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Printed Character Recognition
by Matching Partial Patterns

Akira KUREMATSU* and Seiichi INOUE**

Abstract

A method to recognize printed characters by matching partial patterns is intro-
duced. Those partial patterns like line segments, various corners, or separated seg-
ments are extracted from sample patterns and stored in a memory. Values of similarity
are calculated by correlating those partial patterns and small regions of input
patterns at predetermined positions. The scores are counted on the basis of similar-
ity value and weight value for each character. The input pattern is determined to be
the character which gives the maximum sum of scores. The advantages of this method
are that it is not strongly affected by the noilses like spots and grains and the
required memory capacity i1s smaller than that needed for the whole pattern matching
method. Results of simulation for 40 alphanumeric and symbol characters of ISO-B
font are shown.

1. Introduction

Some optical character readers for printed characters have already been used
practically. However, further study is needed to develop more economical readers
having fewer limitations as for the quality of input printed characters. The present-
ly developed printed character recognition methods may be broadly classified into the
stroke analysis method [1][2], the partial figure identifying method [3], and the whole
character pattern matching method [4]. In the stroke analysis method, basic line ele-
ments which compose a pattern are prepared, and the pattern is identified by the
positions where the basic line elements exist. This method is suitable for a charac-
ter mainly consisting of lines, and hence, the number of identifiable character of
type is limited. In the partial figure identifying method, a character is divided
into two-dimensional grids; partial figures such as strokes, angles, spaces between

strokes are observed in the figure of the character; the character is recognized
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through the combinations of the partial figures. The logics to recognize a character
correctly regardless of noises such as a deviated position of the character and con-
tamination of the paper or character are complicated. In the pattern matching method,
the position of the characters and the thicknesses of the lines must be rigidly
standardized, and an increase in the memory capacity cannot be avoided because from
one to about five standard figures must be stored into the memory for each character.
This paper introduces a new printed character recognition method which combines the

merits of the whole character pattern matching method and the partial figure recogni-

tion method [5]{6][7]. KXXXKKXKXKXX ~ XKX-———~ XXXX
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recognizing that character are called partial XX ——
feature patterns. A partial feature pattern “':;;f ——
is expressed in three values: a black portion, ::;iif: ———
a white portion and an indefinite portion iiiff:: -—
which may be either black or white. An input cees
x black .o
pattern is placed over a partial feature + white XXXX
- 1indefinite
pattern at a position predetermined for each
partial feature pattern. The same partial Fig. 1 Examples of partial

ature patterns
feature pattern may be used at two or more fe P

positions. Fig. 1 shows examples of partial feature patterns.
The degree of matching of a partial feature pattern and a character pattern is
calculated for similarity. Similarity is defined as follows, with the similarity of

a character pattern against a partial feature pattern k expressed as Sy ;

Dy
XX Fe(x,y) P(x,y)
x y

DK%}I Fk(x,y)'

where, Dy : Domain of partial feature pattern

(2.1)

Sk =

X

Fx(x,y): Function which expresses the partial feature pattern

(When the grids (x,y) are in black level, Fy(x,y)=1;
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when the grids (x,y) are in white level, Fy(x,y) =-1; and
when the grids (x,y) are indefinite, Fy(x,y) =0.)

P(x,y): Function which expresses the character pattern
(When the grids (x,y) are in black level, P(x,y) =1; and
when the grids (x,y) are in white level, P(x,y) =-1.)

Input characters are separated after being photoelectrically transformed, and
entered into a two-dimensional register after being quantized into two values. The
two-dimensional register centers the character pattern. To prevent reduction of
similarity due to position deviation, the character pattern on the register is shifted
vertically and horizontally within the permissible range, and the maximum value of
similarity of the character pattern and the partial feature pattern obtained through
the shifting is used as the feature value of the partial feature pattern of the input
character. The feature value of each partial feature pattern of the input character
is compared to the feature weight value of each partial feature pattern predetermined
for each character, providing each partial feature pattern with a score. Thus, the
character having the largest sum score is selected.

First of all, the feature value (fy) of each partial feature pattern (k) is
calculated for an input pattern. Next, scores are obtained using with the function
h (fx,“1k ) which is determined by the relationship between the feature weight value
(Wyy ) of each character (i) for the partial feature pattern (k) and the feature
value (fk). For the feature weight value, the similarity of the partial feature
pattern to the standard pattern is used, because it is to be suitable for the pattern
matching. An h is called a score function for identification. Fig. 2 shows an ex-
ample. An h is used as a ternary function instead of a binary function, since a
better recognition rate is obtained for a ternary function. The sum of scores for
each character is calculated as shown below, and the character having the largest Gy
is selected.

Np
6, = 2 b (fiowi), 1=1~N, (2.2

where, Nf : Number of partial feature patterns
Ne : Number of types of characters
Nr is used as the required number of partial feature patterns, with the recog-

nition rate attained above a certain value.
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When recognizing a printed

character by matching a partial

pattern, it is important to select
the most appropriate types and shapes

for partial feature patterns. A

computer alded procedure that an
operator properly aids and intervenes

in setting up partial feature pat-

terns was used. Details are describ- -1.0

ed in (7]. Fig. 2 Score function in the recognition
where f is the feature value and w
3. Simulation is the weight of the feature

Simulation of recognition was conducted for 40 typewritten characters (36 alpha-
numeric characters and four symbols (., /-) of ISO font B). A standard pattern was
prepared by piling three types of character patterns having slight differences in
thicknesses of the printed characters. The character patterns were divided into 28
grids vertically and 20 grids horizontally per character. The total number of partial
feature patterns is 42 and memory capacity occupied by the partial feature patterns
is 2181 bits, which is, about 1/10 that needed to memorize a similar number of whole

character patterns. Table 1 Results of recognition of sample patterns

Typewriting pressure was
SAMPLE NUMBER | 1,2 3,4 5,6 7,8 9,10 | TOTAL

reduced gradually to reduce
ERROR 0 [ 0 0 0 0

the thickness of the prints

REJECTTON o | oloa,s 0] o 3

gradually, and thus, ten

Table 2 Results of recognition where standard

sets of characters (total
patterns are shifted

400 characters) in ten dif-

RESULT OF RECOGNITION
ferent steps of thickness POSITION
ERROR REJECTION
were prepared. Table 1 NUMBER OF
1 0 2 {B,D} SHIFT POSITION
shows the results of recog- :
2 0 0
nitions for the ten sets of 3 0 1‘{%} 8| 5 3
characters. The larger 4 0 0 7 % 2
le numb indi d > 0 0
sample numbers indicate de-
creasing thickness. Those 7 0 1 {0}
having one or fewer score 8 0 AA{H,O,O’g}
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differences were rejected. Those patterns shown in Table 1 as rejected patterns were
recognized correctly but the score differences were one.

Further, to obtain an estimate of the recognition ability of the recognition sys-
tem by matching partial patterns, the patterns were shifted vertically and horizontal-
ly one grid against the standard pattern. Table 2 shows the result of recognition.

4. Conclusion

A new method of printed character recognition by matching partial feature pat-
terns has been described. As far as those 40 alphanumeric and symbol characters of

IS0 font R are concerned,

, 1t is possible to recognize them with

only slightly lower than that of the whole character matching method. There exist
conditions requiring preprocessing. The permissible range of position deviation
should be within one grid of the standard pattern and influence of deformation due to
random noise is small. For characters which are difficult to recognize by this method,
it is believed that a recognition ability equivalent to that of the whole character
matching method can be achieved by setting the whole pattern as the partial pattern
because the number of types of such characters is small.
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