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Abstract: This paper proposes a new set of
topological features (primitives) for use with
a syntactic recognizer for high-accuracy reco-
gnition of printed alphanumeric characters.

The recognition is accoaplished on nine chara-
cter groups, where each group has different
coabinations of four feature points. A skeleton
enhancement eliminating isolated points and
smoothing irregular points is developed. The
tree automata processed in parallel enables the
realization of high-recognition speeds and fon-
t-type independent recognition. The proposed
character recongition system is tested for alp-
hanuseric character fonts of dot matrix printer
and plotter using IBM-PC/XT.

1. Introduction

The recognition of printed and handprinted
characters has been one of earliest applicati-
ons of pattern recognition methodologies{i],
In recent years, the field has developed to the
point that practical character recognition sys-
tems are in use [2). However, the problem of
handprinted character recognition at a high
recognition rate remains largely without pract-
ical solution. Thus the state of art of the ch-
aracter recognition consist of relatively good
success in the recognition of constrained mach-
ine printed characters and relatively little
success of the recognition of unconstrainted
handprinted characters (3],

In the mean time, the number of fonts used with
line printers, typewriters and printing .machi-
nes is further increased by the modern thectn-
iques of phototypesetting and raster printers.
Thus multifont reading becomes an essential fe-
ature of eodern reading machine. The size and
composition of the character set is a fundame-
ntal parameter influencing system effort and
performance for the every reading machine. The
conventional character pattern recognition sys-
tem by decision theoretic approach has high-re-
cognition speed, but becomes very complicated
for this sultifont capability. In additian,the
intented change to electronic media calls auto-

mated conversion of every text data froa its
graphic form into the coded form of electronic
data processing as in the case of aixed mode
communication {4]. On these back grounds, a sy-
ntactic appraoch is used to provide reading ma-
chine multifont capability without increasing
cost of the machine.

The proposed system consists of preprosesor,
feature point extracter, group classifier and
recognizer. The binary pattern of alphanumeric
character image is thinned by using the Safe
Point Thinning Algorithm (SPTA) [S]., However,
the thinned pattern includes noises and irrequ-
larities which make exact feature point extrac-
tion and primitive generation difficult. To ci-
rcumvent this problem, we develop an algorithm
to eliminate noise points and irregular points
in the thinned pattern is developed. The algor-
ithm deletes an isolated point neighboring main
skeleton and smooths line segment having neigh-
bor of 2. Using the thinned pattern obtained in
preprocessor, four feature point- end point,
break point, touch point and cross ponit are
extracted according to the neighbor count of
each point. The primitive pattern is then
generated by coding the branch connecting these
feature points into eight Freeman chain codes.
Character patterns are then classified into ni-
ne groups depending upon combination of feature
points. For example, characters classified as
group 3 have two breaks and any number of cross
points, and characters 0,8 and B belongs to gr-
oup 3. To increase recognition rate, each char-
acter is allowed to be belonged to several gro-
ups. Based on these data structures of feature
points and group classifier, input patern is
represented in terms of tree grammer. Finally,
recognition is preformed by tree automata. The
tree automata is processed in parallel from ea-
ch node of tree frontier to root through bottoas
up parsing., The proposed character recognition
system is tested for 532 alphanumeric character
fonts of dot matrix printer and plotter using
IBM PC/XT.
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2. Preprocessing
e 22 3

The first part of preprocessing stage consi-
sts of a thresholding operation followed by a
self-point thinning algoritha to provide a ske-
leton of characters, #lthough the SPTA is a fa-
st and effective skeletization algorithm, the
thinned pattern shows two kinds of error point
~noise point and irregular point,as shown in
Fig.1 and Fig.2Z, respectively. ~ ,

The noise point is defined as the isolated poi-
nt which is attached to the main skeleton. The

irregular goints are the points which cause an

irreqularity between two neighboring points al-
ony one of eight chain code directions,

LT

Fig. 't. Noise points

T A
=-H ¥-E

Fig., 2. lIrreqular points and
pattern smcothing

To reduce incorrect feature points extraction
and primitives, noise point elimination algori-
th® and irreqular point smoothing algorithm are
developed in the second part of the preprocess-
ing stage, Fig.3 shows a thinned character pat-
tern before and after these error correction
algorithms are applied.

{a) Skeleton after SPTA

th) Skeleton after error correction algoriths

Fig. 3. Thinned character patterns

3. Feature Point Extraction

Features representing local properties of
characters are derived from the four feature
points—~end point ,break point,touch point and
cross point,which has neighbor count of 1,2,3
and 4, respectively, as shown in Fig. 4,

7 T

fa)End (b}Break (ciTouch (diCross

Fig. 4. Feature points

These feature points are determined depending
on the connectivity between neighboring points
along a direction of eight Freeman chain code
of Fig. S.

Fig. 5. Freeaan Chain Code

Primitive pattern,to be used in a syntactic
pattern classification mode, is then generated
as the direction code value of a branch connec-
ting each feature points, Table | is the data
structure for feature points.

end break touch cross

total number
of EC BC ic cc
feature point

X-Y coardinate| EP BP TP CP
of {11ECH] (1:BC) (1:TC | {1:CC)

feature point

X-Y coordinate|ENB BNB TNB CNB
of CLIECHRLsBC: 201 TC: 3 1:CC, 48

neighboring
feature point

direction ED BD D co
connecting (LIECHELeBD, ) [0 s TC, K1 CC, 4)
neighboring

feature

peinting

Table 1. Data Structure for Feature Point

4, Byntactic Recognition Algoritha

The first step in the syntactic recognition
system is the determipation of "groups" consis-~
ting of topolagical descriptors. The next step
in this process is the construction of Tree Gr-
ammar pertaining to each group.

A, Determination of Groups

A group is defined as a set of characters char-
acterizing a specific combination of feature
points., Nine groups are defined for recognition
and shawn in Table 2.
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Group 1{2]0]0 |c,C,6,¢,d,1,L,Mn,r,s,8,t,
u,Uyv,V,w,W,2,2,1,2,3,5,7
Group 2{1(1110|a,b,d,e,a,p,P,q,0,4,6,9
Group 3/ 0] 2§010,8,B
Group 4 06J 0] 0]|D,0,0,0
Group S| 2zt 21 0] a,A,dyg,p,P,H,R, 7
roup b} 3L VL O E,¢,6,F,h, 3,8 N,n,r,t,T,v,
Viw,Wyy,¥,1,3,4
Group 7] 4] 27 O] f,H,k,K,a M, N, t u,W,x,X,4
Group B] 4] 0J 0] i,}
Group 9] X| X1 X | Asf koKt w W, X, %,4,8

Table 2. Alphanumeric Character’s group

To reduce the thinning effect in recognition,
a redundancy is allowed for a character to be
meabers of more than one group. For example, G
are member of Group | and &, because the short
stroke of 6 can be deleted in preprocessing
stage so that & is represented as 6 .

B. Production Rules

Since the structure of a character is defin-

ed by the composition of groups, a set of prod-
uction rules is formulated using tree gramsar
[61. Such a grasmar is defined as

By = (Y, 1, Pys)

where V = Vy U Vs is the grammar alphabet
{ nonterainal and terminal )
Pl V¥, r ) ranked alphabet
productions of the fora
Ty ==> T; where T, and 7T,
4
are subtrees
§(in V) starting tree
In the syntactic system, Freeman chain code de-
fines eight primitives and is used as terminals
of tree grammar. In the followings, the rules
for the tree representation of each group are
illustrated.

Group 1 Tree : .the rank of tree at each node
except frontier = |
.roct ($) corresponds to the
upper end point of two end
points

Group 2 Tree : .root($) is the touch point
.rank($) = 2

Group 7 Tree : .root corresponds to upper le~
£t touch point of twe touch
points which are neighboring

.there are four frontiers two
of them are connected to root
and other two to the another
touch point

Group 8 Tree : .two component

" .each component has one subtree
Group 3 and 4 need not to apply the tree grama-
ar for recognition. That is, characters 8, B,
and 0 can be recognized according to the three
direction code between left touch point and ne-
ighboring feature points. characters o,0 and D
are also recognized by the direction between
uppersost left touch point, bottommost left le-
ft touch point and their neighboring feature
points. Figure é shows an tree structure of one
character for each Groop.
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Fig. &. Tree Structures of Characters

A frontier-to-root tree automation is a system
Ay = (B, F (fg /a in 3]

where Q is a finite set ot states, F is a set

.one ‘subtree is fros touch po-
int to end point and another
subtree from touch point to
touch point

of final states,
lation in @™ + @
ninal a. Ag is a
allel in nature,

a subset of @, and fa is a re~
such that n is a rank of term-
nondeterministic machine, par-
that represents the process of

Broup § Tree : .root corresponds to the left
touch point of two touch poi-
nts

.subtree | is from root to end
point, subtree 2 from root
to root throuh the touch poi-
nt which is not root and sub-
tree 3 from root to the
remainiag end paoint

.ranki{$}) =3

Group & Tree : .root is the touch point

.each subtree is from root to
vach end point
rank($) =3

tree recognition (1], A tree automation must
begin simultaneously at each node on the front-
ier of the input tree and proceed along parall-
el paths toward the root. The group of primiti-
ves representing a test pattern is a matched
against the state of tree grammar. An input
tree is accepted by A, if the automation can
enter final state upon the encountring the root.
Fig., 7 illustrates the producton rules for chr-
aracter E, whicY is a mumber of group &, where
Vo= { AL, A2, A-,A4, O, 1, Z, &, 7, ¥}, ris)=3,
e (0}=0, riZ2)=1, r(b)=1, ri7}=1,
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Fig. 7. production rules _for the g s S 6 C
character E. ' n
t [} 0 D 0
The automation for this character £ becomes i
o o D c €
Ay = (8, F, (0. #1, £2, fb, 7, §$} ) n
@ = { qzero, qi, q2, q3, q4, gE }
F = { qE}
f: f0 = gzero fi(qzero) = q3 Reject W, a,d,1
f2(qzero) = qi £24q3) = qi

f7(qzero) = q4

fé(qzera) = g2
foiqd) = g2

f¥lqzero,ql,q2) = gE

As example, different patterns of € shown in
Fig. 8.

EEE &

Fig. 8. Pattern of E

will be represented by the following trees res-
pectively.

$ $ H H
/i /N PERY 7N
DI T U T B A Y156

| [} ] |

: J 1 J b1 17

| | |
} ) [

Fig. 9. Tree structure of fig. 8.

By scanning these five trees from frontier tow-
ard root by the above tree automation, all the
five different patterns given in Fig. 8. are
recognized as E.

In this recognition system, the number of stat-
es of tree automata is 140, 288 transition fun-
ctions are defined,and the final state of each
group is determined according to the character-
istics of each group.

C. Recognition Results

Sample pattern consists of two types of fonts
obtained from dot matrix printer and plotter.
The test result is shown in Table 3. Table 4
shows the misrecognition and rejection results,

Recognition 517 97.2 %
Mis recognition 10 1.9 %
Reject 5 0.9 %
Total 532

Table 3. Test results

Table 4., Misrecognition and rejection results

The misrecognition of v, @, G, o, and D occurr-
ed because the character patterns are changed
in the thinning operation. Rejection is caused
by noise included during raw image capturing.

It is shown that the proposed set of featur-
es when used whid a high quality image capture
system can yield high recognition accuracies,
independent of font-type and font size by pers-
onnal computers. It is also evident that fast
recognition is made possible by the parallel
binary search of Tree automation,
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