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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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1. ELC®IC

BE, bF, BOtnroHNT, AENEESPRITHE
MEZTWS., HADEEREEORIL, # 40 F 4T & g
UTH 3.5 512720 (1], SMEINIRITE OB 15 T
5 TR 7z 2] 2O &S RERMLIX, A4D33a
==Y avORHICHEEEX L. N ) VIIVDREE
THOLND, SEE2REECETHRIZI-RAIvF VT
(CS) LN, 332a=r—YarvDZ{tD12TH5.
KB, NA VAN OTFHGED 4 KEHEIZ 153 FlD CS %
otz WS |ENDH Y (3], HEEETD CS O
LMo TS, CSiE, UTDLS5%, XD@EHPTE
BEYIDEZBXH CS EXDYINHEHTEFEZUIOEZ S
X[ CS »3dH % [4].

o X CS:

AW D{EFEZKIZ X the ability to see the needs of a
market that doesn’t yet exist 23 5.
o X[H CS:
I'm looking for a present for a friend in Japan. a3
WnEBWETR?
X CSIE, HEBORINSHRFEELBAL 7V —XDE
TET, SHEULVEBAIEMICEYDHS. £z, LED
XH CS DHEID XS IZHARGED SR E - THFEIZYI b Bb
5%@%%%& X CS DHID &S IZHAGEP S E -
0 EDL2E0EHB (Zhox—FEbIZLUTH
E&CS EIPYY, WEFRICIEHSERHERD & S e A2 88
REFREZ72\). E£72, 2 DO SFEORAIMPIICE L, iR

WEEEZYIVEZONE Z e 6EU ae IR D CS
&, 1 DDEEDRENDPME N, T D FFETEET R

SEAEMVENSEFTEI NG WIT R WRIREREI LD CS
DH5[El. ZOLIICIEIERCSHH D720, HISFE
DR EHARE T RO EHRF (ASR) VAT A E
FLRAHTEZLHTET, CSERMIETSZLITASR
WZEOTHUWHED 1 DTH S,

INET, ZEHEOEEET VOWE (6], Fabanl L
HEGEEEZMAGDEZFE (T, BEFEIZLDFE (8
Y, IEITERFED CS EERBVREINTE 2.
L2L, N6 CS HEREABMOERENIE, SENRES -
7~CSOER%Z, TOEESHENET > CSDTF A
CrziEs) icEERI T eZThy, CS 2T
ANZGPMERT A L2 BEL TV, —F, RifzEix
CSFiELHEEEMEORITEZMEL, CSEFEDHSZH
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b ENEATE D XD ITKET S, CSIF, CSEE&H
TRFEE T BIREZIT TIERL, CSEEHF L BEEEEN
KEEETHRICEHAVSONG. R, TAVAIBR
U= FHED S 5, LoD ELREEL2 LT TRV HR
ZHO 9. FTHLEIX, ERTIIHRGELZEEL, KTITREEE
T DT, FMGRANA ) UHVEEEIZRSE VWS ZDk
SiGE, T CS #AWVWTE L THEMBITFLENS
’:t%@%f%am.%@tb,i?%ﬁﬁﬁcsﬁﬁ
DREZHMMTEL LI, CSOFFZRML, BEGE
THXFAMIBRT D VATLRBFKT 2HENDH .

TXAMRSTHFAMAOKEMBHRTONIE, T
TIZH, CSKMBEROMZEN WL 2P FIES 5. Sinha
5[10) 1, &EFEENMETLZLICLD, TXAMPST
FAMAD CSTRZEH L. LIL, SEEILI® LS
BEWRIERE W2 720, SiEEE2EALREZE TS5 Z
&M, TOHEREEH LW, 72, Johnson & [11] 12k o
THRES NBWRIEE, BEREDSEEZ ANTHEET S
ZEIZX VL EEOMREZERL, CS RO MRENE %2R
L7z, ULHL, SAPSTIFAMORRDOESE, BR
HEANTIRETE-HOTFA N EFHEDOEELBETH
v, EFEETICHVD LHEE BT 5. 7z, BIR
KOSHEAFALTFI—KETNVTEHIEEZ L, BHEVOD
SREDRNA T AL R o THEE 2 B I E S, Menacer 5 1
WL DD HETT I ETEELEGED CS TR L 72 [12].
£ o E BLEU A7 HED--ETIVIE, BRI 205
DIRLVEEOHFIEDOEEATIPSETIZAY—-L, £
NPIMNIL FFEE M > THEE U 2 BEEPIERCTRIERT 2 & »
SFHETHo7. Lrl, TOFEIE, HFE1LSTFAb
NDORDGE, AAEZLACZDOEFFIV -5 LF
TEHRWV. /2, IV—RBFETICCS DXL RhE2L S5
o THEILLET NV THRS LGS, HRET LD
T BLEU 227 A% o &Ko7z,

WFRUZ L TH, KRIFSEE, TFA MRS TFA MO
TR, BEENPLTFAMAD CS THAMREERT
5. TD=HIZ, 22D H AT — K (Cascade) 7 70 —F
& 2 OMDEEE (Direct) 7 7B —F 2 HEKT 5. Cascade 7
Ta—FiE, =a—J VEEIER (NMT) & Bidirectional
Encoder Representations from Transformers (BERT) [13]
EHW/ZHDTH D, Direct 7 70 —FI%, CS HHNS
HMEETF XA NN T BNV R A7 EHEMRE, CS
THEPOHZETFANLCSTFAMND 2@ 2 NT
LINFRAEFEMRTH S, e DT -7 CS
HAETIROWIZIL, CS ERD S HEBNDMRZ A7 DA
B 720t [14], ABFRIE CS 1750 5 B AT B X
A7 BED.

EHLBREEMRNDRREFE

CSEHERMOHEFET FAMDOEFAMREZIT D7D, 2

2. CSE
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Fig. 1 Cascade ASR+BERT.
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Fig. 2 Model architecture of ASR.
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Fig. 3 Model architecture of BERT for CS translation.

£ 1 BERT SEEETIMCL o TTFHTEH-EFET T A - OHl
Table 1 Example of the monolingual text recovered by BERT.

59°8 i have to X1 v b i 72 & % before my
belly explodes

Y22 U7X | i have to [MASK] [MASK] [MASK] [MASK]
[MASK] before my belly explodes
7 )y i have to go on a diet [PAD] before my belly
explodes
e JisE i have to go on a diet before my belly
explodes

DO Cascade 7 7R —F & 2 DD Direct 7 70 —F % It
#3%. Cascade 7 7B —F I, CS HHZAMIZL>TCS
TEPOEEZREILAZCSTFAMIHNLT, NMT 7=
& BERT % {# - THMEIER 217 5 FILTH 5. Direct 7
Ta—FI%, CSHEARMIE-oTCSTFAMICESK
IO RAERTI, HEYVINVRAT EETIVTF
RAZTCSHEANOGHRFHETF AN MNTLTILTDH
5. INSOREFEIZOVT, 12T OMNT 5.
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2.1 Cascade 7 7O0—F
2.1.1 Cascade ASR+BERT €7/l

Cascade 7 78 —F®D 1 DHI%, BERT 2 W57 7
O—FThd. LWHOMEERE 11ZR7. £7, ASRH
CSHERMS CS THFAMEAERT S, RIZ, BERT S3E€
TIUH, CSTHRFAMMDPOREETFA M2 FNTS. &
HORFIZHNS ASR ORE %K 2 1ZRT. ASR I,
EEMER O I-XTa-XETINV(5] T, Tra—
X%, —HH7ZD 256 DRENI=Y M %2ED 3BOMNA
MW LSTM (BiLSTM) %5, 73— X% 128 ot DD
AARJEE 512 DENI=Y FEFFD 1 FD LSTM % £D.
ASTEHEE I BA NV ARY ba o5 LAz AW, ISR
#3% LeakyReLU (I =1le—2) [16] Z /=, =va—X
T A—REIVE VT TEEERMEOT I A AV MR
TIEZE A= 7 ey o2 AW [17).

BERT SREETIVOMHEEK 3 I1ZR7. ETILDNT
A —R EHIEIL, ZFH SN L 7-FEEEAD BERT gase
EFIVIIRE STz, T, 110 M D8T7 A —R %KL, 768
DRENI=y b EFFD 12 O Transformer [18] 7* 5 HEEK
XI5, BERT SiEETIVIE, EEDOSFEETIVICHART
BHRSBETIVTHS. (EROFEET VL, ARSI
W UTH—AT (D 64) OAZFET 508, BEEHO
RO ZEZIZB SR D H - 7=. —J, BERT i&, Transformer
EHWT, AR (EroABETENSE) 5 HEEM
DOXIREREZET 5.

BERT %, 2 oD%¥ 7t —ATHFKEINS. (1) 53
KEO—N72 T — Ry MEMHEHLUZFEE (2) EF
KB [19], BERSE [20], BT [21] 78 & DRE D
RAT R 2D R A VEBEDT =Ry NTFET
5774 vFa—=vy. Hii¥FF 7 = —XTlE, BERT
I VX LD b —2 v %& [MASK] h—2 VIZEE
x, TORAO =2 V2 AL TCRHE2EHTLZ
Yizkb, [MASK] b—Z Viz@EEMAShiz b—2 V%
F#$ 5. Ghazvininejad & 1%, FEHEOMENF—2 V%
[MASK] h—=2 VIZEESHMZTYHITHZ & 2DIKL,
HEFEPSHOHSFEANDEMMRI A IZ BERT S/E€T
WEIGEH U7 22, 4D CSEIERICE, FHui¥HE 7 = —
ATHWHNS BERT SREETIVERM LK. A%,
ASRBCS HEHLS CS FHFAMIEBERIUAE, H1
SREERAMIFLRD S 2 SFEDOHEEE [MASK] b —2 Vi
EEHZ, BERT SREET VA [MASK] b—2 v % FHIL
TH-SHEORSHETFAMIZHT S, b, BEEM#X
SNDHEOBRDON SRV, H2 SEDORAMEBEIZT
B2 M= Y OBRKBEAED [MASK] b—2 V% #ET
%5. %113 BERT EEEFLVZMALTCTHITLHE
T XA POHIELRT. FHITDE N —2 2O [MASK]
b =2 DL Y DG, FREIERD S XV [PAD)
=2 vTHOHLNS.

i,

Tt

=
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AACS i
BE

#i7CS HABEE
My b PasR D 22 NMT AR

4 Cascade ASR+NMT DE 7
Fig. 4 Cascade of ASR+NMT.
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Fig. 5 Model architecture of NMT.

HNEEE i
Egaa | have to go on a diet
LSTM -
L S .- =
BHAHE - - .
TR — :::’::———n,,,,,ﬁw%
. R <+
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=2y -0 - -

ARCSERE

B 6 Direct ¥ > 7NV A& A7 EHEBRDE T INVHE
Fig. 6 Model architecture of direct single-task

speech translation.

2.1.2 Cascade ASR+NMT £5J/L

5 120D Cascade 7 7 —F1F, NMT 2\ 5. 4
2, WHEOHEERT. ASRAH, CSHEHAMNS CS TF A
FEFTHI L7, NMTIZCS TFANPLHEFETFA
WZHIERS 5. ZZTHWA ASR Y AT A%, 2.1.1 Tk
R7=F 2DETINVEFABEDETILVTHS. NMT €7,
B 5I12RTIEY, ASRETFT NV ABICEERE2E >
VIA—RFA-KREFILT, TVIA—XIE, —HEAHED
2%@%ﬂ1~VF%%OQE@BmMM%%%,Tﬂ—
A% 128 T DHLDIAAE & 512 D=y M 2D 2
JED LSTM % £5D.

2.2 Direct 7 70—F

2.2.1 Direct ¥ 7)Y RV EFEIR
SUTNERAEERERIE, CSHEENSHBEETFA
FAEEENTAERBIRY AT LATH S, Jk Lz ASR

ETINVEFEUKMET, CSHEFRMOHEET F X b2 EHA

T BEDICET N EEEIE B6I1Z, ZOETILO

MG %2R,
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Fig. 7 Model architecture of direct multi-task

speech translation.

2.2.2 Direct ¥/ F4 XV EEHER
RIVFRAEFEBIRIE, YVFRRAIZEZE2HANT
CSERMNOHEBTFANLCSTHFAID 2O DH
HEZFELUEEMRE2ERTEVATLATHS. TILFX
A 7ZHFINWLODPDODNY) T =V a v EFFOMN, Tra—
XEILGEL, 2 00WHFA— R E[RII-TILVFRAT 3
B [23] #BHA L. WHD2ODF I =K%, CSTFA
FERBETFAMOMAZL TS, LETH TV a—
XHLOWHD 2 DDOF I —KIFedR L7z ASR ET L
FUHEZ2RED. B 712, ZOETFTILVOMEEZRT.

3. d—RRAyFUya—/1RR

AREEDCS EHARAFTHED CS O 2FEEDI—NA%
ERR L7z, &REHE O CS 1%, BEMENER & FH A% A
THEHLZCSTHY, HRERD CS I, HERIZCS 2
FAWBNAL ) U HNVEEPSINEI N CS TH B,

CSIXLL 12 20X 57-0IEREZTEZ2ELES
ML\, HEEEE LT R CIIRIUHFETEHENE
B5D, BEETIVEHFEOARA—MEEL Y, B
JEOE T 2R RKE 25 [24]. %@t@]ﬁ%%@@%
FEIZHDWT CS 208U, L2 SEIREEFSS DV ERE
LRVDEDEEEEGZEZE L NIVD CS & U, L2 SEIREE
EDE MR LT R BIEREEFHDOE O ERFETE LA
VD CS &35, RifFFEiE, £HLIEMGEFEEL XLVOD CS
EAFTETCVWRWEZO, BFEGHEE L NLVD CS DA %K
52295,

F7z, ASREEE I, BEERAICIEZ CS TIERAWD, K
MEIEHERFTEDOTRCORELZRRTLZ e 2HNE T
5728, AEERHIHDL CS LT T 22T 5.

3.1 ARBEOI—KRAYvFVY

TNV OFBITHER KPR CS MR T — /S AUFFIT
ASihoT-7-0, AARELEGED ATR RITRFE I — X
Z (BTEC) [25] 2 AL TER L 72. Menacer & 237>
7o EBARERIC L B &, BEEIER 2 W TR L 72 A TR 2R
CST—RIZLBETNVDFEHIZ, CSEWMBRS AT L
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& 2 HIE BTEC OXNRX» SERE Wz EHRL CS X
Table 2 A natural CS sentence created from a pair of
Japanese-English BTEC.

HAGE ZDTAWHERTIILBRSI AN L BHEL %
LT, IRFS5LWVWTTA.

BEFEL I hear that nowadays the bride changes her
clothes as often as twice during the reception
and that the reception is luxurious.

PERC Z DT AWFTEL TIEMEKE A changes her clothes

as often as twice during the reception and that
the reception is JkF 5 L\ Td 1.

DEAFIZ & > THIRNAR R FEL b5 [12]. 7z,
Tjandra 5 237> KR Tk, BEREHIZ & 2 EBROKER
NHATFIZE2FEMOMR LR U S REFEOEIMEZ
RTHDEIR->THD, BFEAKICE S ER CTHERL 724
REANDOHKFHEIZL2AREFCERL ZEROMERIZED
LRV LD ND 26 TDD, KL TH, B
REBFHEERIZED CS T—XE2/ERLT=.

HAGESH S/EKR L 72 CS 2 THARGENR—ZCS] &L,
PRESCAIP S AER U 72 CS 2 THEEN—A CS) & LT 2 fi
DCS ZEFBLE. IDBAMEE, MmEFAXTSTY -
T®H 5 TreeTagger [27) £ Mecab [28] DAERIZEDWT,
EIRU 7z, HARGENR—Z CS X, BhiaF 713450 %E /L,
WEENR—A CS 1%, G E - IdEhG, F72 1380 EH %2 IR
U7z, %5 %#IRT 25681, #AFAOADO—HEE, BhFE»
FE, HiEF T ERT 255 1E, TLAEOEHE X
DETETD 7 L — X2 BB & o> TRERL, AL .
B DOMEIE, Google TTS [29] & W7z,

3.2 HAFFOI—RKRRAvFVY

HAZAED CS 1%, HEAEFEOHR T CS 28HEIZHWS
HIENA ) U HVEREIZ & > TR iz, fERE I, &
FEBIZEATVAEY, 1ELZITHARIZEELZZRHD,
KENTIZAANOFEEE OARGEZFHET 2, CS % HE
WA, 1000 #10 HZE BTEC X2 5 H#R 7% CS X% ¢
BLTES-72. k212, fERENZ CSXXaERT. MR
D CS &, HAGEDHIES 3251 HiE (24%) L HFEDHFE
% 10214 H3E (76%) &ATZ. F72, &@FFEHD> 5, H
AKFENOSHBEDLEDD TR THEENPSHBELE DN 43% T
Hotz. THIT, RIIWWRTHED, TNEFNOSFEDLID
BAMEZREL, HARTENSHBE S CS I, B0
BANEBEOKRITSZ GO, KEPSIEES CSIE, HFX
e T O EDLDE Z D% h o7 BBz, fERLT
CSTHAbM%, 7FAbOIERSFH L IXRIRDNA Y VAN
FEE (SO 5 M E EERICCGRIULZHARAAT, B
BOSFIZH CSEHWVWDS) IZHATE S, #EraiE
THF G U7, FERE 172 1000 FEED 5 5, 900 FaEh
XFEE 2y NI 100 FEEIET A My PAICHERL7-.
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xR 3 fFRIN CS DY & X ALEDKE!
Table 3 The statistics of the created CS switching positions.

RN SIHES CS

HARGEN SR E S CS LR #HE (%)
e #HeE (%) BT 33
B 7 CIET 15
il 12 Hetor i 15
Bl EE 5 P 12
CET] 2 i 13 6
llF 2 il 6
Heoianl 1 RRLRE 7 6
G 1 T2 4
R4 3

K4 ¥HEeyreTAMEY bOKE

Table 4 Statistics of the training and evaluation corpora.

PFEN— 2 HAGEN—2
AT HR AT AR
Cs CS Cs Cs

B SR ESIN 50K 527K 100K 102.7K
v bk AEEA | 50K 50K 100K 100K
EE = - 900x3 - 900x3

HEE HEFE 521K 546K 264K 289K
HAGE 60K 69K 146K 155K

| 76 81 95 100

TAN  FEEEH XN 500 500 500 500
v h EEEA | 500 400 500 400
AR - 100 - 100

HiEES HGE 54K 54K 14K 2.7K

HAGE 0.6K 0.7K 2.5K 2.8K

3.3 @I

K4, FBEy T A My bOKFERT. HEE
N—=Z CS LHAFER-—ZXCSIZDOWVWT, ZNEN TAT
CSJ & THACSI ®a—R"A%xHRM L. TAT.CS] a—
N, BRERD CSDAEMFHTSI—NATHY
TEARCS) a— "ZAFE TAL CS] a— R AIZHREFD CS
ZIEMUZI—NATHS. BREHD CSIE, #Hev
N FHIZ 900 FEEE L D3 dpro 72728, SRHOEEZ2E/LE
BB TTF—XEHFE XS speed perturbation % i\
7= data augmentation (77— X #E4R) Z#H L 7z [30], [31].
90%, 100%, 110%D#E T speed perturbation Z17\y, 3
5D 2700 FEEHITHLR U 7=, TEHAR CS) 23— 1R, 20D
HARE A 2700 Fah & GRS A D 50K 2 G5 HE T 52.7K O
=N oTW5., £z, HEAFIRT IR A7
BEER—Z CS 2, HARFEARENT 2 X A7 I3HARGE
N—2R CS W7z,

B AERHEIE I DWW T, Librosa library [32) 2 L T,
16 kHz Y > 7)) v 7L — s OEFEED S 80 IRIt DX
BANARY va s S hefiihi Lz, 7L —LDREIEIX
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& 5 BERT S#E7T/)V & NMT @ CS »SHEFEAD T ¥ 2 b FHERKEE
Table 5 Translation performance of BERT and NMT from CS text to English text.

CS 0% 53k BERT CS D% 53k NMT
THFANE SEETIV FEANE TN
HEEED HERED
SR T AT HA EJEENG AT SE/
T AR AT U 7 55 CS CS FA b M L 72855 CS (o]
AT  WER%/{ 2R 27.43 11.14 12.14 AT  WER%/{ XN 27.43 7.47  6.56
CS CS #5473 179.52 60.11  66.40 CS CS #43 179.52 34.31  35.11
CS B4t 0.11 5.17 5.20 CS B4t 0.11 2.64 1.43
CER%| XN 19.79 12.01  12.62 CER%| N 19.79 8.87  7.94
CS #5 106.66 61.98  65.29 CS #hsy 106.66 32.92  33.35
CS B4k 0.07 1.03 1.09 CS LAk 0.07 3.39  2.08
BLEU?® VN 66.36 78.46  79.42 BLEU? 7N 66.36 86.54 88.11
H#&  WER%] AN 35.23 20.61 19.53 H#A  WER%] AN 35.23 37.56 17.94
CS CS #hsy 164.96 83.06  72.02 CS CS #hsy 164.96 60.69 57.88
CS Bt 3.44 8.67  8.77 CS LAk 3.44 28.18  6.64
CER%/ 2R 24.80 19.31 18.56 CER%/ XN 24.80 28.87 17.72
CS #h4y 104.94 74.72  68.44 CS 4y 104.94 50.59  49.96
CS B4t 2.54 3.69 3.92 CS B4t 2.54 22.37 17.16
BLEU?t EXZN 61.85 72.03  73.11 BLEU?{ N 61.85 57.46  77.86

50msec & U, ¥ 7 Migi& 12.5msec & U7z, fEEL 723X
TOXIF =2 b, HAGEDOXIFHEEHENBRTDH
% Mecab [28] 2@ H L, E5ED XIE WordPiece [33] % j#
FU7-. WordPiece &, KHGEZNRELKST-HDY
77— NBEATHS.

4. ER

BT FMERE LT CS THFAMNPOHMEFETF A
AND T F A NHIROERZ T, TDHK, KREBRE LTCS
EEPOHREET I A MMOEFIEROER 21725, F
EEBIZDWTIX, HEANORROAEIT, REKRTHE
FENOBIERIZINZ, HARFEANORREEZHT 5. e
&, BEERD = (WER), XFiib= (CER), BLEU X
a7 [34 WA, WER & CER IHEAMEWIEEE TV
DOFEENRR W & %5Rx L, BLEU MENEWZEETILO
WENRWI & 2RT.

41 I—RRAYFUVITFRAMSEEETFAL
BREEREEDS TFANAOBEROFMTH 5793,
ASR DRI DR EBERRDLZDIZT I A MRS TF
A2 N ADBROFMEIT>7~. R 512, BERT EEET
& NMT €T VOFFEE%2RT. [CSOLFiET ¥ A
bR BEEOSBRTIHMLU -G5S OFIZ, BRROHE
SHETFAMINTBEXD CS ¥ A D WER, CER,
BLUBLEU TH Y, SIROBSFET F A MR LU THE
XD CS TFAIDRENL SWVIENVDD, ITVDNERT.
ZOMEZEFIRIZE > TN TE (BLEU OBEIFRE
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{T&E) BE, sRin0-eEZ NS0, &
ZiE e U RIS ROFEMNE 2 ik 5. 72720, Zhb
OHRIZFETET =R A AL >THEb->TL 57
b, YAFLRELOWEE FBE TS, £z, FEXDCS
TEFANMIBIBHERT REMEFERS %2 [CS L &
U, Tnls%E TCS DAL & UTHI CRMii L 72 M F
U, &k 72T TCSEism) L Th, Lokt
EBEUSBERTE 202 RS 5. [CSOLEETFA
W EFEOBMER TN L 723541 OFldio TCS #4r] T
¥, WER 8 & U CER DEAR VT NG 100%% X 7223,
i, 2IEERO CSHm] 2 EfRE UzRZ, XD
[CS oy ICfME - THA, E#, HIRE W XFOHAN
ZHERD [CSED] DRI LD ELho72728 100% %
ATW5A.

BERT E#EETIVIE, CSOLEFETFAMNEKEFE
DOSMIRTHMG L 723541 £ b H WER & CER »&<,
BLEU iZ@\WDT, BRLAZZETEHERIES Wb
5. NMT EFILIZDOWTH, FHELTWARWI—/A
WZEBTANE[TRSoALCSETFLDHNKRCS 7 A b
DA TIE, TCSDLEFETFA N2 HEEEDEHRTH
fliL7z%&] Ofi&H WER & CER MMEL 2->ThH b,
BLEU 3@ < o 72728, ZRFRITEDOWI-2 bbb, £
7z, BERT E#EEF) & NMT EF VO THEET 5 &,
Mk & TCSERS ) DT NMT D J5 AN 5 A7 -
7. ALCSEFILVDOHARCS FTA D [&fk] 2B} 5
FfHi7Z 1), BERT SEZEETNVOBFRKBED AHBEA TV
7z, 7272, 2ZTH [CS¥y) THET S, NMT €5



FHRLEFREHNEE Vol.59 No.1 1-12 (Jan. 2018)

#* 6 Cascade ASR+BERT & Cascade ASR+NMT @D CS 7 5 HGEANDHF AR E O
L

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

CS D% 53k TN
FEANE AT CS H4& CS
HMEFEDOSMRT Cascade Cascade
FA b A L 72854 ASR+BERT ASR+NMT | ASR+BERT ASR+NMT
AT.CS WER%/, EXLN 27.43 16.16 10.76 15.80 9.20
CS 4y 179.52 66.76 36.08 69.15 34.13
CS B4t 0.11 8.74 6.16 8.52 5.37
CER%| N 19.79 15.83 9.73 14.97 8.92
CS 4y 106.66 65.74 33.39 67.11 31.86
CS Bt 0.07 4.76 4.22 3.65 3.31
BLEU?T XL 66.36 71.48 80.79 73.17 82.08
HA CS WER%/) /N 35.23 46.42 41.94 25.61 22.34
CS #4y 164.96 89.67 56.50 74.23 57.15
CS B4t 3.44 32.61 32.73 14.76 13.17
CER%. E L 24.80 36.95 31.56 22.46 20.23
CS 4y 104.94 77.12 49.97 69.91 49.26
CS B4k 2.54 24.36 24.35 8.85 10.28
BLEU? EUI 61.85 47.89 54.43 64.24 69.82
WM BERT EFEET VLD ERWHEL 7. TI95, % Direct 7 70 —F DY VNV R AT EFEMR (Direct

FCS LASL 1 OMREIZ &> T, BERT
DOUREN R o7 5. BERT
Ml DFIMANTFANDIE—L7325720, ANTFA
MZZ I =R NIREPRL R eEZ 605, RD

=Zh

=g}

=Zh

= oA

ETNLD [21K]
ETIVIE [CS B

single-task ST) & & U Direct 7 7H—F DI N F R A
FAEEIER (Direct multi-task ST) &KL, CS HFHEMHMH

HEEE HAFBEADERRRE A7 %2475
= 717,

H#% CS 2 5 gk~ D & A #l

FRUZHB T 5,

HT, ASRICESFAHRODPEENLLBIIE S v %
MGEEd 5.

42 A—RRAvFUIEENLBEEETFRL

& 6 12, Cascade ASR+BERT & & U Cascade
ASRHNMT 2 FH\WT, I—RFRAA v FUIEFENLFH
FRIARLU-ERE2RT. £7, ICSOLEEFTF A
FHESEOSHERTIHMUZGE] O KT 3 &,
AL CSETFTLDOHRKRCS TAMIEZR LR 7/72T A
DDLU o 2H, ENMHND T2k] & [CSH
21 ® WER, CER, BLEU TiZ&k#ZLTW5. 7z,
Cascade ASR+BERT & Cascade ASR+NMT D[] TLL#K
29HE, TFADOEWMMRZ A2 TIX, BERT 55k
ETNUD, NMT OFEE LD 7 —AWd o720, &
AERERTIX, Cascade ASRHNMT 239 RTD T — AT
Cascade ASR+BERT % E[al o 72, [CS#i4] OME %
ATH, TXRTDTr—AT, Cascade ASR+NMT E F )L
M Cascade ASR4+BERT & D $EEN R D -7z, Cascade
ASR+BERT OH}ENELL 72Dk, ASR ORI D H°
[MASK] b—2 v OB %ZEHEP L7/®, BERT IZ& 5T,
RAD BRI TZ2DONRHEIC > ENREREEZ S
N5, L7z ->7T, LA Cascade ASR+NMT € 5 )L
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ASR+NMT @ Cascade 7 70 —F &, YV ITIVRAY
BLOEYNF AT EHEMHU 72 Direct 7 70— F DR
EEIRUZEREZRT. £7, (CSOLSETFAME
HEEBOSIBERCTIME L 728561 Ol tikd 2L, FHL
TWARWI—=RNZADEDHE L -7 AL CS ETNVDHK
CS T A MLSTIE, BoEE2TOETILT [2fF] & TCSH
431 ® WER 8 & U CER, %LU T BLEU OfEAHF L 7-.
Direct ¥V 7NV R A2 HEFEFEROEHR CS ET VD HL CS
TANZY, CER? [CSOLEETFANEHEFEDS
WERCHHN L 72354 oL v X TW5A, WER Tl
WETETWBEDNoH5. Cascade ASR+NMT, Direct
VU TNAR AT EFERER, Direct ¥IVF X A EHEBIRD
M CHEE%Z 95 &, Direct TIVF XA ESHENRDLE - &
HRVWHEZRITMHEAICH 72, HRCSETFTNLVDHELKCS
F AN, T44Kk] ® WER & CER T Direct ¥ )L F X
A7 EEER & D E Cascade ASR+NMT DA A KEE IR
Mot h, £ZTH [CSHD] 275 & Direct ¥V F R
A7 EFEBERO G DREE IR D - 2.

7z, &R 8ITmUL7, HARCSTAMTOD CS 2o HGE
ANDOEFERROEFFIE RSB L, TE¥5 L7256 0WWATL &
591 WD XS BRIEREFRS 1 2OXE UTHMET S
DIZDVWTEHETODET VN EFRLSBIRTE 2, Tyou
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Table 7 Comparison of translation performance from CS speech to English text

between cascade and direct approaches.

CS D% 55k 5N
TE¥AbM%E AT CS HR CS
SED Cascade Direct Direct Cascade Direct Direct
F A b ZIHERT ASR+NMT  single-task  multi-task | ASR+NMT  single-task  multi-task
Al L 72 856 ST ST ST ST
AT WER%| SN 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 st 0.11 6.16 5.73 5.73 5.37 8.60 4.95
CER%J N 19.79 9.73 9.69 8.85 8.92 10.83 8.50
CS B4 106.66 33.39 34.52 31.14 31.86 34.43 30.60
CS LAk 0.07 4.22 3.88 3.71 3.31 5.16 2.99
BLEU?T 2K 66.36 80.79 80.82 81.99 82.08 78.67 82.87
H#&  WER%{ X/ 35.23 41.94 38.87 34.56 22.34 29.63 23.21
CS CS R4y 164.96 56.50 60.69 55.85 57.15 61.20 56.79
CS st 3.44 32.73 29.77 26.16 13.17 19.79 14.78
CER%| 2K 24.80 31.56 29.42 28.26 20.23 24.98 21.55
CS #B4 104.94 49.97 50.59 48.91 49.26 53.43 49.05
CS Bt 2.54 24.35 23.08 21.66 10.28 16.00 12.54
BLEU?T 2R 61.85 54.43 56.72 58.28 69.82 64.38 68.46
should fA 1% #& X 72 125 ¥ W\ TY & % lthere are UHiTiR o772, CSHDIFEES L HAFESEE O/ T

probably about —F fit+ /i A <HW D FE DB W B I
T T T O BFEREFSMEFED 7 L — XANTREA X
NEEDIZDWTIFHUWEAD D 572, £72, KOG
P IBETT 2, I—F TT 2?7 OXDRHEFEDOMA
BHETHRO DL D727 L — R B 3 I BT &
20, HEETH [F iy Fik s FH O &5 W RO b —
UL LS BERFEIOVTIE, LW bhotk.
HLUWT—A%HA5L, Tyoushould 168 1% #£ X 72 135
MWW TF L) TlX, Cascade ASR+NMT * Direct ¥
NFRATEFMRIEF—"7— &% 5 Thomework] %
FMITE 72, Direct ¥ ¥ 7 NVR A7 EFEFHFIETFHITE
THEHT Ttalk) &SRB EKROFFHD P %1774 -
7. MiOBITE, Direct ¥ ¥ Z VR AT FHEFHIRIZE R
RP—FBHEL VWS IR EZIT 2. Tk, Direct ¥V
TN RADGHEBERD CS hDEFE G A & HAGES S %2 [H
UCHEETFAIANZESRITOT, HFEETH L HAGES
FOXMPTEFTICH LS B2 FEZ 50D, Cascade
ASRA+NMT & 1 il FHilg @ F DL 25 % ltennis)
CERUZZ. T2 ASRMH-T 7= LML TH
D, TI—PEHELZLEEXOND. TDXDIZ, Cascade
ASRANMT iZ ASR 6D T T —(RIEIZ LD XA -V %%
J 5D T, Z1H Direct YV F R A7 ERFHER & DAIZD
o7z FEZ 5B, Direct ¥IVF R AT ZEEHRIZD
Wi, Direct ¥ Y 7NV R A EFRIEREFE L CS D
WiEEFH L HABEEHAPORUEFETF A MAFEZRIL
EIFOM, INFRAZEUTCSTHFAMADOEEEZ
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ERLIRBADIF SN, ASRIZLE TS —(EFEHD2 0D
TS AT LEVENZERICHEEERZOND.

F7-, R 912, HIECS 25 AREADOEHRIRME %25
3. 9, 24Kk & TS @ WER 8 £ U CER 12D
W, IFEAED ICSDELEFET XA M2 BSFEOLIR
RCEMIL7-356] Ok v ®EL~. LML, Cascade
ASR+NMT & Direct ¥ > Z VX A7 HEEERI%, AT CS
ETNVOHRCS TAMD [2K] T, [CSDLEFETF A
B SFEOSMERCTHMM L 7254 OfEL Y H WER ®
CER &< 72D, Direct YV 7NV RZ A7 ESEBFRIZER
CSETNDHARCS FAMTE [CSDLEFETFAME
HEBOSIERCHME L 728556 ] 0L D H WER 23 <
olz., ALCSETFTILVOHRCS TAMIDWTIE, #
BUBPo-HACSIZELBTARNDYH U2 2EZ S
N7z, HRCSETNVOHRCS TANTEREEN I -
T\W53 Direct ¥ V7 IV X A7 SFEBIFRIZDOWTIE, CS
DEFEEH L HARESHEZ XS, RAUHAREAEE
EZTOTETIVOREREKRNIE, TI7—2Hx/z2x
Z560%. BLEU IZDWT%H, Direct ¥V 7V R A2 &7
BEE, AT CSEFILVDOHAKRCS TANPHKRCS EFIL
DHEHARCSTAIT, ICSOELEHETFFAN2HEHEDS
WEER TR L 72354 ) DML D £ FHEl-THH, CShos
FEE R AAEEE 2K, AUHAEAZESED
TOT, ETIVOMHELETEE, BLEU DEEKL 725
7ze#EZS5N5. Cascade ASR+NMT, Direct ¥ > 2L
R A0 EEER, Direct YV F X A Z & EHER OO [ T LR
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Table 8 Output examples of speech translation from CS speech to English text on

natural CS.
B oh ,no. idon’t have any changeso, £¥5 L 726 WWA TL & 5 ?
ETGEN oh , no . idon’t have any change so , what should i do ?
HAKER Cascade ASR+NMT | oh, no . i don ’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. i don ’t have any change so , what should i do ?
L if you want to watch tv , you should f6/@ & ¥4 2 72 15 " W\ TT & .
EJEEN if you want to watch tv , you should finish your homework first .
HAEE 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 .
5574 when students from four year universities and junior colleges are put together there are
probably about ZF fit A <HW O FEE D W B T TT .
SIER when students from four year universities and junior colleges are put together , there are
probably about two point five million students .
HAKER  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 .
5574 how would you like to pay i< T3 »». #—F T »?
E YN how would you like to pay , cash or charge ?
HAKER  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 7
L i ” 11 do my best to find your baggage but first i ’ d like you to fill in this F ¥ Fik
Wi & .
EEEN i ’ 11 do my best to find your baggage , but first i ’ d like you to fill in this property
irregularity report .
HAfEE 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 .

29 5L, FEFEAORREFARKIZ, Direct ¥ ¥ 7 IVR AT
HEBROKENRS > L L, ASR DT T — (i1
W& 1E Cascade ASR+NMT 7 Direct ¥ IVF X A0 &5
HRE 0V ENDGEE H DA, Direct YILF X A2 EHE
RE oL RBWHEEEZRIMAICHD. 7272, AT CS
EFNLVDALCS TANTIE, T4k & ICSHEDI ITH
WT, Cascade ASR+NMT O ABBWHEMIZH 7. H
AKFER—=Z CS IZZFADAD—HFED CS HEENTED,
ASRIZE > THIHR R A 2240, ASR DL T —(ZFEN
Dotz EZOoND. 2, HRCSETNVIZBITS
HR CS 7 A MTO WER &, 2K i Direct ¥V F X
27 BEERBROARBRVWE DD, TCS 4] TlE Cascade
ASR+NMT D AXKEEIER»,>72. UL»L, CER Tli&
[&fk) £ TCS) #H4H 5 5% Direct YIVF R AZ EH
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BEROBEDVREL, b—=20F 1 ADBNIZ X BEDRET L
bhrb., LT, HRCSETILVDOATLCS TA N, B&
CALCSETIVOHKRCS TANMTIE T2k) & [CSHB
431 DT, Direct ¥ IVF X AT SEFHRMBE - L HIE
N7=MEgE - 7.

& 10 D, HEREANOGFEHMROLIHIZ R 2 &, HKEE
~DOHFFIEE T L, Tplease give me two pieces] D& 5
TREMEREE AT Y 1 DD & LTHERE S 5 5 D% Torange juice
and bread please] @ & 5 RHFEDHAEDLETH D D &
577 L= EF L BHERTE 72, Tthe size of the foot is
24 points five centimeters] @ 24 points five centimeters]
WEED N — 2 VT2 25 TH - 7208, Direct YIVF X
AV GFEREZEIN Z+ N HevyF 0ol sr%
=+ W& H A+ s GRERL, HRPEVWE D%
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Table 9 Comparison of translation performance from CS speech to Japanese text

between cascade and direct approaches.

CS DL E3E T
F¥AME AL CS H4X CS
HEFED Cascade Direct Direct Cascade Direct Direct
T A b SIEERT ASR+NMT  single-task  multi-task | ASR+NMT  single-task  multi-task
AL 725 A ST ST ST ST
AT.CS WER%] XN 17.52 13.11 19.96 13.88 12.94 16.25 12.05
CS #45 106.42 32.59 42.25 36.40 33.48 36.28 31.96
CS Bt 0.61 9.19 15.51 9.44 8.90 12.29 8.18
CER%/|. XL 35.23 12.10 18.93 13.10 12.23 15.38 11.68
CS #4 187.66 27.32 36.05 30.85 28.59 31.10 26.92
CS Ut 0.53 9.05 15.55 9.40 8.86 12.34 8.41
BLEU? EIN 74.14 77.42 68.14 77.35 7.7 72.31 79.36
H#A CS WER%/ EXIN 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 B4k 3.66 25.78 33.85 16.31 14.41 19.04 13.46
CER%) EUN 54.29 33.97 46.70 25.69 23.85 28.04 22.98
CS 4y 202.69 56.87 66.90 54.98 53.88 57.72 53.43
CS Bt 1.90 20.85 35.65 15.95 14.29 18.91 13.18
BLEU?t XL 64.64 59.02 52.81 64.47 65.75 60.32 67.24

£ 10 HACS FAMIBEITS CS 5 HAREADHEHEBRD H 5]

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

natural CS.
B tH Z+H Z R H AHE O T— & F % % please give me two pieces .
SR A +H - HEHRARHO ZT—-BERH &2 - W IEZIWv.
HAFER Cascade ASRHNMT | EH Z+H ZHH O Z—BEH H 2 Z L <7Z3v.
Direct single-task ST | TH —= + H Z Bl A © =— Ji§ % & Z <72 .
Direct multi-task ST | EH =+ H ZH H QXM O T— $8E B 5 2 ~ W <7EZ3v.
JR WT B — f# & orange juice and bread please .
ZHER WTH —fll & ALVYY Ya—RA L Xy & BV LU £T.
HORER Cascade ASRHNMT | WT O — flil & ALY Ya—2 & Ny & (KIS,
Direct single-task ST | WT I — il & AL VY Ya—A =D BV L £7 .
Direct multi-task ST | WTH — @l & ALY Ya—R & Xy % BV L £7 .
B YA X D FS & bhrY £ A D the size of the foot is 24 points five centimeters .
SR PAXDORZT T LI FHAP RO REIE W AAEYF TT .
HHAER  Cascade ASR+NMT | ¥4 X O FBE I b2 FH AN =+ HEANAASAHTY .
Direct single-task ST | 1 X @ &S & b FH AP H + W 2VF O i id .
Direct multi-task ST | ¥4 X @ &S & bhh FH AP RS B2 Z + WM K H+ v F TT.

WMTEHIENTET.

FRAV GRS o LB RVWHEZRIHHAIZH S.

DroEgzEedd L, PEREHRR 120X E LT Direct ¥ ¥ 70V R A7 HEFIRIE, CS fOEFEEH & H
fid2bDP, HEPHEOMASGDOETHRDILOE S %4 AFEEFEPORAURFET FAMNEEEI IO THAGE
T —XDOBFERIZH L K s, BETHEERD -2 A RETFHOXNTET, ETNVOEEDIK T2
IZHE B R AR, BIERE AT AMESEED 7 L — XN W7z, Cascade ASR+NMT 1& ASR DL J — (20 H 5.

AZINHDEFEL Wb,

Cascade ASR+NMT, —7F, Direct ¥IVF X A7 SEERIE, BEHEZE® S FH

Direct ¥ > 7NV 2 A7 HREFHER, Direct ¥V F X A7 HHE T25725 ASR DT J —ZFH» D7 <, F7 Direct ¥V 7
BIER % Hld % &, Direct &> ZIV R A2 SRR OKE VAR SHEMREIZEST, CSHERENLS CS TF A
MH - L HHEL, Cascade ASR+NMT 73 Direct ¥ IVF & ANDOHIE —HIZFEETEI LT, CSHOEESHLH
27 EFEBMREVENDEZAHBEDD, Direct WL AELEHEDOEBNTELLSILRED, Hob RV
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EBE2RIMEWIZH 5.
5 &bHYIC

HiE CS O E AR ET T 5728, NMT & BERT (£
£%2D0 Cascade 7 70 —F, BLUOYVINERATH
BV FRAIFEBIZED 2 D0 Direct 7 70 —F %
BTEL-. EEROMEE, Cascade ASR+BERT I, ASR O#F2
WERDIZ X o T, FHTEEDOHNER B L FRIFHZFHIO -
DIZBBERNERINE D 728, CSOEHRRITHL < b Z
MRy IroTz. £72, Direct VIV R AT EHEBIERIL,
CSHDOEEEH L HAFE TP SR UBRFIETFAMA
EEXHITOT, LEFTEFLHAESTEOKJNTET,
EFINDRKEDRK T 2N, F7z, Cascade ASR+NMT
W ASRDIZS —ERHROEELZII LI ehbrotz. —
4, Direct ¥IVFRAZFEEL, EETHTS I L TASR
DI T —E/EID7 L, 72 Direct YV INVR A EH L
AU CSHOEFEER L HAEEENPORIETF AL
ANDEBERIUVEFUT A2 5T, HEFHZ CSF
FPo CSTHFAMEFUTEHILTCS HOREFEEFF &
HAGESH Z XA TE 5728, Direct ¥IVF XA ZEEMN
HoLHRVWKEZRIMEAICH > 72, 5ikiE, TR
O EBFAM X, FEREFEGEE L XL O CS % AW FER %17
W7z,

HEE AMFEIERME [JP1THO6101, JP17K00237] O
BikEZFTE D £7.
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