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In this paper, the authors propose a method of
customizing automatic speech recognition models
using editable term lists to increase recognition
accuracy for phrases registered at the discretion of the
user. The proposed method adds a text encoder and
cross-attention layer to the conventional Connectionist
Temporal Classification/Attention-based automatic
speech recognition model to detect registered terms in
speech signals. To increase registered term recognition
accuracy, the authors propose an inference algorithm
that integrates the probability of detected registered
words and Connectionist Temporal Classification.
Results of their evaluation using the in-house
Japanese-language dataset and the English-language
Librispeech corpus showed that using the proposed
method lowered the character error rate and the word
error rate for registered terms.
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IZHEES 2.

Patt (ys ‘ Y0:s—1, X) = AttDecoder (yO:S*l, H) ( 2)

A(2)&s=1, .., SETHIRT I LT, XFly D
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Fig. 1 Overall architecture of CTC/Attention model
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Fig. 112”4 & 512, CTC Fa—#idF8Ex vy a -2l
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Fig. 2 Overall architecture of proposed method
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KX(1), QIR LAHBEL Y I FBLPTFA b
Iyva—gll&ko T Eh-BEhIREXZ VLV H, VB
XU, 17V =20 ETOXLEI yos1 BNGAZENB L,
TA-XE s HHOXF ys #ATO XS ICHEET .

Pext (ys | yos-1, X, B) = ExtDecoder(yo.s-1, H, V) (13)

XA &Es=1,.., SETHOBETZ LT, XFy D
BRI T O LS IERLE N 3.

S
Pext(y‘X, B):npext()/s‘yO:S*l, X, B) (14)

s=1

FRCHL, 7z y buE—iREEATS.
Lext=— IOg Pext (y ‘ X, B) (15)

422 BFFHEDA Ty 7 AHER

Fig. 212#1F % Cross-attention F§D AJ), 1% ZhZ
NUBEOU &35 &, Cross-attention JEIZLLFD K5
IZEREI NS,

(16)

LNOVT
U’ = Softmax (&) V+U

Vd

Z 27T, A (16) D Softmax HIX, ANFEHES U = [u, ...,
ug] EHEEDY Z P OREHNV = [vo, ..., vw] DNFETH % 72
B, ThsOHPELZRBIKRT 5. T4b5, LLTIIRT &
I, ANEFPIZEEFNTORERHEDOA VT v 7 A
Hln=I[n, ..., nJ OWERLIRT 2 LN TES.
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LN O)VT
Pidx(n | X, B) = Softmax <&>

Vd

COMERPIE @A VT v 7 ANEFRPIZEEN TN D
BRHAGETHDIEVWAS. FlAIE, FGEY A MICZO0H
A (1:9tL, 2:PR) BRI NTOSHIRET, y = [ #I1L
TPR$%] &) FHNERSNGE, BEHEDA
YTy 25 n=1,1,0,2,2,0,0] £ B. ki, ik
FHEE T3 AW RIZB L TiE, n = 0 (no-phrase) 23 &
ha, Lo, vazxy rab—&Hneg
BRFHGEA V7 v 7 2R EEAT S,

Lisx = — log Piax (n | X, B) (18)
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51. 285 &%

REFHIE, X (6), (15), (17) TERL =HEKBKIC
U, LMISRTEALBIY y 2HWEZYILFZ 2%
FIZK RPN G S KSRt e b,

L:(l _)L) Lext+7\,Lctc+'VLidx (19)

F 72, FEMOMEY) 2 MZBIL TR, HERIF SIS
DHIEAZHGE) 2 MIBERRTZ 2012 L, FHIFICIE
ISy F T EIZ Ground truth 226 7 VA LAIZHEED A B
B E N5, 2DT7 V& LBEFIZ, €T ILDIRIAGHEEE
RILV =R TEDLLIIITH720TH 5.

52, ##w7ILTU XL
Pk tERE A X Il EXE B0, K TIEl-%

Meam7 L T) XL %xET 5. BARNIZE, ks h

Attention 7 I — & HEE L 72374 y D HZEER Pexe (v |

X, B)izxtL ¢, (1)B&HEDA V7 v 2 A Piax (n

| X, B) Offitr (Fig. 3 K&&isy), (2)CTC Fa—xitk

3R OME (Fig. 3 HF@ED) 262495, BEL-

TATY X L% Fig. 31K,

(1) 9, Ik X7z Attention 7 2 — &3 (4) 1I2%D
W, s TH DKL ZOMER aexe #FMT 5 (51T7H).
Wiz, A (8) B KUV argmax BIE A HWT, s HTHOE
FHEEA YTy o 2 n, BWEET S (61TH). B8H
AR E NS (ns £ 0), BEAGEICEEZT S X
FOWIIHERE BEHA aponus IZHEDWTHIMNT % (917
H). Fl2, it S =88 HEER by = [, (L] O
B, [, [fL] &0 o i iR 2 88m4 5.

(2) 8T, CTC Prefix scoring™ #H T CTC ¥ —
A& OWIIER oe Z#HIT 5. 72720, CTCT a2 -4

Algorithm 1 Decoding algorithm
1: hyps = {<sos>:1.0}; end hyps = {};
2: for s = 1 to maxlen do
3. ext hyps={}
for / € hyps do

4
5 aexl:k)g Pext (yxlyl:sfl’X’ B)
6: ng— Argmax(P (ng | y,.,, X, B))
7: if n, # 0 then
8: for token € b, do
9: aexl[tOken] Wy [token] + Aponus
10: end for
11: end if
12: for Vs € Top_kbeam(aext) do
13: Add [ = @ y, and the score a, to ext hyps
14: a ., = CTCPrefixScore(l, H)
15: if i, = 0 then (“no-bias”)
16: ext_hyps[l] = pag + (1 — ) @
17: else
18: ext_hyps[i] = oy
19: end if
20: if y, = <eos> or len(! ) = maxlen then
21: Add I to end_hyps
22: end if
23: end for
24:  end for
25: hyps = Top-k(ext hyps)
26: end for

27: return Top-1(end hyps)

Fig. 3 Joint decoding algorithm
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JIFHEEY Z b BRAATIE AW (Fig. 2), B
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256 IRIC DRI 5 }:, 12 {l® Conformer 71T v 715
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CTCTFa—43 1 MO TR SIS, fuw'*
FTEHEHEGEOEA L, viE, ThZh 0.3, 1LOICEREL ..
t,52?T¢«t%ﬁﬁwn7x-ﬁamM&ui,%h
FN1.0, 03 I1TFREL 7.
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=82 (3EFE) WEMGE HNT - 21y M3, 2k
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MR L7=F -2 x—2 P h e, BETHIZ, SCTHRD
# (CER), ¥#HiED CER(B-CER), B LUZhlisto
CER(U-CER) CaHMii L 7z, R TFEOHELL, U-CER &
KOO CER ORINE F/MNRIZHIZ 5D, B-CER %
EFBHZELThHB. Librispeech-100 IZEH LTI, HEERD
# (WER), U-WER, B-WER % f#iff L 7-.

6.2. AARET— %ty b TORRIE

Table 112, N=203 HOHFEL 7 L — 2 & HEEY 2 M
i‘—i@%bf_yﬁn@aﬂﬂﬁ%%%m? R—=ZAFA4VIEH AR~
4 AV A F 72 5O ERD CTC/Attention €L VCh 3
(A1). F7=, fERDH 2 4w 4 ZFHED L g gL 7=
(B1, 2). Tho6 DT, ETFEE R0, HEmIEICRT
N7 B HEEOMER 2 /RIS L aWFETH 5.
Gk, BETHICBEL UL, 5.2 fiThRZ=HEH T LT
2 b (BEHGEDA V7w 7 2R HE, CTC 72—
& BHERIA) HBRONZSA OB S BGEEL 72 (C2, 3).

9, WETHER-—254 Y, koI 22~ 4 T
HEET 5 (AL, Bl, B2xCl). CliE, "—=254 v &
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VIMRE L ZORR, 2RO CER 28 1.40 K4 ¥ biX
HLtz F, BETFREBERDO N 2 4w 4 ZFH 1D @

Table 1 Experimental results on in-house dataset
ID Model S| Y | B
A1 | Baseline 9.85 8.17 21.86
B1 | NEA-ASR [21] 9.75 8.11 21.90
B2 | Intermediate DB [15] 9.28 8.23 16.93
C1 | Proposed method 8.45 8.23 10.15
C2 | C1 w/o index probability 8.65 8.19 12.11
C3 | C2 w/o CTC integration 9.78 9.16 14.54

Table 2 Performance analysis on in-house dataset

Accuracy

Class [%] Examples
Katakana 86 JyvAnm, VIZrAv
Alphabet 84 CFD, PR

Kanji 64 T, JE

English 29 SKETCH, CASCADE

& & 4fkd CER # & U B-CER OWi i Tl 4R L 7=

Wiz, BEMEDA VT 7 2EERA, CTCFa—4
12 X BMERHAE & RO Z2HEORBII OV TH#kRT 5. C2
BLRUCIITRT LB, BEHGEDA VT v o AHERK
H %KL ZETB-CERIZ1.96 K4 ~ ML, CTC 7

12 & BHERHA A#FR< & U-CER 8 0.97 &1 ~ 84
MU, Zhicky, ThZhhEeHED L U2 st
DHEEITKT 2 ilakMERE & BGE 3 250 03 b 5 T & AR
Ihi-.

6.2.1. MHRED AT

FE T, ﬂﬁ%aéwawf TIT 7Ry b, BT,

TR IN-WMEBIZ ML, RS 2 0 L 2=, #
®i%@#@@éhfnéﬁmbﬁbfi nE < flib
NTOBLFORMHEE Lz Bz, [CFD it I0%E,
TLAT 7Ry FRRESGLFHEIN TS 20T LT 7
Ny MIBELE, 5k, TLZ7 75Xy F&id, [PR(E—
T=I)IDEIIZTNT 7Ry FEHATHE S5 HEE
ARU, #EEIE, [SKETCH(Z % » ) |0 kS22 hsT
JEH I N D HGEERT.

Table 2 ¥ K U Fig. 4 12, B8HEO DT & ORI
i, 78 6 ONC, BRI 2o HEGRRE SR A R 9. HE GRS R 1
25 3MET LRI KO BHFHENIE L < R T & 224l
EARL, HEGRRSRM 4 2 E LSBT AL - HlER
4. Table 2 k1, w&w%%7»77«vb®i7_,%
N e RE N RICUE T B HAEICE L T 80% LI ED
SRS AR L= 0lox U, SE3BIC0 4 2 ek 1T
29% &6 KA 5 72, FRIZISKETCH(A 7 » F) %
[CASCADE (1 2 — F) [\ 2 HEED & 512, —fic
AT TEILEND T EDLWIEZEDRRIEE NE L
<{E§7J")7’Z.

T, FEPICER IS T VX4 LIRS K
FZliENTEEEZENS. BETH(CIZBT ST
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F2 MLV A-FEXOIEE X N7 Attention 7T — KUC
JBIINX 7z Cross-attention Eid, A% 5 & B ERHLEE
FEEBm T 5 &5 FENED. ZD2D, #)ﬂxﬂ’\]“é‘(if;
WKL E BEOMAA LY EFHFOHEEIIW LTI+
P LN 722N ELLNS.

6.22. Xr—ZE 7 1 #&3L

FEEED L — 27 — 2T, 2 —FRBRIIE SR HEE
HIER L 2R D, HEEY 2 M8k & h 5 WisEu B4
BAEAIZ & %. Fig. 512, B-CER (8$#H¥#0 CER) 1= x4
ZHEEY A MY A ZOEB AT, AFEERTIE, HEY 2
ICHEAZBRLAEVWEA (N =0), TO2—2 7 — I
WU 25 HEE A B L 72358 (N = 203), NLE R HLEE
L 7284 (N =500 7 5 2000) ® B-CER %t L 7-.
FHEEY 2 MICHIEE ﬁﬁb&nFAmFﬁ)BCHH'
d&%ﬁ%%h&#ot®tﬁb WY 5 HEE A B8k L

A%N=2%)B(ER1&£L& HEL$T51—2

ISR HEEMIEINT % &, 412 B-CER (33N

L7 (N =500 205 2000). 7= L, HEE) 2 MCHEAE
gL WA (N = 0) &R L T+% 7% B-CER OUGER)
REFHFFTE TR Z s, BETHRIIHEY 2 L OH
4 ZEANCR L TCaNZ N Th B Z LRI N

=%

L

Reference: —FORy 7 IFEATE - THZ
1. Baseline: —FEDFX v I —T — NEoTHIZ
Proposed (C1) : —&ED 3 v 7 [ LEJ7E - THZ

Reference: &R ORI
2. Baseline: X & 13RI O KAk HE i
Proposed (C1) : Z & & 1351 o ik iz fil

Reference: ?&9 MEH O & =B —5fl-> T
3. Baseline: FEREBITE RO & X1TFH K- T
Proposed (C1) : FESIHIIE @D & 56> T

Reference: SKETCH & — & B\ T
4. Baseline: A7y T E— REBWT
Proposed (C1): A7 v TE— RZFAWT

Boldface: Registered phrase
Red: Incorrectly recognized characters
Blue: Correctly recognized characters

Fig. 4 Typical inference results
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Fig. 5 Robustness to term list size

Table 3 Experimental results on Librispeech-100 h

WER | U-WER | B-WER

ID Model [o/O] [%] [°/o]
A1 | Baseline 8.59 5.87 30.71
C1 | Proposed method 5.76 410 19.30

C2 | C1 w/o index probability | 6.49 4.83 19.98
C3 | C2 w/o CTC integration | 7.53 5.27 25.92

6.3. ZEET— 2ty N TOIREL

WIS, BRGEL IR LW EEFDEET -2y b
(Librispeech-100) IZ&F L, N = 100 ¥iEAHEE) 2 MIZB
LGOI A B 2k 7. BHARENRESC %M
LB ThDIIx L, BT EELFEMHAL 255
Thb720, TOLS LMWEDORL 2 FEEICR L CEHn %
BIZhS5ZEIIHEHETHS. Table 312, #EEXFEB L UE
FHEEDA ¥ T v 7 AfERMA, CTCIZ X 2 HERMRAEOR)
RERT. BEEOFMAERIZONWTE, HAREBOLE LIH
RO S N7z, REFHIT, "= 74 VLKL
T, B-CER #d# L, ZORR, &kd WER 2% L7z
(A1 X C1). F72, BEMEDA VT v o AERHA B &
U CTC Fa— Ik aHERmazkk< &, B-WER B &
VCU-WERMEFLZZ RS, ZhEoDFERENTN

FRERMERE A X B AR B B T L AR X 7z (Cl
xi C2,3).

% 7z, Fig. 6 12X (8) 125D < Cross-attention 12 & V)
R SN BEGHEDA V7 v 7 ZMEREERT. M
I E N7 EHEFEEE, B SN 2HEEA R L T 5.
ZDHEFFRGEDOHRIZIE, legality, legislature &5 B HkH
AR ENR TV, Fig. 6 &0, IEFHEEIAN SIS
S LMY A RN TE 2 Z L AR TE 5.

DiE&y, IEFBRIIMWEOR L 555 (HAGE, 955
L TEAMTH S Z LR S .
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maintained the legality of the legislature and his

Fig. 6 Registered phrase detection
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