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Word-matching method based on the projection
of the voting matrix

T. Akagi, T.Hamamura, H. Mizutani, B. Irie
TOSHIBA Corp.,
70 Yanagi-cho, Saiwai-ku, Kawasaki-shi, Kanagawa 212-8501, Japan
E-mail: takuma.akagi@toshiba.co.jp

A new word-matching method is proposed that is able to achieve matching speedily
and correctly even in the presence of noise at the beginning, end or within the
word. This method can use the discriminant function in order to choose the most
fitting word from the database. These functions take into consideration factors
such as the character recognition rate and word segmentation rate. In addition,
the method can determine the difference in noise between the word in the database
(reference word) and the word extracted from the character line and recognized
(character-recognition result).

1 Introduction

Word matching in this paper is defined as the ability to find the word in the
database that is the most similar to the character-recognition result which has
been extracted and recognized from character lines. This technique is used in
various products such as mail-sorting systems.

Word matching presents a problem in that the input data include vari-
ous noises made during “word segmentation,” “character segmentation” and
“character recognition.”
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Figure 1: Input word data including noise at the end
The authors present these problems by referring to examples of incorrect
address reading. Shown in Fig.1 (A) is an example of the incorrect extraction
of a word due to “suite” and “600” have been extracted as a single word. To
recognize addresses that include numbers, the system must be robust against
noise. Moreover, it must be able to distinguish the matching letters from those
that do not match.
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Shown in Fig.1 (B) are the word data GUELPH and the character candi-
dates for it (rectangles). The lower three lines of characters are the results of
character recognition that are highest in rank (ranked in descending order from
uppermost to lowermost). Because the character segmentation is unsuccessful,
there is an incorrect character candidate between “u” and “e”. To match this
result to the reference word, it is necessary for the system to be able to consider
the noise within the character-recognition result.

Shown in Fig.1 (C) is an example of incorrect recognition. “r” and “t”
are only second-ranked candidates and “y” is not a candidate. In order to
be successful, the system must have flexibility with respect to incorrect char-
acter recognition, and must also be able to find several character-recognition
candidates.

The conventional string matching methods are unable to consider the noise
within the word data . In some matching methods, incorrect character
recognition is assumed ¥, but these methods use only one character-recognition
candidate. If these methods were to use several candidates, matching would be
immensely time-consuming. On the other hand, voting is used in some meth-
ods. However, since it is difficult to consider the sequence of letters, matching
rates are low; for example, it is difficult to distinguish between “TOWNWEST”
and “WESTTOWN.” Accordingly, it is desirable for the matching process to
have the merits of speed, consideration of the sequence of letters, robustness
against noise and consideration of the preprocess methods.

2 Matching considering the sequence of letters
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Figure 2: The voting matrix for matching

In this section, an outline of the proposed method is presented. First, the
matrix is derived. The vertical line indicating the character-recognition result
and the lateral line indicating the reference word form a complete matrix.
Shown in Fig.2 (A) is an example of a matrix where the character-recognition
result is “STRING” and the reference word is also “STRING.” Next, the voting
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on the matrix is done if the character-recognition result and the reference word
have a letter or letters in common. The position for voting is the intersection
point of the letter which the character-recognition result and the reference
word have in common (Fig.2 (B)). Next, the projection axis is made in the
direction from upper right to lower left. The contents of the projection axis
are the projection made diagonal to the voting matrix (Fig.2 (C)). In this case,
the maximum value of the projection is 6 and its position is at the center of the
projection axis (maximum vote position). L.y is the length of the reference
word, Lyesuit is the length of the character-recognition result and Lj,o; is the
length of the projection axis.

The normalized value of the maximum value of the projection indicates
the similarity between the matched words. An example of this normalization
is presented below.
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Figure 3: The variation of the voting
Now, let us consider the case in which the noise “IT” attached to the

beginning of the character-recognition result. Fig.3 (A) shows the result of the
projection of the voting to the matrix when the character-recognition result is
“(IT)STRING.” The character-recognition result and the reference word differ
in length, thus the matrix is a rectangle. The maximum value of the projection
is 6. The noise letters “I” and “T” are included in the voting, but they do
not have a great influence on the projection. It is found that the maximum
vote position has shifted from the center of the projection axis, because the
extra boxes corresponding to noise letters “I” and “T” are attached to the
end of the projection axis. Thus, by counting the number of boxes from the
maximum vote position to the end of the projection axis, it is possible to
ascertain the position and number of the noise letters attached to the ends
of the character-recognition result. The number of noise letters attached to
the beginning of the character-recognition result can be expressed as (Lpeqk -
Lycf). On the other hand, the number of noise letters attached to the end of
the character-recognition result can be expressed as (Lproj - Lpeak - (Lref —1)).

For the case of the noise letter “N” inside the word “STRING,” Fig.3 (B)
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shows the result of the projection in the case that the character-recognition
result is “ST(N)RING.” As the results show, the maximum value of the pro-
jection is only 4. However, the sum of the maximum value of the projection,
4, and the value of the next box of the projection axis, 2, is 6. If this method
allows one noise letter inside the character-recognition result, this means that
the character-recognition result and the reference word will match.

All the examples presented so far have been cases in which only one
character-recognition candidate is used. This method can be applied to any
order of character-recognition candidate. Fig.3 (C) shows the result of char-
acter recognition with up to three candidates. up to the third candidate. In
this case, the character recognition is not good and the correct candidates are
scattered among the first to the third candidates. The letters surrounded by
circles are the correct character-recognition candidates. In the figure the vote
of the first candidate is (), the second is A and the third is 0. The maximum
projection of the matrix voting is constructed of four () s, one A and one 0.

3 Acceleration of matching

Direct voting on the projection axis is effective for accelerating the matching
process. The voting position should be (Presuit — Pref) + Lre s, which indicates
the number on which to vote by counting from the right-hand end of the
projection axis when the Pycgsy-th letter of the character-recognition result
and Pr.r-th letter of the reference word are the same.

Because the voting position is independent of the length of the character-
recognition result, it will be possible to use a pointer table to speed up the
process (Fig.4). By voting only once from the character-recognition result
using the table, every single projection axis is determined.

ABEE
|ACADI A.
ACME

cooTwo

Ref erence Wrd

123...
Appear ance No.

Projection Axis

Figure 4: The voting table

4 Choosing the most fitting word using Bayes decision rule

The degree of matching can be calculated from the discriminant function based
on factors such as the character recognition rate and word segmentation rate.
Let = be the character-recognition result and w; be the the reference word
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of the ith class on the database. z should be classified into the class which
makes the a posteriori probability p(w;|z) maximum. Then the a posteriori
probability can be changed according to the Bayes theorem as follows:

p(wilz) = p(a|wi)p(w;)/p(z). (1)

The a priori probability p(w;) can be obtained beforehand. The term p(z) is

the factor common to the classes. Thus, p(x|w;) is proportional to p(w;|x).
Then p(x|w;) can be expressed as

pla|w;) = C x PO x P2 x P8 x p/(Lref—aa—oa—aa) o pf opm = (9)

nosf nosm?

where C' is the constant for normalization, Py is the character recognition rate
at the kth candidate, ay is the number of the projection of the voting of kth
candidates and P’ is the possibility that the correct letter does not show up
as one of the (“third” in this case) candidates. Py and P’ can be obtained
when the character recognition method is selected. Pross (Or Pposm) is the
possibility that the noise letters are attached to the end of (or inside) the
character-recognition result and f (or m) is the number of noise letters.

As explained above, ag, f and m are already known when the voting is
finished, and p(w;|z) can be immediately obtained.

5 Experimental Results

Word image Database
Finch ACADIA
= ACME
PUEEOE ) e |
alll,+1 FINCH

Figure 5: The matching data

To evaluate our method, we carried out an experiment with character-
recognition results extracted from character lines. A total of 537 word images
are used as the input data. Each of the word images has several candidates
according to the segmentation of the character candidates (Fig.5). On the
other hand, a total of 1210 of the reference words registered in the database
are used. The average length of reference words is 9 letters.

Table 1 shows a comparison of the matching rate of our method for the top
word with that of the common voting methods for the top 5 and top 20 words.
Our method can detect or reject one candidate using discriminant function (2).
The matching rate of our method is higher than those of other methods.
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time(sec) match(%) err(%) reject(%)
our method (Top) 22.91 84.1 0.7 15.2
voting (In top 5) 16.07 64.1 - -
voting (In top 20) 16.07 78.7 - -

Table 1: The result

6 Conclusion

Matching methods can be divided into methods based on voting and methods
based on a searching of the path. Voting methods can quickly match a word
but present a problem in that it is difficult to consider the sequence of letters
in the words. Methods based on a searching of the path can consider the
sequence of letters in the words, but it is time-consuming to consider various
orders of character recognition and noise attched to the word. In this paper,
we proposed a new method that can match the words using the voting, and
thus retains the given sequence of letters. Moreover, this method can use the
discriminant function based on factors such as the character recognition rate
in order to choose the most fitting word from the database.
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