BERIEF=EwEE Vol.61 No.3 608-617 (Mar. 2020)

H A Ak T VY VAN RE B A A VA
TEIL‘%EILM—; H/\D ngﬁgu%%

M #ht SFPH EA EE EIRD AR FE—!
B+H 20194573288, #X§2H 20194118298

BE . KREEEFARORBER LI2E b v, WEIERT Y D U RFET D v LA S b 7 e Bl
M OEFEFRY AT ARG F Y AT ADFEMMEPHET SN TS, L LAa2 s, JUHNRERRE
%lyyyuﬁﬁﬁﬁmFx4yvim’%Cb%w”ﬁ%%%mﬁ?%% #%5 IO L) BHAEIC,
B2 B A A VR XROERE T ﬁ%%%@&t,%é%@T*ﬁ# MESE SNOY Ik
mma%%ﬁﬁm%né.%%,m%ﬁ%wﬁﬁﬁ %ﬁﬁﬁl///®W$*ﬁ%mwfﬁm%&ﬁ
FIZ ) THRATH) DD TH 7225, RIFETIE, FFE F AL v THLNAroT 7% W, HiH bk
lyyytum\’,%ﬁ:ktmﬁﬁ%:%b#ain5#7#@2ﬁﬁﬁ%ﬁ5%$u%uD%%%
RRET D, BAMICE, ¥ —BHNTENSNZHEERY A7 008 1 H3FEFoa 7 %21, #
RS O HEERT % Bag-of-Words (BoW) TZEHBT 2L N—ZA 74 » & LT, MEFERY% HiE
7 9 A % T Bag-of-Word-Classes (BoWC) THRIHT 2ikples, FEEMBANSV ALY b=a—F )
%7}7—7(MW5lﬁd<%%%@2@%%@ﬁbt.MWCTﬁﬁféﬁﬁﬁuﬁwfd,&7—

[ZHD L HEE BRI A L2 HGTHE L, BBl BENS 2 & 2R L7z, RNN 12
%o<%%&1i%“r Y OB & ABIOFEIC L Y AEEUGEY M- 72, SO, EFl & asl %5
**Lt(f‘%%%ﬁzs RNN (2D CREBIZHICB VT, b @i m ilikan O #kBUSE 75.8% %1572, 72,
FRRRRRHLER 1 B TR O TR B & BRAN L 72 R, S0% A B 2 B AN L A HERR L 7.

X—7— N EHERY AT L, FHE AR

i
=

%EU, ’}771/\/ ]\_:_:L»——"j)]/;‘f\/ 1\17___7

rnm
T

Speech Recognition Error Identifier in Specific Domain
Independent of Automatic Speech Recognition Engine
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Abstract: In accordance with the recent conspicuous development of automatic speech recognition (ASR)
technologies, speech translation and spoken dialogue systems combining a generic ASR engine and a machine
translation engine or a dialogue management engine are considered in various places. However, generic ASR
engines sometimes output erroneous results which do not fit the domain or context. A preventing function
of outputting such erroneous responses based on verification of ASR results is demanded by the systems.
Although the verification of ASR results has been defined as a general sequence labeling task using internal
variables of an ASR engine conventionally, we propose ASR error identifiers which estimate if a result con-
tains errors or not independent of the ASR engine, trained with limited amount of log data of the domain.
Specifically, we developed ASR error identifiers based on a random forest with Bag-of-Word-Classes (BoWC)
features and another ASR error identifier based on a recurrent neural network (RNN) with an attention
mechanism. We evaluated the performance of the ASR error identifiers comparing with a baseline method
based on Bag-of-Words (BoW) features using log data of about 10 thousands utterances collected through a
trial of a speech translation system operated in taxi. Two methods of composing BoWC were compared and
one based on distributed representation of words outperformed the other based on thesaurus. The accuracy
of RNN-based error identifier was improved by balancing positive and negative samples in the training data.
Experimental results showed that the RNN showed the best accuracy of 75.8% with the balanced training
data. Furthermore, the attention mechanism showed an accuracy of focusing on erroneous words over 80%.
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Table 1 Statistics of drivers’ utterances.
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Table 2 Classification of utterance contents and relative frequencies.
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Table 3 Classification of speech recognition errors and relative frequencies.

T a1 R TERILL VR N &
Z % INnns A4 Y v E g, s R piZmprnE g, 8.1%
b) [l & RFEFEN DA FH T2 CS V) F5. B T2 RSV T 7.9%
c) P72 E D HFFEAOTZEM  REDS LK hdo7eb Pk ICLEY.  REFI P o726 LR ICLET.  47.1%
d) FEEO—EF Ol Yoy — ORIEELCH ) THEAD. _ OHEELH) TEAD. 17.9%
A=, hZEpAAh, vTuRl, ZZ. WP YA, 1.0%
B TE £9. Ew) TS ET. 18.0%

K4 GFERWRY 7 OESE
Table 4 Definition of speech recognition tags.
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Table 5 Features and dimensions of speech recognition error identifier based on Bag-

of-Words.
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Fig. 1 Representation of speech recognition result in Bag-of-
Word-Classes.
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Fig. 2 Procedure of clustering word embeddings.
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Table 6 Features and dimensions of speech recognition error identifier based on Bag-

of-Word-Classes.
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WV h; #15%. LSTM Layer (¥ 8 J5[f LSTM % W TH
D, MEJFIH LSTM (forwardLSTM) OHJI fh; &R
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Output
Layer

Attention
Layer

LSTM Layer

Embedding
Layer

Input Layer

3 EEARHEA & A5 LSTM-RNN [13)]
Fig. 3 Attention-based Bidirectional LSTM-RNN [13].

LSTM (backwardLSTM) O 1)) bh; DEHEME L T h;
155,

fh; = forwardLSTM (e;, fhi_1) (2)
bh; = backwardLSTM (e;,bh;i1) (3)

Attention Layer T3, h; Z 5282175 H & Attention
Layer 25 DHANY Mlw EONFEIZE Y h; (1 <i<T)
T 2 EARR a; TERETEHEFHEANRZ PV a &
KD, h R BINERIC L DTN Z NV R RS
4. h* X &EHEE O Output layer 12 AJ) &4, sigmoid B
BramL Tty 2195,

o = softmazx(w’ tanh(H)) (5)
h* = tanh(Ha™) (6)
y = sigmoid(Wouth™ + bout) (7)

RKETFTNVIE, EOT>TF AT MV h; DERER 7
HHICBWTEETH L2052 H i LTHEETL700, £
DY % R D RERI I & O HEEDH N TV 2 D OHEEIC
FMETELEERT.

T ERROME R, HEESHEHE e; = 200 XJC, LSTM
DG % 300 KTC, 2V FFA MY bV fh;, bh;, h;,
fh* % 300 &G & L7z, Embedding Layer ¢ HEEH# A
HATHNOWIAMEIL, HAGE Wikipedia % 3 & |2 Skip-gram
THH L7z word2vec TH-2 7-.
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4.4.2 FEF—-2I53EH L AHIORE
F1LXY, SEEHLLT—7I3EH GREEFHOGEN
L5EEE) DSIER GRRERR O & E N WERE) I TAh R
WA T -5 TH Y, TOFEOEETEE T 5 &1k
Y5 L EFIOBRIICR> CETFAPFEEH SNL EEZS
N5, 22T, FHTF—5IZ&INHIERMEAROEE%
T L. BRI, FET- Y ICEENAANE T
F O L CGERINT 28Ny > 7)) v VAT 5.
5. FHMEEER
5.1 FHESEM
B ek ) WA AR O RPN I BRI, FRRRASRIZER D 2
FNTVEDNEDLO 2MEFFTH 5. HfZFIZ L5 10,019
SERG T DBkt A A L, 10 53 #1282 MerE TR L 72,
T L 725 a0k 0 A 22 3 LT ISR A~F @ 6
T TH B, WAl A 1ZFE %I Bag-of-Words O & % [
WV, GO NR—=2 T4 v E kb, @AlEE B~D 3EhEh
Bag-of-Words, ¥V —J A2 BoWC, HiE i
I2ED < BoWC 2 EBAROFEML L, KEWHEME, BiER
DT E KRB O SFHERN S % 5 8 RouLOFE M Iz 72.
kpldr B & F SRR S50 LSTM T 4. il
wEOIEFI EAFONAETF9:41 TH Y, #HHEF Tl
ABIOBEIF > 7)) 728 50:50 & L7z
A) Bag-of-Words % %% & ¥ % Random Forest
F#M: . Bag-of-Words
#B2F - Random Forest
B) Bag-of-Words (& M3E % 1T - 7zRandom Forest
F1E . Bag-of-Words + BIIFEM: (8)
#B2F - Random Forest
C) YvV—FXIZED{BoWC MRandom Forest
FM vV —F A12HES { BoWC + BINFEE (8)
%% - Random Forest
D) HZEHERBEICED {BoWC ORandom Forest
T HEESEERIICEE D < BoWC + SBINFENE (8)
%% - Random Forest
E) FEMEEMENAMELSTM
T R
akpller L AN S AUS R LSTM
F) 1Effl & &l % 5B U 7= 2 BHE T & WA RLSTM
T R
akpller L AN S AUS R LSTM

5.2 BfIRHEE - BBREOFMER
SRR L, R - BBl RE LIRS (accuracy)
Iz <, AN O@EE (precision), FHEE (recall),
Ffii (fl score) & L7z, SAREOHE LN %D TIIRT.
1IE L < FRAI L 725875 DK
BRI

acc. =
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®T FA R ) RGO - ABIRRTRE

Table 7 Evaluation results of the speech recognition error

identifiers.
akgE  ace. (%) prec. (%) recall (%) f1 (%)
A 65.6 68.4 59.5 57.2
B 69.5 70.2 65.4 65.3
C 69.8 69.9 66.1 66.3
D 70.8 71.3 67.1 67.3
E 74.2 74.7 56.3 64.1
F 75.8 72.9 65.1 68.8
sl &k L <R S - asl ok
pree= BRI DR
Bl ek L <RI S - Al DT
recall =

AlgE A & L CRERI L 7R

= 2 X prec X recall

prec + recall

K20 IR - AR OB &L AvIILRE AR 7
R akBIER F O IEG & A& FRET L 7 E B &
MI710) LSTM D IEfRIEEEAY 75.8% & I b vy, HEEs I
AN HNBD N TIE D OHEGFHFEBIHES
BoWC % #M: & ¢ 2B 2e D IEMREE A b 15 < 70.8% T
Holo.

EfRBEICOWTHFREICL VEEEFREAL L2, &
g A L BOMIC 1%KEDHEEDND - 7. BINFEMER
TR ) O E L LR AERE LTHRITH - 72,
WAEE B & C OMICHEAEII o725, C & D ORI
LRKEDH EED S - 72, BikiiR % BoW TRIT 5 &
DY, BOWC TEHT LI ETHEERT— T DAIS— AR A
DOREDPFRIM E NI EEZZONLD, ¥V —F AL
BoWC (3 HFE/HEEHICHD < BoWC & 1) b IEASEE 1L
oz, HRE L TRIGEEROESHER ONDL. Hik
SRR D { BoWC TIRARHGEEDY 0.1% TH 5 D
Zxi L, ¥V =7 R BoWC T3 34% & @ -
72, WAHEZED L E OB 1%KEOFEAEN S Y, FERK
Hifd & BUJTIH) LSTM 258 Cd » 72, 87— 5 &5
ENTWTH, HREE D &0 TR Z BRI H S 2
FATFEOHTFERL TV, 512, @R E & F OIC
1%KEDEEXEDNH - 7. ABIOBINZ L) GBI OFHR
BPLHEINTBY, EFNOFEHORY DM S -k
EZbA.

5.3 FEHEOREM

R X BT LSTM 12 B 1) A 1 A% o W %
A L7z, EEAEREOERIZ 3 O Attention Layer T
HENLFREANRY ML o TERIHS NS, FHli7T— 513
# 3 O a) HA LT OB, b) [ RFENOMEE,
c) W7 RV O HEEN DR, (208 S 7z 740 556 T
H5.
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R 8 TR TV LM T AL D]
Table 8 Example of speech recognition error labels and atten-

tion labels.

#ERILX nns AF v G N 11 VAR S
B R A s R | R N 1117 EVAN-= 3 I
FRERAR D TNV | ¢ c e e ¢ ¢ [
7 v n n a n n n n

RO FET—YIIBT B - BB O O O R
BRI
Table 9 Evaluation results of attention mechanism before (E)

and after (F) augmentation of negative samples.

akgs B | prec. (%) recall (%) fl1 (%) acc. (%)
E 0.1 54.5 42.8 47.9 80.0
0.2 60.5 38.2 46.8 81.4

F 0.1 59.5 46.0 51.9 81.7
0.2 64.5 41.1 49.8 82.2

09 1
08 1!

071

precision
=
(=]

051!

04

B4 #HT7T—212B5IEG - Q6 OHHE O EZEED
Precision-Recall Hfiiit
Fig. 4 Precision-Recall curves of attentions before (E) and af-

ter (F) augmentation of negative samples.

FEEERFAMI L, RRRRAS ROIZRERINI T 2T 2
DITRNVOIEICHED L, 1 2RBREEINE L CB#ERSh
72 (c) Dilko TR SN (e) D E /R T RlikaR ) T NI,
b 1O L VIER SN (a) DERER TV
WV (n) DERTERTANVTH D, FERT VL, AW
IZ Attention Layer O AARBUIHS 3 2 BIfELIEIZ 2D <
A3, BMELL L O BRI L %2 W A Rk R I2 oW
T, EAMRBRKOEREZZFER EIN (a) L L2, T
NVOFZER 8 IT/RT.

TEROFEMIREIZ LT O 4 TH 5.

(FERRR D e DM a) 7213 (¢ 2D n) DFEL

aee = AR G I NIRRT
REEERD TV e O T AL a OTIERBH
pree.= TS ~NL a OBEZ DB
oal] . BRHERY N o DOHHT S 2 O MERBEH
I TN e DIBREEZDBE
1= 2 X prec. X recall

prec. + recall

BE% 0.1, 02 & L72Ha0, #UNBE L FIZBIT5

© 2020 Information Processing Society of Japan

THOWELR 9 IRT. TEEBEOHMIE 7252 Tw
BDS, 80% %R A IEHESBELONTwE. £/,
fiE% 075 1 F TELEE7- & & D Precision-Recall B#R
X 4 1R, BEOREC 2L ST, FEHF-512B
VT 2R L AR OEE 2 IRET L7 AN & 0 b B G
W OKEEEDMEN T,

6. E=

T iRk D) FRAIE I, FEARMICIE LW RRakkE R o RaE
HAE/NSZEGIZIZT) 2T, EFEMOBREREED 5
DY EEZ END. FHMFEERTIERRBIKEE (accuracy)
B OREL LT, RITREROMI R % 5EM L 7-.

T LTF VA MIED CGEBNGHRICBWT, REWE
P, BRGSO S & KR OBER O MFITHEROE 8 Xt
DFEMEEMIPTF TN TH > 72, BoW IZBRT, HEE
77 A (BoWC) DEBARIHFRTH o728, ¥V —F A
FHO < BoWC I X BUEEII/INE o 72, RAGEICL 5
HMOREDLENPRENEEZ LN,

TEEREREA & 87 LSTM (220 Cikplgsidscoa »
TFTHEANEEEBT LI ENTELY, FAL L OFEEF—
ML ALERONTBY, \BEHIFEAEL VDL ET
MEhs, 20Ty, FEEMEA ST LSTM 1285 <
WD EN BB AR Lz, Gl N AL YT =%
(I 22 IR - BBIOARE AR L TEw e wnas, Ao
BN T 7k ) AR O FEIZRE O 68.8%%
WL, EROBIEELEIZS DRI - 7.

7. bW

P AR AN e BRI ER Al O B R AL IS A bR T, 4
BRI GBIy V2 DA A AL T4 T
FERE L MLA G D, K &I OFF —EAHVE |
FToNsEFHEENS., ZOX) R EHEEL, K%
TIIEHEEBL V27T 7Ry 7 AL LTED R,
TP AR A AR E B A A Y OFERDIN OB EEE &
CREIDE, BENAA YORONzmOUO S T—5 %
b EATRER T B E AR D BRI g 2 M L 72,

F il AE RIS E ENDNERED BoW R 2 s &
TLTFTLT VA NEBNGEEN—ATA LT, I
HMEDT =5 AN— AR AEHEMT L2012, fFHET H
it 7 A (BoWC) IXUET 5 H xR E L. BoWC D
B AEE LT, ¥V —F AHED L BEEGhE
DI FAY) I HED R IEEHE L, BRI iER
Bor 7250 0 ZIZEDS L HEOTFECKEEIE L
b ERRERRLZ. MAT, BIMEE LT, Hbx
TLIRREEOR, XTE, HEifE EOFREEME L A
ERONGHE RROBELZD BFABRIANTH L L %
T L 72,

72, X0 7 FAP2EFETES RNN I2EED (&
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gl LT, ) HEEICEMICHENZ L TONL T D
O ERRENT & RS LSTM £ 7V & @A L 72, IEf#Fs
ErmBEbahs, AROBREERLZWET L0108
T IIBTAHIER L AGIOEE A TEL 7.

BERNXAL OBl LTy 7 v —BHHNEFFEHRY AT 4
DREEH — C A TIE SN2 1 TR OF 7 bl
THFAMEAWT3IHHEOEHA#RVENGEHEE L
WBGEM L 72, 2 Of5E, %87 — 712815 %156 & Al
DE A & R L 72BN & AT LSTM 256 b &\
WVKEEE (75.8%) I RL, #hliZ L CHE SN EERE
BEOFHIEEIL 0% ZE2 5 2 & H AL 7.
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