T o w ards Automatic T ranslation from Japanese in to Japanese Sign

Language

�

TOKUDA Masaaki , OKUMURA Manabu

School of Information Science,

Japan Adv anced Institute of Science and T echnology

(T atsunokuc hi, Ishik a wa 923-12 Japan)

tokuda@jaist.ac.jp, oku@jaist.ac.jp

Abstract

In this pap er, we present a prototype MT system

named SYUW

AN which can translate Japanese

into Japanese sign language. One of the most im-

p ortant problems in this translation is that there

are very few entries in a sign language dictio-

nary

, compared with Japanese one. T o solve this

problem, when the original input word do es not

exist in a sign language dictionary

, SYUW

AN ap-

plies some techniques to �nd a similar word from

a Japanese dictionary and substitutes this word

for the original word. As the result, SYUW AN

can translate up to 95% of words which are mor-

phologically analyzed.

Intro duction

The deaf communicate with each other by using sign

language which is comp osed of hands, arms and face

expression. Japanese deafs use Japanese sign language

(JSL) which is di�erent from b oth phonetic language

(Japanese language) and other sign language (Ameri-

can sign language (ASL)). According to recent linguis-

tic researches, JSL has p eculiar syntax. How ever, there

are few researches on JSL, and no practical machine

translation (MT) system b etw een sign language and

phonetics language exists.

In the past, Adachi (Adachi92) analyzed a pair of

daily news sentences which include Japanese and sign

language, and studied the metho d to translate from

Japanese into sign language, but currently the sign

language expressions of daily news is improved. There-

fore, it is necessary to reconsider a translation metho d.

Nishik a wa and T erauchi (Nishik a wa95) studied expres-

sion and translation of sign language using computer

graphics. They designed and implemented a transla-

tion system, but they assumed that input words of

their system have already b een analyzed and attached

completely with necessary information (part of sp eech,

w ord sense and so on ).

Besides sign language has a problem with its sp e-

cial characteristic, it is very di�cult to b e pro cessed

�

This work is partly supp orted by the Inamura

F oundation.

Figure 1: An outline of MT system for sign language

on a computer b ecause it is a visual language. Re-

cently

, there have b een many researches on recognition

or generation of sign language (Kurok a wa92) (Lee94)

(Ohira95), but practical input/output devices or com-

puterized systems of sign language are not av ailable

even now. The pro cessing load of sign language is very

heavy

. Moreover, they studied mainly on computer

graphics, and used a complex description for sign lan-

guage which can b e easily pro cessed by computers but

hard to b e understo o d by human. Therefore, a de-

scription for sign language which is simple for human

to understand and suitable for b eing pro cessed by com-

puters, is needed.

In this pap er, we intro duce \Sign Language Descrip-

tion Metho d (SLDM)" which is a description metho d

of sign language using Japanese words as lab els for

expressing a word sequence. W e prop ose a transla-

tion metho d referring to Adachi’s work, and imple-

ment a translation system named \SYUW

AN" which

pro cesses raw input data of Japanese sentences and

outputs the corresp onding symb ols based on SLDM.

W e take a transfer approach as a translation metho d

for SYUW

AN which needs a source and target lan-

guage dictionaries. In this work, we use a Japanese

dictionary as the source language dictionary and a sign language dictionary as the target language dictionary ,

resp ectively .

At present, we can use several large Japanese ma-

c hine readable dictionaries (MRD), but such JSL dic-

tionaries are very small. F or instance, the Japanese

Sign Language Dictionary (JSLD94) contains 634

w ords. It is insu�cient for translating Japanese into

sign language. T ow ards this problem, we construct a

new JSL MRD which contains 3162 words with several

advises from deafs and sign translators.

How ever, the num b er of entries in a sign language

dictionary is smaller than that of Japanese word dic-

tionaries. It is di�cult to realize a JSL dictionary in-

cluding enough words in the near future. F urthermore,

JSL vocabulary seems smaller than Japanese vo cabu-

lary b ecause a JSL word may have a large number of

senses (in comparison with a Japanese word), but its

meaning will b e determined by the context and nonver-

bal expression. Therefore, even if a JSL dictionary is

p erfectly constructed, it would hav e a smaller number

of head words than Japanese word dictionaries would.

T o wards the solution of this problem, we prop ose a

metho d to get similar words from a Japanese word dic-

tionary

. If the input word do es not exist in a sign lan-

guage dictionary

, SYUW

AN substitutes similar words

for the input word. This pro cess is useful for �nding

an alternative word which exists in a sign language dic-

tionary in order to enable the system to translate the

input word into sign language.

W e also make an exp eriment using daily news sen-

tences. These are taken from \NHK Syuw a News"

whic h consist of a Japanese sentence and a JSL. W e

analyze these Japanese sentences and translate into

SLDM expressions. If these words are not entries in

a JSL dictionary

, SYUW

AN tries to get similar words

and translates them to the JSL words.

In section 2, a description metho d of sign language

is explained. The sign language dictionary of MT sys-

tem is describ ed in section 3. The translation metho d

of SYUW

AN is illustrated in section 4. Section 5

describ es some exp erimental results and problems of

SYUW

AN. Finally

, conclusions and further works are

sho wn in section 6 and 7, resp ectively .

Description of Sign Language

Man y description metho ds of sign language are pro-

p osed, but they are not suitable to b e used in a com-

puter b ecause they mix pictures or sp ecial characters

together (Kanda94) (Honna90).

In this pap er, we prop ose a simple but expressive de-

scription metho d named \Sign Language Description

Metho d (SLDM)" which uses Japanese words and a

few symbol characters as lab els. In this description,

Japanese words and sign language words are related in

one-to-one manner (McCoy94) (Rouren90). F or exam-

ple, \Kyou, Hon wo k atta (I b ought a b o ok to day

.)" is

denoted by \Kyou / Hon / Kau (to day / b o ok / buy)".

Although we hav e to keep records of a link information b etw een Japanese lab els and Japanese sign language

(JSL) expressions, we determine the lab el which asso-

ciates these relations in easier wa y and can b e read and

written easily by a human. The symbol characters ex-

press direction, time and �nger sp elling (the Japanese

syllabary). F or example, character \<" expresses a

p oint something or hand direction. A SLDM sentence,

\Kare <" (he <) expresses the action that the left

hand takes the shap e of \Kare" (he), and the right

hand p oints to the left hand. The other SLDM sen-

tence, \Kare < Kiku" (he < ask) expresses the left

hand takes the shap e of \Kare" (he), the right hand

takes the shap e of \Kiku" (ask) and moves to the left

hand.

W e translate Japanese into sign language based on

SLDM. In this wa y , there is no need to pro cess heavy

task like image pro cessing to show sign language using

computer graphics. Moreov er it is easy to map b etween

input/output sign language and that of SLDM. In fu-

ture we will connect SYUW

AN to other input/output

devices.

Sign Language Dictionary

Our system is a so-called transfer metho d which trans-

lates an input sentence into target language using some

prede�ned rules. This seems to work well, b ecause our

sign language SLDM is very similar to Japanese lan-

guage structure. In transfer metho ds, a dictionary of

source and target languages as well as a set of structure

transfer rules are needed. In this work, the Japanese

EDR

1

(EDR95a) (EDR95b) dictionary and a JSL dic-

tionary are used as the source language dictionary and

the target language dictionary

, resp ectively

. The EDR

dictionary is a machine readable dictionaries (MRD)

which include enough words for Japanese language, but

there exist only small JSL word dictionaries, such as

the one used in (JSLD94) contains only 634 words. Al-

though there are other dictionaries which contain up

to 3000-6000 words (Rouren87) (ISLD84) (NSLD92),

they include many useless words (dialect, obsolete, and

so on). T ow ards this problem, we collected Japanese

head words from several JSL dictionaries, re-edited

them and constructed a larger sign language word dic-

tionary which includes 3162 words. These words are

common entries in several dictionary and used in real

situation. W e think these words are su�cient for daily

conversation.

T ranslation from Japanese into Sign

Language

W e make a prototype Machine T ranslation system

named \SYUW

AN". It translates Japanese into JSL

in 4-step pro cessing as follows.

1. Japanese morphological analysis and remov al of

needless words.

1

Japan Electronic Dictionary Research Institute, Ltd.

2. Application of translation rules and direct transla-

tion to sign language word.

3. T ranslation to sign language word using similar

words.

4. T ranslation to �nger sp elling.

Currently

, our translation metho d neglects dealing

with the problem of word sense ambiguit y and this

problem is left as one of our further works.

Morphological Analysis

In Japanese, words are not b ound by space. There-

fore, it is necessary to determine a word pause, part of

sp eech and in ection. W e use JUMAN (Matsumoto94)

for morphological analysis, which pro cesses success-

fully 98 % words. After the analysis, SYUW

AN re-

mo ves needless words (auxiliary verb, etc.) from the

output of JUMAN. W e use news sentences in the exp er-

imen t of SYUW

AN this time, b ecause the structures

of these sentences in Japanese and JSL lo ok similar,

where an auxiliary verb do es not in uence a structure

of sentence.

Direct T ranslation into Sign Language

W ords

As the next step, SYUW

AN chec ks each word whether

it exists in the JSL word dictionary

. At this time,

if it do es then translate it to JSL word. SYUW AN

applies the phrase translation rule for date expression,

and termination translation rules for the end of word’s

terms at the same time. The former rule is a sp ecial

expression in JSL, where the left hand expresses month

and the right hand expresses day at the same time.

F or example, if there is a date expression like \9 gatsu

18 nichi"

2

(September 18), SYUW

AN applies a phrase

rule, and output \/ 9 gatsu 18 nichi /"

3

. The latter rule

applies to the ends of the word which is translated to

sym b ol characters. Because this translation is di�cult,

w e think pro cessing them by the rule is more suitable.

Finding a Sign Language W ord using

Japanese Dictionary

One of the most imp ortant problems in translation

Japanese and JSL is the small size of Japanese lab el vo-

cabulary in the JSL word dictionary

. In the following

exp eriment, half of the words in daily news sentences

are not entries in the JSL dictionary

. These words

are failed in the direct translation step. Therefore,

SYUW

AN tries to �nd JSL words from the Japanese

w ord dictionary

. These words are resemble to a origi-

nal Japanese word.

In the future, although the dictionary may b e re-

vised and some more entries may b e added, there are

still fewer words in the JSL dictionary than those in

the Japanese dictionary

. This is caused by the fact that

2

It is a Japanese sentence.

3

It is a SLDM sentence.

we cannot distinct so many sign language words due

to the limited combination of arms and hand shap es.

Moreover, it is p ossible to apply our prop osed tech-

niques to learn a new JSL word and extend the JSL

dictionary .

If the input word do es not exist in the JSL word dic-

tionary

, SYUW

AN tries to get similar words from the

machine readable Japanese word dictionary

, translates

them to JSL words. SYUW

AN uses EDR Electronic

dictionary as its Japanese word dictionary . T o derive

similar words, three following metho ds are applied.

Using the concept identi�er SYUW

AN tries to

get similar words which hav e the same concept iden-

ti�ers with the input word from EDR Japanese W ord

Dictionary (EDR95a). This dictionary includes nearly

400,000 words entries. Each entry is comp osed of the

head word, the concept identi�er, the de�nition sen-

tence of a concept (Japanese and English), and so on.

The head words which hav e the same concept iden-

ti�ers are similar in the sense than any other words

in dictionary

. Therefore, SYUW

AN tries to get some

head words which have the same concept identi�ers

with an original word, and tries to translate them to

sign language word as the �rst and second steps.

F or example, when SYUW

AN translates the word

\gakushoku (the refectory)" which is not an entry

in the JSL dictionary

, gets a concept identi�er of

gakushoku, and gets head words which hav e the

same concept identi�ers with gakushoku. The re-

sults are \shokudou (a lunch counter)", \byu�e (a

bu�et)", \ryouri-y a (a restaurant)" and so on. The

word \shokudou" is only an entry in the JSL word

dictionary

. Finally

, SYUW

AN translates the word

\gakushoku" to \shokudou" (Figure 2).

Figure 2: Using the concept identi�er

Using the de�nition sentence of a concept As

the second metho d, the de�nition sentence of a con-

cept is used. The EDR Japanese word dictionary has

a concept explanation which is de�nition sentence of

a concept and a head word. SYUW

AN extracts a list

of words from a de�nition sentence using some extrac-

tion rules. These words are pro cessed later in the same

manner as the input is. These extraction rules are

of tw o kinds, called \ov erlap-remov e" rule and \toiu"

rule. The former rule remov es an ov erlap head word

from the de�nition sentence. If the de�nition sentence

con tains the head word, SYUW

AN pro cesses recur-

siv ely that word without termination. The ov erlap-

remo ve rule av oid these situation. The latter rule de-

p ends on the expression of the EDR Japanese word

dictionary

. The de�nition sentence of a p eculiar noun,

is usually in a �xed form like a \Nipp on toiu kuni" (A

coun try called Japan). The \toiu" rule translates this

explanation to \kuni / namae / Nipp on" (country /

name / Japan).

After the application of these rules, the derived ex-

planation is pro cessed by morphological analysis, a

w ord list is extracted (Figure 3).

Figure 3: Using concept explanation

Using the concept hierarchy The last metho d is

to get a sup er-concept word from EDR Concept Dic-

tionary (EDR95b). In this dictionary

, 510,000 con-

cept identi�ers are connected hierarchically

. Each

en try is related with some sup er-concepts and sub-

concepts. It seems a sup er-concept is a abstraction of

sub-concept, therefore, SYUW

AN substitutes a sup er-

concept’s head word for a original word. F or example,

a \�sh" concept connects \salmon", \sardine", \mack-

erel" as its sub-concepts, and \organism" as its sup er-

concept (Figure 4). W e think that the head word of

sup er-concept is similar to the original input word.

Figure 4: Using hierarchical concept

T ranslation into Finger Sp elling

As the last step, SYUW

AN translates the remaining

words to �nger sp elling if they are nouns. The �nger

sp elling expresses Japanese syllabaries (Kana). Each

character of Japanese syllabaries corresp onds to a �n-

ger shap e uniquely

. This metho d is used frequently in

translation from Japanese noun words which do not

exist in JSL word dictionary

, such as technical terms.

The �nger sp elling has one-to-one corresp ondence with

Japanese syllabary

. Therefore the translation into JSL

always succeeds. Howev er, this metho d do es not con-

sider word meaning and is applied for a noun at the

last step of our system.

Exp eriments and Results

In the exp eriment of SYUW

AN, we used daily news

sentences as the input data. News sentences are taken

from NHK

4

news for hard of hearing p eople. These

news sentences consist of Japanese sp eech and sign

language which are suitable for our work due to the

following characteristics.

� It is easy to p erform translation b etw een Japanese

and sign language, b ecause the newscaster (not a

deaf p erson) translates the news sentence, and there

are many similar constructions b etw een b oth struc-

tures.

� W e can get unusual sign language words (p olitics

and economy terms, etc.).

4

Nipp on Housou Kyouk ai (Japan Broadcasting

Corp oration)

W e prepared 91 sentences including 1303 terms, and

w e revised the result of morphological analysis pro-

cessed by JUMAN b eforehand.

SYUW

AN pro cesses an input in four steps, but

cannot automatically select a b est word which is ob-

tained from EDR dictionary by using the similar-word

metho d. W e select and con�rm the output by hand.

As the result of our exp eriment, 423 terms (32%)

w ere needless for SLDM at the �rst step of morpho-

logical analysis. 297 terms (22%) were successfully at

the step of direct translation to sign language word,

165 terms (12%) were successfully translated by trans-

lation rules. (T able 1)

In the next step, SYUW

AN tried to get similar words

from the EDR dictionary

. At �rst SYUW

AN got words

whic h have the same concept identi�ers, and 58 terms

w ere found. All of these terms were translated success-

fully

. Secondly SYUW

AN got word lists from a concept

explanation, and 269 terms were found. After applying

the extraction rules, there were 254 terms which could

b e translated successfully

, and 15 terms were useless.

Lastly SYUW

AN got sup er concepts of head words, as

the result, and 15 terms were found. W e con�rmed

the result by hand, 13 terms were translated success-

fully

, but 2 terms were useless (disagreement a head

w ord and a input word). In this step, 325 terms (24%

) could b e successfully translated.

In the last step, among the rest terms, 38 terms (3%)

w ere translated to �nger sp elling, 55 terms (4%) were

fail to b e translated to sign language.

In conclusion, SYUW

AN could succeed up to 95 %

of translation from sentences. Among 880 terms which

w ere needed to translate, 297 terms (34% ) were di-

rectly translated, 165 terms (19% ) were translated by

rule, and 325 terms (37% ) were translated by �nding

similar words.

Some failures, mainly in step 3, are caused by the

follo wing reasons.

� There are some useless de�nition sentence of a con-

cept in the EDR Japanese word dictionary . F or ex-

ample, the head word of \saigen" (reapp earance)’s

de�nition sentence is a \saigen-suru" (reapp ear),

and \mujitsu" (not guilty) ’s de�nition sentence is a

\tsumi ga mujitsu na koto" (It is not guilty). Even

if the extraction rules applied, no useful words are

obtained from these sentences, then it is imp ossi-

ble to �nd some similar words by this metho d. The

EDR dictionary is going to b e revised in the near fu-

ture. W e plan to make an exp eriment using the new

version EDR dictionary and exp ect to get a b etter

result.

� Some de�nition sentence of a concept do es not in-

clude an appropriate words and to o long for SLDM.

The head word \tagaku (a lot of money)"s de�ni-

tion sentence is \suuryou ya teido ga takusan de aru

koto. (a large quantit y or a large num b er)". W e

prefer to get two words \money" and \many", but

they are not included in the de�nition sentence.

It is p ossible to solve this problem by the way that

SYUW

AN pro cesses word explanation recursively .

But it is not practical, b ecause there are some noises

added when SYUW

AN pro cesses a de�nition sen-

tence of a concept. It is necessary to improv e the

pro cessing precision of SYUW AN.

� In this exp eriment we do not consider a word sense,

there are many cases that the head words disagree

with correct senses. F or example, when the word

\ton" is pro cessed, SYUW

AN matches to a \ton"

(tonnage), howev er, that word means a \ton chan"

(Mr. T on) the in the input sentence.

Another exp erimental failures are caused by some

reasons as shown b elow.

No entry in dictionaries Some words

like \gokigenyou" (How are you), \dewa" (as for)

are not registered in b oth the EDR dictionary and

the JSL word dictionary . W e think that register-

ing more words in the JSL dictionary

, will solve this

problem.

Kana expression If the input sentence is notated by

k ana, SYUW

AN cannot recognize words in the sen-

tence correctly . T o solve the problem, we plan to

use reading information in the EDR dictionary and

if p ossible, we try to describ e the input with k anji.

Pro cessing of the ending of a word

When the passive sentence is translated, SYUW AN

makes a mistake in recognizing the term and fails to

translate.

This is caused by the fact that, JUMAN cannot pro-

cess all sentences completely . W e can improv e this

by adjusting the JUMAN system.

Conclusions

W e prop osed a new description for sign language

named Sign Language Description Metho d which uses

Japanese words as its lab els. W e constructed a large

JSL dictionary including 3162 head words, and im-

plemented a MT system SYUW

AN which translates

Japanese into JSL. When a word do es not exist in

the sign language dictionary

, we prop osed the follow-

ing techniques to get a target word based on similarity

from the EDR dictionary

� Using the concept identi�er

� Using the de�nition sentence of a concept

� Using the concept hierarchy

Our system can succeed up to 95 % of translation.

F uture works

W e did not deal with word sense ambiguity in this

work. It is not alwa ys a case that there is a one-to-

one corresp ondence b etw een a JSL word sense and a

Japanese word sense. The wa y to automatically de-

termine word sense will b e taken into account as our

further work.

all of terms in sentences : 1303

needless terms other terms : 880

Direct T ranslation Apply T ranslation rules Use similar word �nger sp elling failure

423 297 165 325 38 55

(32%) (22%) (12%) (24%) (3%) (4%)

T able 1: Result

In this exp eriment, SYUW

AN can translate 95%

terms. This seems a go o d result. Howev er, the result

is ev aluated based on words, not sentences. W e plan to

impro ve SYUW

AN to output sign language sentences

completely .

In this pap er, we prop ose a translation metho d

of term-to-term corresp ondence which tends to do a

literal translation like a Manually Co ded Japanese

(MCJ). SYUW

AN is a prototyp e which can b e used

for a learning purp ose or b eginners. In future, we will

consider in more detail ab out the grammar of JSL and

implemen t a more practical version of SYUW AN.

Ackno wledgmen ts

W e are grateful to memb er of Okumura lab oratory ,

esp ecially Dr. Thanaruk Theeramunk ong, for many

commen ts and advises.

When we constructed our dictionary

, we received

man y helps and many ideas from the deaf and sign

translators in Ishik a wa. Many co op erations and ad-

vises are obtained from a sign language circle named

TENOHIRA in Nonoichi.

References

Hisahiro ADACHI, Shouzou YOSIZA W A, Masako

FUJIT

A, T ak ashi MA

TSUMOTO, Kazuo KAMA T A

(1992). Analysis of News Sentences with Sign Lan-

guage and Sign T ranslation Pro cessing. Information

Processing So ciety of Japan, Natural Language Pro-

cessing, V ol.91-3. 17{24. (in Japanese)

Mak oto Nishik a wa, Mutsuhiro T erauc hi. (1995) A

Study on Japanese - Sign Language T ranslation

Considering Placement of Sign W ords. IEICE, Hu-

man Communication Science, V ol.94-94, 55{62. (in

Japanese)

T ak ao KUROKA W A. Gesture Co ding and a Ges-

ture Dictionary for a Nonv erbal Interface (1992). IE-

ICE T rans. F undamentals, V ol.E75-A, No.2. 112{121.

F ebruary .

Jin tae Lee, T.L.Kunii (1994). Generation and Recog-

nition of Sign Language Using Graphic Mo dels.

IISF/ACM Japan International Symp osium: Com-

puters as Our Better Partners. 96{103. March.

Eiji OHIRA, Hirohiko SAGA W A, T omoko

SAKIY

AMA, Masaru OHKI (1995). A Segmentation

Method for Sign Language Recognition. IEICE T rans.

Inf. & Syst. E78 D, 49{57, January .

KANDA Kazuyuki (1994). Syuw agaku kougi. F uku-

mura Shuppan. (in Japanese)

HONNA Nobuyuki, KA

TO Mihoko (1990). Syuwa no

Hyouki-hou ni tsuite. Sign Language Communication

Studies of The Quarterly of The Japan Institute for

Sign Language Studies, No.4. pages 2{9. (in Japanese)

McCoy K.F., McKnitt W.M., Peischl D.M., Penning-

ton C.A., V anderheyden P

.B., Demasco P

.W. . AAC-

user therapist interactions : Preliminary linguistic ob-

serv ations and implications for companision. Pro c. of

the RESNA ’94 Annual Conference. 129{131.

Japanese F ederation of the Deaf (1990). Sign Lan-

guage for the Intermediate Class. (in Japanese)

KANDA Kazuyuki(1994). Japanese Sign Language

dictionary

. Alpha Media Co.,Ltd.

Syuwa communication Kenkyuk ai (1992). Shin Syuwa

Jiten. Chuuouhouki.

MARUY

AMA Kouji (1984). Irasuto Syuw a Jiten. Dy-

namic Sellers Publishing Co.,Ltd.

Japanese F ederation of the Deaf (1987). The glos-

saries of the Japanese Signs (W atashi tachi no

SYUW

A in Japanese).

Japan Electronic Dictionary Research Institute L TD

(1995). Japanese W ord Dictionary V ersion 1.0.

Japan Electronic Dictionary Research Institute L TD

(1995). Concept Dictionary V ersion 1.0.

NAGAO Lab., Kyoto Universit y (1994). Japanese

Morphological Analysis System JUMAN Manual ver-

sion 2.0.