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ABSTRACT

A sJ~tactic pattern recognition scheme for recognising English
alphabetic characters of block capital type has been suggested.
The syntactic approach choosen as the basis for the analysis
not only recognises the character but also gives an idea about
the structural description of it.

The scheme operates on the representation of one character at
a time. The representation is in the form of a matrix whose
entries have levels '0' or '1' corresponding to white or black
in the original-picture.

The scheme draws the outline of the pattern, then resolves'the
outline into a number of primitives. The process for resolving
the pattern into primitives is automatic and the number of res-
ultant primitives depends upon the number of sharp change in
direction of the border line of the pattern. Next step in the
scheme is to recognise the primitives and finally a decision
is made depending upon the relationships among the primitives.

;,FORTRAN IV computer program has been developed to implement
the scheme in a IBM 4331 machine.
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GENERAL

INTRODUCTION
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The problem of pattern recognition usually denotes a discrimina-
, 1tion or classification of a set of processes or events. The

1.1

1.

set of processes or events to be classified could be a set of
physical objects or a set of mental states. The number of patt-
ern classes is often determined by the particular application in
mind. For example, in the problem of English character recogni-
tion, the problem is of 26 classes. On the other hand, discrim-
inating English characters from Bengali characters is a two class
problem.

Pattern recognition is a major area of acti~ity that encompasses
the processing of pictorial information obtained from interaction
betwean science and society, and need for the people of communic-"'- ----._-
ate with the computing machines in their

r---",,_ ~,

cation (the human voice and hand written

natural mode of communi-
script)2. Pattern reco-

gnition scientists are also concerned with the idea of designing
and making automata that can hear and understand what we human •.
being say and write, the automata that can speak and make people
understand, and the automata that can process pictorial informa-
tion for human use with more and more efficiency. The research
in pattern recognition encompasses the fields of communication
and computer science, mathematics and statistics, acoustics, pho-
netics, linguistics and psycholinguistics, speech pathology, hae-
matology, neurophysiology, and radiology, remote sensing techniq-
ues and photogrammetry.
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Research and developments on pattern recognition methods and app-
lications may be classified into following groups:

(i) Man-Machine communication
(ii) BiD-medical applications and diagnosing pathological

conditions by analysing medical X-rays or cytological
slides

(iii) Natural resources estimation and planning in agricul-
ture, forestry, hydrology, geology and environment

(iv)

and (v)
Scientific and Military applications
Detection of crimes and criminals.

1.2 APPROACHES TO PATTERN RECOGNITION

The many different mathematical techniques used to solve pattern
recognition problems may be grouped into two general approaches;
namely, the decision theoretic (or statistical) approach and the
syntactic (or linguistic) app~oach.

1.2.1 Decision Theoretic Approach

In the decision theoretic approach the classification is based on
a set of selected measurements, extracted from the input pattern 1,2.
These selected measurements are called 'features'. The recognition
of each pattern (assignment to a pattern class) is usually made by
partitioning the feature space. Once a pattern is transformed thr-
ough feature extraction, to a point or a vector in the feature spa-
ce, its characteristics are expressed only by a set of numerical
values. The information about the structure of each pattern is



either ignored or not explicitly represented in the feature space.
Most of the developments in pattern recognition research during
the last decade deal with decision theoretic approach. Applicati-
ons include character recognition, crop classification, medical
diagnosis, classification of electrocardiograms etc.

Input FeaturePatte-r-n--~r Extractor xn
1-----''''

Classifier Decision

Feature
Measurements

Fig 1.1: Block diagram of a pattern recognition system using
decision theoretic approach.

1.2.2 Syntactic Approach

In some pattern recognition problems, the structural information
which describes each pattern is important and the recognition pro-
cess includes not only the capability of assigning the pattern to
a particular class (to classify it), but also the capacity to des-

pattern which make it ineligible for
The syntactic approach views patte-

. 4
rns as complexes of primitive structural elements, called morphs •

cribe specific aspects of the
assignment to another class3•

A pattern is classified by studying the set of morphs which build
up a pattern and studying the relationships among the morphs. This
method has been successfully applied in problems of character reco-
gnition, chromosome analysis, finger-print classification, X-ray
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analysis, speech analysis, etc.

Class

ition
ng

Feature
extraction :>- Classification ,.

-- - - - - - - - -- - _ Rec~n
Learni

Sample Grammatical
:>Pattern .Inference

Input
Pattern

Fig 1.2 Block diagram of a syntactic pattern recognition
problem.

1.3 DICHOTOMY OF SnrTACTICAL AND STATISTICAL APPROACHES:

In the past much has been made of the aparent difference between
the two approaches4• The stress on the distinction between the
two models hides many similarities : most of the pre-processing

.techniques are usefully applied in both the approaches; feature
extraction and selection in decision theoretic approach and morph
extraction and selection in syntactic approach are similar,in na-,

ture.

The basic difference between the two approaches is that in deci-
sion theoretic approach the features are a set of numerical meas-
urements on the pattern, subpattern parameters whereas the morphs
in.syntactic model are sub-patterns themselves. Statistical de-
cision theory focuses entirely on statistical relationships among
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scalar features ignoring any other structural properties that cha-
racterize patterns i.e. decision theoretic approach only classifi-
es the pattern whereas syntactic approach serves classification as
well as description of the pattern.

1.4 A COMPARISON OF ANALOG AND DIGITAL TECHNIQUES FOR PATTER1~
RECOGNITION:

The digital approach to problems in pattern recognition has many
advantages5. Digital computers proviae the user with the capabi-
lity of performing calculations to essentialy any degree of preci-
sion with almost infinite flexibility as regards the type and sco-
pe of the problem addressed. Due to the universality of most ma-
jor programming languages and general availability of digital com-
puting facilities, the user also benefits from both ease of prog-
ramming and the transferability of software. Last but not the
least, the digital computer usually offers the user absolute repe~
atability on each execution.of a given program. These are the
advantages which have led to an almost overwhelming preference for
the use of digital computers in carrying out calculations relat-
ing to pattern recognition.

Analog computer offers workers using low precision high-speed one
dimensional or two dimensional linear discriminant analysis a sig-
nificant advantage in hardware performance (equivalent bits per
sec per dollar) over the digital computer in certain limited but
important areas5• These areas include finger print identifica-
tion, word recognition, chromosome spread detection, earth resour-
ces and land use analysis and broad band radar signal analysis.
Although at present the analog computer offers significant
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advantages in certain fields, this advantages will eventually be
overcome by the digital computer5•

1.5 LITERATURE SURVEY

Over the years, the field of pattern recognition has attracted
workers from a variety of areas such as engineering, system theory,
statistics, linguistics, psychology, etc., resulting in a vast li-
terature containing abstract mathematical approaches as well as
highly pragmatic techniques. The literature is scattered in a
large number of journals in several fields. At .least three IEEE
journals (SMG, COMP and Inf. Th.) regularly publish pattern reco-
gnition papers. Some of the important literatures, relevant to
the present work, are discussed in this section.

L.N.Kanal has presented4 an excellent overview of machine pattern
recognition discussing the status of various aspects of the field
as of 1974 and putting different approaches, techniques and trends
in perspective. This paper also provides a very useful bibliogra-
phy.

A.W.Holt in a paper6 classifies character recognition machinery
with a minimum reference to the specific components used. According
to Holt the job of all such machines is to convert a set of data
having high information content into a character name having a much
lower information content. In this paper he gave a description of
single stage, two stage and three stage character recognition mach-
ines. He is the first man to use stage concept in classifying cha-
racter recognition machinery.



?

In his paper5 Kendall. Preston Jr. gave a thorough comparison of
analog and digital techniques used for pattern recognition. This
paper reviews three major catagories (eloctronic, acoustical and I

optical) of analog technology used in pattern recognition and pre-
dicts the future trends upon the analysis of performance advances
which have taken place in both digital and analo~ fields during
the past decade.

W.W.Stallings describes7 an approach to chinese character recogni-
tion, based on a formal model of the pictorial structure of chinese
characters. He developed a program which produces a description of
a character on two levels i) the internal structure of each conn-
ected part of the character, and ii) the arrangement in two dimen-
sions of the connected parts.

K.S.Fu a pioneer worker in this field has written as well as edited
a number of books on pattern recognition. He has also published a

1number of papers at different times. In a paper Fu has elaborate-
ly discussed the different approaches to pattern recognition where-
as in another paper3 he has studied syntactic metnod of pattern re-
cognition at length. He also discussed? the grammatical inference
for syntactic pattern recognition basing on a set of sample patterns,

1.6 SCOPE OF THE PRESill~TWORK

It.has already been mentioned that, one of the main aspects of patt-
ern recognition is to communicate with the computing machines in the
natural mode of communication (the human voice and handwritten scri-
pt). Research works are going on in different ways of man-machine



communication, such as speaker recognition, speech analysis,
finger print identification, character recognition, etc. Charac-
ter recognition has been receiving considerable attention as the
result of the phenomenal growth of office automation and the need
for translating human language into machine language. Most workers
in the field followed decision theoretic approach which is genera-
lly attractive only for classification of patterns ignoring struc-
tural information. Syntactic approach has been choosen for the
present work which classifies the pattern as well as gives a stru-
ctural description of it. A computer program has been developed
to work in steps, first for drawing the outline of the character,
next for selecting nodes, third for recognising morphs in betw-
een successive nodes and finally for converting characters into
digital codes representing the relationship among the ~orphs which
build the character.
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2. SYNTACTIC DETHOD

2.1 SYNTACTIC 11ETHODAS THE BASIS FOR ANALYSIS

Syntactic method has been utilised as the basis for pattern
analysis in this work. In syntactic method patterns are
considered to be built up out of subpatterns (called morphs)
in various ways of composition in the same fashion as phra-
ses and sentences are built up by concatenating words and
words are built up by concatenating characters. Obviously,
the simplest subpatterns i.e. the morphs should be much
easier to recognise than the patterns themselves.

A syntactic pattern recognition system can be considered as
consisting of three major parts; namely, preprocessing patt-
ern description or representation and syntax analysis. A
simple block diagram of the system is shown in fig 2.1 •

~ClassInput ») Preprocessing Pattern -?> .Syntax
Pattern

, RepresentatioI !illalysis

Recognition -- - - - - - - - - - - - - - - - -
Learning

Sample .

- :Jrammatical
Pattern -- Inference

Fig 2.1 Block diagram of a syntactic pattern
recognition system.
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2.1.1 Preprocessing

The functions of preprocessing include (i) pattern encoding
or approximation, and (ii) filtering, restoration and enha-
ncement. An input pattern is first coded or approximated
by some convenient form for further processing. For example,
a black and white picture can be coded in terms of a matrix
of O's and 1's. Techniques of filtering, restoration and
enhancement will be used to make the pattern clean of noise,
and to improve the quality of the coded patterns. At the
output of the preprocessor, patterns with reasonably good
quality are obtained.

2.1.2 Pattern Representation

Pattern representation stage consists of (i) Pattern segmen-
tation and (ii) Morph extraction. Each preprocessed pattern
is now segmented into primitive structures (morphs). The
morphs are identified and each pattern is represented by a
set of primitives with specifiedsynatactic operations. For
example, in terms of concatenation operation, each pattern
is represented by a string of concatenated morphs.

2.1.3 Syntax Analysis

In order to have a grammar describing the structural informa-
tion about t'heclass under study, a grammatical inference
machine which can infer grammar from a set of training patte-
rns is to be used. The structural description of a class of
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pattern under study is learned from actual sample patterns
from that class. The pattern under study is now compared
with the grammars inferred from sample patterns and given
the class to which its grammar matches. If the pattern
matches to none of the classes, it is rejected as ambigu-
OUB.

2.2 SELECTION OF MORPHS

The first step in formulating a syntactic model for pattern
description is the determination of a set of morphs, interms
of which the patterns of interest may be described. This
will be largely influenced by the nature of the data, the
specific application in mind, and the technology available
for implementing the system. There is no general principle
for selection of morphs. The following requirements usually
serve as a guideline for the purpose.

i) The morphs should serve as basic pattern elements
to provide a compact but adequate description of
the data interms of the specified structural
relations

ii) The morphs should be easily extractable and recog-
nizable.

Method used in the next chapter is based on the principles
developed above.



CHAPTER 3

DEVELOPMENT OF THE PRESENT METHOD
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3. DEVELOPMENT OF THE PRESENT METHOD

3.1 INTRODUCTION

rces.

Fig 3.1 shows digitized form of character Aj white points.
are shown as black spaces instead of O's while black points

are shown by the level 1.

Partially coloured pixels with 50% or more blacks are consi-
dered fully black, and those with less than 50% black are
considered fully white. This results in jigjag appearance
for all sloping lines and make sharp bend appear curved.
However for recognition purposes this may not affect in any
way.
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. - .. ..

1 I 1
I I I

r I I I I
I I I I I I I-

I I I I I I
I I I I I I
I I I I I I

I I I I I I
I I I I I I I I I I I

I I I I I I I I I I I
I I I I I I I I I I I

I I I I I I I I
I I I I I I
I I I I I I

Fig 3.1 D~gitized representation of character A.

3.2 SELECTION OF MORPHS

In syntactic method each input pattern is to be resolved into
primitive structural elements, called morphs. The first step
in designing a syntactic model is the selection of morphs in
terms of which the patterns of interest can be represented.
In selecting morphs care must be taken so that they are simple
to recognise and they are minimum in number. For the present
analysis the following eight simple strokes were choosen to
represent all the 26 English characters. To each morph a \1ide
range of deviation is allowed ( This has been discussed in
details in Chapter 4).



3.3 ANALYSIS OF THE INPUT

The method of analysis consists of the following steps:
1. Tracing the border line of a character
2. Selection of node on the border line
3. Recognising the morph in between the nodes

14
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4•. Representing the character by numeric codes
corresponding to the combination of morphs.

IFigure 3.2 shows a .block schematic for the process of analysis •

.

Input Border Node - Horph
Character Tracing Selection Extraction

Recognition Hepresentation of
~ character by a... numeric code

Fig 3.2 Block diagram showing the steps in present analysis.

The input appears asO's und 1's e;iven as levels to the m x n
matrix elements that represent the pixels making a pattern.

'.-.'herem is the number of pixels on a hori:oontal row and n is
the number of pixels allowed on a vertical column.

Border Line Tracing

The first step towards pattern representation is to trace the
border line of the pattern. For tracing and drawing the border
line of a pattern, "Border Following Technique" cleveloped by
Dr. Appana C. Chottera and Dr. Shridhar was used8•

For locating the black points (1's) within a white background
(O's) a program is developed (see Appendix -C) for scaru1ine;
each pixel of the digitized patternrow-Hise (or column-wise)
to detect a transition from white to black as snm'lnin fig 3.3.
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0 """ • 0 0 0 0 0•• •• '" •••
.--

0 "'" .,. 0 ••• 0 •• 1 0 0
I

0 0 0 0 0 0

o o o o o o

Fig 3.3 Row-wise scanning in search of a transistion from
white to black •

.:.Once the first black point is detected its level is changed
from '1' to '2'. Se~rching for the next black point now starts
from the pixel occuring earlier in the scanning process. The
scanner moves clock-wise around the black point in search of
the second black point (fig 3.4 ). It is obvious that if the
first black point is not a,.'1isolated one, the second border
point will lie in one of the seven other pixels sorrounding
the first one point. The level of the

o

o
o
o

o

o

o

o

o 0
o .,.0
t
0--- 1

o
•. 0

t
o
t
o

o

o

o

o
Fig 3.4 Clock-wise search around the first black point for

a second one.
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second border point is also changed to '2'. Following the

same procedure, search is now made around the second black
point to find the third one. In this.process all the black

points are traced, and their levels are changed to '2'. After
tracing the border line, character A of fig 3.1 becomes as
shown in fig 3.5.

-

:2- 2- 2
2 I 2.

2 1 I 1 2.
2 I 1 I l 2
2 I I I I 2

2- I I I I 2
2 I I I I 2
2 I I I I 2

21 I 1 I I I I I I 2.
21 I 1 I I I 1 I I 2
21 I 2 2 2 2 2- I I 2

21 I 2 2 I I 2-

21 2- 2- I 2
2 2. 2 2 2. 2.

Fig 3•.5 Character A, after its border line is drawn.
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( Contour Tracing for )Border Line Drawing

.

Scan the digit~zed pattern in search of a
transition from white (0) to black (1)

Move to the neighbour point from where the
Scanner had moved over to the black point

Set the neighbour point
as reference pixel

Move ciock-wise by one pixel
around the black point

Yes pixel : Reference

NO

Yes

line dravling.Fig: 3.6 - Flow diagram for
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3.3.2 Selection of Nodes

.After drawing the border line of the input character, the
task is to find the.nodes. Hodes are formed at points where
there is a sharp change of direction of 90 degree or less
and 270 degree or higher. The conditions under which a
border point will become a node are eA~lained below with
simple diagrams •

Test 1: Test 1 is performed for checking a sharp bend of
270 degree or more. The scanner moves to the border point
(IP1, IP2) from the first neighbour point (NX1, NY1). Now
it is checked whether

NX'7NY?
~~fP~I1'2NXlN 2 N'{l

~:N4

Fig 3.7 Test 1. for finding a node viith a change of
direction of 2700 or more.

the second neighbour point (NX2, NY2) is a border point. If
(NX2, lIT2)is not a border point then (IP1, IP2) is not a
node (fig 3.7). If the second.neighbour point is a border
point, the third neighbour point (NX3,'NY3) and the fourth
neighbour point (NX4, NY4) are checked. If anyone of the
two is found to be a border point then the border point
(IP1, IP2) is a node otherwise test 2 is performed to take
final decision.
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Test 2: Test 2 finds a sharp bend of 90 degree or less. I.f
test 1 fails the scanner moves from the border point (IP1,
IP2) to the first neighbour point (lrA1,1{X2). Now it is
checked whether both the pixels (AX1, AY1) and (BX1, BY1)
on the other two sides of (NX1, NY1 ) are border points. If
they are, then the border point (IP1,IP2) is a node having a
.change of direction of 90 degree or less (fig 3.8).

.
. AX1

AY1
. IPk NA1'IP N 1

I~~l
Fig 3.8 Test 2 for finding a node with a change of direction

of 90 degree or less.

If both the tests fail , the border point under consideration
is not a node.

For generating co-ordinates of the second, third ffildfourth
neighbour points for test 1 and J~1, AY1, BX1, BY1 for test
2, the following relations are being used

Border point
1st neighbour point

IP1, IP2
NX1, lTY1

. Set .K1
K2

IP1 - NX1
IP2 - NY1
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2nd neighbour point ~r.l2 = IP1 + K1
NY2 = IP2 + K2

3rd neighbour point NXj = IP1 + K2
NY3 = IP2 + K1

4th neighbour point .hTJC4= IP1 - K2
liY4 = IP2 - K1

For test 2 the co-orq.inates are
AX1 = NX1 + K2
AY1 = NY1 + K1

and BX1 = NX1 - K2-
BY1 = NY1 - K1

X 2- )(

2 I 2-
2 II I I 2-

21 I I 1 2
2 I 1 I I 2

2 I I I \ 2
2 I I I I 2-
2 I I 1 I 2

2 I I I I I I I I I :2
2 I I I I I I I I I 2
21 I 2- 2 2 2 2- I II 2-

21 I 2- 2 I I 2-

2\ 2 - 21 2

l- X 2- X X 2 X

Fig 3.9 Nodes in character A shown by cross eX).
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NodeSel"ction

Set the first border point a
node and chan'~e its level to 3

110veto the next border point

c

\
\

Test

neighbour

The border point
node

a

Fig 3.10 : Flow diagram for selection of

'l'est
check if both

the points on the othe
two sides of the 1st
neighbour point
are border pain

Moveto the 1st
neighbour point
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3.3.3 Extraction and Recognition of Norphs

After selecting the nodes next task is to extract the morphs
in between nodes and their recognition. '1'hearrays between
successive nodes are extracted and they are put under a seri-
es of tests for recognition as one of the eight morphs.

Fonnation of Arrays
in between nodes

,Set
K = 1
,J = 0
11 = 0

@
I

Set
JK = 1, K=K + 1

11 = I'hl

I
(1)

I
Set

,J = ,J +1

Hove to the ,Jth
border point

Border point<,J)

ArrEfi n
Point (JKl = Border point(,J)

Set
JK=JK+l

t;nd of border
points'

Array i"'1
Point(,JK) = Llorder point(,J)

No

Fig 3.11: Flow c1iE,gramfor formation of arrays in between nodes.
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The arrays formed in between nodes are now tested to be recognised

as one of the eight morphs.

Recognition of Horphs

1st Array

NO

Next Array

Calculate
DELY = Deviation in Y-direction between last

point and 1st point of the array
DELX = Deviation in X-direction between last

point and 1st point of the array

Calcuate
RATY = AIlS (JK/DELY)
RATX = ABS (JK/DELX)

C1.

Fig 3.12 Flow diagram for recognising morphs.
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RATY~ 5

OR
RATX~ 5

IB1GY
1B1GX
1SHLY

1AVY

1AVX

Calculate
= Largest Y-Co-ordinate in the

)1.•. .5 ([)array
= Largest X-Co-ordinate in the array
= Smallest Y-Co-ordinate in the array
= Smallest X-Co-ordinate in the array
= Average Y-Co-ordinate of the last

and 1st point of the array
= Average X-Co-ordinate of the last

and 1st point of the array

Calculate
HXDLY = ABS (1AVY - 1B1GY )

HNDLY = ABS (1AVY - 1SMLY )

t'lXDLX = ABS (1AVX 1B1GX )

HNDLX = ASS (1AVX lSi''ILX)

F'ind
Ii'L".X= i'iaximum of (l.1XDLY,HHDLY, FC'OLX, NNDLX )

= r-:XDLY
OR

1.1NDLY TRUE



Fig 3.12 (Contdl

SIGN = DELX I DELY

26

SIGN < 0

IT IS A LINE WITI"
POSITIVE SLOPE

Yes IT IS A LINE ',Hili
NEGATIVE SLOPE

Call Test
To find the ccnstants of

~
Y = a + bx + CX~

by regression analysis

<

No

IT IS A VERTICAL
CONCAVE CURVE

Y

Yes

IT IS A VERTICAL

IT IS A VERTICAL
CONVEX CURVE
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Fig 3.12 (Contd)

Call Test
To find the constants of

. , 2
x = a + by + cy

by regression analysis

IT IS A HORIZONTAL
CONVEX CURVE

IT IS A HORIzoriTAL
LINE

Yes

yes

NO
IT IS A HORIZONTAL
CONCAVE CURVE

The character A of fig 3.1 is broken up into the following morphs

1st array Rejected
2nd array : Positive slope line

3rd array Rejected
4th array Horizontal concave curve

5th array : Rejected

6th array : Negative slope line.
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Representation of qlaracters by Numeric Codes

After resolving each character into morphs, a string of digits is generated showing

the relationship among Ule morphs to built up the character.

Representation of characters
by nunleric codes

Set
Character Code = °

Set

I = 0, J = 1

Recognise tllelst array

Set
N(J) = Morph code

Character Code
= character code + (10)IXN(J)

I = J+1
Set
J = J + 1

NO Recognise the
next array

Fig 3.13 Flow diagram representing characters by numeric codes.

\
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The character A of fig 3.1 gives rise to the code 473.

IRECOGNITIOn OF CHAJ."A.CTERS

sed.
The characters represented by numeric codes are now to be recogni-

I .

A. dictionary of codes is searched to find a matching code

,..

corresponding to the code geu0rated from the. input character. The
dictionary is developed e;iving codes. correspond~ng to each accepta-
ble appearance of a character (Appendix- B). The codes are acquir-
ed from sample charac~ers taken from different sources.

Most of the characters can be represented uniquely as there are natu-
ral differences in structural compositions among the characters. Many
of the characters have got more than one code depending on the writing
style and quality of the digitized output. In a fe\1 cases the same
code represents a pair of characters having structural similarities.
Elaborate discussions about characters having more than one code and
characters having same code are presented in chapter 4.

The dictionary is arranged in ascending order of the values df the
codes representing the characters. For the ease of searching the

total volume of the dictionary is divided into six subgroups:

Group 1 Character code values less than 102•
') "Group' 2 Character code values in between 10'- and 1";'>v •

Group 3 Character code values in between 103 and 104•

Group 4 Character code values in between 104 and 105•
Group 5 Character code values in between 105 and 106•

Group 6 Character code values in between 106 and 108•



( Recognition of characters

_J_.
Character Code

Search the dictionary for
a match wiV1 the code

Decision
Recognised as one of the
26 characters or rejected

as ambiguous.

)

No Apply second cl1eck
for recCXjnition

30

Fig 3.14 : Flow diagram for recognition of characters.
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4. DISCUSSIONS

4.1 GENERAL REMARKS

Recognitio::J.of characters is a very involved task as charac-

ters of allowable writing styles as well as variations in
quality of the digitizer output have to taken into consider-
ation. 'J'heprogram developed has been successfully tested
with a number of characters from several different sources.
The tests were designed to consider three aspects :

(i) Does the program develop consistent codes for
characters of the same font i.e. will two ins-
tances of the same character from the same
source yield the snme code ?

(ii) Does the proc;ra:nwork for characters from
different sources ?

(iii) Do factors such as character size affect
program performance ?

Sources in the ahove statements relates to different styles
and sizes of writing. the result of the test was positive.
Test (i) gives10o;~ accuracy and Test (ii) gives consistent
accuracy within allo,wble writing styles. In test (iii) it
has heer. found that some ambiguity may arise if a stroke
len(';thin a character becomes so small as to be comparable
to the width of the stroke. In practice there is a remote

'.'. ,--

• 1" ,," •pos,~ihility of snch a case to happen.

~-:.



32

4.2 GENEBAl'IOn OF DATA

rhe present work concentrates on the analysis of digitized
characters. For this work, digitized characters in matrix
.form have been generated manually, t~lesame can be done with a
suitable digitizer. Care was taken to make the digitized

Characters of dirferent writing styles were considered and
character the closest possible to the actual dibitizer output.

at the same time the errors which were quite natural to the
practical dig,itizer output were taken into consideration.
For the present analysis it is assumed that there are no gaps
or holes in any of the strokes. This is not always the case,
in practical cases gaps and holes lllayappear in a stroke. This
limitation may be overcome by a smoothing operation to fill in
the gaps.

4.3 RECOGnITION OF HORPH3

In all eight different mor~hs were decided to represent the
block capitals of English alphabet.In recognising morphs, a
wide range of deviation is allowed to each of the eight morphs.
To each horizontal or vertical line a deviation of 5:1 (length

deviation) is allowed, this stands for a deviation of about
o

+ 12 from a reference normal. All other straight lines out
side these ranges are considered Sloping lines, positive or
negative depending on the sign of the slope. Figure 4.1 shoHs
a diagrammatic representation of lines and their deviation
limits.
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Fig 4-.1
,

FiGure shows ranges for different straight lines.

For separating sloping lines, the ratio of the stroke length
to deviation is first tested. If the absolute value of this
ratio is less thWl five, the morph under consideration is a
sloping line. Otherwise, the morp~ is either a curve or a
straight line Chori zontal or vertical).

For recognising a curve, regression analysis. is performed to
find the co-efficients of the eqn.:

y

x

=

=

a + bx +
or

a + by +

2cx

as the case ma;ybe. Now the limiting value of 'C I is set at



0.06. If absolute value of' C' is greater than 0.06 the morph

under considera tiOll is a curve, 0 l;hel'wise , it is a straight

line (horizontal or vertical). 'The limiLing value 0.06 allows

a wide range of flexibility.

4.4 RECOGNITION OF CHAlU.CTERS

. '1'he process for generating numeric codes for characters has

already been explained. The numerals in the code not only

indicate the L10rphs which build the character but also shows

the relationship among the morphs. As the scanner moves around

each character in clock-wise direction, it is possible to make

an idea about the structure of the character from its code.

For example, chA.racter E gives a code 21551 which indicate the
following struc ture(figure 4.2).-..,.,

1

2

Fig 4.2 Numeric

Q
Q
1

Co e. ; 21551
code giving an idea about the; structure.

,30ME SPECIAL CASES

110st of the characters can be represented uniquely as there is

natural structural differences among the charac~~ers. .There are

as many as four pairs of characters, each of Vlhich have' got the,
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same code due to sGructural similarities between them. j'lany
of the characGers have got more than Olle code due to variations
in wri.ting style and quality afthe di::;itizeddata. In this

.article discussion is made on (1) some characters having more

than one .code and (2) some other charHc tel'Shaving the salile

code.

(1) Characters having more than one code

Some of the characters having more than one 'code with their
structures are shown in fig 4.3. One point to note here is
that to each character deviation to such an extent is ahlays

allowed as is allowed to each morpho

Character A

Code:473 Code: 273
.

Fig 4.3(a)

Code : 472

Character Cc c
Code : 21341..

.:Jade: 351 Code ; 353

Character

E
Code :21551

E

E
Fig 4.3(b) Fig L;-.3.(c)



Character F

Code~00df~441
Fig 4.3(d)

Character I

I
Code : 6151 Code

36

22

Character 0 Charact.er U

0 D U U
Code: Nil Code : 2121 Code:88 Code:2128

Fig 4.3(f)

Character vi

Fig 4.3(g)

Code : 24322342

"'vV.
Code (i~344343)

Fig 4.3

Fig 4. 3(h).

Structures of some characters having more than one
code.



Fig 4.3(a) shows three different codes for character A due to
difference in writing style. The first A resolves into a "
positive sloping line, a horizontal concave curve and a negsP
tive sloping line in sequence,giving rise to a code 473. For
the second A, the first two morphs are identical to that of
the first one but the third morph is a vertical line and con-
sequently gives a code 273. The third A is siIJilarto the
first one except that its first morph is a vertical line thus
giving a code 472.

Fig 4.3(b) shows two different structures of character c. The
first one with code 351 is a flatter one making the first morph
a horizontal line. The second one is curved with its head moved
dovmward making the first morph a positive sloping line.

Fig 4.3(c) shows two structures of character E. w~en the middle
arm of character E is shorter than the others; in some cases it
may happen that the third and fourth morphs are sloping lines
instead of curvatures. Thus the two codes of E may appear in
practice.

Fig 4.3(d) shows two structures of character F. Explanation
for two codes is similar to that of character E.

Fig 4.3(e) shows two I's, one is a simple vertical line having
code 22 and in the other the ends of the vertical line are fla-
nked by horizontal lines.
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Fig4.3(h) shows two different writing styles of 1t!. In the.
first one the first and last strokes are vertical and in the
second one they are slant.

(2) Charac~ers with same code:

Charac~ers D and P : Character D and P have got striking struc-
tural similarities. noth give rise to numeric code 26 which
means each ofD and P is made up of two morphs, a vertical
convex curve and a vertical line. For distinguishing D and P
a second check is employed. The second check is based on the
structural difference that is in D : the ends of the vertical

convex curve coincide with the ends of the vertical line; but

in case of P only one end of the two morphscoincides, thus

giving rise to three.nodes in P and two nodes in D.



39

Characters V and Y : Both the characters V and Y give rise to

code 3443 due to structural resemblance. For V-, second

morph and third morph are always almost equal in length (fig.

4.4). If some one writes a 'Y'

Fig 4.4 Four morphs of character V.

in such a fashion so as to make Second and third morphS,almost
equal, naturally the character will be closer to V and not Y.
To decide whether Ghe code 3443 is for a V or a Y, the ratio
of length of the third morph to the second one is taken. If
this ratio is greater than 1.3, the character will be recognised
as Y, otherwise V.

Characters J and G : Character J gives code 641. If some one
writes S in such a way so that node is not obtained at anyone
of its two bends, S too gives a code 641. The second check for
distinguishing the two takes a count for number of nodes of the
input character. If the number of nodes is 6, the code 641 is
for character J, otherwise the character is S.
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4.5 APPLICA~IONS

The computer aided character recognition scheme can find its
applications in areas, such as,

i) Robotics

ii) Linguistics

iii) To extend visual understanding to Computers

iv) To aid the education for the blind.



CHAPTER.5

CONCLUSION AND SUGGESTIONS FOR FUTURE ~IGRK
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5. COHCLUSIO!T MiD 3DGGESTIOHS FOIl. FUTURE 'wORK

CONCLUSION

For the present analysis the basic idea of syntactic method-----
to represent each complex pattern in terms of simple subpatterns,
is utilised. out the techniques developed for resolving each
character into a number of morphs, their recognition and repre-
sentation of characters by numeric codes and their recognition'
lead to a new approach and have never been suggested befol'e.

Though the technique is quite efficient in recognising capital
English letters, in some cases it fails to give a reasonable
idea about the structural composition of the character. This
limitation comes into effect in only a few cases when a curve
on a slant line is recognised as a slant line, because the ratio
of the morph length to deviation in those cases fall below 5.

Regression analysis could have been used for recognising all the
morphs. But it will demand more computer processing time. The
present technique for recognising morphs is quite simple and
efficient.
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The character codes of the present analysis are quite informa-
tive. The code ~ives information about the morphs building up
the character as well as their relation.

Like every method the present one naturally has got some limi-
tations as mentioned; but still the performance of the present
method in recognising capital English characters has found to
be quite satisfactory. Also the techniques developed for the
present analysis can be successfully implemented to other
fields of pattern recognition.

5.2 SUGGESTIONS FOR FUTURE WORK

Further research works on present analysis should concentra,te
on

i) improvement of.node selection technique, so as to
detect any desired sharp change of direction

ii) investigation to find if statistical measurement
for recognising morphs result in a more efficient
technique

iii) modification of the present algorithm for imple-
menting in character generation

iv) development of more efficient computer programs.
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APPEl:IDrX-A

REGRESSIOn ANALYSIS FOR FINDING THE CO-EFFICIENT3 OF A SECOND
ORDER E('J~.

Comparing the magnitudes of the co-efficients of eqn y = a+bx+cx2•
it is possible to make an idea about the curve that fits best to
an array of N no. of points. With b = c = 0 and a = 0. the best
fit would be a straight line parallel to the x - axis; with b
dominating the best fit is a sloping line and with c dominating
the best fit would be parabolic in nature. An idea about other
natures of the best fit can also be obtained by comparing the
magnitudes of a. band c.

For solving for the co-efficients. regression analysis is per-
formed.

From y = a + bx + cx2

The following equations can be obtained for N no. of points.

LY aN + b 2. ~
2

= x + c x

LXY a 2X b LX 2 C LX3= + +

Lx2y aLx 2 Lx3 LX4= + b + c

Co-efficients a. b and c can now be obtCl,inedby solving the
above three simultaneous eqns

;iy :z.x z.x2

2.AY 2.X2 z: x~
2.x2y 2.x3 2. x4

D



N 2Y :ix2

.2:x "Z xy 2x3

b=
:::Ex2 2. iy ::f x4

D

A:2

H x y

D.x x2 xy

x2 3 2x x y

C=
D

where D=

N

x

x 2x

3x

r"i )



Code Character(s)

32153. G

14114 "u

222243 ,.
n

223223 II

223542 K

223545 T'
J:\.

347348 X

B2

Code Char,;cter(s)

643543 v
A

2233442 K

.2282243 11

22342243 H

24322342 'vi

34344343 'vi

34433443 X

* After second check, code of this number is changed by

adding 1 to the present code.

. .



APPEHDIX-B

DICTIONARY SHOWING CHARACTERS CORRESPONDING TO DIFFEREHT
NUt:ERIC COD]~S.

131

Code Character(s)
. .

22 I

26 D,P.
33 Q

88 U

213 L

243 B

273 A

333 Q

341 T

351 ~v

353 C
472 A

473 A

533 Q

641 J,S.

643 s
843 V.

Code Character(s)

212!J; O,I.
2128 U

2441 F

2451 F

2728 H

2733 R

3251 G

3253 nu

3351 G
,

3443 Y,V.
6151 I

6758 X

21341 E

21551 E

22333 R

31611 S

32151 n
\J
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APPENDIX-C

liAIN PrtOGRAM FOR CHARACTER RECOGNITION

THIS PROGRMI IS DEVELOPED FOR RECOGNISING CAPITAL ENGLISH
LeTTERS 8Y SYflTACTIC !'IETHOD OF PATTERN RECOGNITION. INPUT
PATTER,', IS I N MATRIX fORt~HAVrr,G I/ALU::S '0' FOR ImrTE AND
'I' fOR BLACK POINTS.

c:~************************~****:~**~:*************************************
C

01 M~ i'IS ION I? I X EL 1.2 () , 20 ) , IS TRX ( 99 l , IS TRY I 99) , NOD X I 50 ) , NODY ( SOl,
+ III X ( 5;:' ) , I AY I 50 I , X I 50 ) , Y( 50 ) ,I X (J I 5 () ) , 1 y;;) I ') 0 ) , IS f G( 25 ) , I CHRC ( 75 l
+,ACHRC (75) ,LUHJO)

DATA ICHRC / 22,26,27,33,83,213,243,273,333,J41,J51,35J,472,A73,
+53J,641,6~2,643,843,2121,2122,2128,2441,2451,2723,2733,3251,3351,
+3253,3443,. .
+34~4,6151,6753,21341,21551,22333,31611,32151,32153,141141,222243,
+223223,223542,223545,347348,643543,22334A2,2282243,22342243,
+24322342,34344343,34433443 /

OAT A ACHRei' 1 • , • 0 ' tip' , •Q •• 'U • , • L ',' ' R' , • 'A • , • Q' , •T • , • c • , •c • , • A • ,
.•.' A' , •Q', 'J " • S', r S t, 'V', '0 t , t I'" 'U', 'F', • F' f' H' , 'R' , 'G', 'G I, 'G',
+ • Y , , • v • , ' r • , • x • , 'f •, •E • , 'R • , • S ' , • G' , • G ' •• I ' , •f.1' ., • Nt, ' i< ' , • K ' , .f X • ,
+'X', 'K','M','M','W','W','X' / .
r, =20C ::: :::~:.::;::;::~:;:;:~:::;: ~::=;: ~:: ::: ~:::::: ::::;: 1,::::~::=;: ::::::~;: ::: :;:::: ~:: ~;:'1,:~::::;;:.:::;:: 1,::::~:::::~;:;;::::::: :::*:;:' ::::::~::~::::::::

C

C

C
C SEARCH FOR A TRANSITION fROM WHITE TO BLACK
C..C***l,:******~*****************************************
333 ReAD 11,l1,END='+44l ((IPIXELII,J),J=l,N),I=l,N)
11 fORMAT (2012)

Wf:IT E (3,717) I I IPIXELl I ,J l ,J=l ,N) tI=l, N)
717 FORMAT 110X,2GI2)

IXl = 0
1 IYl = 0

IXI = IX1+1
IF (IXl.GE.N) GO TO 150

3 lYl = IYl+l
IF I I Yl • GE, N) GO TO 1
IX = IX1
IY = IYl+1
IF (IPIXEL(lXl,rYl),~IE.IPIXELlIX,rY)l GO TO 2
GU TO 3

2 ~Iax 1 = T Xl
N3 Y1 = I Yl
I,\RXI = IX
liWYl = IYC********(:*********************************************

CALL BORDERIIXl,IYl,TX,IY,IrfXEL,NUM,ISTRX,ISTPY)
\,RITE 13,l1l 111PIXELlI,J),J=l,:\J),I=l,N)
,I RIT E (3 ,l 01) NUM .
FOR~\AT IlX,'NUc'=',I2,/l "

DO 103 1 = 1,NlJ,'~
!"{RITE 13,l02l ISTRX(I),ISTF,Y(I)
F 0 i{;~AT (1 X , ' 1ST RX= • , 12 , ' , ' , • 1ST RY= , , 12 ,/ )

CUNT I "IUE

C
C SUBP,OUTINE BORDER IS CALLED FOR O"AWII~G THE
C BOKOER LINE OF THE INPUT CHt-Rr,CTE",
C

C
C
CI01 '
C
C
, cr02
1[;3



C2...

,

._---_.-_._-----------_. __ .----- .

._"- C :;:~:::.::::;:::: :;::;: ::::::::::::-::£:~:::;~::;:;:~*~;-:::::::~'-;::::;::::;:::::;::::::::::1,: :::::::::: ::: :::::: ::: :::::: :;: ::: :::::::::: ::: ::: ::: ::: :::::::.:::::::::: :::

CC SUflROUTlN!:: NODE IS CALLED FOR FINDHIG THE NODES.
C .C********************::::***************~:***********:::**********CALL NODE (IBRXI,IRRYI,IPIXEL,NUM2,NOOX,NDOY,NbXI,NBYll

IF (NU~12. ::;Q.ll GO TO 58
C 00 501 I = 1,NUr~2C \WITe (3,502) N'JOXIII,;W[W(Il
C502 r:O?.I'--'lAT (lX,'NODX=',IZ,',','NOOY=',IZ,/)
C501 CONTINUE . .C**::::**~:******~:************************************:~******************

'.

10

5

30

CC FD~MATION OF ARRAY WITH TI~E POINTS IN BETWEEN TWO NODES
C .___...- .----.- .. .- ..-.-._ .. -_.. .-.- - •.• _.. _--_.... --_.c.;: ::.:::::::::::::::::;:;:::::::::::::::::;::;::::::::::::::::::.:;;::;:::::::::;:::::;::::::~::~::~::~~:~~::::~~::::~:;= ::: ::: :;: ::: ::= ::: ::: ::= ::: ::=::: ::: ::: ::: ::: ~:: ::: ::: ::: :;: ::~ :::::~ ~:::;:: -~:i";:::::-"
100 NUM3 = NUM2 + INODX(NUM3) = NOOXII)NODYINUM3) = NOOY{I)

JJ = NUt'\. 1ISTkX( JJ) = ISTRXI I)ISTRYIJJ) = ISTkY(I)
K = I
J = a
NUMS~G = 0IOVAL = 0
~~ULT = I
IT ER = 0
J:< = INUMSEG = NUMS~G + I
K = K+I
J = J+lIF lI$TRX(J).EQ.NODXIK).AND.ISTRY(JI.~Q.NOOYlK)l GO TO IG
IAXlJKI = ISTRX(J)IAY( JKl = ISTRYl Jl
JK = J K+ I '
GLI TO 30IAX(JK) = ISTP,X{JI
IAYIJK) = ISTRYlJI

C 00 4 I = I,JKC WRITE 13,33) I.IAX(I),I,IAYlI)C3::>. FOR,'\AT (IX,'IAXl',13,'I=',I3,'IAY{',I3,'I=',I3,/)
C4 COiHINUEC*:::****:::************~:****::::::***~:***:::**:::*********************************:

IF lJK.GT.41 GO TO 60
GO TO 7960 ITER = ITER + 1LeNlITER) = JKIDELY = IIAYIJIO-IAYII)]IF (IDELY.EQ.J) GO TO 55IO~LX = (IAXlJKl-IAX(Il)
IF IIDELX.EQ.JI GO TO 52O'OLX = FUJAT llDELXlDELY = FLOAT (IDELY)AkRAYL = FLOAT (JK)RATY =ABS (ARRAYL/DELYI
RATX =A5S lARRAYL/DELX)IF IRATy.GE.5.0R.R~TX,GE.5l GO TO 31
GO TO 2231 IF lRATY.EQ.PATXI GO TO 32If (RATY.GT.RATX) GO TO 55
GO TO 52

CC CHECKS TO DECIDE WHETHER THE MORPH IS A SLOPING LINE OR EITHER
C OF A CURV~ OR A STRAIGHT LINE (HORIZONTAL OR VERTICAL)
CC*******~:******************:::********************************~**********:



(( IF R4TY = R,HX, IT IS TO oE FOUND WHETHER THE CURVE
C IS ON THEVERTI(4L LINE OR ON THE HORIZONTAL LINE
(

~------ --- ~~------ --~---- -- ------ .._----;---_ ...,....----_._--~_.--

32 ISIGY = IAY(I)IBIGX = IAX( 1 l
I S ~IALY= 1 AY ( 1 )
ISMALX = IAX( 11
1=0
I = 1+1IF (I ,Gt'"JK) GO TO 13IF (IAYI1),GT.IBIGY) GO TO 14
GO TO 15I['.IGY = lAYI I)IF IIAXIII.GT,IUIGX) GO TO 16
GO TO 12IfHGX = IAXl I)GD TO 12I = G
I = 1+1IE (I.GE,JK) GO TO 18IF 1IAY( 1).l To ISMALYl GO TO 19
GO TO 20IS,~4LY = IAYl I IIF lIAXII).lT,ISMALX) GO TO 21
GO TO 17

21 ISMALX = IAX(I)
GO TO 1718 LAVY = 11AYlll + I4Y(JK»/2IAVX = (I.AX(ll + IAXIJK»/2
MXUlY = IAVY - IBIGYMNDLY = 1AVY - ISMALYMXDLX = IAVX - IBIGXM~DlX = IAVX - ISMAlXIABMXY = lABS IMXOLYlIA5MNY = lAGS IHNDLY)IABMXX = 14LS IMXDLX)IABMNX = lABS IHNOLX)IMAX = MAXO IIA5MXy,IAGMNy,IABMXX,IASMNX)If' II;~AX,t:Q.IABt~XY,OR.Ir1AX,t:Q,IM;I"~NY) GO TO 55
GO T (1 52C******;~*******:~*~;********************~;~:***************

I

SIG~,I= :JELX/C'!:LYIF (SIGN,LT.CI GO TO 50
lii<ITc: 13,,,1l .FORMAT (11,10X,'IT IS A LINE WITH POSITIV~ SLOP~',II)
ISEG UIU,'\SEGl = 3
OJ TO 77WRIT:= (3,:31)FORMAT (11,10X,'IT IS A LINE WIT:i NEGATIVE SLOPE',II)
ISEC INUI1SEGl = 4
GO_T 0 ~.v__~_~

(50
(51
50

22
C
(61

(( CflECKS FOR FINDING THE NATURE OF THE SLOPE
,(



CLj

SUBROUTINE TESTIS CALLED FOR SOLVING EQN. X = A + ex + CX 00 2BY REGRESSION ANALYSISTO FIND 'C'. FOR ASS. VALUE OF 'C' GReATERTHA~ 0.06 THE MORPH WILL BE TREATED AS A CURVE, OTHERWISE A
HORIZONTAL LlI,E

C
C
C
C
C
CC***************:~*******************************************************

CC63

C 53
C54
53

C 62
C64
62

52
CC707

CALL TEST (IAY,1AX,A,B,C,JK)
i"II',ITE (3,707) CFORMAT (II,'C = ',FIO.6,/)
AC=ABS(C)
IF (AC.LE.O.ob) GO TO 53
IF (C.LT.O) GO TO 62
.!R.ITE (3, 63)FORMAT (11,IOX,'IT IS A HORIZONTAL CONCAVE CURVE' ,II)
ISEC (NUMScG) = 7
CD TO 77
'~P.ITt: (3,6/,)FORM~T (11,IOX,'IT IS A HORIZONTAL CONVEX CURVE',II)

ISEG (f,U,v,Si:G) = 8
GU TO 77
l"iRITc (3,54)FORMAT (11,IOX,'IT IS A HORIZONTAL LINE',lll
ISEG (I~UI'\SeGJ= 1
GU TO 77.C**********************~:****************~:***************************
SUB~OUTINE.TEST IS CALLED TO DECIDE WHETHER THE MORPH IS ACU~VE DR A VERTICAL LINE DEPENDING ON THE VALUE OF !C'

C78
C65
78

C57
C66
57

C
C
C
CC*****~:*****:~********************************************~:**********55 CALL TEST (IAX,IAY,A,B,C,JK)
C '"RITE (3,708) CC708 FORMAT (II,' C = ',FIO.6,/)AC=ABS(C)IF IAC.LE.r;.06) GO TO 56

IF «('LT.O) GO TO 57WRiTE (3,6:'")FORMAT (11,IOX,'IT IS A VERTICAL CONCAVE CURV~',II)
IS~G (:~UMSEG) = 5
GU TO 77
,"lkIT£: (3,66)
FORMAT (11,lGX,'IT IS A VERTICAL CONVEX CURVE',II)
ISEG (NUMSEG) = 6
W TO 77C56 WRITE (3,67)

C67 FORP1AT (11,IOX,'IT IS A VERTICAL LINE',11156 ISEG (NUMSEGl = 2
C *::-::;~?::;:~;:~:;:.:;: :::*.:;: ::::;:.:;::;:::::;:::::::,:~::-::::~ :;::;::::::::::::::::::::~::::';:::::;::=;:::;:::::, ::::;::
C.
C FORMATION OF CflARAClER CODE
Cc***********~:******~:**:~********:;:.**********77 IOVAL = IOVAL + ISEG (NUMSEG) 0 MULT

MULT = MULT 0 1079 IF IJ .LT. NUM) GO TO 5
GO TU 630C •.iRITE (3,151) IOVALC151 (O,R,V,AT(11,rox, 'IOVAL = • ,120';/)

B8 WRITE (3,89)89 FORMAT (11,lOX,' THE RECOGNISED CHARACTER IS --
"-"- ---- __ GO_30_1i.Q __~ ~~ " " ------

o --', I I)



_''- J

----_._------
CC CHECKS FOR DISTINGUISHING CHARACTERS
C i~4.VII'JC SAf"E CODE
CC*****~::**************:~****************~:*********630 IF IDVAL .EO. 26) GO TO 601

IF ( IOVAL .EW. 641) GO TO 602
IF ( IOVAL., EQ. 2121) GO TO 6CJ3
IF ( IOVAL .EO. 34/+3.) GU TU 605
GD TO 250601 I;' (,\IUHZ .EQ. 2) GO TU 250
IDVAL = 27
(;U TO 250

602 IF (NUM2 .EQ. 6) GO TO 250
IDVA.L = 642
GO TO 250

603 IF (NUM2 .EO. 41 GO TO 250
IOVA.L = 2122
GU TO ;'50

605 TESTA = FLOAT(LEN(3) I/FLOAT(LEN{2))
IF (TESTA .GT. 1.3) GO TO 250
IOVAL = 3444 .C***********************************~:*********cC SIJBGROUPING OF THE DICTIONARY AND

C TECflNIQUE FOR ITS SEARCHING
Cc*********************************************250 IF (IOVAL.LT.I00) GO TO 91IF (IDVAL.LTolOOO) GO TD 92

JF (IDVAL.LT.I0000) GO TO 93
IF (IDVAL.LT.I00000) GO TO 94
IF (IDVAL.LT.IOOOOOOl GO TO 95
1ST = 47lEND = 52
GO -TO 313

91 1ST=1lEND = 5
GO TO 313

92 1ST = 6
TEND = 19
GO TO :'113

93 1ST = 20lEND = :>3GO TO 313.
94 1ST = 34

IlND = 39
GO TO 313

95 1ST = 40
I t:~1D = 46

313 DO 332 I = IST,IEND
IF (ICHRC( I) .NE. IOVAL) GO TO 332
IVAL = I
GO TO 41

332 CONTI NUEC***********~:*******************************~:***************
CC RECOGNITION OF THE INPUT CHARACTER
CC*****~:*****************************************************
400
421

401
C
C420
150
444

fiR IT E (.3,400)
FUR MAT (/,lOX," THE CHARACTER CAN NOT BE RECOGNISED",/l
i,RITc (3,421) IOVAL
FORMAT 11/,lOX,'IOVAL = ',19,/1)
GO TO 150
WkITE (3,"OUACHRC(lVA~) ------ -.-
FORMAT (11/1,10X,' THE RECOGNISED CHARACTER IS --',lX,AZ,'--',/II)
WRITE (:'I,420)IDVAL .
FOR,'~AT III,rOX,' IOVAL = ',I9,llrGO TO 333 .
STOP~ND



D1

;,pPENDIX - D

SUBrOUTINE BORDER PERFORMS THE TASK OF TRACING THE BORDERLINE OF THE INPUT CHARACTER BY CHANGING THE LEVEL OF THE
BORDER POINTS TO 2. HERf,IIX,IY) = CO-ORDINATES OF THE 1ST BLACK POINT(IXl,IYI) = CO-ORDINATES OF THE NEIGHHOUR POINT

SUBROUTINE BORDER

II

10

--- ---------------------- __ . __ 0--- _ _.. ---------.---------.-------- .C**************~~***************************~:********~:**~:****************
C
C
C
C
C
C
CC ::::::.;::;::::= ::= ::: :::::::;:: ;:: :;=.;: ::: ::: :;: ;;= ::: ::: ::: ::: ::: :;:::: ::: ::= :;: ::: .;: ::: ::: ::: =:::;:: ::= ::: :;:::: ::: ::: :;: ::: ::: ::: ::: ::= ::::::::::: :::::: ::: ::: ::: ::: ::: ::: :::::: :::,::: :::;':: :::: ::: ::::::: :;: ::: :::;'::

SUBROUTINE BORDER (IXI,IYl,IX,IY,IPIXEL,NUM,ISTRX,ISTRY)
DIMENSION IPIXEL{20,201,ISTRX(Q91,ISTRYI991
NUM = 1ISTc,X (NU~1l = IX
ISTI(Y INUI~1 = IYIPIXEL (IX,IYI = 3IREF = IPIXEL IIXI,IYII
IPI = IXlIP2 = IYlKl = IY - IYl
K2 = I X - I X 1
Ii'l = I P1 - KlI P2 = IP2 + K2IF (IPIXEL(IPldP2l.NE.IREFI GO TO 8'
IXI = IPIIYl = IP2IPI = IPI + K2I P2 = IP2 + KlIF (IPIXEUIPl,IP21 .NEoIREFI GO TO 8
IXI = IPI I
IYI = IP2IPI = IPI + K2
IP2 = IP2 + KlIF IIPIXCLIIPI,IP21.NE.IREFI GO TO 8
IXl = IPIIYI = IP2IPI = IPI + KlIP2 = IP2 - K2IF IIPIXELIIPI,IP2).NE.IREFI GO TO 8
IXI = IPIIYl = IP2IPI = IPI + KlIP2=IP2-K2IF {IPIXEL(IPI,IP2) .NEoIREFI GO TO 8
1:'<1 = IPlIYI= IP2IPI = IPI - K2IP2 = IP2 - KIIF (IPIXEL(IPI,IP21.NE.IREF) GO TO [;
IXI = IPIIYl = IP2
IP 1 = I PI - K2
IP2 = IP2 - KIIF IIPIXEL(IPl,IP2).NE.IREF) GO TO 8
ISTRX (NUN) = IPI
r:s T j, Y I IW I~I = I P2
GO TO 9IF IIPIXELlIPI,IPZI.NE.31 GO TO II
IPIXEL (IPI,IP2) = 2GD TO 9IF<IPIXEL(IPI,IP2).EQ.2) GO TO 9
f~U1" =: i'JUI\1 +- 1It"IXEL (IPI,TP21 = 2
ISTRX (NUMI = IPIISTRY (NUN) = IP2
IX = iPI
IY.~'IP2
GU TO 10
l'cTURN
E :~:J
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APPENDIX-E

3UBROUTIlIE NODE

AFT~R T;,ACHIG THE eUF;[)cR LI,'IE OF TH" INPIJT CHAFACTEf' SURP.(jUTINc
l'iDLE IS C':"LLE[J FOR L(J(.\TI!\IG "flit: ':'lOtjE:S' Or TH::: I"JPI./T PAIT~f:\-.J.
i'~UO::S h,F-,l_._EoRr".cc> I\T_roI;'.JT~~<JH~.~~E 1~~'!,=,D::: I S A S_~iJ\F,.? C"/',i-JGt: 0,
OlfzLCTTDH CF 91) DEGREE OF. L~SS t..:'.ID ?7U O:=GR~~~ C,~{ HIGHER

C ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ,; ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ,;, ':' ':' ':; ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ':' ,;, ,; ,;, ,;, ,;";, ':' ,;":' ':' ,;, ';":""':' ,;, ':' ,;, ..
C
Ccc
c
c

SUGROiJTINE NoDE (IBRX1,I6RYltIPIX~I_,NlJM2~NI)DX,~JODY,~J~Xl,NBYl)
(i 1 ,"-'::::1\':': I U r.~ I P !;,C.L ( 2 a , .( D } , I'!U D X ( .s,~i) ,1< iJ D Y ( :::'-J )
j,JU \,,~ -::::: 1
i~I}OX (NUM2) ::;IGRXl[~OlJY (~IUI42) ::;JURYl
!PIXEL (IJRX1,I;3RY1) = J

11 IPI = r'.Je.1<l
IF-2 ::; ~.Jt~Yl
Kl ::;IGRYl - ~~8YlK2 ::;iLRXl - 1~~Xl
11'1 = 1>'1 -K1
1"2 = 122 +K2
1F (11)1X~L(1P1,1P2).r:Q.31 G'l TO 13
1F <IP1XElIIP1df'21.c[) .• 21 GJ TO .0,

1,1c"X 1 = I F 1
,'bY 1 = 11'2
I~'l :: IPl +j<2
IP2 ::; IP2 + 1<1
rr: (IPI,(c,L(IP1'lP2J.EQ.3) ~-;;J TI=i 1j
IF 11PIXElIIP1,1PZ).EO.2) GO TO A
,'JSXl = IP1
f\1[) Y i :: I P 2:
IPl -::; IP1"to K2IP2 ;;:;IP2 +Kl
If (I P I X E L ( I P 1 , 1 P? ).• E Q • 3) C. [I T [I .1J
Ii:: (IP1X.EL{IP1~IP2).[(J.{2) G'] TCJ b
;'j2,,'0 = I I'1
;'Ji.:;Yl ::: IP2
11'1 = 11'1 • Kl
11)2 ,::: I P2 -K2
IF (lPIX=,L(IP1,IP2).E(~.3) GO TQ 13
IF (IPlAt:LIIPldI'ZJ .ElJ.2.) GO T'J 0
r'bX I = I P L
,"mYl = 11'2
1Pl = 11'1 + K1
11'2 = IFZ - K2
IF (IPI;'~FL(.lPl,lP2).t:D.3) GO TO 13
IF (lPII.[L(TPl,IPZ)~~~.J.ZI C] Te E
r,,;XL = I f'l
Ne,'tl :: IP2
IPl ::: IPl - 1<2
IP~~ :: I?2 - K1
IF (IPI:{::L(IP1,IPZ).EQ.3) (;1.1 TLJ 1::3
IF (I J) I ;(,~:L ( I P 1 , I P ?) • .E(J. 2) C ('I T Cj Q

l'it;X l = 11'1
'HYi = IP211'1 = 1Pl - KZ
11'2 = jP2 - K1'
IF IIPTXElllf'1,IP21.E0.31 Gil TO 13
IF {I p 1Xc L II I' l,I I' 2) • E':l. 21 GO TO 8
G~) TLl IJ .

~\
)' :,'1

"



a

10

12

13

:"lXl - J'jdXl
i"Yl = flilY!
Ir.:'X::: I?1.13Y :::IPL
I K1 '=: I b X - NX 1
Ir~2 = lEY - f\JY.l
!,~X = I E X -to I K 1
i'rf ::: ley + IK2
IF (IPIXLL(~~X,~.lY) .:::~~.2)GO TO ':I
!'i/;Z = 1'-.;-<1 ,+ I!~2
I'J Y 2. ::: j\l Y 1 -to 1 K 1
~.i.X3 = NXl - I K2
1'10= NYl - 1Kl
IF {IPIXLL(r~;<2.i.rY2) .CO.2.Ar"jD.IPIX0:L(r~X3,\jY3} • 1:::0. 2}
GC T [1 12
NX = Ii~X + I~:2
NY ::: lSi +1:<.1
IF (If'1X~L{'iX,!IY).~Q.2) G0 TCJ 10
(IX = PH - 1K2
flY = 1rw - 1Kj
IF (1P1XLl(iiX,NYl.EU.2l G'> TO 10
GU T(I l2
i.;U,..j2 = i'JU.'.12 + 1
NUnX(~lUf~2) = IPl
NiJ[;Y (;'JU:'i2) = 1P2
1\:)R,Xl ::: I;)l
1iJ,f(Yl ; IP2
GO TO 11
R~TLJ~,N
E i'JD '

GG TO 10
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APPENDIX-F

SUBROUTINE TEST.

•

~NLYSIS FOR SOLVING TtiE= A + BY +CY ** 2) TOANALYSTS THE VALIJE OF 'C'UNOER COrJSIOE~~TION IS

SUf:',H,C:'UTlt.~E TEST pE.:Rr=orU-1S RE\~,R!~SSl.r]N
::rj~J. y ::: ;''l., + 6X + ex =;:::: 2 (OF: ~(Jr~. x
Flii'J TH~ C:J,'~STAiHS. F::W THE PRESdH
IS USi:O LJ LJECIOE: iHETW'R HIE HlJR?H
A. CU~'ic OR /\ ST::~,.;IGHT LINE'

15

C
C
C
C
C
C
C
r*************~:****~:*:~****:~*~:**~:~:~:~:***~:****:~*:~**:~*~:****:~*:::******:~***~:~:**
'- S U [jr, GliT 1 N E JOc ST I I X0 ,I V') , A • B, e , I'J) .'UIM" f'<::; IU f. IXL'(5G ) ,IV Q ( "; ') ) , X (,,0l,Y (5C,)

OJ i5 I ~ l."i'~KX = IXI)fI )
KY = IyelI)
X(1) = FLJiITIKX)
YII) = FUJA.TIKY)cum FlU:,
S:"lY ::::; (J.
St-iX -= 'J.
Si~XSQ =.: o.
S;\.lXC [j = o.
S"1X4 = o.
S :'.~X Y = G.
S'.','\X2Y = o.
DU 3 I ::; 1., ;'-.J
S '1 Y ::::; S j\1Y + Y ( I j
5.'-1;( = Sr~x + Xl I)
Si'XSO = S.'1XSQ + x IIP':'Z
SlixeB = SI,XCB + XlI)':":'3S~:X4 = Sf'IX't+ X (I 1':";'4
Sf; xY = S'.1XY + X II 1':'Y (IlSMX2Y = SHX2Y + XIIIOOZOYII)
C cWT I !'Ille
o = (iiOSi1XSQOSMX4-NOSr~XC!3*o2-SMX0020SMX4+Z*SMXOSMXSQOSMXCB-SMXSQO*

+ :I)
A = ISMYOSMXSQOSMX4-SI;VOSMXCBOOZ-SMxoSMXYOS'1X4+SMX*SMX2YOSMXC2+SMX+SQOSMXYOSfIXCJ-SMXSQO*Z*SMX2Yl/O
B = (N*SIIXYOS:;X4-NOSMXZY*SMXCB-SMY*SMXOSMX4+SMYOSMXSQOSMXCB+SMX*SM+XSOOSMX2Y-S'1XSQ002*SMXY)/O
C = (iIOSMXSQOSMX2Y-NOSMXYOSMXCJ-SMXO*2oSMX2Y+SMXOSMXY*SMXSQ+SMY*SM+XOSMXCB-SMY*SMXSQ002)/D
ReTURi ...J
END

3



APPENDIX-G.

IN?UT CilARACTE:rt3 IN DIGITIZED FOill1 AHD THE RESULTS

o 0 0 0 0 COO G 0 a a Q 0 r 0 G C nC J 0 8 0 G a 0 aGO 0 1) ,~ (lOG 0 0 0
o 0 0 C 0 0 Q 0 n '0) ,; (I () i: f: ("; C' no:')
o Q 0 0 G C G Q 0 0 0) C 0 ~ 0 a J 0 Q 0o U 0 0 2 0 0 Q 0 1 1 1 G 0 Q ._ 8 a 0
o 0 0 a a 'J Q 0 1 1 1 1 ] l) C 0 0 J 0 ')
J GOO 0 0 0 1 lIe 1 1 (.1 0 ~; I~ () n
a G G 0 0 cellI 8 1 1 1 ,~ C 0 0 0 lJ
OOOOO:JI1IO(:'J1110(',r,,~.c,
o rJ C 0 (j 0 1 1 1 [1 .:) 0 1 1 1 CJ .:: !~I (j ~~
o 0 0 f] 0 ~l 1 1 1 ] 1 III 1 :.' J n I) r.o 0 0 0 0 1 1 1 1 1 1 1 1 1 ]. 1 () 0 r 0
o 0 U (\ ell 1 C 0 ~i C J lIe;) 0 ~;
00000 ILL Q a ~ a ~ 1 1 ~ 0 a 0
o 0 r; 0 0 .1 1 1 ;) 0 :J (' 0 1 1 1 (i (1 n c
o 0 0 DOG J 0 0 0 0 a J ~I Q 0 Q 0 0 C
C 0 (J G C 8 0 " Q 0 aGO n L: 0 C G J a
o 0 0 0 0 Cr G C c) iJ 'I i) ;J i: :~-'0 ,., C r, .::
000 a 0 0 0 0 n 0 a J 0 1 0 r ~ oro
D 0 (; G D 0 c~ i.l iJ :1 0 (1 \: n '".' ("I i; "', (' ,-)

a 0 0 a a Q a a 0 0 a 0 n \~ 0 a 0 0 C 0
o 0 COO a COO Q 0 0 0 :)0 J 0 (I r, 0
a a G a u 0 a 0 Q i.1 0 0 G O'a 0 0 0 G 0
o 0 Q 1 1 1 1 III 1 111 1 a 0 n a a
00011 111 111 111 1 1 a a a 0
o COlli III 1 1 1 1 1 1 1 1 n., C
-0 0 0 1 1 1 0 0 0 J 0 J 0 0 1 1 1 0 0 ()
o (i 0 1 1 1 C' ;) U i) 0 0, I) (J 1 1 1 (1 0 U
o 0 OIL 1 rl 0 :~ a \) ~) 0 1 1 1 0 G Q a
eGG 1 1 1 0 lOG II} 1 1 G 0 C, 0
o a 0 1 1 1 0 0 i) 0 1 1 1 1 ~ r !; 0 Qo G 0 1 1 1 (I .0 0 0 1 1 1 1 i' ~J 0 ~ ;
o U 0 1 1 Ion 0 0 ':! iJ 'J l 1 1 ij .0 C '.J
o callI 0 GaG - 0 l:,. C) 1 1 1 \. 0~).f

J
.' a 1 1 1 n J 0 J coo 0 1 1 1. C n n

,01t111111111111.(.C::.\
o .~. (j 1 1 1 1 1 1 Ill. 1 l. 1 1 ", " .0 ~J
G COLI 1 lIt 1 1.1.1 1 1. 'J u r '.J ,~I

IJ 0 L! ,~. C. I.! 0 n n (J ':'; (', v ,-' ij I) ( 0 Ii I)

;) ;:, '.J () C [) C,. 0 r~. () c.l ij Ci ..•, f.. \.' n f; (.I ,.

T~l~ RECJGNISEO CI~A~~ACT~R IS -- ~

G1



(j G Q 0 0 () II f) 0 0 (I f) 0 0 G 0 (1 0 0 ()
0 0 0 0 0 'J (, C 0 1) 0 0 r :.1 ~ " 0 Q (, ", ,-,
0 0 0 0 0 a I) 0 0 " C G " 0 (' 0 !.:. ~ 0 ()" " ,J
G (; l' J rj " 0 1 1 1 1 1 1 1 0 J iJ I] a t)"c 0 CJ 0 ( 0 1 1 1 1 1 1 1 1 ,0 0 CJ 0 0 !)
() 0 0 lJ 0 1 1 1 1 1 1 1 1 1 0 '1 " r, C 0.,
0 0 0 0 0 1 1 1 n 0 " (. 0 n 0 (l " 0 0 '.j~
0 0 c c ," I 1 1 ;] Ij 0 0 IJ ,', a :, ['I 0 0 ,

" t.
0 0 I) 0 0 1 1 1 l] 0 (\ 0 tJ 0 0 ) n Co 0 0
0 0 .; 0 0 1 1 1 ;) 0 ') n 0 0 c 0 G 0 0 0
0 0 :] 0 0 1 1 1 (! ') 0 0

"
0 () G n c (1 0"

0 0 0 0 e, 1 1 1 '0 0 J Q l' '.1 C C' \, () () "0 0 0 0 0 1 1 1 1 1 1 1 1 1 C Q C 'J 0 ()
0 0 0 0 () '0, 1 1 1 1 1 1 1 1 0 \J tJ 0 G 0
0 0 0 0 0 0 C 1 1 1 1 1 1 1 G (j (, , 0 (j ;"j
(I 0 c 0 C- o 0 0 0 0 I) I) 0 t- o 0 0 0 0 0
0 0 0 e- o 0 0 0 0 C G 0 C 0 0 ~) I, (\ 0 f'
0 0 0 0 c a 0 (I (I 0 0 0 0 0 0 0 ( C' 0 0u '.'
0 0 0 0 C G (I 0 0 0 0 '.1 0 0 .0 0 n 0 e- "u 0 (, C C' 0 0 (1 I) iJ 0 0 ij !) 0 I'; C' 0 0 C'

THE RECOGI-HS::D Cf,AR,~C TU, IS -- C --

'.1 0 0 0 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0 0
0 0 0 0 0 0 c I] G " (I 0 " C G 0 C 0 0 ')~
0 0 0 I] 0 c 0 iJ " 'l 0 0 G 0 'C) 0 (; 0 0 uu
0 0 I] 1 1. 1 1 1 1. 1 1 1 1 1 () 'J rj () 0 "0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 ') ,', r 0 0
0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 ", t} 'I C" I,

0 0 0 1 1 , 0 0 0 c 0 "0 :.J I 1 1 C G r, ~• c
G 0 0 1 1 1 0 0 'J [) C C 0 1. 1 1 ,0 n 0 0
0 0 0 1 1 " 0 (j l"j , r, " r] 1 1 1 r: c 0 ()v v
0 0 0 1 1 1 () 0 (I r, 0 (; 0 1 1 1. U G 0 0u
0 C 0 1 1 1 ,) 0 n 0 0 0 0 1 1 1. ) 0 l' :)~
0 0 0 1 1 1 0 0 0 G. L1 c, 0 1 1 1 r, C c- o" '.'c 0 U 1 1. 1 C 0 0 0 0 0 0 1 I 1 C 0 0 :.1
0 0 0 1 1 1 I) 0 0 ,0 I) C' 0 1 1 1 () 0 0 (]
(] C- o 1 1 1 .(; O. 0 0 IJ 0 (I , 1 1 (; (] 0 0•0 10 0 I 1 1 1 1 1 1 1 1 1 1 1 1 G 0 (' 0
" 0 0 1 1 1 1 1 1 1 1 I 1 1 1 0 C' C 0 :J10

I) 0 0 1 1 1. 1 1 1 1 1 1 1 1 f.' G c:- o " c,
'~

0 0 0 0 G c) () 'J r.i 0 iJ 0 0 C' 0 0 (: 0 c ()
0 0 0 0 " 0 0 (; ,J l) {} 0 0 C, ~ - I' 0 'jU '_:

TdE R.t:(DGNISr:D.CH4R,~CT:~R IS -- [I --



0 0 0 0 G 0 G 0 0 0 0 0 - ,) 0 0 ') f' 0 (1., ,I0 0 0 0 0 (j 0 cr C! G G :) 'r) ~ 0 0 '.) G C~,.
,0 0 U 0 0 0 0 0 0 ') 0 '0 ,- . D 0 (' 0 [0 C," ,0 0 0 0 0 I] 1 1 1 1 1 1 1 1 1 C": C. rJ 0 ('0 0 0 « c' 0 1 1 1 1 1 1 , 1 1 ' " 0] C C C\, ,.0 0 ,I" 0 D f) 1 1 1 1 1 1 1 1 1. ~ ~,(\ [) .'0 (J 0 0 0 C 1. 1 1 !J 0 C' oJ Ci C 0 C C 0 .-:;0 [; 0 0 0 0 1 l 1 G 0 a 0 Ij 0 .[. 0 '] 0 c.0 0 0 0 0 0 1 1 1 1 1 1 1 I 1 0 0 tJ 0 00 0 0 ') 0 0 1 1 1 1 1 1 1 1 1 'J C (; e, n0 0 0 0 (' 0 1 1 1 1 1 1 1 1 1 (J n (I 0 0v(I 0 C 0 0 0 , 1 1 0 I) C C' (~ U G (] 0 C"0 0 c a 0 0 1 1 1 () C! 0 ij f •• G 'J '1 G C oj.0 0 0 0 ,1 .. 0 1 1

", 1 1 1 .. 1 1 1 1 0 0 '0 C' fJiJ 0 0 [) 1', 0 1 1 1 1 1 1 1 1 1 C C n 0 00 0 0 0 0 fJ 1 1 1 1 1. 1. 1 1 1 () C 0 0 '10 0 0 0 0 0 " .J '0 0 () 0 0 ') n 0 0 () () C
v0 a 0 0 ') 0 a a [) - c c (' IJ 0 fJ " 0 ') s" " -0 0 0 0 0 0 0 (; 0 0 0 0 0 C' (l 0 0 0 J 0'j 0 0 0 Q 0 G () 0 0 0 [; 0 0 (l a (1 (1 0 0

THE F,cC:JGNISEO UIARACTEK IS -- t.:

0 0 0 0 IJ 0 (, 0 0 n 0 IJ () 0) c 0 " 0 Ci 0" ,0 0 0 (; Ci G 0 ", c 0 0 0 0 (1 C' ., c ,:; cv
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