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A Novel Large Vocabulary Continuous Speech Recognition Algorithm

Combined with Language Recognition

SHAN Yu-Xiang® DENG Yan' LIU Jia'

Abstract In this paper, a novel large vocabulary continuous speech recognition (LVCSR) algorithm combined with
language recognition is proposed, and a real-time processing system is developed. This algorithm can make full use of
phonetic hypotheses collected during decoding, and identify language types simultaneously. In a multilingual environment,
this algorithm can not only take the place of a standalone language recognizer at a lower system overall computational
cost, but also effectively cope with the case where target and non-target languages mix in a single utterance. It can
significantly reduce speech recognition error introduced by non-target language, and avoid error accumulation which may
mislead the subsequent decoding procedure. In order to tightly combine the content and language recognition into a unified
decoding procedure, three different phone lattice reconstruction algorithms are also proposed to eliminate pronunciation
and grammar restrictions introduced by the target language’s dictionary and language model of the LVCSR decoder,
and to encode lattices with richer phonetic information. Experiments show that the lattice reconstruction algorithms
can significantly improve language recognition accuracy in the combined recognition. Evaluated on a Mandarin/English
mixed conversational telephone speech corpus where Mandarin is the target language, the proposed algorithms reduced
the recognition error introduced by non-target language by 91.76 %, and achieved a character error rate of 54.98 %.
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(W*, L) =arg max {Zp<L|P>p<P|W>p<W|o>}
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Fig.1 Language recognition performances with different

lattice reconstruction algorithms
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HEA MR L 8 oF 15 20 i 1 BE 0 3 TR, X
W2 1 g o = U B AR 1 PRVSM
Z AR REZE 7 WA ORI Js A

BT Tonin F250) 171562 VR S5E925 Al 1 iR
S HIPRPE, 25 18 B T 17NN TH AR 1 BE R AR,
I H 2 BRARE 5 N 00 P i 5 B0 i i 45 2R 1)
LYRAER], T T KK XS BRAR R GU0 N, Py
DAFE R 2528 b, AT Thop = 3's.

21 MRS PSR, LR AR TR B TR
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Table 1 Test utterance length distribution, and

language recognition performance with different utterance

lengths and different lattice reconstruction algorithms

PR BLS i LR EER (%)
KJE (s) A A0 Al A2 A3 PRVSM

<1 3549  34.90 32.74 3248 31.53  29.67
1~2 4114 2745 2399 2515 21.63 19.88
2~3 2651  24.25 18.90 17.52 13.40 12.61
3~4 1674 19.30 15.53 12.66 10.07 8.98
4~5 825 17.02 11.34 7.39  5.06 5.05
5~6 425 15.76  10.73  7.03  4.17 4.74
6~7 228  11.52  6.09  6.08  3.04 2.16
7~8 120 11.30 7.29 3.31 234 4.92

<8 738 5.67  3.37 213 147 1.02
P58 14324 25.00 21.69 21.43 19.26 17.24

TE: AO— AT BN, AL—JSURTT SR 1A KON 5%, A2 — S B4 I 1]
RS, A3—TRHFH UM BEPHE, PRVSM—45#t PRVSM &4t

4.3 BEREWE LR EELLER

s b, g R U BB DR I VA ANV e
g P LU IO UG BE, 36 BAT S PRIV 3088 S
M, AT RES S B/ R R AT ST A, Tl
RESCH, AT DL =Pl A T A SR SRR I ) 3
oy AR B AR UM B B e, 1 2B RS FER R I (]

JUF- AT LA 2B AN, SRl [A) 25 6 5% 07 sl 4E 3 &
UMM T 57 2 4 R 1) B 558 35 o IR TR 0 YOG R
PRI 6 AN R i FE ) e K T = A 7
DI S TVCSR, il it (1 s (] 4 BAr 1 (A TR 5l 14
AN B, AMEEERRG), £ 2 AT RHA
IF) FF) 55 2% A% T A4 SRV AOTE P ) B 1) R e S A 5
B TR0 b ] DL SR a7 B R MR e P T
B, FH 3 el R 30 40 B ) 9 2> 1) 57 5 ) A
(b7 PRVSM) 194 38 %. 3X— el Gt K H 5 5
4.2 FAH RN MR £ R, /£—F Intel Core2 Duo
2.26 G CPU, 3G WAEHITFHEHL LA, MR IACE
HT—A CPU . 1IEBA i s R SR P
VEAE T B 550K 5 7 Th (L3, BT LU SR 5256 342k
UE 7 VR E A o h

14 FERESAEMEAIR M

AT T AR SO W IR T ) AR ARG A R
MEERIYERE, BLAC S L4 LVCSR L HIRfEe. 7
Aefa bR H 8% (Character error rate, CER)
PLE AR (Sub)« MIER (Del). #fiA (Ins) =P in#%
MFIEAI% (Corr). WK H R IR 2 24 K H
W R gy A F CallHome WIS FITF R AR 1L
RS TE B F bR N LY 4, s KR T
3s MITE S CPLIEPL | “TEPLT7 | PR
PO P g NFOT SUBEALPR . o, B
S PN H AR B M, 9838 2 W 2L DB AR AN
Tl TR AL, R DO IR B AR T B AT A
NP, ERE S 5256 BN B PFE e KR BGE
U 45 AL, TE AR K TC A R R B A AR
iy

R 2 SRR BT R EEMAE R N 1 R Sk
VSRS (LMESE LVCSR A HA 1)
Table 2 The overall computational costs of doing
language recognition using different lattice reconstruction

algorithms (considering traditional LVCSR as 1)

TR R RGUHEAR U I (]
JR UG 2 M 1.14
JEUh 5 A I ) S0 5 1.15
SR ARIN 8] R00) 57 1.18
A7 S 2R YU R Be ik 1.08
FrvE PRVSM 1.21

7€ — B BUN IR 5, AN A48 LVCSR
SR JE AR SCHR IR A RO S0, A X BT



372 H | 1k

F {4

38 %

T E WA RS, A BRI PO S5 R, —H K
DETAE T, ASCHR Y AR & YU SR AERS 2 LR
AR RN, I RENE B B (BIE &
PR SR W 18] (R 20) Ao v BE PR il 2K
4 VB A B 548 LVCSR B ot ae, 1 i
ERAPTAT 1)1 5 I T A ALK AR B b, 1 JE i
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B, BATAE DA 1 S B IR IE AR 4
LVCSR. (PERE. T 8cAT AN EFRL I, i 4 25
R MR S SO 2 1 b SCHEAT A, P LA AR T
RETR SV ER, AR L 40.43 % (R
3 1AT). WART TR UM 45 R rh 5 S ST B
I LBk, 132 2EDGETE S BORMIVERES T3k 4
(25 147, ATLAE H, AEANENIEE AR BUE R o0
N, B AR AMER (S5 T B g R
AR PO A R X5, 2T KR TR R
AR, FEEEAMBAE R SR BT, (HIX LR
P A RAB AT RE <587 X227y B UBIER B 1R85
ZATVERN G BN IG5 SRR UL, SRAMEM A7
FEAEAG TR T T 38.35 %.

R 3 LG LVCSR SE LA PO SIATERELLEL (%)
Table 3
LVCSR algorithm and joint recognition algorithm (%)

Performance comparison between traditional

(878 CER Sub Del Ins Corr
%4 LVCSR  90.17 3856  11.18  40.43  50.26
AU 54.98  30.66  22.21 2.12 47.13

Fd SR THIH G B IBTFISERERE RELL S (%)
Table 4

algorithms using manual language segmentation (%)

Performance comparison between the two

Sk CER Sub Del Ins Corr
4 LVCSR  51.82 34.84 14.87 2.11  50.29
AR 51.70  35.07 14.59 2.04 50.34

X FASCHR RS PO SE, R R 2
A B AR TE R BUE B, AR BURE U £ R
AR AME D Ber s o £ B, RO TS T
R332 47 WG R LUE H, fEIEER 148
KB 93T A R 45 R A, A IR OCK
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IR E R S, BrCUM RS BREE I T4 —f. 1
B, SRS TR R R 3 A7 AE R R, RIDRE B 20

TV 1A DOE TR G B0, AR B R A B
B ETE, BRSO IR (K 4 5 1 AT
bl ). 3 PR Dk 48K 22 B0kl 15 40 Db i 1 DOTE
HABE R 45 RAL A IERIN (4400, X85 511
FARGERZEA R 29.31 %, BACHE % 41.68 %, M
BRER iR 29.00 %, HEAHR 7.79 %, FANRE RN
78.48 %), T UAFEGE v R M R v, B 1 )
(R DETE TR BOR AR T Bl R U R DU T & B A7
B AR N R A AN 0. Xt A
AR BEUL I, VBRI A EO6 T R A R
KUE A R EAE B SR A S iy
BN G, M T Al pOETE S R P RE (3R 4
55 1 4T) PAHBRRN LT T 3.16 %, ¥ thEANE
g NIRTES A R A>T 29 91.76 %.

R4 2 AT FIRRS T RN B2 Bobrits,
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YUY AT, B B T R U 8, AR SO H AR EG
AR E R RS T AR G . X B B
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Fig.2 Character error rate of joint recognition algorithm

under different language recognition operating points
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