Ancther 256 x 256 matrix B im taken.

B[i,jl represents total no. of pixels present in the whole
pict;re of gray value i followed by (vertically) a pixel of
gray value 3§ .

‘Now we form a 256 x 256 matrix C by
cli,jl = ali,3) + B{i,5]
Take any seed value =8 as thregshold when

0 (=8 ¢ 256-

Let,

a = summation of all <Clii,3] such that 0 <= 1 < =&
and .ﬁ (= j ¢ =8,

b = summation of all Cli,jl aucﬁ that 8 <= i1 ¢ 255
and 0 <= j < =m.

c = summation of all Cfi,3] such  that 0 <= i < =@

and = (= j { 285,



d

and

Now

of

summat ion of all c¢li,3] such that s <= i ¢

g8 (= j < 255-

vary the value of @ =such that
a+d 1 a d
--------- and p2 = ~ (=~=-= ¢ —me__)
a+b+c+d 2 a+¢ b+d
minimum for a certain value of s.

will give the required threshold.

This=

235

value



ANOTHER _APPROACH

USING LOCAL MAXIMA METHOD

Moast of the time, we get bimodel hiatugrams
from gray value of the image . Threshold value is inp
between paaks. The histogram is not very gmooth .
Bo it is difficult to find the threshold value
for a good image background segmentation . Since it isg
not very amooth , the steepest rise does not give a
good threshold value. Moreover a threahnld value. may

vary from one point to another point . So g threshold

value 1is not a global issue but a local issue .
So in thie approach the gray level difference
value is found out and this information 1 i8 used by

the automaton to find boundary cof object,

Tt consists of following ateps

1. The difference of gray value (d{gray)/dx} ~ along
X axis is found out and stored into ARRAYX.
2. The difference of gray value (d{gray)/dy) along
Y axig is found out and stored into ARRAYY .

3. ARRAYX and ARRAYY are superimposed on each other

to get complete image boundary .

4, But here the boundary may be more than one
element thick . 80 Jlocally maximum gradient method isg
used .

1t conaists of following steps
4.1. Find (d(gray)/dx) & store in ARRAYX,

4.2, Find (d(gray)/dy) & store in ARRAYY.
o



4.3. For each element of ARRAYX (e.g. ARRAYX[il[3))

transform it to white if ARRAYXi1]l3j] > thetal &

ARRAYX[il1[j~1] < thetal & in&nx{i][jﬂ] < thetal
Otherwise tranaform it to black.
4.4. Similarly transform each element of
arrayy to black and white .
4.5. Superimpose ARRAYX([il(3} on ARRAYY[illj] | af
ARRAYX{i-110(3] < thetal and ARRAIX[i+1]{ﬂ] < thetai v
"thetal” is sgome predetermined value .
Here main advantage is that thetal can be

changed widely without affecting boundary'. So thetal ia

much more softer than threshold value  because 1f
threshold value is slightly changed,it affects the
image heavily. Boftness of thetal comes - from
smoothneas obtained by taking the Idiffergnce of

gray value ,

This algorithm is applied on different gray valued
pictures. Thetal is kept as 30. If we change thetal
. to 20 or 40 there will not be any appreciable change in

the picture.This kind of goftness is the main adva_ntage

of this algorithm{see Fig2)

10



THE DEFINITION OF THINNING

The skeleton of a region may be defined via

the medial axis tranaform (MAT) proposed by BLUMI[19671. The

MAT of a region R with border B jg defined as
follows.

For each point p in R,we find its clos=est
neighbour in B. 1If p has more than one such
neighbour,then it is gaid to belong to  medial

axis(skeleton) of R.

Medial axis of simple regions.

Thinning operation should satisfy following

criteria 1@
l. It does not remove end points.
2. It does not break continuity.

3. It does not cause excessive erosion.

11



PROPERTIES OF A THINNING OPERATOR

ﬁ---—_‘--_-_—--h-ﬁ-ﬁ---—-—ﬁ—-“——_ L X WY

sBet "g*

l. Ti(m) 1ig connected if S ig

connected,
2. 8 and T(s) will have same no. of 8-components
and Xame no, of 4~component in T(s) & énmpl ement (S},

Also (complement(S ) y § = lmage

3. for any finite digital

set there ekista a4 no. n such

that

n n+l

n
T (a) = T (g),

T (8) = n_th iteration,

4. if a point P ig in [(S-T(s)) then this point is

simple (i.e. this point can bpe removed )

12



DIFFERENT EXISTING THINNING ALGORITHMS

l. ZHANG AND SUEN's algorithm,

It is applicable only to binary images.

.

T i e L e T

It consists of “several iteratidn: -
Each iteration consists of two pagses:

First pass

1.1 Here a point will be deleted if it satisfies all the

following conditions

1. 2 <=. B(P’ <=6

f R .- rlr_: ]
_— .....,.,“h.,.m&_,;,ﬁ. N
LY

2. Alp) =1

3. And at least any one of the following the condi-
tion is true

(1) p =0
2
(2) p =0
8
(3) P. .= .0 ...and, P =0
i R
Scan the window one position and apply step 1.1 .
When all the pixel of the given image have been
Processed and atleast one pixel has become '0' then

go to pass II else exit .

Second pass:
2.2> Here a point will be deletsd if it satisfies all" ‘the
following conditions

1, 2 <=B{P’ (=6

" 2., A{p)=1
And at least any cne of the following the following
condition is  true
(1) p =0
. 4

13



(3) P = 0 and P =0
2 8
B(p) = no. of nnnﬁérn neighbours of p
Al{p) = NOo. of '01' or '10° occurrence in the 3 X 3

Hindﬂ'w .
When all the pixels of the given images have :  Dbeen
processed and atleast: one pixel |has become '0' then

go to pasa I else exit .

HOLT et. al. thinning algorithm

Holt's algorithm is the Boolean representation

of the modified Zhang and Suen's algorithm.

In parallel picture processing the new value given
to a point at the nth iteration depends on itse own

value as well ag those of 1t eight neighbours at the

(in-1) th 1iteration =so that all the pictureg points can
be processed simultaneously . It is assumed that 4 X 4
windows are used and each element ias B-cunpected . The
window 1is scanning the 1image from left to r ight and

top to bottom way .
| If one of the four conditions, as shown below,is
gsatisfied then the pixel will not be deleted :
1. The candidate pixel will not be on the edge .
2. The value of the west and south neighbours

will be 'l'and the east neighbour will be on edge .

14



3. The value of west and east neighbours will  Dbe

‘7' and the south neighbour will be on edge .

4. The east;south-east. _and .south —mneighbours will be-
on edge, Repeat the procedure until no '1' to 'O

transform takes place .

The overall expression for survival is given bellow

p and (not (EDGE P ) or
1 1

(EDGE ‘p and p.and p. ). or.
4 2 R ¥

(EDGE p and p and P ) or
6 8 4§

(EDGE p and EDGE p and EDGE p )

4 5 6
An EDGE is defined asa a pixel P that can be
represented 1in a 3 X 3 window safiafying all the

following conditions :

212<=B(P)(=6
1

3 .A(p ) =1
1

where A (p) and B( p ) as defined in previoug sections

1 1
Vo pl ¢t p2 | p3
. pd | p L pb |
' op7 VO pB8 P9

A 3 X3 window with respect to point p.
15



REGION _GROW AUTOMATON  TECHNIQUE

The basic idea  of gkeletonisation £from gray
image 18 the =melection of the window sc that the window
lies mwmaximally in the figure with two diametrically oppo
gite sides on the boundary of the figure . This is done
here through the use of an automaton . From top of the
input file go on searching for a gray value Jump

which is greater than thetal . when this kind of Jump

occures then we are sure that automaton has entered intﬂ
the object .The automaton after entering the image area
grows itself and adjust its own pogition , till
it is large enough to reach at ' least two

boundaries on the opposite sides . The central position of

the automaton ia considered to be the thinned image for

that one . The background{environment) and the history of
own wmotion im used for properly = guiding the
automaton .The usual constraints of continuity , connectivity

and =simplicity are kept into consideration .

16



This program conglsts of following modules

l. MAIN
2. WINDOW
3. MOVE

4., RECURSION

5. PUSH
6. ER#SE
7. CONRECT
8. CHECK

9., FINDPATH

10. SEARCH
Important data structure:

struct point { int x;
int vy;

}] STACKI[50),LSTACKI{’0]);
int ARRAY[601(60) , DUMMY{60](60},OUTARRAY(601(60};
int U,L,D,R

AdAhkhk AR h Rk kR

* MAIN *

REARANRASRARAARANAN LSRN

The input image 1is stored in ARRAY and in DUMMY.
DOMMY ip used to note that which part of the image is
already traversed i.e. it keeps the record of the
eragsed portion of the imag; .OUTARRAY is used to
store the thinned image .
From this module MOVE is called.

¥

Then thinned image 1is stored 1in the output file ,

17



Rt bhaA AR A RAA RN kRN

* MODULE WINDOW *
ARARREANRANRAARRRAAR

Input parameters :

(x,y) ¢ coordinate of the pixel about which the
sgquare window has  to be formed .
Length : length of the square window .

Output parameteras :
U;DjL[Ri

One window of gize length X length' is formed

about pointli,j).

™, ;I
\\ |.‘ A’
' s
N —
s 1Y . . |
LN ol a
r\t | - OUTER LAYER
1
‘143 «+{—}--—— NEXT INNER LAYER
3 ( ) <4> 4 .. :
* 4
f‘;"-— e — : .
| RO EJ\

A Y

An N X N window

Take a point from region <1> and subtract itsa

gray value from a point which is just above it and
lies in the region 1' ., 1If the absolute value of the
result is greater than  thetal then U=l1. For all

points in the region <1> this measure is continued until

{(0=1) .

Take a puint from region <2) and gsubtract its

18



gray value from a point which is just below it and
lies in the region 2° . If the absolute value of the

result is greater than  thetal then D =1.

For all points in the region <2> this measure is contin-
ued until (D=1) .,

Take a point from region <3) and subtract its

gray value from a point which 18 Jjust left of it and
lies in the region 3' . If the absolute value of the
result is=s greater than thetal then - L=1, For all

points in the region <(3> this measure 1is continued until

{L=1) .

Take a point from region <4> and subtract ite
gray value from a point which is just - it and lies
in the region 4' - region. If thé absolute value of the

reault is greater than thetal then R=1. For all
points in the region <4> this measure is continued “until
(R=1) .

Let us consider a window of 5 X 5 size .

mpal yem sl st nil asls ek e SR ek dekh S ik el el AR Eal ERE B B Sell il W D D W

L ] — gl o e " ol e ey e w—

L 2 N N slnlnk mimis ke mh miml wuls iul =il il whilr sl el ainle debllh bl e

} 16 17 18 19 20
y 21 22 23 24 25 |
5 X 5§ window
if abesclute(gray value of 7 - gray value of 2) > thetal

19



then U=]l;

else if absolute(gray value of 8-gray value of 3) > thetal

then 0=]1;

else if absolute(gray value of 9-gray value of 4) > thetal

then U=1;

else U=0;

Similarly (7 and 6) , (12 and 11) ,(17 and 16) are
compared to decide whéther L 1is &equal to zero or
not .,

Similarly (17 and 22) , (18 and 23) ,{(19 and 24) are
compared to decide whether D . is equal to zero or
not .

Similarly (9 and 10) , (14 and 15) ,(19 and 20) are

compared to decide whether R 18 equal to zero or not.

If the input image touches the boundary of the

given image then the window of those boundary points
will touch the boundary. Then error &gignal will
come .,

AEAARRARARA AN RN AR

* MODULE MOVE *
AXRARNARARARANR AR &

Here the input file ais sequentially searched
from top to find any appreciable jump of gray value
{>= thetal) from low gray value to high gray value . If
a jump of a gray value is found then we are sure that

we have entered into the object from the background . Here
20



it is assumed no part of the object 18 on the
boundary of the given -imagetthen we will not Dbe able to
notice the jump of gray value from low to high.)
After entering into the object the PUSH module will be
used to expand the growing region within the

boundary. During this PUSH operation gome 'junction pninﬂ

may be noticed which will be stored in "STACK" . So
after using PUSH *STACK" has to be checked for
junction pﬂints'.If junction points are found then PUSH

module has to be used for all those junction points .

Then whole filé is searched to check whether there 1s
a portion of the object which i=s not c¢overed by the
growing region . If such a region | is found then one

point will be taken from this region and module PUSH will

be used for this point.

kA SARAARRAARAR R AR ARARN

# MODUOLE RECURSION *

kAR ABEARRREA N AR kAN

Input paraneters !

i,3 : these parameters indicate the initial
point . This point is always a junction point .
il,31 these parameters indicate the final

point .

21



has to use either PUSH(i,j-1) or PUSH(i,j+l).

-'ittitii"

_.ittpiti._

- i

_.itilt*i‘

JRARAEAR

Coordinate of p is (i,3) and coordinate of 1
is {i+i;jl.

This will produce a 2zigzag path which 'ia not
wanted.To avoid thia difficulty one 3 X 3 windnw with
respect to ﬁ is opened. Since U=D=LfR=0,it -ia expanded to
9 X 5.,Now U=1; D=L=R=0, Now the window 1is Hexpanded to next
higher level 1.e. 7 X 7. For this new window D=1. So,
from this observation we are sure that if we had used
PUSH(1i+1,3),1it would cause a 2zigzag motion .So 1p¢int p is
selected asa a point of thinned image and automaton i=
moved in leftward or rightward directinﬁ(if possible)}.

For different value of U,D,L,R we have to consider the

following cases

ﬂ-—-—ﬂl--------ﬂ-—---l—u—--

e e e e —

-ﬁ---_ﬂ_—--_-—_---_—----_-



CASE 1:

U=1,D=0,L=0,R=0 it means window can not be jincre-

mented in the upward direction (it has already touched the

upper boundary ).If the current window s8ize = k X k then we
should increase the window size around the point
ARRAY(i,3) to size (k+2) X (k+2) ,If D=1 or L=1 or

R=1 k = k+21

If 'p° of new window is equal to zero
and ARRAY([i+11[7] is not already traversed tl:nen it is
'certain that region can expand in the downward
direction. If it ig not already t:.ravereaed we erase upper
poxtion of the old window by calling ERASE{U,kr2,i,j}; Now
procedure REGURSIDN(i,j.i+1,j} 18 used.

If (D ¥ 0) or ARRAY(i+1, 3) in already
traversed then we will look Ifnr a path in the

rightward direction. So 1if (L=0) and ARRAY(1i,3-1) is not

already traversged then automaton can expand in the
leftward direction. So wWe erase left portion of the
old window by calling ERASE(L,k,i,3j). Now 'prucedure

RECURSION(i,j,i,§-1) is used,.
If (D#0 or ARRAY(i+1,5) ig already traversed) and
(L$0 or ARRAY(i,3-1) isg already travesed) then we will

look for a path in the rightward direction . So 1f R=0
23



and ARRAY(i,4+1) is not traversed  then automaton can
expand in the leftward direction. We erase the right
portion of the old window by calling ERASE(R,k-2,1,3).
Procedure RECURSION(i,J,1i,3+1) is used.

If all the above three conditions are not true
then apparently there is no path from this point. Erage
the region of Bize {k-2) X (k-2) around ARRAY{(i,j). So

FINDPATH(k,i,J)) is called to find any path from it (if

exists).
CASE 2:
U=0,D=1,L=0,R=0 it meang window can not be incre-
mented in the downward direction (it has already touched
the lower boundary ). If the current window size = k X k
then we should increage the window size around the point
ARRAY(i,]J) to gize (k+2) X (k+2) +If U=1 or L=1 or
. t

Rzl k = k+2;

If 'y’ of new window is equal to zero and

ARRAY(i-1,3j) then it is certain that region can expand
in the upward direction . If it ig not traveresed we
erase upper portion .ﬂf the ' old window by calling
ERASE(D,k~2,i,3 ).Now procedure RECURSION(i;j,i+l,j} 18 used.

24



If U # 0 or ARRAY(i-1,3) is already traversed then
we will look for a path in the rightward direction. So

if L=0 and ARRAY(i,j-1) is not already traversed then automaton

can expand 1in the leftward | direction. We erage
left portion of the o0ld window " by «calling ERASE(L, k-
2,1,3). Procedure RECURSION(i,3,i,j~1) i8 used.

If (U $ 0 or ARRAY(i~1,3) 1is=m already traversed) and (L$#0
or ARRAY(i,j-1) is already travesed) then we will look
for a  path in the rightward direction . So 1if R=0 and
ARRAY(i,jflI i8 not ﬁraveraed then | autumatﬂn can expand
in the rightward direction. We erase the right portion

of the old window by calling ERASE(R,k~2,i,3). Procedure

RECURSION(i,j,i.j+1) is used.

o

If all the above three conditions are not true

apparently there is no pPath from this point. Erase the
region of Bize (k-2) X (k-2) around ARRAY (i, j).

FINDPATH(k,i,j) is called to find any path from it (if

exiasts),

Similar approach is used for case 3 and case 4§,

:

U=1,D=1,L=0,R=0 : it meang window can not be inere-
mented in the upward direction and downward direction (it
ham already touched the  upper boundary -.and lower  boundary
)+.If the current window aize = k X k then we should in-
Crease the window =ize arcund the point (1,3) to zize

(k+2) X (k+2). If L=1 or R=1 k = k+2,
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If 'L°* of new window ig egqual to Zero and

ARRAY (i, j-1) is not already trverased then it is
certain that region can expand in the leftward
direction. So we erase left portion of the old window

by using (k,i,3 ). Procedure RECURSION(i.j.i,j—ll 18 used,

If L $#0 or ARRAY[i,j-1]1 ig already traversed then

we ' will look for a path' in the rightward direction. So

if R=0 and ARRAY{i,j+1} is not already traversed then
dutomaton can expand ip the rightward difectinn. éa we
erasge left portion of the old Hindﬂl; by calling

ERASE(l,i,j}.an Procedure RECURSION{i,j,i,j+1) is used,

If both the above conditions are not true
apparently there ig no Path from thig point.Erase the
region of agize k X k around ARRAY(i,q)., So FINDPATH(k,i,q)
is8 called to find any path from it (if exista).

Similar approach ig used for cases 6,7,8,9,10,

CASE 11:

U=1,D=1,L=1,R=0 B & meang window can not be incre-
mented in the upward, downward, leftward directiaon (it has
already touched the upper, lower and left boundary ),

At first this point is recorded in OUTARRAY by using
CHECK and then thisg point is eraged.If DUMMY[il[j-1] > ¢ {i.e

it isx not traversed already ) then recursively
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PUSH(i,3-1) iz called. If DUMMY(i,5-1) ¢ 0 window is ex-
pPanded to next higher sgize (k+2) ¥ (k+2). If R of this
new window is equal to 1 then (k+2) X (k+2) window around
ARRAY{(i,j) is erased by using ERASE elgse k X k window

around ARRAY(i,3}) is erased. FINDPATH(k,i,qj) is called.

CASE _ 15;

U=1,D=1,L=1,R=1 : It means window can not be incre-
nented in the upward, downward, l_eftwardh- and 1 rightward
direction (ag it has already touched the upper, lower, left

and rightward boundary ). we record this point in OUTARRAY

ERASE, Apparently there 12 no path | from thig point, So

FINDPATH(k+2,i,j] ie called to find any path from it (if

existsg).

*tiit*tttiliii*li.#

* MODULE ERASE »

iit*tii#li*titttt*t

Input parameters

choice : it may be any one of '‘U','p’,
'LI;IR.-

length the length of the window ,

i,3 : the . point with respect to which a

gspecific part { upper,lnwer,left,right} of the window

has to be erased.

If choice = y craBe upper portion of the window .
27



If choice = D erase lower portion of Ehe window .
I1f éhnice = L erase left portion of the window .
If ﬁhnice = R erase right portion of the window .

To erage a portion of window corresponding points in
"DUMMY®" iz manipulated . Each pixel value of corresponding
point is replaced by its previuus'gray value with
negative slgn Initially all DpUMMY{i,j) >0 . 8o no
ambiguity exiats.

EXAMPLE :
If the 1length=3, choice 1! » and point (i, j)
18 represented by point p the following figure shows
the erased pﬂrti;n.
{ Eraged portion is shown by '<' mign . Non erased
portion of the window is shown by dot '.’.)
Poeoro- 4L
e - top L s
RARKARANRAREERRRRAARR
* MODULE CONNECT *
ERERREANRE RN AN RANRAAR
Input parameters :
(initi,initjl.{fini.finji are co_ordinates of the

two which

points have to be

This module is

(initi,initj) & {fini,finj).

28
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to follow minimum distance between points .

Connecting line between two pointas,

represents the points which are to be

connected. "*" represents the connecting line.

During connection CHECK i8 called to avoid

any sharp bend.

kA2 R RS ERE T

* MODULE CHECK *

ARRSASNARRAAR AR RN NN

The aim of this module is to remove sharp bends

of the thinned picture ., 80 it smooths the image by

using following rules:

For the following figures "." represents background and

LR

represents object point .
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intact.

e 1. I
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| '
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| 1 ] ¥
i » ] L ] [ i
Poe 4 % 1 % I
A T |
Fooe 1 * 3 .
T A T
| | b ¥
) - | - ] - '
During smoothing

So following transform i=

T S el e s e P B e i dany SIS BN DY S el el

T - i sk e sl ey S TN T B G nl pUEE BpEE S GEEE EE EERE
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I*ii*itiiitiliitiii**t :

* MODULE FINDPATH *
MRARRLAASRANRRRARRRNANA

Input parameters ;:
k : window length.

(i,3) : the coordinate of the point from which a

path is to be found out .

In sonme cases ' it may happen that window
can not expand further; when the growing region can

expand . Consider the following binary picture R

"TERASE PN ENBIEANDPSIOR YT TS
*
L L LN I N Tl R e

I'II-II-I'I.-.*.I.II-I'

l.llll.lt.*.*t

I.I..Il‘l.p.lﬂiiltlil

.8+ 9 vanae * 5 e aeas
-'.'I‘I-.'l'IlI"III.
II"‘II‘I".I.II'I-I
ﬂll.lil‘.l‘ll'l.-“‘

Here a window with respect to point p can
be expanded upta 5 x 5 . Now it will give U =1; D =1;
L =1; R =1. 8o region can not grow further. But

actually from the picture we sgee that region can grow

along the uppermost and rightmost corner . S0 this module

is needed .

It will create a window with

respect to P. - The window size is K X K . Now at
each boundary point it will try to find a path by

using the procedure "SEARCH(K,i,3)" . Now "SEARCH"

has to return possible points through which the
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region can expand further . " SEARCH "will push these

points into "LSTACK" .Then FINDPATH will pop thesge
possible points from "LSTACK" | Bay (x,y) |} and it
will use PUSH(x,y) . If push succeeds to grow the
region then thisg {x,¥y) point will be connected to the
point 'pP!' .Otherwise the point {x,y) will not be

connected to the point 'p’.

'Iiiili!.iiii!t**iiti

* MODULE SEARCH *

iillii*liitiiiﬁili*t

Input parameters

length the length of the window of max.
8ize around point (i,j).
{i,3) ¢ the point with respect to which

search is to be carried out .

At first the window of g1ze =length is=s
to be constructed with regpect to the point (i,3) .Now
the border pni_nta are taken and they are pushed into
"LSTACK". Central border pointe are pushed at last 80

that they can be popped at first,
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. péd | p I pb |
: p7 | p8 | p9 !
p2.p4.pb6,p8 are called as the central

border points for this 3 x 3 window .

. 33



MRV BV D LAY 3

The scope of this work is limited by the fo]-
lowing constraints,

1. The characters of a particular font are only
considered in this work . But it is aaauméd that any
other font with 1little variation will also be recognized
by the gsame method.

2. The compound characters are left out of the Bcope of
the work as it ix found to be nmuch more complicated to be -
recognized by the same method.

3. The algorithm is not a4 very simple one,
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It connects (i,j) and (il,3jl1) by using procedure

CONNECT .Now point (i,j) is pushed | into "STACK" for

further consideration (because = from this junction point
more than one path may be found . Now we are
considering one path only .In future we may find
other paths .). Then Procedure PUSH .ia used on point

(i,3j) to expand the growing region.

* MODULE PUSH *
ARRARARAARRRNRGREER

Input parameters :
i,) these parameters indicate the point
about which the region will try to grow up .

At first one 3 x 3 window 1ig to be set up around

(1,3) .
CASE _1:

u=0,D=0;L=0'R=0 :
If we find U,D,L,R all zero then
window will Dbe further expanded to 5 x 5 else we will

stop the increment. This increment will continue until

it touches atleast one edge.
This approach will create a problem :
With respect to point p in the following figure a 3 X 3
window 18 created.
Now U=D=L=R=0. 8So the window 18 expanded to 5 X 5.
Now U=1;D=L=R=0. So ags a next step PUSH{i+l,j) will Dbe
used. Point p is erased. A 5 X5 window with respect to

l 18 created. D=1;U=L=R={}. Since P is already erased 1t
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THE _ROUTE FOLLOWED BY _ THE AUTOMATION TO THIN THE

FIG 1 :

k = max window length about a specific point (x.y).
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FINDPATH { 8 32) i it means findpath
Procedure is called
about point (28,32) .}
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