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Abstract: Bilingual speakers often mix two or more languages in their conversation. Such a phenomenon
is called code-switching (CS). The switching units and positions may be different variously, and the length
of a unit can be from word unit to phrase length beyond the loanword unit. The CS phenomenon causes
difficulties for automatic speech recognition (ASR) since the system has to be able to control multilingual
input. The CS ASR for various language pairs has been investigated in the past. However, most of the
goals for developing a CS ASR is to transcribe CS speech into CS text, which supposes that only those who
understand the CS use it. In contrast, in this study, we focus on the conversations between CS speakers and
monolingual speakers; and we aim to assist monolingual speakers to understand what CS speakers say. We
develop a system that recognizes CS speech and translates to monolingual text. We investigated two cascade
approaches from ASR by a neural machine translation (NMT) and Bidirectional Encoder Representations
from Transformers (BERT), and two direct approaches by single-task learning and multi-task learning. In
the end, we compare and review these four ways on a translation task from Japanese-English CS speech.
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THAOLNS, BieRETHETHLIIa—-FAL v F 7
(CS) &MfEh, 332a=Fr—2arOtD12TH5.
EBZ, NA ) IV OFIHAS 4 KERIZ 153 [l CS
o7z vy WEDsH Y 3], HEEFTD CS DEMD
HOEPIZH>TWWA, CSIE, UTDXd %, XOBEPT
SHEUIBRZLLFCS EXDOYNBETEHE LY B2
53 CS 5 A [4)].

e XHCS:

AW D AFEZR 1T the ability to see the needs of a
market that doesn’t yet exist 25% 5.

o XM CS:

I'm looking for a present for a friend in Japan. fi[ %3
e BnE g2

LHCS X, HEEORSHOLRELZBZSLTL—XD
FESFET, SilE2UYV B LIHEMIEISA. 72, &
FREOILH CS DBID & ) ICHAGED SIGE - THEFEIZH Y
Bbosbobhiud, XH CS OBl L) IZHAED S
FoTHBIYVEDLLLDLDHD (ZNHE—FEDIZL
THYE CS &I, HFRICIZA RO X9 ZAmEr &
CEKEZRZRV), 72, 200FEORINTE LIIH
{, MHEICSFEEAMVEZOND 254U A BETERE)
Mo CS &, 1 2OFFEDORNIVPENT20, TOFHETH
FTLEIFOFTFHEL AL DOFES 5\ & % b R FkER
RO CSHH S B, COLHICSFEERCSHH LT
O, WEFEORMEEAR LT LR EFRH# (ASR) ¥
AT L) FLRBET A LN TET, CS s Es
CLIFASRIZESTHLWRED 1D ThH 5.

INFET, LEEOFEETIVORE[6) 2, Sifimkpl &
BRMEEMAGDE LT[, BRI L 2T 3
b, SESELFULOCS EFEMSREINTE .
LrL, EN5D CS HEFZRHOF LR BEMIE, SFEFMERS -
7CSOEFRE, TOFTESHENRS>7-CSDTF AT
CrpfBH) cHSRITI LT THY, CS 2HWET 2
NZPEHS 2 2 L2 LTz, —75, KR,
CSitE LHEHBORMeEL, CSHEDHS T H
SHESEPHECE L L) ICTET A, CS I, CSEETH
TR ETHEERT TR AL, CSHil L HEMENE
WEFEETDHEEXIZOHVWONS., 2L z2IE, TAUAIC
BRLIFEZZED9) B, 5L EdieEz ) £ Rk
Wl 2 7o 9], FE - B iE, FRTIEEREZFL, X
TEFEREETOT, MGG NN ) Y HVEREIC L S L
). TOLE) G, THACS R AVCERL T O mHIE
TR BDF ) L ERBRTE R, FO0, HEHE
HCSTEBDHRSTHBTED LI, CSOFHZF
WL, HEHTFANMIERT LV AT L 2T 5%
Wb,

TEFAMPLTFAMANORWERTHNIL, T
TIZY, CSHEMEEROMIE W D2 fETES 4. Sinha
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510 1d, HEEEDEETHILICLY, TFAIESLT
FAMAO CSERREZEI Lz, LoL, SiElLICfLR S
MR w2720, SEMEBAUREEZE TS 2
EHS, o EHE L, £72, Johnson b [11] 12L& -
TIRESNBEWIRIE, FBREOSEL AN THET %
CLICEIDEZERBEOMARELEIL, CSEROTREME LR
L7z, LaL, TELSTFA MANOFROEA, #R
ek ATTIRETH0TF AN EFFEOMENLETD
D, ERMETITHCD ERECENSES. 72, B
HOFHEAFM LTIV ETNTEESEL L, BEVO
SREDINA T AL o THEE 2 AL S 4. Menacer 5 13
WL ODPDFETT 7 ETREERFED CS IR L 72 [12].
b BLEU 22 725E o 7270, BT 208D %
WEREORSIIZFOE F Ao NICaE—-L, bl
HHIL SREE o> THH LW ERR CRIER T 2 L v F
BECHo7z. LrL, TOFEE, EFPLLTFAIND
WROBE, ANEHRNICFDFFaE—FL2L13TE
Zwv, F 7o, aE—3ETICCS ONEhRE S SEL o
THHSEET VRS54, HKETVOFRT
BLEU R 2 7 3%z {4 » 72

WIFIIZ LT, RKIFEIE, 7FA ML TF A2 PADOF
RTIEFELL, FEIPOLTFAMADCS HTHEEREZEHT
b, ZDZOIZ, 2DDH A — K (Cascade) 77 H—F
L 2 O0EE: (Direct) 7 70 —F & Hid 5. Cascade 7
Ta—F, —2— I VEMEIR (NMT) & Bidirectional
Encoder Representations from Transformers (BERT) [13]
HW2bDTHY, Direct 7 70 —F 1, CSHEFDS
HMEETFANEHMNTAEL V7V A7 SHEERE, CS
LEREPOHSETFANECSTHFA MDD 2 T
HINF YA EFRMRTH S, FL2HPUFIT-72 CS &
FEEROMZEIL, CS HFFEDOEFENOFRS A7 DA%
ho 7277 [14], RBFFEIE CS HE D 5 HAENOFIHR & 2
75k .

2. CSEFEDPSHEEMRNDODREFE

CSEHERMNOHEET XA MOFFEHRZITH 720, 2
D@ Cascade 7 7H—F & 2 DD Direct 77U —F %}t
59 5. Cascade 7 70— 1%, CSEFHE#BZICL->TCS
FRPLZERILAZCS TFAMIXF LT, NMT F7-
l& BERT % ffio THMEIRZ 1T FETH 5. Direct 7
Tu—FIE, CSEFHMICL->TCS T7FAMITEIR
ST TULAEFETIS, BEY VIV Y AT F2ETVT
YA TCSHHRPOLHESET XA MR NTL2FETH
L. INLDOREFEIIONT, 12T O8NT 5.

2.1 Cascade 7 7’0 —F

2.1.1 Cascade ASR+BERT €5/
Cascade 7 70 —F® 1 ©DHIZ, BERT 2/ Wb 77
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AACS e
BE CSHDBRER

H#ACs . HAREDE

ASR FER R z—;i; [;t BERT e

1 Cascade ASR+BERT E7 )V
Fig. 1 Cascade ASR+BERT.

HAHCS i “ N ~
mpos | have to #4 Ty ke hE e

LSTM
Ta-—%

1RO IAFHE
TR

BILSTM
=R

ANCSERE

2 ASR DE 7IVAEE
Fig. 2 Model architecture of ASR.

HAOBESR | have to go on a diet [PAD]
FER b
wra (D s e *
Transformer *‘
> N ce -«
RT3y o
BHAHE el T -
. N N Ce N
1B5HAH B
ARTRY | have to [MASK] [MASK] [MASK] [MASK] [MASK]
TEIE
22851 hae to SAIubhn sEe

B 3 CS #7700 BERT OE 7 Vi
Fig. 3 Model architecture of BERT for CS translation.

O—FChs., WHOMEER 1 1277, 3, ASR A
CSEFRNPHL CSTHFAMEERT A, RIZ, BERT FiFE
TIVH, CSTHFAINDPOHFHRTFA I LTS, &
OIS ASR OREEAR 2 IR, ASR I, *
EEEA O - TF IS ETIV (15T, Ty I
FiE, 1 Fd7zY 256 D=y b2 3O
[ LSTM (BiLSTM) %#:5H, 73— 5L 128 RILOHE D
ARG E B2 DENRL=y FEEDO 1@ LSTM % #-o.
ATTHBE IS B AV AR ba 7T Ax v, iHHLE
¥ LeakyReLU (I = 1le —2) [16] X 7. =y a—%
EFaA—F Ry ST AEEREOT IA A A
TI3ZRE -1 7 bu s OFHEE AWz (17).

BERT SiEE7TNVOME LR 3 IZRT. ETNVDIIRT
A—& EgIHAMELL, S DA L7258 %A D BERT Base
ETWIHES 72 THUE, 110M D/8F A — ¥ % Fih, 768
DfEn L=y b %D 12 g D Transformer [18] 7 HRFHK &
N5, BERT SiEET NI, MERDOSFEET VIR TH
NRFHEETNTHD. EROSFEET VI, ATRHNIC
L CH—F (Ehbh) OAFET LY, HEMO
VRO FEHIZRAE DS - 7-. —JF, BERT &, Transformer
ZHWT, B (BB LU0 /k) H 6 HEERH
DRSS E FE T 5.
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£ 1 BERT SiiETNVICL > CTPHIT2HSET A~ OBl
Table 1 Example of the monolingual text recovered by BERT.

JE 3L i have to ¥4 = v b Ih® 72 & % before my
belly explodes
<22 L72% | i have to [MASK] [MASK] [MASK] [MASK]
[MASK] before my belly explodes
7 N\ i have to go on a diet [PAD] before my belly
explodes
ZHER i have to go on a diet before my belly
explodes
AACs e 3k
\/\3\:/:\/ ASR _T"fj;_:f i NMT ijfffg

4 Cascade ASR+NMT O-E 7))V
Fig. 4 Cascade of ASR+NMT.

BERT X, 220058 7+ — XA CHE IS, (1) SiE
RO T— 52y M &M LHREE, (2) @
A ERB [19], ERISE [20], BEIEDHT [21] 7 EOFFED
GATHERLIZDICR AL VEGDTFT =5ty N CTHEET
5774 vFa—=r7. FHEiFHE 7 2 — A TIlE, BERT
E7 v FLlZ—ED =2 Y% [MASK] F— 7 VIZiE &
Wz, TORMO M= v EMHLTCERE2FEHT L
L2k, [MASK] h—2 v ICEEHA OGN b= v %
Fill§ 4. Ghazvininejad 51, EBEEOEWV F—7 %
[MASK] b—27 VICEEHZ CTFMT A L2 EL,
HEFED ORI OB FENOLH S 2 712 BERT §ifET
VARG L7z [22]. &40 CSERICYH, FaiElE 7 = —
A CTHWSENA BERT St 7NV FIH L7z, AWF7EIX
ASR2SCS H5HE2 5 CS 7 A MIEERI LK, $1
SREMEREL 2058 2 SREOHEEL [MASK] F—7 ~ i
& &2, BERT SifE7 VA MASK] h—2 Y ZFill L
THE1ISHEOHRSET F A NIRRT S, B, B2
SNBHEOHDTD SRV, 2 SHEDORMEICT
W5 =2 vORKELED MASK] b—2 v % %ET
4. F& 11, BERT SiEETNVEMALCTFHT 58T
WmTFAMOBIERT. FMlT A =7 2 OEKH [MASK]
F=2 DL N DR wGE, FHIEFTO Z NV [PAD)
=27 THODOLNS.

2.1.2 Cascade ASR+NMT EFI/L

b9 120 Cascade 7 70 —F %, NMT = fi\V 5. 4
12, WMELOREEZ RS, ASR Y, CSEFA 5 CS 7 F A
FEFML72E, NMTIECS 7F A MNLHESHET F A
MCEIRRT A, 22 THWA ASR VAT 4%, 211 THT
WHR72E 2 DETFNEFEEDETFIVTH S, NMT £7)V
X, B 5 I2RTEBD, ASR E 7V & IR EEEN =
Horrva—4¥7a—-¥E7NVT, Trya—%i%, 17
H720 256 DFENL= Y N EEDO 2EO BILSTM %5,
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Fig. 5 Model architecture of NMT.

HOEEEE I have to go on a diet
THER 9
LSTM -
1B HAHE e .
B -

- > - <
BiLSTM | -

6 Direct ¥ ¥ 7V ¥ A 27 HHEEROE T IV
Fig. 6 Model architecture of direct single-task

speech translation.

T A= FIL 128 RILDMDAAE L 512 O 1=y M &
o 2@ LSTM %o,

2.2 Direct 7 70—F
2.2.1 Direct > 72 X7 EERIER
SUTNE A EHERIE, CSEFENOHSET A
FANEBEN DT A EERRY AT LA THAH. Sk L7 ASR
EFNVEMUMET, CSHEFRPLIEET ¥ A b v EHEE
WMITBEINICETNEFEESE. 612, TOETILVD
kxR T.
2.2.2 Direct YILF 42 X7 SEHR
TIVFF A7 EFERFIL, VT A7 B EH T
CSHEFDPOHEEETFAMLCSTFAMD 25N DOH
NEFR LEFHREERT LV AT LATHL, YIVF¥
AT BTV OpON) - 3 Y ERFEOY, T a—
FaIEL, 2200WHTFTaA—-F el lz<vIVF ¥ A s
23 ZHH L. 0250 Fa—-41%, CSTFFA
MNEHERETIANOW RN NT S, ET L O
B LU D 20073 — 513K L7z ASR ET IV &
FUHELZR>. 712, COETNVOMELZRT.

3. I—FKXAyF>FO—IXX

BHEFOCS EHREFRO CSO 2D a— /XA %
PER L 72, BRGSO CS 1, HMEIRR & 55 4 x v
TR L7-CSTH Y, HAFHO CSIE, HEMIZCS &
FAVZNA) Y HNVEEEPSIESNTZCS TH 5.

© 2021 Information Processing Society of Japan

HACSTHZR b HOEEETFR b
| have to &4 Tw htgsh lrx» | have to go on a diet
- m-a. - -

/J:-‘/ -»>
=
AACSERE

B 7 Direct ¥V F ¥ A7 FHEFIROE 7 VAL
Fig. 7 Model architecture of direct multi-task

speech translation.

CSIZL1 & 122U B A B - OIERESH 2 &0 aD
L, BEREG A LIRS S IR DHREC A SR L
5720, BEETNVEGFROR—KEZEL S, FREED
KTFEHBERE %5 [24]. D720, L2 FiEOHEMLEC
HEOWTCS #H5HL, L2 5/ tmﬁ%bﬁwﬁﬁv«w
DY DERFEFEL VD CS & L, L2 SiED RS OF
7 AT R BIFFESTFEOD D EFIERFEFE L NV D CS &
T 5. AWML, FRIEFFEFHELNVD CSEAFTET
Wi, FEEESFELNRLDO CSDAZHHI 2L L T5,

T/, ARRFELDIIE, HERRIICIE CS Tl was, K
WIRIEHERFEDO TR TOHGELZFRT L L2 HWE T
L7z, IERRERTIHD CS L LTUHET L2 L LT 5.

3.1 ARBENI—RIXAvFL T

TT VOB LR KBS CS MFRT — /X 2AE T
ADGholze, HARFEEEFED ATR fRITREE 2 — /%
A (BTEC) [25] 2 H L TR L72. Menacer 5257 5
P2FEBRFERIC L B &, BAEER VTR L 22 AT 2
CS F—F L 2ETFTNVOFEIE, CSHMERY AT 4
DEFIC L o THEBWAER) 2 FELZ L a0 s 12, /-,
Tjandra b AT - 72 EERTIE, BHETIC L 5 EBROKR
DPHREF L 2EBROFER L F L REFEOEEZ
REBDELRSTHY, HEREGHICE S ERTIEBRL 72K
R NDFEFHIZ L 5 AREF CER L R o@EIE LD
LRWIEDGND 26 TDD, AFFFETD, HME
REFHFERIZL S CS 77— BEK L 72,

BK%Y#%W&LKCS%FB$%N~XC&ItL
PEE L IR L 72 CS & [#FE~R—Z CS] & LT 2 /%
D CS e L7z, O RMER, iy 7Ty — T
& % TreeTagger [27] & Mecab [28] DFfERIZELDONWT, #
WU, AARGEN—Z CS I, BifF /23455 @IR L,
PFEN— R CS 1, %3 T2 3EhE, F/3n0E & IR
L7, &z B IR 25613, Aaoso 1 Bk, PEs
Bya, AEE 2R 2 A1E, F LI HE R )
DHIETHD 7 L — X EMEIERIC & > TRIER L, AL 72,
HE OfEIE, Google TTS [29] & v 7z,
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& 2 H3E BTEC O3 A OB S N/2HKEZ CS X
Table 2 A natural CS sentence created from a pair of
Japanese-English BTEC.

COTHPEBE TR S AP S Bl L %
T, kFES LT A,
YEFEL I hear that nowadays the bride changes her

clothes as often as twice during the reception
and that the reception is luxurious.

PERLSC O TAPFTEETIIAEIK & A changes her clothes
as often as twice during the reception and that
the reception is JkF5H LW T7 4.

= 3 [ER S N7z CS DYz ALE OfERT
Table 3 The statistics of the created CS switching positions.

HAFEBIGE 5 CS WEE»OIEE 5 CS

fbl e (%) wal | EE (%)
B 7 e 33
%3 12 B 15
BhEhA 5 Hehoa 15
G 2 (P 12
ElE] 2 HITTE A 6
i 1 ] 6
) 1 BR 72 il 6
JEgs 4
A5 3

3.2 BARBEEODI—RIXAyF ¥
HAER D CS &, HEAFEDOHTCS 2 HEIZHV S
HFENA ) CHNVEEE I L o TR S L7z, TECE I
WHEATWAD, 1ELZTHARIZHFELZ LD

FENTIEHARANOREL HRELXFE /20, CS 2%
WA, 1,000 0 HI¥E BTEC X5 B 7% CS a1k
BLThHol. F212, FERSNIZCS LERT. #iE
D CS I, HAFEOHGEZ 3,251 HiE (24%) & WFEDHGE
% 10,214 HEE (716%) & A7, T, &%FE»H 5, H
FEDOIEE D DDV STRTHFEDOIHE D b DAT43% T
Hotz. 12, ®3IRTEBY, ZNENOFFEOY)
BAfMEEFEL, BAREPSIBETE A CS I, BIE %
ANEDO RIS % HD, WEPHIHRE S CS X, %6
FRETY Y BbDL I ENE Dol B, FER L7 CS
TXAME, TFANOERE L3RG 554 VG
H Ao 5 EREZEFEECTEB I LAARNT, 5724

KEHZL CSEAVAD) ITHATH LW, #HIPLEHET
HTE A L2, ERE N 1,000 58550 9 B, 900 JEq%
3By P 100 58557 A ey MHICHER L.

3.3 RiLIE

F412, FHEy T APy NOFEERS. YEE
N—=2Z CS L HAFENR—-ZA CSIZ2WT, #hEh [AL
CS| & [HKCS] a—rsxzfELZ. TALCS) a—

© 2021 Information Processing Society of Japan

K4 FBEy LT A MLy O

Table 4 Statistics of the training and evaluation corpora.

PeFEN— A HAGEN— 2
AT HHE AT EES
CSs CS CSs CS

FHE O FEEE N 50K 52.7K 100K 102.7K
+ v b AHGEA | 50K 50K 100K 100K
HRET - 900x3 - 900x3

HEEH Yeih 521K 546K 264K 289K

HARE | 60K 69K 146K 155K

TRE[H] 76 81 95 100

TA b FEEK EEES 500 500 500 500
vk BEGER | 500 400 500 400
HRE - 100 - 100

HEERL YegE 54K 54K 14K  2.7K
HAFE | 06K 07K 25K  2.8K

ISANE, BEEETFRO CS DA T 23— 1NATHY,
[E#CS) a— 32 [ATCS| a—/3AICHREFRO CS
ZEBML7ZT—XATHL. HREFRD CS L, ¥HE
N2 900 ZRE LD dprofz7z, S OME 2218
wAHZETT— % %Pk ¢ 5 speed perturbation & f v
7z data augmentation (7°— % JLik) & @A L7z [30], [31].
90%, 100%, 110% D #FE T speed perturbation = 47Vv>, 3
&M 2,700 ZEREICHLEE L7z, THIKCS] a2 —/321F, 20
HARE R 2,700 3655 & GIE T O 50K & AT 52.7K
DIA—=INAZ o TWD, T, WEENFIRT 54 A7 1
PEFENR— A CS vy, HARGENHRT 54 A 7 13 HAGE
N—2Z CS & H\w7:.

IOV TS, Librosa library [32] 2 L C,
16kHz O > 7)) v 7 L— bOFFEEFD S 80 KILOX
BANVAXRZ va 7 azfiiLz. 70— 2 0FIE
50msec & L, 7 MiEIX 12.5msec & L7z, {ER L 729X
TOXIE =7 MbEh, HARFEOLIIELZFNHE TS
% Mecab [28] Zi#H L, #5350 CIE WordPiece [33] % i#
L 72. WordPiece (X, KHFEZZFER O T200Y T
77— RHTHA.

4. EE&

FFEFMERELTCS THFAMPLHBETF A+
DT F A MIROER 21TV, £0%, KFEEL LTCS
HEEPLHSHET XA MOEFEHROERELITH . F
HEBRIZ DWW TIE, EFENOFRO A 2TV, RIERTH
FEANORIFRICINZ, AARGENOFRZ E/T 5. FFTEE
X, HEERD = (WER), XFiRbh = (CER), BLEU %
a7 [34] EHv%. WER & CER IZfESRWIZEET IV
DIEEDRE N E&/RL, BLEU EDSEWIZEET LD
FEEABR W & &R,
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F 5 BERT SiiE7) & NMT @ CS »5HEFE DT A b #IFGE
Table 5 Translation performance of BERT and NMT from CS text to English text.

CS DL EiE BERT CS DL 55k NMT
TEA T SHEETFIV %#7\ L% ETIN
HEED HEFRD
ST AL B ZHIRT AL SN
TA b AT L 723 A CS CS TA b SR L 72 E CS CS

AT WER%]| EEIN 27.43 11.14 12.14 AL  WER%] XIS 27.43 7.47  6.56
Cs CS &h5r 179.52 60.11  66.40 cs CS &5 179.52 34.31 35.11
CS DAtk 0.11 517  5.20 CS Dt 0.11 2.64  1.43
CER%]| N 19.79 12.01  12.62 CER%] afk 19.79 8.87  7.94
CS #h4r 106.66 61.98  65.29 CS #h55 106.66 32,92 33.35
s Dt 0.07 1.03  1.09 CS Dt 0.07 3.39  2.08
BLEU? N 66.36 78.46  79.42 BLEUT XN 66.36 86.54 88.11
H#% WER%| EIN 35.23 20.61 19.53 H#%  WER%]| IS 35.23 37.56  17.94
CS CS &h4r 164.96 83.06 72.02 CS CS #h4 164.96 60.69 57.88
CS DAt 3.44 8.67  8.77 CS Dt 3.44 28.18  6.64
CER%/| &fk 24.80 19.31 18.56 CER%] XIS 24.80 28.87 17.72
CS #5 104.94 74.72  68.44 CS &4 104.94 50.59  49.96
CS DAtk 2.54 3.69  3.92 CS Dtk 2.54 22.37  17.16
BLEU? EIN 61.85 72.03 73.11 BLEUT EYIN 61.85 57.46  77.86

41 A—FRXAYyFLITTXANPLEERETXIN

e H R #%r#Zb«@Wﬁ@&ﬁf%é#
ASR DAY OB L FTRLIZDIZTHFA MNP L T X
A N ~NDOFFRD %ﬁ%ﬁot.§5 ,BHWE%%T
V& NMT €7 VOMFHEELYRYT. [CSDELEFRET ¥ A
F & HEROSHR TG L 723546 OFlix, SHROHE
ST F A MITAE LD CS 7+ A D WER, CER,
BXUBLEU Th b, %W$®$;%T$ZF 1R L T
FXDCS TFAMDBENL HVEHWD D, EWDhEE
T, ZOEEFRICE > TNE {TE 7 (BLEU O34l
KRELTE) Ba, BHRIGEDIT - EEZONL 2D
ZEMEE U CTHITHEROFHE & 3 5. 2721, Th
LOBIEFET LTI A XL o THEDL-TL S
72, VATLAE) Lo ERIRET L, 2, BYXo
CS 7F A MIBIFLERTREMFFELDT%E [CS 5
L, #hPAE TCSPAL] & LCToid CRFfili L 7215 b
BHL, [&fk] 2Z2ciEnd [CSHED] LTy, &
OREIEL LFRTE 72D % R T 4. [CSOELERET
A b &R B EFEOSHECHMG L 723541 OFho [CS
s3] TiE, WER B X OF CER OEASNTID 100% % 8 2
720, ZiUE, BEERO [CSEp] ZIEE Lok &1
EY@[CSﬂﬁJ~ﬁhofﬁk,ﬁm,@&éﬂti
FTORPBHRO [CSET] ORI LD L0779
100% %z T,

BERT ST 7 NVIE, [CSOLEFETFA N HEGE
DS T L 7234 ] £ Y H WER & CER 25 <,
mmUimw@f,ﬂﬁbt_af%%ﬁ oWk
5B, NMT EFNVIZOWTL, FEH L Tnhiwna —ox

© 2021 Information Processing Society of Japan

WZEABTAMN2fTo72 AL CSETFVDOHKCS 7 A b
PALClE, TCS DL EiET ¥ A N EHESHEOS IR THF
fliL7-3%&] OfEL ) WER & CER MEL - TEBD,
BLEU 3E < o 727280, ZIFRICED W90 b, F
72, BERT ST 7V & NMT 7 VOB THET 5 &,
FAWJkﬂB4Vﬂ®WﬁTNMT®ﬁ#Fﬂé@ﬁt
7. NLCSEFVOHKCS FALD [£fK] 1285
72 1), BERT S3EE 7V ORMFREE O ST HER T W
7o, 7272, #ZTH [CSHERS] THELT S L, NMT €7
VB BERT SiBETNVED S RWREL 72, 2205
[CS DAL ] oMREIC X 5T, BERT SEEETF VO [44k]
DMRENS B> 72k 45704, BERT Si5E 7V [CS LL
W] DEZAVRANTFA NI =L hbld, AT
FAMIZT =D BUTNIHBEPRL L LEZLNS.
ROFT, ASRICEBBHRPEEINLLEETEI L5
DEBGET 5.

4.2 OA—RXRAyFLIEENPSEEETXI b

< 6 |2, Cascade ASR+BERT B X UF Cascade ASR+
NMT Z W<, 22— FKAA v F v 7EmEpy ﬁ%ﬂﬁb
TAERERT. £F, [CSOELEFETFANEHEED
%ﬁfﬂ%tt%ﬁjwﬁ&m@Tét,AICS%Tw
DHAKCS TAMNIFE LG o72T A MDD LD
7208, FnAto [4fk] & [CS#Ek%] @ WER, CER
BLEU CTl3tE SN T4, 72, Cascade ASR+BERT
& Cascade ASRH+NMT O TlikE$5E, 7F A b
DOEMEIR ¥ A 7 Tix, BERT SiE€ 7%, NMT ©
WEEZ BB 7 — A0 o 72h%, HHEEIRTIE, Cascade
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% 6 Cascade ASR+BERT & Cascade ASR+NMT @ CS % 5 HFENDHH

Mo
Table 6 Comparison between cascade ASR+BERT and cascade ASR+NMT from CS
speech to English text.

ERi-A2

CS DL S5k ETI
T¥A % ANT.CS H#k CS
HEEOSIET Cascade Cascade
T A b A L 23 ASR+BERT ASR+NMT | ASR+BERT ASR+NMT
ANT.CS WER%/| RN 27.43 16.16 10.76 15.80 9.20
CS &h45 179.52 66.76 36.08 69.15 34.13
CS DAt 0.11 8.74 6.16 8.52 5.37
CER%]| N 19.79 15.83 9.73 14.97 8.92
CS &h4r 106.66 65.74 33.39 67.11 31.86
CS DAt 0.07 4.76 4.22 3.65 3.31
BLEU? S 66.36 71.48 80.79 73.17 82.08
H#%& CS  WER%/| N 35.23 46.42 41.94 25.61 22.34
CS #hsr 164.96 89.67 56.50 74.23 57.15
CS Pigt 3.44 32.61 32.73 14.76 13.17
CER%| EEIN 24.80 36.95 31.56 22.46 20.23
CS # 104.94 77.12 49.97 69.91 49.26
CS Dt 2.54 24.36 24.35 8.85 10.28
BLEU{ N 61.85 47.89 54.43 64.24 69.82
& 7 Cascade & Direct 7 70 —F D CS 7 b EFENDTFTHFIFRIEE O Lk
Table 7 Comparison of translation performance from CS speech to English text
between cascade and direct approaches.
CS DL S5k E7)
FEALE AT CS H% CS
HE5ED Cascade Direct Direct Cascade Direct Direct
F Ak ZEERT ASR+NMT  single-task  multi-task | ASR+NMT  single-task  multi-task
A INPYAS” ey ST ST ST ST
AT  WER%] afk 27.43 10.76 11.13 10.15 9.20 13.04 8.71
CS CS #B45 179.52 36.08 40.96 34.40 34.13 37.59 33.16
CS DAt 0.11 6.16 5.73 5.73 5.37 8.60 4.95
CER%| BN 19.79 9.73 9.69 8.85 8.92 10.83 8.50
CS #45 106.66 33.39 34.52 31.14 31.86 34.43 30.60
CS Dt 0.07 4.22 3.88 3.71 3.31 5.16 2.99
BLEU{ 2k 66.36 80.79 80.82 81.99 82.08 78.67 82.87
H#%  WER%] ESIN 35.23 41.94 38.87 34.56 22.34 29.63 23.21
CS CS #45 164.96 56.50 60.69 55.85 57.15 61.20 56.79
CS Dok 3.44 32.73 29.77 26.16 13.17 19.79 14.78
CER%| XIS 24.80 31.56 29.42 28.26 20.23 24.98 21.55
CS #h55 104.94 49.97 50.59 48.91 49.26 53.43 49.05
CS Dt 2.54 24.35 23.08 21.66 10.28 16.00 12.54
BLEUT XIS 61.85 54.43 56.72 58.28 69.82 64.38 68.46

ASR+NMT 753 _XCTD 4 — X T Cascade ASR+BERT %
ERlo7z0 [CSERD] OREEZ AT, $XTDT—ZT,
Cascade ASR+NMT E 7 )L 2% Cascade ASR+BERT & V)
LIEE AR D> 7. Cascade ASR+BERT D& A AL L
72D, ASR OFFHFAY A5 [MASK] F—7 Y OfaiE L
727289, BERT I2& 5T, ¥ A7 &f{T 2 OHWEEIZ 7 -
72ZEDREREEZONL, L72h > T, P Cascade

© 2021 Information Processing Society of Japan

ASR+NMT €7V % Direct 77U —F DY TNV F X7
H7EfEFR (Direct single-task ST) 3 & 0¥ Direct 7 7’1 —
FOXNF ¥ A7 EFFEHFR (Direct multi-task ST) & Hig
L, CSEFDHHEGEL HARFENDEFFRY A7 2479

XTI, HECS HEFEANOEFEFFRICBT 5,
ASR+NMT @ Cascade 7 7@ —F &, YT IVH A7
BLOYNVT & A7 B Z MM L7z Direct 7 70 —F O
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K8 HAKCS 7AMIBIL CS »bREFENOEFEHETRO L ITIH]
Table 8 Output examples of speech translation from CS speech to English text on
natural CS.
JSC oh , no. idon’t have any changeso , &9 L 726 WWwA TL L 9 ?
ZHER oh , no. idon’t have any change so , what should i do 7
HiJ#EH Cascade ASR+NMT | oh, no . idon’t have any change so , what should i do ?
Direct single-task ST | oh, no. i don’ t have any change so , what should i do ?
Direct multi-task ST | oh, no. idon ’t have any change so , what should i do ?
JESC if you want to watch tv , you should fg# & #2 72 129 2% VT3 X .
Z R if you want to watch tv , you should finish your homework first .
HiJJE% Cascade ASR+NMT | if you want to watch tv , you should go to you homework .
Direct single-task ST | if you want to watch tv , you should be able to talk .
Direct multi-task ST | if you want to watch tv , you should have any homework .
J ST when students from four year universities and junior colleges are put together there are
probably about —H il 77 A bW D FA v 5 13T T T
ZHEER when students from four year universities and junior colleges are put together , there are
probably about two point five million students .
kR Cascade ASR+NMT | when i ’ m sorry that the students is no good , i > m going to have a student .
Direct single-task ST | when i > m students for your your university and junior college are put together , there are
probably about you .
Direct multi-task ST | when you ’ re students from four year your university and junior college are put together ,
there are probably about two hundred million yen .
JESC how would you like to pay 3l T3 », #—F T 20 ?
Z R how would you like to pay , cash or charge ?
kR Cascade ASR+NMT | how would you like to pay , cash or charge ?
Direct single-task ST | how would you like to pay , cash or charge ?
Direct multi-task ST | how would you like to pay , cash or charge ?
JE L i’ 11 do my best to find your baggage but first i * d like you to fill in this T+ ¥ Jihi
W
Z AR i’ 11 do my best to find your baggage , but first i  d like you to fill in this property
irregularity report .
kR Cascade ASR+NMT | i’ 1l do my best to find your baggage but first i * d like you to fill in this tennis .
Direct single-task ST | i’ 1l do my best to fly your baggage , but first i ’ d like you to fill in this morning ,
soi’ 1l do you ’ Il be in the kanto person .
Direct multi-task ST | i’ 1l do my best to find your baggage , but first i like you to fill in this form to yourself
in japan .

WBEL R LERERT. 7, [CSOLEFETFA b
FHEFHOSHETIN L 7256] ofEL i+ 5L,
BHLTHW 2w —RAD72D L -7 AT CSETFT VD
H#CS 7 A PUSLTIE, 1ZLEAETRTOET LT [&
K] & [CS#HS] @ WER B XU CER, # L CBLEU ®
A3 7z, Direct ¥ ¥ 7V % A7 FHEFIRO AR
CS ETFIVOHKCS 7 A M2, amw)msmyaﬁ
FA M EHFEOBERCHML2GE] oL iz

WA A, WER TIIETETWED055 %0 5. Cascade
ASRANMT, Direct ¥~ 7 V% 2 7 EFFIFR, Direct ¥V
F 5 A7 EFRFIROM TR EZ 34 &, Direct ¥ VT4 A
7 EFERIR RS BVCBE 2 R TEMICH o 72, AR CS
ETFVOHKCS 7 A M2, [4fk] ® WER & CER T
Direct ¥ )VF % X 7 FE IR L D b Cascade ASR+-NMT
DFHHREEII RN 722%, £2ThH [CSHEG] 2% bk

© 2021 Information Processing Society of Japan

Direct ¥V F % A 7 HFHFIRO T 2KEE LR 2> 7.

F72, R8IIRL7, HRCS T A MTOHCS » 53

DEFFROBIBEZRL L, [E) LzbwnwATL X
I ) XD HIERE A1 2O E LTEMET S D
DIZOVTIRTRTOETIVH ) F LFFRTE 7225, [you
should fgf#E 13 ¥z 72 139 Y W\ TF X ] % [there are
probably about ~H H+ 77 A {HW D FHE D B
39 T ¥ oL RERREF WSRO 7 L — AWIZHA
ENTZLDIZOVWTIRE LWEIADS D 72, F72, B
R (e T A, A—FTT 27 0L RHFEOM
EETHY DL ) 7 L= XL IR TE 5
A5, HEETH [F i F s F] 0 L) 2o =72

CED 5 &) BHEATEIIOWTE, BELWwE kot

%ELI/V?‘_Z ndAb L, Tyou should 5 13 #z 72 139
2 W TF X ] Ti, Cascade ASR+NMT =% Direct ¥
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% 9 Cascade & Direct 7 7 H—F 0 CS 75 HARFENO G HEFIFRAGE O g

Table 9 Comparison of translation performance from CS speech to Japanese text

between cascade and direct approaches.

CS D45k ETI
FEALE AT CS H& CS
HEED Cascade Direct Direct Cascade Direct Direct
7 A b ZHRERT ASR+NMT  single-task multi-task | ASR+NMT  single-task  multi-task
FEAM L 23 ST ST ST ST
ANT.CS WER%| S 17.52 13.11 19.96 13.88 12.94 16.25 12.05
CS &h55 106.42 32.59 42.25 36.40 33.48 36.28 31.96
Cs Diat 0.61 9.19 15.51 9.44 8.90 12.29 8.18
CER%| N 35.23 12.10 18.93 13.10 12.23 15.38 11.68
CS #hsr 187.66 27.32 36.05 30.85 28.59 31.10 26.92
CS gt 0.53 9.05 15.55 9.40 8.86 12.34 8.41
BLEU7 EEES 74.14 77.42 68.14 77.35 T7.77 72.31 79.36
H# CS WER%| AN 28.67 41.80 44.81 27.51 25.77 30.51 25.52
CS #5 104.56 61.46 68.67 61.18 60.40 63.44 61.67
CS DAt 3.66 25.78 33.85 16.31 14.41 19.04 13.46
CER%] S 54.29 33.97 46.70 25.69 23.85 28.04 22.98
CS #55 202.69 56.87 66.90 54.98 53.88 57.72 53.43
CS Dt 1.90 20.85 35.65 15.95 14.29 18.91 13.18
BLEUT NN 64.64 59.02 52.81 64.47 65.75 60.32 67.24

WF & A7 EFEMRIEF—7— K& 745 [homework| %
FlIT & 7295, Direct ¥ ¥ 7 V¥ A7 HFHEFRIE T T
%Tﬁ%frmmJtwﬁﬁﬁég%wﬁﬂwTM%ﬁo

Mo BITYH, Direct ¥ NV y X 7 EFEEIFRIEE AR
ﬂ#*%#tw W IS & 21 72, 2, Direct ¥ &

TIWE X7 EFEERD CS oI %ﬁkﬁﬁmﬁﬁéﬁ

CHFET XA MAEEIRITOT, HEEEH & HARES

FORXRMBTEFICHE L o/ bE 2 5N 5. Cascade
ASR+NMT (& [F 1y ik ity ] O & 25 % [tennis
EFRL7:. ZZWRASRP#E-T [7=22] &
D, TI—=PEFELI-LEZONL, ZDLXHIZ,
ASRHNMT (Z ASR DS5DTT —{ZKIC L B ¥ A -V %5
T 50T, ENH Direct ¥IVF ¥ A7 E5EHI

Rk L Th

REDHEIZD

Lol FEZ H5NA. Direct VT ¥ A7 HEFIERIC

T, mmmyxﬁw&xﬁﬁﬁﬂﬁtﬂt<cswm

WEEETHE E HARFEEFE 2O E UHEEET F A PAEERI L
BTN, SVFF A7 ELTOCSTHFAMADOEEK

Ly 7o 72720, CS HOREFEEF L HAESHOMTYH
FLXBDBDITHMN, ASRICK BT —{ZEL LT

M2 T LX) ERTENIHEEEZLNL.

72, ®ROIZ, HECS 5 HAFHEND
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DE TS %

AY. FY, [4&fk] & [CSEs] @ WER B X 0° CER
WZOWTIE, IFEAEN [CSHDEEFETFA M rHSTE
DZRRTHAM L7256 ] O LD g s .

L, Cascade ASR+NMT & Direct ¥~ 7V ¥ A7
FUL, ANLCSETIVOHKCS TAMD [41K] T, [CS
DL FHET ¥ A M REFEOSHERTHME L 7256 Off

Cascade

L
7

XY d WER X CER 25 < %V, Direct ¥ 7 IV¥ A
HFHEHEFRIZAKRCS EFVOHKRCS T AMTH [CSD%
BT XA N HEREOSHIR TG L7254 Ok D
b WER "B < e»72. ALCSETFTIVOHKCS 7 A b
IZ2oWTUE, FH L eho7-BHKRCSIZE DT A ML
MhofzbEzohis, BRCSETVORKCS 7AMT
DAFEATT A5 T 5 Direct ¥ ¥ 7V & A 7 FFEFEFRICD
WL, CS HORFEETF & HARFE S S 2 X312, ML
Eﬁ%“%%tui@f%TW@ﬁﬁ%ﬁTéﬁ,17~
MR 72 #2505, BLEU I22W T, Direct ¥ 7
VE Ay ERERFIE, ANTCSEFVOHKCS 7 A MH
IKCSETFIVDOBEKCSTANT, [CSOELEETFAMa
HEREOSHER TR L7236 Ofik ) b FhloThh,
CS MO EH & HARGE S 2 X912, U HARGE
NEEZRITOT, ETIVORBELZKT S, BLEU Off
DI o/ EZB5NA. Cascade ASR+NMT, Direct
YTV E A7 EEER, Direct ¥IVF 8 A 7 EEERO
MChike 354 &, EENOFERE AR, Direct ¥ > 7
W AT EFEEIROBE RS E L, ASR O T — {53
P Cascade ASR+NMT 7F Direct ¥ VT4 A 7
BEEFERI VENLLE DL H DD, Direct ¥IVFF A7 5
FRIERD R D BV 2 RTINS 5. tﬁ,AICS
EFNVOANLCS 7 A bTld, [&fk] & [CS ko] |
W, Cascade ASR+NMT @ﬁﬁ‘ﬁb‘@ﬁ »f)of_. H
FEN— A CS RAFADAD 1 HED CSHEETNRTHBY
ASRIZCE S THiH R A 71270, ASR O LT — {5
VhahotzbEzoNb, 72, HRCS ETNMIIBITS
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F 10 HACS 7 A MIBITLH CS 25 HAFENOEHHIRD L T4

Table 10 Output examples of speech translation from CS speech to Japanese text on

natural CS.
JE L tH =+ H Z | H R O - §8E i % & please give me two pieces .
ZHER tH Z+FHZHHAEO - f/ERFE LS.
W#ER  Cascade ASR+NMT | £ = H Z W H © =— 8% F $ & (28w,
Direct single-task ST | tH = + H [\ &8 & =— JF 5 % L 728w,
Direct multi-task ST | A =+ H Z W H A © =— f7E F % & 2 {23 w .
79 W P — ffl & orange juice and bread please .
Z IR WTH — & ALy Ya—R L XY & BV L 7.
kR Cascade ASRHNMT | WTHI — & F LY Ja—R & Ny & (78w,
Direct single-task ST | WT Il — 1l & ALY Ya—R 2o BAWw L £9 .
Direct multi-task ST | WT I — & ALY Ja—A &L )Xy & BfWw L £7 .
JH 3 TFAX O F51E bl T A 2 the size of the foot is 24 points five centimeters .
ZHER FAX O FF T brh) AP EZOKE S -+ NEHESF TT .
HJJ#EHR  Cascade ASR+NMT | 4 X @ Fs & bah) g AP FHEAAMTY.
Direct single-task ST | 4 X @ &5 13 bl T AP H+ W L F O 4.
Direct multi-task ST | 14 X @ F5 & bhh) F& A P 5E 550 Z FWM s A+ wrF ©F .

H# CS 7 A FToO WER &, [4fk] & Direct ¥V F 4%
A7 EFEHFROTHENL OO, [CS#4] Tl Cascade
ASR+NMT O f KL R o7z, LaL, CER Tl
[&fk] & [CSHERSH] & &H 5 Direct YWV T4 A7 HH
HEROFTHEL, =2 F A4 XD L Db
oAb, LT, HRCSETFTLVDOALCS TA M, B
FOANLCSETVOHKCS 7 A PTld [2fk] & [CS
#R53| DM T, Direct ¥ IVF ¥ A7 HEFIRD RO ENL
ToVERE 72 o 7.

F£ 10 O, HAFE~OGHHROWLNHE WL &, 5
OB EFE L <, [please give me two pieces] @ & 9
REREERT A 1 DD L LTEMET 5 D DR [orange juice
and bread please| @ & 9 ZHFEOMEETHEY w2 L9
7 L—R139) F LFFRT& 72, [the size of the foot is 24
points five centimeters| @ [24 points five centimeters | 1%
BED b =2 ANZE WD FTH - 7277, Direct ¥ Iy F
A7 EERRZTN [ Z WAy F] 0Lls
[+ mE At erF| SEEL, BT o
EUBTHLIENTE.

DEhoZEZGErTlont, FRENS 120X E LTE
T A b0, HFESLHOMAETHRY) VoL ) %7 L —
AOFFRIZEEL < 22, HEETOHEEDO M —2 Y Ii2E 7
B5 L) EAER, BREPMSFEO 7 L — XN
ASNT2BDIFE LW E 5D o572, Cascade ASR+NMT,
Direct ¥ ¥ 7V ¥ A 7 &R EIER, Direct ¥V F ¥ A 7 &5
FERZ b3 5 &, Direct ¥ v 7V ¥ A7 R FIEROKEE
D b I, Cascade ASR+NMT 7% Direct ¥ IVF % A2
EHEHERIVENDL ZENH LD DD, Direct ¥ IVF 7 A

TR R D RWRE 2R3 MIMIZH 5. Direct ¥
YNGR FREEEIE, CS HORFETE L HARGEST A
POFRUHESETFAPEIRITOTHARBEFTH L
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FEEFORNPTEY, ETNVORBEDKT ZIFV.
Cascade ASR+NMT 12 ASR D5 —{Z4&hd 5. —7,
Direct ¥V F % A7 FFEEIFIE, EESFE2STHT 57
¥ ASR D LT —{z4EH A7 {, $72 Direct ¥ ¥ 7V ¥ A
7 EFBIREIEES T, CSHERDLDL CS TF A PO
TL—HIFEET A LT, CSHOREEEF L HARES
FOXPDBTEL LI B0, KdBWHEZRTHE
MidH 5.

5. BbHWIC

H3E CS OEFHIRZ ST 45729, NMT & BERT (2
£% 220D Cascade 770 —F, BIWVV 7V y A7
Be<VF ¥ A7 FHIZE S 2D0D Direct 770 —F % i
L7, EEBOFE, Cascade ASR+BERT 1%, ASR DEE
WAL T, FMT L0 Z L L FEERCTFH O
DIV EHRAT S 726, CS DOEHFRIZHEL %5 2
EWyirolz. F72, Direct ¥ v ZIIVE A 7 EEEERIE,
CS FOREFEEH L HAFEE ORI CHEFETF A b
BRI TOT, EEHFEORESFORNITE T,
ETFNVOREEDKT #iE\ 72, F72, Cascade ASR+NMT
T ASR D LT —(RiF DB %252 L nh ol —
7, Direct ¥V F-% A7 5# 1%, EHFEFMNT A L TASR
DT —{Ef%kD W%, 72 Direct ¥ ¥ 7V ¥ Az EH L
ML CSHDEFEEFL HARBEFPLHFFET F A b
ANOFEEZRILEFUTLICH 200D 5T, FIIC CS 55
P CSTHFRAMETPMTAILETCSHFOREEEHEH
AFEGFE 2 XBITE B720, Direct YIVF 7 A7 D
b RVIEEARTMENICH - 72, A%, FRRERO 68
%, FEREEEFEE LNV D CS Z W ERE TV 720,

BEE AW RMFE: JP17TH06101, JP17K00237 D)
BxEZIFTBY .
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