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Abstract

Post-preprocessing is an important part in hand-
written character recognition system. In post-
preprocessing, the knowledge about address is
used to verify the result of segmentation and
‘recognition. As a result, the best-matched out-
put of segmentation and recognition is selected.
The main problem in post-preprocessing is there
are too many addresses needed to be handled, so
that the processing time is tremendously long. In
this paper, we propose a post-processing tech-
nique with rough and fine classification. Espe-
cially in rough classification, we introduce the
priority allotting method(PAM) for selecting ad-
dress candidates with accuracy and speed. We
show the effectiveness of this method and the
recognition system constructed by applying the
proposed method. :

1 Introduction

Since the document recognition system can re-
alize user friendly interface between human and
computer, many research have been employed in
recent years. In Japan, the handwritten address
recognition technology is a hot topic. For main-
taining postal service efficiently, parceling ma-
chine with handwritten recognition system be-
comes much important these days. According to
statistics, more than 40 billion postal items were
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distributed last year, and there is an increase of
20% every year. Especially at the end of Decem-
ber of every year, millions of Japanese new year
greetings, most of them with addresses written
by hand, are sent out almost in two weeks, all of

“these cards must be delivered before the coming’

new year.

With the increasing computational power of
computers, recognizing handwritten address in
real time has become realistic and some research
have been done™’ o9 However, due to the
more than 3,000 Japanese characters(KANJI and
KANA) used in daily life in the first class of the
Japanese Industrial Standard(JIS), constructing
a handwritten address recognition system with
high accuracy is a challenging problem. Further-
more, the separate characters and touching char-
acters make the problem complicated.

To construct a handwritten address recogni-
tion system with high accuracy, recognition pre-
cision with respect to individual characters is
critical. However, since the shapes of charac-
ters in handwritten style vary greatly, the recog-
nition rate even with the handwritten recogni-
tion system with highest accuracy in Japan, can
only reach around 80%‘6]. This poor ability of
individual character recognition limits the per-
formance of address recognition system signifi-
cantly.

To cope with this problem, we propose a hand-
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written address recognition system with rough
and fine classification for post-processing. The
characteristic part of this system is its rough
classification algorithm called priority allotting
method. By using this technique, number of ad-
dresses needed to be taken into consideration in
fine classification can be reduced largely.

The recognition experiments have been con-
ducted with the largest handwritten address
database in Japan, which offered by Institute
for Posts and Telecommunication Policy, Min-

istry of Posts and Telecommurﬂcationsm. The
experimental results have shown the system have
achieved a very high recognition rate.

The rest of the paper is organized as follows.
Section 2 describes the whole recognition system
briefly. In section 3, the details of the proposed
method is explained. In section 4, the experi-
mental results are shown, and the effect of the
proposed system is discussed.

2 Handwritten Address Recog-
nition System

The construction of handwritten address recog-
nition system is shown in Fig.1.

The recognition object is the part except street
numbers of vertical writing. Firstly, noise is re-
moved. Then, lines are extracted according to
histogram of black pixels. Basic circumrectan-
gles are drawn around connected black pixels.
The average vertical length L and the standard
deviation ¢ of the basic circumrectangles are cal-
culated. The basic.circumrectangles those with
longer length than (L +0) are segmented accord-
ing to the method of [8]. Finally, the segmented
circumrectangles are checked whether they need
to be combined with the following two condi-

tions, S < (S + 0,), and Lint < (Lmaz X 1.5),

where S is an interval between circumrectangles,
S is the average and o is the standard deviation.
Lmaz is the max of lengths of circumrectangles,
and L is the length of combination of any two
circumrectangles. An example of segmentation
is shown in Fig.2. :
For the image in each circumrectangle, individ-
ual character recognition is conducted. ETLIB
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Figure 1: Scheme of handwritten address recog-
nition system

o

is the largest handwritten character database
in Japan, it includes 3,036 kinds of character.
There are two hundred samples per character.
For the frequently-used one hundred kinds of
characters in addresses, considering the features
of handwritten addresses, samples written in
writing brushes, sign pens or ball-point pens are
collected to make the standard patterns. For the
other 2,936 kinds of characters, the standard pat-
terns are calculated from the samples in ETLI9B.

Rough classification is a process of selecting
address candidates from address database for an
input image using the recognition results of cir-
cumrectangles. Rough classification will be ex-
plained in details next section.

In fine classification, output addresses of rough
classification is used. The best-matched address
will be selected finally as first candidate.

3 Priority allotting method

3.1 How to make character table

Considering that address may not be written
from prefecture, we expanded the whole address
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Figure 2: Example of character segmentation

set into 632,942 including addresses written from
city or village. As shown in Fig.3, each address is
given a specific ID. Then according to this index,
we generate another table for priority allotment.
As shown in Fig.4, all characters of address are
registered by using their ID number and position
appeared in addresses.

D
: L 106924 HURIR R AN
L 106925 R KT (AT
SRR R AT :
t 110533 Wt (ER MR
b 110534 MR (EART
AR AT AN lorezs | ammr
; 211794 wam
168,245 addresses 632,492 addresses

Figure 3: Structure of address dictionary

3.2 Priority allotment

Priority allotment is organized as follows.

[step 1] set the initial point of each address can-
didate to zero

[step 2| refer to character table shown in Fig.4,
if the character is registered in the table, set the

character 1D position
106924 1
106925 1
% 106924 i
106925 4
110533 1
110534 1
106924 7
106925 7
110533 4
# 110534 4
211624 1
211794 1

Figure 4: Structure of character table

flag of this rectangle to 1, otherwise, to 0. Note
that the recognition result used here is the top
10 candidates.

[step 3] count up the flags for each address can-
didate as F;, where 4 indicates the address num-
ber, priority of each address P; is calculated as
follows.

b Tt EG) .
YT length(s) :
where j is the length of each address candidate.
An example is shown in Fig.5, recognition re-
sults of image of character “&” are “%&,#,%...7,
this character can take the position for 4, 5, and
6. in table. As the result, “&” in address “f8%5
X and “¥&” in address ‘B THiRZER]” had
the flag set to 1. After applying this process
to all rectangles, ‘AKX EE”, the correct one,
had 4 flags among 5 rectangles, this equals to
priority 0.8. The other one “¢ZBHiFLEEH” had
only 1 flag among 6 rectangles. This gave the
priority to 0.17. In our system, threshold 0.5 is
used to select the high priority ones. By this
means, the number of addresses needed to con-
duct pattern matching in fine classification can
be reduced largely.

4 Experimental Results

Recognition experiments are carried out with the
largest handwritten address database in Japan,

- 1425 -



Stepl
[ recognition result |
ENL N

(example) r
WSS

o

priority allotment to all rectangles

Step2

position in Inttice |

4,5,6
>
{ERTRRRRL

rorrr percetage of iags
WEEEEG —> 45-080

ﬁi',ﬁm;m’ — 16=0.16...
G

priority

Figure 5: Example of applying priority to ad-
dress candidates

Table 1: Recognition results

rough | fine total
Correct | 1,539 | 103 | 1642 (89.2%)
Error 8 5| 13 (0.7%)
Reject 169 | 16| 185 (10.0%)

offered by Institute for Posts and Telecommuni-
cation Policy, Ministry of Posts and Telecommu-
nications. 1,840 handwritten addresses samples
are used as test samples. The dictionary size is
632,942,

Experimental results of the proposed method
are shown in Table 1. This is a very high recog-
nition rate for this database. Also since the
proposed method is effective, the number of ad-
dresses reduced by rough classification is more
than 99%.

5 Conclusion

In this paper, we proposed a new post-processing
technique with rough and fine classification. Es-
pecially in rough classification, we introduce pri-
ority allotting method(PAM) for selecting ad-
dress candidates with accuracy and speed. We
showed the effectiveness of this method and the
recognition system constructed by applying the
proposed method.
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