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Keyword Spotting based on Score Normalization and System Combination

Li Peng,Qu Dan

(School of Information Systems Engineering, PLA Information Engineering University, Zhengzhou, 450001, China)

Abstract;: To effectively use the complementarity of different keyword spotting systems and solve the
problem that the confidence scores from several different subsystems is not in the same range, a keyword
spotting system based on score normalization and system combination is proposed. Firstly, to avoid key-
word missing due to pruning errors in a large vocabulary recognition system, the keyword soft Beam
pruning method is presented. Secondly, score normalization is needed to transform these confidence
scores into a common domain, prior to combining them. Finally, after score normalization, the outputs
are combined from different subsystems. Results show that score normalization methodology improves
keyword search performance by 30% in average. Experiment also show that combining the outputs of di-
verse systems, system perform is 10% better than the best normalized KWS system.

Key words: keyword spotting; score normalization; system combination; soft Beam pruning
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spotting, KWS) " & 45 75 Kt 1 R pr Pl A6 2% I 1] 5C B 3] 5 ff o7 B 5 L I R . 7E KWS R4
HE G R SR G TR R AR AN R G RO BT A A )R 2 BT R R IR AS IR 3R G e 4 R A
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TE[R) — 3G Hl O 1 AT A %00 J5 A B T SR AT A 0 U — A Ak B s 0 AT Y 20 BRSO A R
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BRAE 3R 4T T 2 1 H0 B 43 7 (Linear discriminative analysis, LDA) , 1) F & Kbl Kk 26 M 28 4% ( Maximum lin-
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A es, AR g A MR RS R A0 — 10185, Aavg (@) A R I g 1 BT A o 35 A6 R 45 R 1Y
st [A] - 241 .
(2) BAna—4L 7 ¥ (Sum to one, STOY AR H

Sq

Spi = 2
JZ;S""
Xf T A~ 25 E B A H A R A R A R — A B S 1 o B R N 1. X T RRER G O, 2
A I e A R AR B — A 5 — A RO 1o X T 0 R 3R 45 0 LD 1 A ) I, 43 BE 2 B
AN AB I — A5 23 AR R A5 K AR A AT R T O B ] 1 0 ke TR PR O U R s A
(3) T [l 1 )3 — A J5 ¥k (Pace regression) , fij #f Pace [l H5VE . W] T —Fh 56 T WL 2 > 1915
O3V — AR5 5l G A R AT R A A LAR 5 ANRRAE < S5 I HE R A R A R B R AT R A R
R S I [ o T A 06 26 A6 2% 45 S 4p 5 B (] 114 - 2 {8 0 A5 000 AL 3 CFF 1) 8. R Pace [ IH B3
#2103 H— AL R BOR A — 61545

3 E&ma

FEATE] KWS R G0 045 55 35 » i 8106 57 -5 70 K000 5 2 20 A ke 1 3 22 () R, 20 » A0 ] X AS ] A6
WRAG AR B TP 0 A 08 07 B PE AT IR 18] X6F 5 5 AN ) % 48 it AR ] A6 28 205 2R M 0 19 S s R0 405 SR ) LA 22 S
P DI K L GE — B e 2R I 25 2R 5 L A o A [ 5 28 9 LA ] — A6 00 45 R 114 0 B AT i 5 o0
BR300 KWS PERE HA B 1R W - D 0 18 3OA 8800 70 KO 45 7 1 - A REAR A T 4 () KWS PR RE .
3.1 EtiExt 3

Xb R — A AW I AN [R] 7 ZR G057 A AT TR A 328 25 2R o (ELJE AN () 2% 9 i S R ] A 30 46 % 45 R 1 S 4
FEE A 8] A 22 5k RGER A R ENTA I8 — DR ISR . WR — A1 R SR I 2 2R 2 i) i)
HBAE A8 L 5 — A 7 RGO I 25 2R v A A 9 B BT R L U T S AR A D AN ] Y ik ok 5 SR R AT
AR I TRDAS SR A5 R I B BAL B AL R S TR 1 AR G A AR [ A e 25 2R L 5 9 g — A I 4 2R i
T2« COAFAE TR — 450 A0, (O WS 0] A 228 . A JF o A D0 45 S 9 36 0y I 1) 0 2% 11 i [ 08 & 5F #4520
i e A A 0 45 R 9 AR L IR ) . A 5 A AR G A A A A I 2 R B RS DL B R A A TR .
3.2 SHEME

DRGSR GRS T REMEFEAE L A5 E KWS 2028 09 5 5 S0 8
HER A SCHIFSE 1 AN TR] 20 BR 5 J5 0 KWSPERERY S . Horboh, R TEn DRRARGH . (AT &
GixtF AW H BB AT AR R AR s (h) R by B3 A — AL b S (04353 o5, KRG 1343

(1)CombSUM J5 1 M AN IR 7 ¢ vh il AHEAT A O (9 KL 58 45 R A 13 40 BEA TSR A A 0N

§,:2§(h,) (3

(2)CombMNZ Jri& i AN
s, =my X Ef(h,) 4)
Hod oy AT LT & IR R RS0 AN 0 BEH .
(3) 24 3F 71 Linear combination(CombLC) , &% CombSUM JFEMY B. XS5 HW RS i 4y
Be— A w, T E AN
s, = Zu sCh) (5)
AP G A ) R AN w, BB . 2R IR S B R A A i e LR TR A O 9 Lt Rl LA



350 HIEREEHLA®E Journal of Data Acquisition and Processing Vol. 32,No. 2, 2017

HRAHE 28 56 1 16 R R RE 73 O AN

(1) WCombMNZ ik, HogA A8 B85 5 85, 5 R W T AL E AL 4 ( Maximum term-weighted
value, MTWV) [z Bt T e fE s inl ke U 11 PR T i PEfefapr . FH T MTWV 3545 Y EALE ) CombMNZ &
FHECEMA AT FRE WA, GRS R A SR ERE . 1A

s; =my X wamwv e sCh) (6)
i =1

Hrp

wymy = MIWV, 4!

STMTWY,
j=1

M MTWV, ZR58 i T RGN MTWV 15357,

4 XWERRIH

4.1 IHESE

SE 5 SR AR DUE TR R P Y 2R AR Y 100 AN AE 18~40 2 [l 1Y 5 1k st CRAR A0 7E 25 % LA
TR AR ZY 200 4], 38 19 688 A, 454 315 M. WAL 25 AR BERE B A 20
AL, 3L 500 AJE . AR KA B TR A, 58 R 50 AN O HR IR A R I, T AR I ST A0 A . OSR]I K B B T E A
Bk g, Hop — 2298 8 1L 45 10 4>,

FIH Kaldi'™™ T HAL# # GMM, LDA + SAT+ MLLT,SGMM F1 DNN % 225 &R 3 & 4. (1D
GMM Z 4. i ] 13 4 MFCC $R4E S H: 1,2 By 2545 AR 5 s 3t 39 4k, Wi A8 4353 24 25 ms FA 10
ms, %A% E S 2 IH—14k (Cepstrum mean and variance normalization, CMVN) J5 3 %t & — P 1L 3%
NIBH BRI R AE R B AT A B, SR A B F SCAH 26 = % F (triphone) g 75 24 @ A5 80 50, TR 2K 5 15 %)
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(Lattice density) R HAERE . H: o ia] P %% 52 S 3] ) op 435 0 9% H 55 06 b 2 o 38 A B0y HL (L
# 1t SGMM 1y R Gt R i . J ¥kl DNN,

¢ LDA SAT + MLLR. HMM-GMM # %1 ESETANRGHARRENAESTE

Gi Pk BE A K, WER 2l 20. 45% ., 3 F SGMM Tab. 1  Performance of four ASR systems measured in
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Lattice i 4= BCad 4 rh 5% JHAH [A] (9 59 AL TTRR . i SGMM 13.91 505
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Lattice 1% % (Lattice error rate, LER)" 3R JFE# Lattice 4 e, LER W # % ORACLE 4% % %, 4§
Lattice rf A IE B 1) 55 AR 19 L0000 5 1 5 152 % B SR T Lattice 2506 180 3045 SR 1 G552 T 8
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SRRMBER R SRERMAME R EE RS BREMK., LRh thresholds
F F %K Beam 5K 95 B 24 300, LER A XK, Lattice RSP/,
4.5 \BHP—NUFEEEST ®£2 TEEHE—UHEN ATWY 55
% 2 o TR R A — 1k Jr i Tab.2 ATWY results of different score normalization methodologies
o A S - FEZL ] STO Faxt
TR M. £ DRSS 75 QL Pace  STO :
X EX T/ %
T3 T T QL Pace J5 1 STO GMM 0.311 0.339 0.434 0.470  51.1
I SR My R I RS HEI745 4 LDA+FSATHMLLT  0.405  0.430  0.443  0.538  32.8
P b B, B o 3R 28 45 ok 2 3 SGMM 0.407  0.435 0.461 0.524  28.7
- DNN 0.455 0.495 0.520 0.562  23.5

853 H— 1L AL PRy ATWV 1545,
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&2 R I OGRS DN M RE Sk B F DNN RG89 STO H— 4k J5 . STO IH— 4k J5 ¥ 4 b 3L 4k
RG-S A3 R 30 %051 QL J7 ik Pace J7 ik 43 I F ¥ AR $E R 9 Y0 R 1990, 2 15 4 H —fb b B
JG s R BRI PE BB bR ATWYV #A B AR T, Horh STO 3 — 4k J5 75 Pk B 5 A . 5t PR 7E T O B i A )
T A TR T o 3 4 R B 2 R EROK L AT B R AT R — Y R A R 1T B Ok PR G B 1 ek ik
SERMIESE . AL AR, W T REERRLS KK DMERT.STO FikaTai/N HEEMMA
— AT 2 AH X R AR T RE T OGS R B R T B L B U e R S AR . QL Oy ik KB R T A
S5 HF [ X O ) A Y00 1 B 1) R ) L A9 00 0 — AR AL B S L RS RR AR T AR

AR B G Gk 1543 10— A0 5 32 THAO FE B AN R) L n LDA+SAT+MLLT £ S0 4 8 22 18 35 i 5 i %
i F SGMM £ %, {H)& STO H—{b b #f5 , LDA+SAT+MLLT R &G R B 4. JREFE 7
F WER &7 1-best 3|50, Mi#& W& £ 4> Lattice Ll fTRE .

4.6 RGEEHAEMEESN

402 T HE RS 2 R J vA R R OGS R A I PR RE LRSS R R 3 TR . SIH— b rikEi A e
AR ARG A I EWMTF : (1) CombSUM, CombL.C Fl CombMNZ J J5i 4 £54 4> B #: 447 4 3% : (2)STO-
CombLC,STO IH—1LJ5 19 43 F i 17 CombLC & F . A E H £k M [l 13 A2 8L A 5 5 (3) STO-CombMNZ,
STO H—1kJ5 143 5347 CombMNZ J5 #: 4 35 (4) CombMNZ-STO, JE 1§ 158 4y % 33 CombMNZ J5 3
G5 FilEfT STO IH—1{b 43 ; (5) WCombMNZ-STO,

61845 %1t WCombMNZ 436 J5 , FE AT STO H—fg 4t R 3 TRRREAIFTEE ATWV 55
5 (6)STO-WCombMNZ-STO,STO I —4k kb F J5 (1 4543 Tab.3 ATWY results of different system com-

% WCombMNZ %3‘?}5 JEZ 5 STO 17— 4k ab 3, bination methodologies

AT Z oA 07 7 A LE B — R 45 O ) Ay DO 4 i B R4 Ik ATWV
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A B S %A 5 (CombLC, CombSUM, STO- CombLC 0.546
CombMNZ) MRET 4T, AH b 5 F£ 1945 40 IH — 4k 77 ¥ (DNN STO- CombMNZ 0. 602
FEM STO H— 6 F ) AR T 10% . WCombM- CombMNZ-STO 0. 605
NZ 437 AL T B0 R 59 MTWV 84 50 52 WCombMNZ-STO 0.617
SR T R IR 2 S AN L B K R 3 5 T 8 0F R A 1 STO- WCombMNZ STO 0. 621
e A 0
4.7  EETTK B R 50421 ) i A B B0 £ 4 BHTMKERLRARAEEE ATWY 850

SEU Ay M T STO 13 — 4k 7 ¥ f1 STO- Tab.4 Influence of ATW on query length
WCombMNZ-STO & 35 3, 18 7% i) T K B 5% i K 2k STO STO Gt &It
TRk bERE, fER 4 RERE N A5 BI/% Jrik /%
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0.661 0.750 23.5 0. 835 11.3
0.635  0.706 11.2 0. 866 22.6
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