[s) (3

@ %
&
= S

-& 0\
Y NAISTY &

Japanese-English Code-switching
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€ Code-switching (CS):

A speaker switches languages within a conversation

® [Inter-sentential code-switching]:
HdH. £51>TH., Onthe honeymoon, they bought thiS. [Nakamura+2005]
(Oh,year, your’re right. On their honeymoon, they bought this)

® [Intra-sentential word-level code-switching]:
WEREHEZ-DT., TOWHRZ{E > Trecounting L £ 3, [From NAIST lecture ]
(Since we gave a probability, we recalculate using that probability.)

® [Intra-sentential phrase-level code-switching]:
H1- L1, that's not the point&EMEHONT=%H A13,  [Fuimura+2013]
(I was told that that’s not the point.)

&€ Loanword insertion:
I:I:I FEEJEEE §1E 2 7’—: H#O) A U Y |‘ (:1E.|-75§% %) 75\ ? [From Naist lecture]
(What is the merit of using an interlingua?)
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Code-switching plays a vital role in bilingualism. ucswans2000

Bilingual speakers have increased in Japan.
Students

Children Children
with a foreign parent ~ who have lived abroad ~ who study abroad
(people) (people) (people)
25000 14000 70000
21,180 12,527 60,643
12000 60000
20000
10000 0000
15000 13,686 2000 10000
5,900
10000 6000 30000 93 633
4000 20000
5000
2000 10000
0 0
2015 (years) 2006 2016 (years)
Data : JASSO

0
1990 2016 (years) 1977
Data : MHLW Data : MEXT
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Reports of Code-switching
In Japanese-English Case

01\ SCIence
<2

¢O’
A
@
(2]
=y

‘nsﬁf“?
i; ®

-& 0\
Y NAISTY &

1 A Japanese child who lives in the US

59 code-switching in half an hour

[Nakamura+2005]

By aturukus

2_ Bilingual children living in Japan, who have foreign parents

153 code-switching in 4 hours

[Fujimura+2013]
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Realize to recognize every conversation

| Requirement |

<Usage scenes >
1. Lecture, Meeting 2. Dialogue with a robot
(z > & . BAZE T coincidence” > T )

(B)ER & 1L 7= E % target sentence ) AT AT -1 2
(Um, what do you say “coincidence”

é_’. Ly i —g_o [From NAIST lecture ]
(The translated sentence is called _in Japanese?)

target sentence)
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Tried to train speech recognition to recognize code-switching

Chinese et . .
* g code-switching (GMM-HMM) vu+2012)

® pww———E
.
*
*

......

code-switching (DNN-HMM) [vimaz+2016]

S][* " Dutch

Jap
— . case has received scant research
¥ TEnglish
v

We focus on Japanese-English code-switching.
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Japanese-English code-switching ASR must be developed, but:

Problems _ Previous collected
@ No Iar_gé-scale data exists code-switching speech data
for training model v Mainly from conversation

?) Time-consuming and

: . Mandarin-English ityu+2015]
expensive for collecting J

Frisian-Dutch [fewvei+20tel

. Spanish-English isolorio+2008]
So we constructed Turkish-German
Japanese-English code-switching M .. Herkenratht2012]
e : naarin-Talwan
speech database by utilizing TTS >. Manda awa eS[Su+2008]

etc...
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- The Overview of Code-switching
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Data Construction
Text
1 2 3
Japanese > Select —2>| Translate into
text word/phrase English
\ ;
Code-switching
text
| N\
— Speech
7
5 6 Synthesize
Synthesize & —>1 Find time to switch English part
get time information & trimming 7
8

>1 Code-switching
speech
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Data Resources
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Available data resources:
Monolingual BTEC text data
v'The ATR Basic Travel Expression Corpus(BTEC)

v’ Basic conversations in travel domains
We used Japanese/English BTEC text data called BTEC1,2,3, and 4.

1 2 3
Select Translate into
English

BTEC
word/phrase

Japanese text
\ 4
Code-switching
text
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Data Resources

“.o#.__in Speech Data Construction

Available data resources:
Monolingual Japanese and English TTS system
v Use HMM-based Speech Synthesis System(HTS)
v Generated based on a hilingual BTEC speech data

lnsnfw
(-]
E Q

Bilingual BTEC speech data
v Originally constructed to emphasize a speech translation study

v' Use the data from 1 bilingual speaker

-

STEC Code-switchin
Japanese g Synthesize
text :
English part

text
¥V v 1'
5 6 3
Find time to switch —> Join | Code-switching
speech

Synthesize &
get time information & trimming
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® Intra-sentential word-level code-switching

@ g )\ XD )\ Ty bk (EHD F£F9 H
(do you have any brochures for the sightseeing bus?)

> Commonly select katakana characters
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IN Text Data Construction

® Intra-sentential word-level code-switching

@ ‘ B )\ D) TLy bk E B0 T H
(do you have any brochures for the sightseeing bus?)

> Commonly select katakana characters

2 ‘ BESRDC_ W@ HDFI N

(do you have any brachures for the sightseeing bus?)

\

J\> T L v b= pamphlet
by Google Translation
API

Copyright © Nara Institute of Science Technology All rights Reserved



0\ Sclef]ce

7S Word-level

In Text Data Construction

® Intra-sentential word-level code-switching
@ ‘ B )\RD/)\>TLy b B0 £9 H

(do you have any brochures for the sightseeing bus?)

> Commonly select katakana characters

) ‘ BESRDC_ W@ HDFI N

(do you have any brachures for the sightseeing bus?)

\

J\> T L v b= pamphlet
by Google Translation
API

@ ‘ B )X D pamphlet (& H0D F9 hH

(do you have any brochures for the sightseeing bus?)
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IN Text Data Construction

® [ntra-sentential phrase-level code-switching

M. JILSN T 13|HY what do you think this is?
(Yes, this (is) Ultraman-Tiga or what do you think this is?)

Reference
@ [Nakamura+2005] [ T4 1 that’s not his arm.
(Speaking of that, that's not his arm)

BAAD 0 &g K] = Ak & —# (C#H> Ta T <an
(Bring me two bottles of carbonic minerals and some ice please)

/\

Trigger is Japanese particles:
wa, ga, wo, ni, he(e), to, ka, kara, yori, ba, temo, keredo,
noni, node, kara, nari, nagara, tari, tsutsu
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In Text Data Construction

® [ntra-sentential phrase-level code-switching
@ BRAAD 0 REEKE] = Ak & —# (CH> Ta T <iEan

(Bring me two bottles of carbonic minerals and some ice please)

BRAD O R K &2 T

@ (Bring me two bottles of carbonic minerals and some ice please)

i

ZTARKEMEICHEH> TETLLEZWN
3 by Google Translation API
bring me with two ice
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In Text Data Construction

® [ntra-sentential phrase-level code-switching
@ BRAAD 0 REEKE] = Ak & —# (CH> Ta T <iEan

(Bring me two bottles of carbonic minerals and some ice please)

BRAD O R K &2 T

@ (Bring me two bottles of carbonic minerals and some ice please)

i

ZTARKEMEICHEH> TETLLEZWN
3 by Google Translation API
bring me with two ice

@ B AD D KEE 7K & bring me with two ice.
(Bring me two bottles of carbonic minerals and some ice please)
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‘ Japanese sentence ‘ English
(Does that include breakfast and dinner?) word/phrase
SR TR 2ETIN dinner

Trimming

je—>]
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Data Analysis

Statistics of Japanese-English
code-switching speech utterances

Phrase-level code-

Monolingual Word-level code-
Japanese switching switching

m Japanese words  ® English words
< The number in the bar is the number of words
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7/ Conclusion

Problem
For Japanese-English

code-switching ASR

(1) No large-scale Japanese-
English code-switching data
exists

We constructed

a Japanese-English
code-switching corpus

Word level Phrase level

@ Time-consuming and
expensive for collecting

code-switching

code-switching

Utilizing
Japanese and English
bilingual TTS

146k 146k
(12% English) (54% English)
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v'Investigate the quality by
Increasing speakers and
comparing with natural
code-switching speech

v'Utilize it to enhance our
speech recognition system

St

for the bilingual community @
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The End
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Appendix
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Google
TTS

st o
This

Text study
B IS

F @ baggage h* RO £t A.

(I can’t find my baggage)
Z 1 |3 declaration L T £HA 127

(You haven't declared this have you?)
o IS

Fh D 5¥) % please look for it.
(Please look for my luggage)
N:

Phrase
level A& 93 £D H Do you have?
(Do you have anything to declare?)
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1. Monolingual BTEC text data
v'The ATR Basic Travel Expression Corpus(BTEC)

v'Basic conversations in travel domains
v'Collected by bilingual travel experts from Ja/En
sentence pairs in travel domain phrasebooks

We used Japanese-English BTEC text data called
BTEC1,2,3, and 4.

Table 1. Basic statistics of BTEC text data
BTEC1 | BTEC2 | BTEC3 | BTEC4
# Sentences 172k 46k 198k 74k
# Word tokens 1,174k 341k 1.434k 548k
# Word types 28k 20k 43k 22k
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2. Bilingual BTEC speech data
v'Constructed to emphasize a speech translation

study
v'1015 Japanese/English sentence pairs were

selected from 16,000 BTEC sentences
v'Recording was done with 3 bilingual speakers

v WAV audio was recorded with a frequency of
16KHz,16 bits and a single channel
We only use the data from 1 bilingual speaker.

Table 2. Sample of bilingual BTEC speech data

Language | Transcription

Japanese | Kamera desu.
Suteki na hi ne?

English That’s a camera.
Beautiful day, isn’tit?
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3. English and Japanese HMM-Based speech synthesis

HMM-based Speech Synthesis

Engine System(HTS)

Text Japanese-English BTEC

Speaker One bilingual speaker
<ss=e Training data 960 utterances

S)/aEsls Sampling rate 16kHz
(F<)1 Frame size/shift 25ms/5ms

Feature vector  40-dimensional MGC, log FO

Vocoder WORLD vocoder
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« South-East Asia Mandarin-English corpus

» 156 speakers(36.8% are Malaysian while the rest
are Singaporean)

« 192 hours of wav audio records
« Speaking style: conversation and interview

* |n total 110,145 segments
« 28,655(English)
« 24,438(Mandarin)
« 57,052(Code-switch)
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* The regional public broadcaster of the province Frisian

* The total duration of the manually annotated radio
broadcasts sums up to 18 hours extracted from radio
programs almost 50 years

 Topic is about culture, history, literature, sports, nature,
agriculture, politics, society and languages.

« 309 identified speakers and 233 unidentified speakers
 Total number of code-switching case is 3837
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