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the intention of providing the readers a lead to the right materials and places for 
further reading and research. As well the space limitation of this paper has forced 
us to consider only the written forms of these languages. 

We start with a description of the Chinese language, of which some characters 
form a large portion of Japanese texts, and some words form the vocabulary of an 
equally large proportion of Korean expressions. Then we introduce the origins of 
Japanese and Korean, their interesting properties, and methodologies of recognizing 
them by a computer. 

2. THE CHINESE LANGUAGE 

Chinese is a hieroglyphic language which has a history of more than 4,500 years. 
It is being used in many places especially in the Far East, e.g. China, Hong Kong, 
Macau, Taiwan, Singapore, and Malaysia. Its writing system is unique in the world 
because Chinese characters give people the impression of a picture. The characters 
are built from a combination or permutation of about 220 basic patterns, known as 
radicals. Both Japanese and Korean have adapted many of the Chinese characters 
or expressions. While Japanese still uses about 4,000 Chinese characters (called 
Kanji in Japanese), Korean script has evolved into pure syllabaries though the 
structure of its characters (called Hangul in Korean) is similar to that of Chinese 
characters. A few examples of these characters are presented in Fig. 1. As shown 
in this figure, the characters of these 3 languages are rather complex in structure, 
hence it is of no surprise to see that automatic recognition of these languages has 
always been a great challenge to scientists working in this field. 

2.1. Chinese Word Recognition 

In this section, we shall discuss some aspects of the advantages of Chinese characters 
and words, and how "learning by pattern and knowledge" can make it more interest­
ing and easier to learn, understand, memorize and recognize Chinese characters and 
words. Unlike alphabetic and one-dimensional western languages such as English, 
Chinese characters are well known to be two-dimensional and non-alphabetic. Each 
Chinese character is confined in a rectangle or square area known as the "square 
word" (ZF^Jt5?). There is essentially no unique linear way of representing a Chi­
nese character and some characters are so complicated that they have more than 30 
strokes.43 Mainly because of this nature, it was widely believed for quite some time 
that Chinese characters are rather backward, too difficult to learn, understand, rec­
ognize and memorize. Further, many consider Chinese characters are non-scientific 
and inappropriate for modern use by mechanical means such as computers. It was 
even once suggested that Chinese characters should be "alphabetized" (or roman-
ized, latinized). Such an idea, if forcefully put into practice, would have essentially 
killed Chinese characters (and subsequently, its culture). 

Fortunately, however, after years of research and experiments many effective 
methods have been developed for Chinese input keyboard design, internal/ 
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English 

Famous spots 

Museum 

Souvenir shop 

Tax-free shop 

Theatre 

Concert 

Night club 

Casino 

Coffee shop 

Emergency exit 

Expressway 

Toll road 

International call 

Public telephone 

mm 

Chinese Japanese Korean 

^m£ 
^ 

^n$ 

mm 
n — \L — -y H y -f ^ 3 i j ^ 

Mi 

Fig. 1. Examples of Chinese, Japanese, and Korean characters. 

external codes, and output printout/display techniques, and automatic recognition 
by machines. Hundreds of technical papers and reports can be found in the liter­
ature, and dozens of different kinds of Chinese computers, typewriters and word 
processors are available in the markets . 4 3 It turns out tha t not only Chinese char­
acters avoid the fate of being eliminated but also people have begun to realize tha t , 
after all, maybe Chinese characters are not that intimidating. 

Actually, Chinese characters, indeed are not only "not intimidating" but very 
useful from "intelligence", "knowledge" and "pat tern recognition" points of view.43 

Using "learning by pa t t e rn and knowledge" method will make recognition easier and 
more interesting, in contrast to the conventional "learning by rote" techniques.1 , 2 8 

Note that Chinese characters and words are not just "pictorial" (t&Mh they are 
also "indicative symbols " mm) , "logical aggregates" ( W , s ) , "phonetic complexes" 
{M&), "derivative" ( $ & £ ) and "borrow" ( < I H B ) , and according to Ref. 44, they 
have strong properties in 
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(i) syntax-semantics correlation, 
(ii) logical relations between characters, 

(iii) multi-character words hierarchical structures, 
(iv) induced knowledge, 
(v) culture continuity, 

(vi) artistic balance and beauty, and 
(vii) avoiding ambiguity. 

These properties are illustrated in the following figures. 

Sky 

Clond 

Rain Drops 

ELECTRICITY £ ^ ■ " ^ W * 8 " ™ 8 SUck 

'— superimposition i «f-SiW^ 

Thundering Rain Drops from Clouds Under The Sky 

=> Lightning Flash 

O ELECTRICITY 

Fig. 2. Hierarchical structure and semantic network of "electricity". 

(CT) 

a bit continuous transformation 

LOVE 

§pM- giving hand 

wgfBMincovering 
(giving, sacrificing) 

m Qfr*{one's) heart 
(to) 

'• am fsw receiving hand 
(the needy) 

Sincerely Sacrificing One's Heart (precious thing) To the Needy => LOVE 

Fig. 3. Pictorial and indicative symbol of "love". 
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a bit continuous transformation 
f . " \ ICT) 

~J~LEARN *J\ 

' "^L => a hand holding a stick V»^» r̂ ""̂ *** **"^ "•Krfeadier with two hands 
HBCovenng 

=>famer, master, teacher /" . /" 1 . \wa«i#a»cloads 
(authority, e.g. conductor) 

^, or \ / j •*ata>i»>»»disdple (student, child) 

Fig. 4. Pictorial and indicative symbol of "learn". 

yjf J (SMALL) ^^}->/\JLARGE) J N(contrast)7^; 

^ => / \ . fflHMW; + (C0Dflnedin) \^](CELL) => |AJ 

•^^(SHARP) 

(PRISONER) 

\£f - > ^J(SUN) a+Ve "—(HORIZON) = > | H _ 

y*yu j \ (MOON) 

(DAWN) 

/ p l » (HALF MOON) > ^ / OWSffJ 

Fig. 5. Examples of logical aggregates/common properties between characters. 

One of the advantages of such properties is reinforcement learning: 

lstiteration 2nd iteration. Mtentm. 
* 1 . JIM iwiaixKm. 

Learn A M A ■■■■■^■»Know««n«i*ecognize 
I i i ; TT* i (Representation) I 

' 5 (Understanding) I 

t I 
19S HI flH Hi Hf Hi H* HI m Ml "fMJHI Ml HI Hi SB Mi IB HR HI ■ 

J /TT* | (Representation) 

fhelp (MemrbaSon) | (Understanding)] 

Knowledge Reinforcement 
it iteration ,«, ,- 2nd iteration. 

lecognize 
f|i' | [Kepresematk-.., 

fhelp (Memorization) I fy^r, 
I j fg i ' | (Representation) 

2 (Understanding) * 

Knowledge Reinforcement 

Fig. 6. Reinforcement learning, understanding and recognition of Chinese words. 
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For instance, knowing the words "electricity", "ice" and "box", can help one 
learn, unders tand and recognize a new word "refrigerator" very easily. In addition, 
all words related to "tree" share the common pat tern "tree". Such property can 
help learning, understanding and recognition as shown in Fig. 6. According to 
the analysis in Ref. 44, among 7,000 commonly used Chinese characters, the largest 
such radical (family) is "water" (with more than 400 characters), followed by "grass" 
(350), "hand" (330), "tree" (319) and "heart" (260). Such strong characteristics 
are also reflected in multi-character words, such as cow, ox, buffalo, bull, calif, veal, 
milk, beef, butter, steak, cowhide and horn, etc. all of which bear the character " tfr" 
in it. Such advantages are rather unique and can rarely be found in other languages 
such as English. 

Further, it can also be extended to many other aspects of Chinese sentence and 
language levels as well, mainly because of its hierarchical and natural structures. 
For instance, parsing, searching and pat tern matching are very efficient in address 
recognition on postal envelopes, name roster list handling and calendar time sched­
ule processing, in comparison with other western languages such as English. Such 
a comparison is shown in Fig. 7. 

Country, State(Province), City, Street, Number, Last Name, First Name 

>. 
Scanning, Parsing, Searching and Matching (natural sequence, no backtracking needed) 

First Name, Last Name, Street Number, City, State(Province), Country 
Prof. Patrick Wang, Northeastern Univ, 360 Huntington Ave, Boston, MA 02115 USA 

Scanning, Parsing, Searching and Matching (unnatural sequence, backtracking needed) 

Year, Month, Day Day, Month, Year 
•D 

(No backtracking needed) ^ v — : - » - N (Needs backtracking) 

Fig. 7. Advantages of Chinese languages in comparison with Western languages. 

It is well known tha t deterministic parsing without backtracking is more effi­
cient compared with non-deterministic parsing with backtracking. Suppose every 
envelope can save one second in OCR scanning and recognition, 60 envelopes can 
save one minute, 3,600 envelopes can save one hour. A small scale post office which 
on the average handles about 360,000 letters daily can save 100 hours everyday! 
Wha t a significant amount of saving time, energy and cost! 
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Next, we shall illustrate some poems to show the advantages of Chinese words 
and language. It is well known that poem is a form of language that is "refined", 
"elite", "compact", "elegant", and "powerful". It is also efficient in terms of saving 
memory — using as few words as possible to disseminate a certain idea or context, 
like the macro structure in programming. In a way, it is also similar to "image com­
pression" and "decompression". Interestingly enough, the advantages of Chinese 
words can also be vividly seen in Chinese poems. Here are some illustrations. 

Looking from one side, mountains, from the other side, ranges 
Far, near, high, low, all different 
I can hardly recognize the true face of the Lu Shan mountain 
Simply because I am in the middle of it 

Written by Su Dong-po, 11th Century, Translated by P. Wang, 1997 

Fig. 8. Some well known Chinese poem by Su Dong-po O S S ) . 

Interestingly enough, this famous poem written by a famous Chinese poet Su 
Dong-po (illilJS) about 1,000 years ago somehow pointed out that one of the 
most difficult tasks of three-dimensional (3D) object recognition is due to too 
many "variations" and it is extremely hard, if not impossible, to find the object's 
invariance. This happens to coincide with the modern theory of 3D vision and 
object recognition by computers. 
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The following are some more illustrations of appreciating poems from pattern 
recognition and knowledge/semantics points of view. 

Tu Fu: mm ttflf) 

SiM5£iSilf!*Jffi ( fu l l of water, l iqu id characterized by pa t te rns fr, y) 
My farewell t ea r s added to the r ipp les of Jing River afar 

SffSTEiHiSi tBSiJJ&?K'il> ( fu l l of t ea r s and hea r t s , character ized by /£>, if) 
Thinking of the s i t ua t i on , My t e a r s shed on flowers 

Hate to depart , even b i rds scared me 

Li Po: (SHili m&) 

M.®mmm%m ( fu l l of water, l iquid) 
Sai l ing boat to cross the ocean 

JdT9l?IiJct ( fu l l of t e a r s , water) 
My t e a r s pour unto the flowing Han River 

Anonymous: TKSitEfiWBIilB ( fu l l of water and eyes by * , >, @) 
Big, watery eyes 

£5f*S«8S«#3S ( fu l l of g rass , p lants by ++ , * ) 
Fragrant and beaut i fu l buds a l l over the branches 

3. C O N T E M P O R A R Y JAPANESE AND KANA SYSTEMS 

Though Japanese is written with Chinese characters, linguists have no conclusive 
evidence of the linguistic kinship of Japanese because it is unlike Chinese both in 
s tructure and in vocabulary. Actually contemporary Japanese is a mixture of Kanji 
(Chinese characters, most nouns, verbs, and adjectives), Hiragana and Katakana 
which are phonetic symbols invented by the Japanese to represent particles and 
other grammatical devices which have no exact equivalents in Chinese. More de­
scriptions about Hiragana and Katakana will be presented below. In technical and 
scientific documents, the Latin alphabet is also used. However, it is somewhat 
controversial to include the Latin alphabet while OCR needs to recognize them in 
real-life si tuations in Japanese language processing. Although basically each Hira­
gana character has a corresponding Katakana, each character plays its own role. 
Therefore Hiragana and Katakana must be t reated as different systems. 

3.1. Basic Usage of Katakana 

Katakana is primarily used for words borrowed from foreign languages, e.g. 

computer — =* 1/ fc° a *— 9 
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3.2. Differences between Hiragana and Katakana 

Notice that Hiragana and Katakana do not have exactly one to one correspondence. 
Contemporary Hiragana uses 46 characters, i.e. 

8 ^ 5 ;U8 a»#<ttn ^ L - r ^ : fctott 

£>»9 6 t i 3 *> £ A/ 
In addition to these as voiced syllables and semi-voiced syllables, the following 

25 characters are used: 

*s^CJf^ ^ D - f - W fc 'MT' i f tftf-S^H? 

As small characters, the following 4 characters are used: 

Accordingly, a total of 75 characters are used in Hiragana. 
On the other hand, Katakana has the following character set: 

T4*7^3r #3r^a f-̂ -̂fey ^ fy fb 
~}-^%%/ A t 7 ^ * - ^ 5 ^ ^ - f ^ 3 

7 ' J / H ^ n 17 ^ — 

As voiced syllables and semi-voiced syllables the following 24 characters are used: 

That is, "5r" has no counterpart in Katakana. In voiced syllables " O " and 
"^->" have no counterparts in Katakana. On the contrary, " — " is only used in 
Katakana. As voiced syllables, " V " is used in Katakana. This is because Katakana 
is for phonetic expression of foreign languages. Specifically "V " corresponds to "v" 
in English. 

As small character set, Katakana uses 

as counterparts of the Hiragana. In addition, the following small characters are also 
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used: 

r w p ± 

However, old Katakana characters are allowed in people's names, and so in the 
broadest sense, the following kana characters are also used: 

Hiragana — £>, ;£>. 

Katakana j £ x . ^ ^ ^/_ 

3.3. Combinations of Small Kana Characters 

In contemporary expressions, the small kana is used as double consonants, etc. The 
following combinations are used in Hiragana: 

%*%«P%1: t ^ l ^ ) L i %*?%*$>%£ 
\ZL*\£$>\Z.i. T > ^ t > ^ t > i ^ • ^ ^ • ^ ^ - i 

#>£>£*£ C^C^Cj; ■e^»'5*"5j: 

Thus, 36 combinations are used. 

In Katakana, among the above combinations, "V "V"; "tP:a." ; "v 3 " a r e not 
used and so 33 combinations are allowed. However, in the case of Katakana, since 
another set of small characters are used as mentioned before, an additional 21 
characters are used. Furthermore, 

« 7 ^ » 
is allowed as an exceptional case. This 

is because of the phonetic expression of: 
producer —> ! /n73. '—~$~*—. 

3.4. Kanji Sets 

Chinese characters (also known as Kanji characters in Japanese) consist of 50,000 
characters. However, in Japan, at most 4,000 are used daily. According to the older 
statistics taken in 1935 sampled from 60 days of 5 representative newspapers, out 
of 447,575 Kanji characters, 3,542 different Kanji characters were found. The first 
Kanji character was "—-". This was used 6,500 times which accounts for 1.5% of 
all Kanji characters used. The most frequently used 10 Kanji characters are 

" - " , " 0 " , " - P , » -» , »£' ' , ±»t "H", "jgr", a n d "BT. 

In Katakana, among the above combinations, are not 
used and so 33 combinations are allowed. However, in the case of Katakana, since 

is allowed as an exceptional case. This characters are used. Furthermore, 
is because of the phonetic expression of: 
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with a total frequency of 9.4%. The frequency of the highest 100 Kanji characters 
is 38.7%. The frequency of the top 1,000 characters is 91.7% and that of the top 
1,800 is 98.0%. This statistics supported the movement to limit Kanji. After the 
second world war, a new preliminary common-use Kanji table was produced, which 
consisted of only 1,295 different characters. This was influenced by the report of 
the American Education Mission which predicted that Kanji would not be used in 
daily writing and Latin characters would be preferred. 

A new committee was established for this issue including journalists. Eventu­
ally the committee proposed a new Kanji table, called Touyou-Kanji table which 
included 1,850 characters after adding 564 Kanji and eliminated 9 from the previous 
Kanji Table. This was established formally in 1936. The meaning of "Touyou" is 
"tentative", implying that new tables may be developed later. One of the scheduled 
tables was Education Kanji Table consisting of 881 Kanji's designed for elementary 
school education. 

On the other hand and contrary to the American Education Mission's prediction 
and that of Kana-promotion association in Japan, more and more Kanji characters 
are being used. This is the direct result of natural culture and people's legacy, 
while at the same time, widely-used word processors have also facilitated the usage 
of more Kanji's. In this respect, there is a need to establish a standard of Kanji 
code system for computerization. As a result, 2 tables were established: (1) first 
level Kanji Table, and (2) second level Kanji Table, with 2,965 and 3,388 Kanji's 
respectively, totaling 6,353 different Kanji's which are enough in Japan. 

3.5. Origin of Hiragana and Katakana 

Japan imported Chinese characters from China more than a thousand years ago. 
Since then, Chinese characters, called Kanji's, were used as a standard in Japan. 
On the other hand, the Japanese language called Yamato, existed earlier. Hence 
there is a need for this language to be represented by Kanji's. The Japanese devised 
2 ways of expressing Japanese by Kanji's42: 

(1) Use Kanji's which have the same meaning, e.g. 

"ame tsuchi" — 5^ iffi, 

where 'ame' and 'tsuchi' mean 'heaven' and 'earth' which correspond to 5c and ifi 
respectively. The corresponding Kanji's were pronounced according to the existing 
Japanese pronunciation. This way of pronunciation is called 'reading by jikun\ 
(2) Use Kanji's according to their pronunciation regardless of their meanings, e.g. 

"a-me-tsu-chi" — 

This is the phonetic way to use Kanji's, which is also called 'reading by jion'. 
This was known as Manyo-kana or True-kana. There were several kinds of Manyo-
kana, however, the simple one which uses "one character one syllable" was developed 
into Hiragana and Katakana. 
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Table 1. Katakana characters and their correspoinding Manyo-kana. 

7 H 
4 & 
r> <£ 
x. £E 
* * 
f) M 

* m 
? >h 
>r if 
^ g, 
f- m 
*y 2. 
x M 
± # 
y *■ 

* # 
f- =P 
y ;n 
x ^ 
h i t 

■*- 3S 
~ n 
^ %L 

* m 
J Jb 
'■* A 
t i t 
7 5F 
^ fflS 
* « 
•^ * 

- N — 

A # 
* it 
* 2§ 

-V m 
3 . & 
3 H 
9 & 
!> fU 

A- jffi 
V- *L 
n g 
7 ?P 
* # 
2- £t 
9 * 
y 

Table 2. Hiragana characters and their corresponding Manyo-kana. 

h 
V 
3 
X. 
*S 
tf> 
* 
< 
rt 
w 

£ 
L 
i-
* 
* 
it 
*> 
•o 
T 
i: 

S 
en 
*? 
* 
* 
JP 
m 
^ 
« ■ 

B 
t£. 
7t 
Tf 
* 
•ft-

* 
*a 
JU 
3£ 
ih 

ft 
K 
& i 

fe 
o 
IS 
T> 
A. 
- ^ N 

IS 
4 

% 
t 
& 
ffl 
75 
tt 
i t 
* 
* 
« 
* 

* * 
t f 
ft 
fc 

■ * 

* 
J; 
h 
<9 

i£ 
* 
^ 
ft 
ft 
■£ 
& 
jRI 

5 
ft 
5 
t> 
& 
& 
£ 
A/ 

« 
St 
B 
fp 
- i ^ 

* 

m 
5S 

16 



INTRIGUING ASPECTS OF ORIENTAL LANGUAGES 17 

During the long history of Manyo-kana, it changed gradually into a new style of 
characters, which was divided into 2 streams, i.e. Ryakutai-kana (simplified-kana), 
and Sou-kana (cursive-kana). Ryakutai-kana was developed in the field of Kanji 
reading. In Japan, a Chinese sentence is read in Japanese pronunciation using 
some auxiliary markers to adapt to Japanese grammar. Therefore, the markers 
were introduced to write in a narrow space and deformed the original Manyo-kana, 
but the line-likeness of Kanji was preserved. Table 1 shows the correspondence 
between Katakana and its original Kanji. 

On the other hand, Sou-kana was developed in the field of old Japanese sentence 
expression, which is called Wa-bun ffl^C). In this case, the function of Sou-kana is 
to express sentences, and long strings of characters. Therefore, more cursive defor­
mation was possible in terms of convenience and speed to write with a brush. The 
stories and poems in the era of Heian (794-1192) were written using considerably 
deformed Sou-kana. For example, the world-wide famous novel "Genji-monogatari" 
contains 93.7% Hiragana and only 5.1% Kanji, which was written by a woman 
named Murasakishikibu.29 The deformation went on further from the writing art. 
Sou-kana was used mainly by women and so very gentle and smooth cursive shapes 
were devised, which is the origin of Hiragana. Table 2 shows the correspondence 
between Hiragana and its original Kanji. 

3.6. OCR's in Japan 

A large number of electronic companies in Japan have been engaged in the research 
and development of Optical Character Recognition (OCR) readers. As a result, 
many OCR products are available in the market. Our study indicates that there 
were about 80 such products in February 1996,10 for the following: 

(a) Formatted documents (hardware) 
(b) Office automation 
(c) OCR software (document OCR) 
(d) OCR software (formatted documents) 

Supported by alternating demands, sale of OCR hardware continues. OCR 
software has been developed in recent years changing the interface and adding word 
processing capability for the natural way of post processing. Word processors which 
have OCR functions capture an overwhelming share in OCR in U.S.A. According 
to the catalogue, the speed is twice higher than the current OCR's, as OCR specific 
for Western languages was sold by Xerox. These 2 cases are typical examples 
of the collaboration between American and Japanese companies. An OCR which 
specifically uses facsimile as scanner was sold. Facsimiles which read phone numbers 
of a receiver and send document automatically were sold. The implementation of 
character recognition to the basic OS (operating system) was realized in Windows 
95 in its upper-grade version. 
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3.7. Perspective 

Both P C and business users are now familiar with character recognition because of 
the widespread usage of OCR software, its low cost, and the high performance of 
new PC ' s . However, it needs some skill to use O C R software in practice, and while 
being sold at a high volume, cases of their effective use seem to be few. In this sense, 
it is very important for OCR technology including on-line character recognition to 
establish the base for using them effectively. In order to achieve the objective, the 
following points should be taken into consideration: 

1. Interface with neighboring application fields 
2. Modularization of character recognition 
3. Development of structural analysis of the document in specific areas 
4. Development of segmentation of individual characters and character strings 
5. Further improvement of the performance of individual OCR's 

3.8. Improvements by Using Linguistic Knowledge 

It is t rue t ha t linguistic information can enhance OCR performance. However, it 
is difficult to assess the improvement quantitatively because it depends on so many 
factors. Here, we only describe some instances which have been reported in the 
l i terature. Actually Itoh and Maruyama described this point very clearly.8 Their 
basic idea of postprocessing is to use morphological analysis with cost evaluation 
in the pa th of the lattice. They used 3 kinds of documents: (a) papers published 
in IEICE Transactions, 9,455 characters, (b) education document for clients for 
computers, 4,129 characters, (c) patent documents for electricity, 2,393 characters. 
Types (a) and (b) represent usual document quality, while type (c) was selected to 
represent low quality documents. The results are shown in Table 3. 

In this table, undetection rate means the ratio of the undetected character errors 
to the to ta l number of characters, and over detection rate means the ratio of the 
warned correct characters to the total number of characters. So they concluded tha t 
if 95% or more recognition rate is achieved without postprocessing, the recognition 
ra te can be lifted to the 99% level and the overlooked character errors can be 
suppressed to < 0 . 2 % . This is very good performance considering that the first 
class certification of word processor examination is 98.9%. 

On the other hand, Mori et al.30 recently reported the effectiveness of postpro­
cessing in their method which is based on n-gram model estimated from the small 
size training samples using so-called smoothing technique. They used 3 kinds of 
testing data : (a) editorials, 80,098 characters, (b) essays, 23,315 characters, and 
(c) technical reports , 34,219 characters. The editorials and essays come from daily 
newspapers, and the technical reports are related to information science. They used 
the editorials of 5.8 million characters as the training data . The correct recognition 
rates before postprocessing are 93.63%, 91.34%, and 92.15%, respectively. Using 
tr igrams, the recognition rates for top Ncn choices are 99.71%, 98.80%, and 99.07% 
respectively, which are the upper bounds of the recognition rates after postprocess­
ing, where iVcn is the parameter , i.e. the number of candidates. 
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Document 

A 
B 
C 

Table 3. Performance of postprocessing for each document. 

Recognition 
Before 

post-processing 

96.50 
94.74 
87.46 

rate (%) 
After 

post-processing 

99.26 
99.03 
94.61 

Undetection 
rate (%) 

0.18 
0.17 
1.09 

Over detection 
in rate (%) 

1.81 
1.50 
4.80 

Total detection 
rate (%) 

5.35 
6.64 

16.38 

4. KOREAN LANGUAGE 

Some linguists support the view that the Korean language belongs to the Ural-Altaic 
language group of central Asia which includes Turkish, Mongolian, Hungarian and 
Finnish. Due to proximity to China, the Korean language is strongly influenced 
by Chinese,4 and more than half of its vocabulary comes from the Chinese culture, 
especially its Confucian classics, though it has been assimilated phonetically into 
Korean. 

4.1. Origin 

Up to the 15th century, there was no distinct Korean alphabet, and Koreans used 
Chinese ideographs to express their language in writing, sometimes to represent the 
ideographs' original meaning and sometimes to simply express sounds. However, 
the sounds of the Korean language differ from those of Chinese, and learning to 
write complex Chinese characters was a difficulty for the common people. In view 
of these problems, King Sejong the Great (4th monarch of the Yi Dynasty of the 
Choson Kingdom) commissioned a team of scholars to devise a new simple method 
of writing down spoken Korean so that even the common people would be able to 
express their thoughts in writing. As a result, Hangul (originally called Hun-Min 
Chong-Um, literally 'proper sounds to instruct the people') was invented in 1443, 
the 28th year of the reign of King Sejong. It is a remarkable syllabic system which 
consists of 11 vowels and 17 consonants, giving a total of 28 phonetic signs. Based 
on East Asian philosophy (I Ching, or the Book of Changes), each Hangul consists 
of initial, medial and final sounds to reflect their belief in the combination of the 
powers of Heaven, Earth, and Man to create the universe. This new phonetic script 
is now used throughout Korea though Chinese characters are still taught at schools 
and used to represent original Chinese loan words. 

4.2. Korean Symbols and Phonetic System 

Hangul uses a phonetic alphabet which is supposed to be based on the patterns seen 
in a window frame with two vertical bars and two horizontal ones. The letters are 
combined into syllables that resemble Chinese characters to the undiscerning eye. 
A syllable that begins with a vowel is preceded by a circle, a character that also 
represents the nasal sound -ng. In the latter case, the circle is written below the 
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syllable it terminates. The frequent occurrence of the circle is distinctive of Korean 
and makes it easy to identify. 

Korean letters can be divided into 2 categories: element signs (phonemes) and 
combined scripts (syllabics). One Korean syllabic consists of a consonant element, 
a vowel element, and sometimes one or more final consonant elements. 

C o n s o n a n t e l e m e n t s The basic signs are: ~i(g,k) ^ ( n ) tz(d,t) s ( r , l ) n ( m ) tf(b,p) A(s,sh) o(ng) 

*(j,ch) * ( c h h ) =!(kh) e ( t h ) =(ph) * ( h ) . 

_ 1(g) ; ^-(d), u ( b ) , and 7^(j) at the beginning of a word are, respectively, heard as k, t, p and ch by 

non-Korean speakers, o at the top of a syllabic is a base for vowels; thus, °(- is not nga but a. 

Double-element signs: Ti('k) tc( ' t ) ma('p) « ( ' s ) w( 'ch) . 

Vowel e l e m e n t s The basic signs are: V(a) K y a ) "i(°) ^(y°) -*-(°) -^(y 0 ) T ( u ) TT(yu) — (u) ](i). 

Combined vowel signs are: n(e), n(ye), -11(e), ^l(ye), ^l(o), r](i), -l(wi), -4(wa), T-l(wo), -4](we), 

Tfwe). 

C o m b i n a t i o n of e l e m e n t s Each letter of Hangul consists of two or more elements. The way of com­

bining two elements(a consonant and a vowel) is determined by the form of each vowel element. 

This is shown here for the consonant ~~i(k): 7(-(ka) 7(:(kya) ^i(ko) 7l(kyo) JL(ko) Jul(kyo) -jHku) 

^f(kyu) a ( k u ) 7](ki) 7fl(ke) ?H(kye) 71) (ke) 7)1 (kye) 3l(ko) ?)(ki) ?](kwi) 4 ( k w a ) ?-|(kwo) sfl(kwe) 

?)|(kwe). 

Independent vowels are expressed by the sign o(silent) and a vowel element: °f(a), °l](e), °](i), 

-£-(°)i 4-(u). Examples of syllabics containing the vowel -^(o) are: "£(ko) i i (no) .E.(to) .sL(ro) 

i ( m o ) i ( p o ) i ( s o ) .2.(0) 7£(cho) i ( c h h o ) a ( k h o ) .E(tho) aL(pho) j£(ho) J i fko ) Sl( 'po) i t ( ' so) 

S.('cho). 

By adding a final consonant, which consists of one or two elements, to the combined letters, other 

syllabics can be made as follows: zf(kak) Tj-(kan) Tj-(kat) zj-fkal) # ( k a m ) ^ ( k a p ) Tj-(kat) 7j-(kang) 

# ( k a t ) ?t(kat) ^-(lcat) zj-(kap) 4 ( k a ' ) JKkak) 3t(kap) Tj-(kat). The number of possible combi­

nations of two or more elements is enormous, but about 2,300 movable types suffice for Korean 

printing because some combinations are not actually used. 

4.3. Korean Character Recognition 

Korean characters are structured in a scientific way, i.e. each Korean character 
is composed of 2 or 3 Korean symbols in 2 dimensions. Moreover, the number 
of possible Korean characters generated this way is very large (with more than 
11,000 possibilities) and there are many character shapes which look alike. These 
characteristics make Korean OCR very difficult. 

Generally, in terms of recognition, we can classify the methodology of Korean 
OCR into the alphabet-unit and the character-unit. Between these 2 methods, the 
alphabet-unit recognition is preferred because it can utilize the formation principle 
of the Korean character. If we can correctly segment a character into symbols, the 
symbol-unit recognition method becomes much easier in recognizing a character. 
In recognizing Korean by the character unit, the complexity of recognition is in­
creased because of the large number of characters to be recognized. Thus, most 
researchers try to reduce the complexity by limiting the number of characters to be 
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recognized. For example, some research groups took only the most frequently used 
2,350 characters as the target vocabulary to be recognized. 

Many attempts have been made to develop printed and handwritten Korean 
character recognizers for the past 20 years. Recent development of printed Korean 
character recognition technology has resulted in some commercial products report­
ing more than 95% recognition rate although they are limited in font types and 
sizes. However, the performance of handwritten Korean character recognition is 
not so good as that of the printed Korean character recognizers. This is because it 
involves more problems such as the variations of a writing style. 

Below we will describe some methods of recognizing printed and handwritten 
Korean characters, pre-processing, and post-processing. Finally, we will discuss 
some future trends. 

4.4. Printed Korean Character Recognition 

In the early period of research, some Korean researchers devised structural 
methods.23 The structural methods first extract features by tracing end-points, 
branching points, and crossing-points from an input character, and then recognize 
the input character by the process of stroke matching. The extraction of Korean 
structural features is relatively easy. However, structural methods are very sensi­
tive to noise and they require a lot of processing time. To alleviate these problems, 
many researchers tried to contrive the thinning algorithms which are tolerable to 
noise, and they facilitate the extraction of features directly from binary images. 

The disadvantages of structural approaches have resulted in the advance of neu­
ral network approaches for printed Korean character recognition.13'14 Among them, 
the hierarchical structural neural network is most popular. The hierarchical struc­
tural neural network consists of the type classification network and character recog­
nition networks as shown in Fig. 9. The type classification network is first used for 
classifying the given Korean character into 1 of 6 types. Then, the corresponding 
character recognition network tries to recognize the given Korean character. 

Another neural network approach was proposed in Ref. 18, which tried to recog­
nize Korean documents printed with multi-fonts using the back-propagation algo­
rithm. In this method, the pattern classifier using structure-adaptive self-organizing 
neural network was employed to recognize multi-font and multi-size characters.22,25 

Many statistical methods have also been proposed for printed Korean charac­
ter recognition. Most statistical approaches are based on Hidden Markov Models 
(HMM).32 Statistical methods have the advantage that they can consider the vari­
ations of Korean character shapes. However, they cannot easily use the structural 
features of Hanguls because so many of them have similar shapes. 

So far, most attempts made to recognize printed Korean characters have focused 
on fixed-sized and single font, especially on the Myeong-Jo font or the Gothic font. 
As a result, some commercial products recognizing documents printed in this font 
with a fixed character size are available. Nowadays, many Korean researchers are 
trying to develop a system which can recognize the large-set documents including 
multi-size, multi-font, and multi-lingual characters. 
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Fig. 9. Classification of Korean characters and hierarchical neural network. 

4.5. Handwritten Korean Character Recognition 

Interests in handwritten Korean character recognition increased in the middle of 
1980's when the pen-interface technology became popular. For both on-line and 
off-line handwritten Korean character recognition, the main difficulty is to identify 
the variations of characters resulted from the symbol position, touching of symbols, 
and the different styles of writing. For example, 2 characters in Fig. 10 look the 
same although they represent different characters with variations. Actually, the 
character on the left-hand side is H (/Noe/, brain) and the character on the right-
hand side is M| (/Nae/, inside). Because of these variations, the recognizer is often 
confused and makes some mistakes. Therefore, it is very important to observe the 
variations of hand-written Korean characters. 

LJ\ 
k| (/Noe/, brain) 

W\ 
LH (/Nae/, inside) 

Fig. 10. Example of handwritten characters with similar shapes. 

For the observation of variations, the most frequently used method to resolve the 
problem is DP matching which can be classified into 2 approaches, viz. character-
unit DP matching17 and symbol unit DP matching.36 The symbol-unit DP matching 
is preferred to the character-unit DP matching these days. An example of symbol-
unit DP matching is shown in Fig. 11. 
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Fig. 11. Example of DP matching. 

Statistical models can also handle different variations of patterns well by using 
statistical information. This advantage has led many Korean researchers to apply 
statistical models to recognize handwritten Korean characters. HMM is the most 
frequently used statistical model.33'37 Representative research efforts are described 
in Ref. 12 which is a historical review of research at CAIR/KAIST. They tried 
to develop an unconstrained cursive script recognizer based on HMM and tried to 
extend the recognition model. They also attempted to improve the performance 
of recognition by integrating various types of knowledge into the HMM framework 
such as statistical, structural, and syntactic. 

Neural network approaches are commonly employed for handwritten Korean 
character recognition, because they are less sensitive to partial deformations and 
noises of the input pattern.35 '39 Multi-perceptron and pattern classifier were mainly 
used in those groups. However, neural networks require a lot of training time 
and they are not effective when there are too many candidates to be recognized. 
Nevertheless, we expect that neural networks can solve many difficult problems that 
other methods cannot. 

Recently, Korean researchers tried to solve the variation problem by integrating 
the segmentation and the recognition methods.27 Such an integration turned out to 
be very effective for recognizing handwritten Korean characters especially when the 
degree of variation was high. The integration method using the recurrent neural 
network was also presented. 

Another group of researchers tried to combine the statistical and structural 
methods.11 '38 By integrating 2 methods, it can reflect the local features of the given 
character, and also it can learn the variations of writings. 

4.6. Pre-Processing 

In order to improve the accuracy of Korean character recognition, pre-processing is 
required, e.g. the analysis of noise, the segmentation of character, and the restora­
tion of deformed shape. Lee et al.26 investigated the distribution of quantity and 
entropy of character images and proposed a method of correcting the skew of the 
input character. 
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There have been 2 well-known methods for segmenting Korean characters: (1) 
the direct segmenting method, and (2) the segmentation and recognition integrat­
ing method. The former method segments the Korean characters into symbol-
unit fragments before the recognition process, but this method can hardly observe 
the variations of Korean characters .5 , 1 9 , 2 4 The segmentation and recognition in­
tegrating method performs both the segmentation task and the recognition task 
simultaneously,9 ,16 but this method has the drawback of being too much dependent 
on the recognition module. Because of these limitations, many Korean researchers 
t ry to develop a method of optimizing the segmentation and the recognition of the 
characters. 

With respect to the other step of pre-processing, normalization techniques for 
shape variations play an important role in the performance of Korean OCR. Lee 
and his colleagues2 6 , 3 4 studied many different normalization techniques and made 
quanti tat ive evaluations. 

4.7. Post-Processing 

Due to errors introduced by pre-processing or recognition, post-processing of Ko­
rean character recognition is also required. So far, most research in this aspect has 
been done for the printed Korean character recognition. Previous works for the 
post-processing of Korean character recognition can be classified into the follow­
ing 2 methods: (a) the isolated word error detection and correction method, and 
(b) the context dependent word error detection and correction method. The iso­
lated word error detection and correction method uses dictionary information and 
morpho-syntactic information of a word,6 , 2 1 and the context dependent word error 
detection and correction method uses contextual information of adjacent words.7 , 4 6 

The isolated word error detection and correction approaches t ry to detect the po­
sition where the error occurs through morphological analysis and correct the error 
by using the iV-gram dictionary. However, those methods are too much dependent 
on the dictionary information, and they cannot correct the error if there are more 
than 2 in a word. On the other hand, the context dependent word error detection 
and correction methods utilize the co-occurrence or mutual information of a word, 
and the part-of-speech as contextual information.46 

4.8. Future Works 

So, we have described the current status of OCR for bo th printed and handwrit­
ten Korean characters. Many a t tempts have been made to develop printed and 
handwrit ten Korean character recognizers. Some commercial products which can 
recognize single font and fixed-type font Korean characters at a high recognition 
rate are available. However, there are still problems in recognizing documents with 
multi-font and multi-size printed Korean characters. As well, the performance of 
recognizing handwri t ten Korean characters has to catch up with the printed Korean 
character recognition. 
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5. CONCLUDING REMARKS 

We have described 3 major oriental languages with 3 different views and perspec­
tives. It is hoped tha t the readers will understand more about the intriguing aspects 
of these fascinating languages, and be able to find useful pointers to conduct further 
research in character recognition and language analysis. Due to the complex struc­
tures of the characters and symbols used in these languages, it is the common view 
of all the co-authors tha t automatic recognition of these languages in documents 
with high performance will remain a great challenge for the next few years. 

To achieve the ul t imate goal of recognizing the document with multi-font, multi-
size, multi-lingual characters, the following problems must be solved in the near 
future. Because the input document is usually represented in various structures, 
the s tructure of the document must be accurately analyzed while being processed. 
Furthermore, a more precise method of separating the given character string is re­
quired. Effective methods of combining the separation and the recognition methods 
must also be developed. Moreover, the post-processing method using linguistic in­
formation is also required in order to at tain a higher accuracy. It seems that the 
collaboration of people in different disciplines such as computer scientists, engineers, 
mathematicians, psychologists, and linguists, is particularly desirable. 

R E F E R E N C E S 

1. D. P. Ausubel, J. D. Novak and H. Hanesian, Educational Psychology: A Cognitive 
View, Second Edition, HRW Co., New York, 1978. 

2. S. B. Cho and J. H. Kim, "Integrating hidden Markov model and neural network 
classifier for on-line handwritten character recognition", J. Korea Information Science 
Society 20, 3 (1993) 328-337. 

3. K. Chu, Cognitive Aspects in Chinese Character Processing, IEEE Workshop on Au­
tomaton Language, Spain, 1985, pp. 141-163. 

4. D. Crystal, An Encyclopedic Dictionary of Language and Languages, Penguin Books, 
London, England, 1994. 

5. J . I . Doh, "A study on the letter segmentation of Hangul characters for printed Hangul 
character recognition", Proc. Conf. Korea Information Science Society 17, 2 (1990) 
175-178. 

6. N. H. Hong, W. I. Lee, J. H. Lee and G. B. Lee, "A study on the correction method of 
misrecognized characters using string and Eojeol information in character recognition 
system", Proc. 1st Korean Character Recognition Workshop, 1993, pp. 109-113. 

7. Y. Y. Hur, M. J. Kim and H. C. Kwon, "Linguistic and heuristic constraints on the 
post-processing for Korean OCR", J. Korea Information Science Society 24, 1 (1997) 
25-31. 

8. N. Itoh and H. Maruyama, "A method of detecting and correcting errors in the results 
of Japanese OCR", Trans. Information Processing Society of Japan 33, 5 (1996) 664-
670. 

9. M. W. Jang, D. N. Chun and H. S. Yang, "Segmentation and recognition of document 
information based on the connected component", J. Korea Information Science Society 
20, 12 (1993) 1741-1751. 

10. JEIDA, "Report of a study on the standardization of human-media information pro­
cessing", Japan Electric Industry Development Association, 1997. 



26 C. Y. SUEN ET AL. 

11. H. J. Kim and P. K. Kum, "Recognition of off-line handwritten Korean characters", 
Patt. Recogn. 29, 2 (1996) 245-254. 

12. J. H. Kim and J. O. Kwon, "A historical perspective of handwriting recognition re­
search at CAIR/KAIST", Proc. 1994 Korean-French Character Recognition Work­
shop, Sept. 1994, pp. 1-12. 

13. W. S. Kim and S. Y. Bang, "A study on Korean and Chinese character document 
reader using neural network", J. Korean Institute of Telematics and Electronics 29-
B, 2 (1992) 50-59. 

14. J. W. Kwon, S. B. Cho and J. H. Kim, "Multi-size/multi-font Hangul document recog­
nition with hierarchical neural networks", J. Korea Information Science Society 19, 1 
(1991) 69-79. 

15. D. H. Lee, W. G. Cho, H. S. Yang and J. H. Kim, "Hangul character type classification 
with neural network", Proc. Conf. Korea Information Science Society 16, 1 (1989) 
215-218. 

16. D. J. Lee and S. W. Lee, "Character segmentation and recognition in Hangul document 
mixed with alphanumeric characters", Proc. Conf. Korea Information Science Society 
21, 2 (1994) 403-406. 

17. H. D. Lee, T. Aagui and M. Nakajima, "On-line recognition of cursive Korean charac­
ters by descriptions of basic character patterns and their connected patterns", Proc. 
SPIE Conf. Visual Communications and Image Processing, 1988, pp. 1001-1111. 

18. H. K. Lee and S. Y. Bang, "Recognition of handwritten Hangul characters using 
backpropagation neural networks", Proc. Conf. Korea Information Science Society 
19, 1 (1992) 681-684. 

19. J. G. Lee, J. H. Lee and H. J. Kim, "A study on the extraction and segmentation 
of the picture and characters in Korean document", Proc. Conf. Korea Information 
Science Society 17, 2 (1990) 167-170. 

20. J. S. Lee, O. J. Kwon and S. Y. Bang, "An improved 2-stage classifier method for 
printed Korean characters by expanding the input subimages for grapheme identifica­
tion", Proc. 3rd Int. Conf Document Analysis and Recognition, Aug. 1995, pp. 548-551. 

21. J. Y. Lee and S. H. Oh, "A correction algorithm for misrecognized words using JV-
gram Hangul dictionary", Proc. 5th Conf. Hangul and Korean Information Processing, 
1993, pp. 271-283. 

22. K. M. Lee, S. B. Cho and Y. B. Lee, "Structure-adaptive self-organizing neural net­
work: Application to Hangul character recognition", Proc. 7th Conf. Hangul and Ko­
rean Information Processing, Oct. 1995, pp. 137-142. 

23. S. H. Lee and J. H. Kim, "A study on stroke extraction for structural recognition 
of Korean characters", Proc. Conf. Korea Information Science Society 14, 2 (1987) 
151-154. 

24. S. H. Lee, J. I. Cheon, Y. J. Cho and J. C. Namkung, "A study on the classification 
of character for newspaper automatic recognition system", Proc. Conf. Hangul and 
Korean Information Processing, Oct. 1989, pp. 209-215. 

25. S. W. Lee and J. S. Kim, "Multi-lingual large-set oriental character recognition using 
hierarchical neural network classifier", Proc. 3rd Int. Conf. Document Analysis and 
Recognition, Aug. 1995, pp. 177-180. 

26. S. W. Lee and J. S. Park, "Quantitative evaluation of normalization methods for 
large-set handwritten character recognition", Patt. Recogn. 27, 7 (1994) 895-902. 

27. S. W. Lee and E. J. Lee, "Integrated segmentation and recognition of connected hand­
written characters with recurrent neural network", Proc. 3rd Int. Conf. Document 
Analysis and Recognition, August 1995, pp. 413-416. 



INTRIGUING ASPECTS OF ORIENTAL LANGUAGES 27 

28. R. B. Millward, "Models of concept formation", in Aptitude, Learning, and Instruction, 
(eds.), R. E. Snow et al., L. Erlbaum Assoc, Hillsdale, N.J. Also A Survey, Proc. Int. 
Conf. Pattern Recognition, Rome, 1988, pp. 1123-1132. 

29. T. Miyazima, Tables of Vocabularies Used in Classical Novels, Tsukuma, 1989, in 
Japanese. 

30. H. Mori, H. Aso and S. Makino, "Robust n-gram model of Japanese characters and 
its application to document recognition", IEICE Trans. INF&SYST. E79-D, 5 (1996) 
471-476. 

31. A. Nakanishi, Writing Systems of the World, Charles E. Tuttle Co. Inc., Tokyo, Japan, 
1980. 

32. H. S. Park and S. W. Lee, "Off-line recognition of large set handwritten Hangul hidden 
Markov models", Proc. 3rd Int. Workshop on Frontiers in Handwriting Recognition, 
May 1993, pp. 51-61. 

33. H. S. Park and S. W. Lee, "Hidden Markov mesh random field: Theory and its appli­
cation to handwritten character recognition", Proc. 3rd Int. Conf. Document Analysis 
and Recognition, Aug. 1995, pp. 409-412. 

34. J. S. Park and S. W. Lee, "An adaptive nonlinear pattern matching method for off-line 
recognition of handwritten characters", J. Korea Information Science Society 22, 2 
(1995) 292-303. 

35. T. J. Seong and S. Y. Bang, "On-line handwritten Hangul recognition by learning 
character composition rules", J. Korea Information Science Society 20, 3 (1993) 305-
316. 

36. D. G. Sim, Y. K. Ham and R. H. Park, "On-line recognition of cursive Korean char­
acters using matching and fuzzy concept", Patt. Recogn. 27, 12 (1994) 1065-1620. 

37. B. K. Sin and J. H. Kim, "A statistical approach with HMMs for on-line cursive 
Hangul (Korean Script) recognition", Proc. 2nd Int. Conf. Document Analysis and 
Recognition, Oct. 1993, pp. 147-150. 

38. B. K. Sin and J. H. Kim, "Network-based approach to handwriting approach", Proc. 
17th Int. Conf. Computer Processing of Oriental Languages, 1997, pp. 101-106. 

39. H. H. Song and S. W. Lee, "A self-organizing neural tree for large-set pattern classifica­
tion", Proc. 3rd Int. Conf. Document Analysis and Recognition, Aug. 1995, pp. 1111-
1114. 

40. C. Y. Suen, Computational Analysis of Mandarin, Birkhauser Verlag, Berne, Switzer­
land, 1979. 

41. C. Y. Suen, Computational Studies of the Most Frequent Chinese Words and Sounds, 
World Scientific Publishing Co. Ltd., Singapore, 1986. 

42. Y. Takabe, The Expression of Japanese Language, Kadokawa, 1988. 
43. P. Wang (ed.), Intelligent Chinese Language, Pattern, and Speech Processing, World 

Scientific Publishing Co., Singapore, 1988. 
44. P. Wang, "Learning, representation, understanding and recognition of words — an 

intelligent approach", in Fundamentals in Handwriting Recognition, ed. S. Impedovo, 
Springer-Verlag, Heidelberg, Germany, 1994, pp. 81-112. 

45. P. H. Winston, Artificial Intelligence, Addison-Wesley, Reading, Massachusetts, 1994. 
46. J. H. Yoo, J. H. Lee and G. B. Lee, "Post-processing for character recognition us­

ing morphological analysis and linguistic evaluation", J. Korea Information Science 
Society 22, 6 (1995) 880-890. 



28 C. Y. SUEN ET AL. 

Ching Y. Suen re­
ceived an M. Sc. (Eng.) 
degree from the Univer­
sity of Hong Kong and 
a Ph.D. degree from the 
University of British 
Columbia, Canada. 

In 1972, he joined 
the Department of Com­
puter Science of Con-

cordia University, Montreal, Canada, where 
he became Professor in 1979 and served as 
Chairman from 1980 to 1984. Presently he 
is the Director of CENPARMI, the Centre 
for Pattern Recognition and Machine Intel­
ligence of Concordia, and the Associate Dean 
— Research of the Faculty of Engineering and 
Computer Science. 

Prof. Suen is the author/editor of 11 books 
and more than 250 papers and his current 
interests include pattern recognition and ma­
chine intelligence, character recognition and 
expert systems, document processing and 
computational linguistics. 

Dr. Suen is an Associate Editor of sev­
eral journals related to Pattern Recognition 
and Artificial Intelligence. He founded Com­
puter Processing of Chinese and Oriental 
Languages, an international journal of the 
Chinese Language Computer Society in 1983 
and served as its Editor-in-Chief for 10 years. 

A fellow of the IEEE, IAPR, and the Royal 
Society of Canada, Prof. Suen is the recip­
ient of several awards, including the 1992 
ITAC/NSERC award for outstanding contri­
butions to pattern recognition, expert sys­
tems, and computational linguistics. 

Shunji Mori received 
the B.E. degree in 1956 
and Dr. engineering de­
gree in 1978 from Hok­
kaido University. From 
1957 to 1983 he was 
with the Electrotechni-
cal Laboratory of the 
Ministry of Interna­
tional Trade and Indus­

try of Japan. 
There he served as head of the Pattern Pro­

cessing section from 1969 to 1981 and as su­
pervisor of the Pattern Information Process­
ing System (PIPS) from 1971 to 1973. In 1975 
he was a visiting researcher at the Computer 
Vision Laboratory, University of Maryland, 
for half a year and from 1981 to 1982 he 
was a visiting professor in the Department 
of Computer Science, Concordia University, 
Montreal. From 1983 to 1987 he worked for 
Nippon Schlumberger as head of the Model­
ing Department of System Engineering. From 
1988 to 1992 he worked for Ricoh Company, 
Ltd. as head of the Artificial Intelligence Re­
search Center of the Research and Develop­
ment Central Research Center. Currently he 
is a Professor of Computer Science at the Uni­
versity of Aizu, Aizu Wakamatsu, Fukushima, 
Japan. He serves as Chairperson of Software 
Department. 

His research interests include pattern 
recognition, image processing, and knowledge 
engineering. Dr. Mori is a member of AAAI, 
IEEE, the Information Processing Society of 
Japan. 



INTRIGUING ASPECTS OF ORIENTAL LANGUAGES 29 

Hae-Chang R i m re­
ceived the Ph.D. degree 
in computer science in 
1990, from the Univer­
sity of Texas at Austin 
where he was a mem­
ber of Artificial Intelli­
gence Laboratory dur­
ing 1986-1990 (Natural 
Language Processing 

division). 
He is currently associate professor of com­

puter science in Korea University (Seoul, Ko­
rea). His research interests are natural lan­
guage processing, information retrieval, and 
artificial intelligence. 

> g # ^ 

Patrick S. P. Wang 
is an IAPR Fellow and 
has been tenured full 
professor of computer 
science at Northeastern 
University since 1983, a 
research consultant at 
MIT Sloan School since 
1989, and adjunct fac­
ulty master of computer 

science at Harvard University Extension 
School since 1985. He received his Ph.D. in 
computer science from Oregon State Univer­
sity, his M.S. in I.C.S. from Georgia Insti­
tute of Technology, his M.S.E.E. from Na­
tional Taiwan University and his B.S.E.E. 
from National Chiao Tung University. He was 
on the faculties of the University of Ore­
gon and Boston University, and senior re­
searcher at Southern Bell, GTE Labs, and 
Wang Labs prior to his present position. 
In addition to his research experience at 
MIT AI Lab, Prof. Wang has been visit­
ing professor and has been invited to give 
lectures, do research and present papers in 
more than a dozen countries in Europe and 
Asia and many universities and industries in 
the U.S.A. and Canada. He has published 
over 120 technical papers and 16 books in 
pattern recognition, AI and imaging tech­
nologies and has three OCR patents by US 
and Europe Patent Bureaus. As IEEE senior 
member he has organized numerous interna­
tional conferences and workshops and served 
as reviewer for many journals and NSF grant 
proposals. Prof. Wang is currently founding 
Editor-in-Charge of the International Jour­
nal of Pattern Recognition and Artificial In­
telligence, Editor-in-Chief of the series on 
Machine Perception and Artificial Intelli­
gence by World Scientific Publishing Co., and 
elected chair of IAPR-SSPR (International 
Association of Pattern Recognition). In ad­
dition to his technical interests, he has also 
written several articles on the operas of Verdi, 
Puccini, and Wagner, and the symphonies of 
Mozart, Beethoven, and Tchaikovsky. 


