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noise-robust speech recognition

LIANG Bing!, CHEN De-yun?, CHENG Hui?

(1. School of Innovation Experiment, Dalian University of Technology, Dalian Liaoning 116024, China;
2. College of Computer Science and Technology, Harbin University of Science and Technology, Harbin Heilongjiang 150080, China;
3. College of Computer Science and Technology, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: We propose the adaptive fusion of acoustic and visual information for improving the accuracy and the robust-
ness in the speech recognition. The acoustic and visual information is involved in the recognition process with different
weights, which are adaptively determined according to the signal-to-noise ratio(SNR) between the environment inputs dur-
ing the process of recognition. Based on the SNR and the performance feedback, a learning automata is used for computing
the adaptive weights for the visual information. A hidden Markov model is used to match the patterns of the acoustic
information and the visual information. The hidden Markov model decides the final recognition results by combining the
acoustic information and the visual information with optimal weights. Experiments under various noise-level conditions
are performed; results show that the speech recognition based on adaptive weights surpasses the speech recognition based
on fixed weights.

Key words: audio-visual information fusion; speech recognition; adaptive weights; learning automata(LA); hidden
Markov model
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% (Adaptive acoustic and visual information
fusion method for speech recognition)
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Fig. 1 Speech recognition model based on adaptive acoustic and visual information fusion

2.1 75 3 A A 1E 3 B (Acoustic and visual
feature extraction)
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Fig. 2 The lips horizontal and vertical position samples
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P
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0(w) =1/ 32 PUM)(Hilag) P (Hilor).  (5)

Jj=1
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A REPEAS T M ST R [, 0=y B RN T,
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P AT 55 2 3R S HMMAMY % & & 11 i ik,
HMM# 7 [ ME % fElog % [1], JIT $RAT 1) A ¥ 7 32
LK (6):

u=arg i:f%?fw{% log P(H;lay) +
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(Adaptive weight computation based on

learning automata)
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B (Adaptive acoustic and visual information
fusion model based on learning automata)
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Fig. 3 The learning automata model
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2) REHEAQ(K)=E[P(k) D(k)], Hrh: P(k)
=[pi(k) pa(k) -~ pr(B)(X Pi(k) =123 14k
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KIWINE, B(k) € R. B(k)ZFEEHIHH, thit [ 3)
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weight computation of acoustic and visual in-
formation)
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Lo ) R TR,
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4 SE5 2535 43 M (Experimental results and
analysis)

I FTXM2VT 7 &4 o8 8040 2. XM2VT AL $6
29541 F 4k, Ferh2/3 0 T I kHMM, 1/3]1 T I
HMM. 515 5 N8 e, {5 W L4351 b 15, 10,
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accuracy) VA TE S UUN R G PERE, W (©9):
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CPU3.00 GHz, 512 MB 4 £, WinXP.
4.1 B E N WA B RS TR 50 HE SR

(Percentage accuracy test of adaptive acoustic

and visual information fusion)
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REBEAR 5 BRI P RE T RCH 22 4k,

FERRWT A SRl 7 1, T AN AR A AT 5
SR RERS S i s PERE, (HAE15 dB, 10dB,
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Lt 2 4R 1%, 1.2%, 2.7%811.4%, 1A & I EA
35 B RS 3K, #E-5dB, —-10dB, —15dB4&
PRI, AAEBCE AT E R RS 7 S 3T A
A B E REAT B 2 4 17.2%, 19.7%F1
25.4%.

&1 EFIRAEAHF

Table 1 Percentage accuracy of speech recognition

HRLR G % M5 Bl R 40 %
SNR/dB A \
M M ARRGE BENMEGE
15 903 314 91.3 95.8
10 874 314 88.6 93.0
735 314 76.2 90.3
0 692 314 70.6 82.9
-5 345 314 51.7 65.2
-10 197 314 394 52.5
-15 102 314 35.6 41.8

A, R H A A LTS B R YU
TR S AR IR AT U, B8 N IR
I TE BEAR L AR BRI TR BE, P3P 79.74
(S0 LS B Rl S B T Y D R e SN =
gt D P il UM RE.

B2, G NAR SRl ROR RERS SN IR B
I 35 7K Y, I ke A 8 AN B A% I 2 A R U

LR DAL RS R b AL, S5 45 R,
JEIEAE g A 85 b ) T DU, BT B IS YA
B A U0 HEA % 5 .

4.2 H&E MY E B RS 5 R He AR
(Performance comparisons of adaptive acoustic
and visual information fusion method)

W A SCH T2 ) HEHL ) B & N AR RS

77 ¥%(adaptive information fusion based on learning

automata, AIFLA)5IMM, CSMAF, NN L& ANAE AL

T ) {5 B @l £ (invariable weight information fusion,

IWIF) J5 VL REAT LA, TF BB VU BRI 1) R0 AE

RPN I HEAT IR, SE96 45 RN 3R2, 3.

HRAE 25065 EEAN [ 3 W 5 5 2 IR 4 2R,

B A A e LG ) FARAS, DU E SR iR 22 G R T A

ARG M L 4 1F R, ATFLARINN 5 725 (1) 1530

) 5 FIMMAICSMAFJ; V%, IiTAIFLAFINNYS %

3R AT T AH 22 70 JL B R #E 25, B N ZR31 PU

IS IR) ] WL, AIFLAT5 2500 38 3 LT NN 2%

114, CSMAFJ7 i 1548, IMMUS ik 91015, AL-

FLAJ; V% i1 SR 4 45 W LU oF SRR, DA G ARl

I ) B AN AR H A S Rl & 5 VR (IWIR) 222 HI %

b, AL BB 15 W L AR B AT, A ] P 5 2 52 2 1 184

K1, PLHERf 3 LLIWIE 5 2P 3538 7 179.7% (R

AR AR R T VA UONHERf - LKD),

4 2 IMM, CSMAF, NN#A=AIFLA 7 % #9323 e 4 %
Table 2 Percentage accuracy of recognition of IMM, CSMAF, NN and AIFLA method

SNR/dB
EPUIVA PNt W RrS
15 10 5 0 -5 ~-10 -5
IMM/% 90.7 892 845 783 558 456 373
CSMAF/% 87.5 84.6 825 769 547 421 362
NN/% 953 928 91.0 816 663 50.7 40.2
AIFLA/% 958 93.0 903 829 652 525 4138

% 3 IMM, CSMAF, NN, IWIFA=AIFLA 7 i% 64912 5| B 18]
Table 3 Time of recognition of IMM, CSMAF, NN and AIFLA method

SNR/dB
FE AR B & ik

15 10 5 0 -5 -10 -15
IMM/ s 893 945 1122 1243 1468 1983 2035
CSMAF/s 352 450 564 665 789 892 1122
NN/s 128 153 174 246 458 557 743
ATFLA/s 64 82 105 145 257 306 395
IWIF/s 55 69 73 108 149 226 293
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5 %5 (Conclusion)

ASCIE I N A R AT A S ST
B R, AN RIS AR S R A T AR A e K
A VRHE. 1 Je I BOR 54748 BRI Mel i 26 45 1% 29
PECLT 5 SR AE, 32 2 THMM AR T 15 B, file
G, TINEE >) B B SE L e PR () A8 HL,
FEIE L2 2] E S ML N 26 B8 SR e R4S Je DL T AL
WA SACE. LI 4 R LT ) AL A
T8 N AR WT A Bl T U TV, RERE RIS EA
[F) W 2 7K P B AN A HR B 4 1 DR P g, RS
A 3 T U A R R ) R HE— 25
() AT At 0 22 AN 3 5 10 38 5 RO 55, an T
R 40 A0 v TR B PR e T 2 11 = e I AL
o, IR T B E AT R R I TR

T WU HE S W 3 MRS 2.
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