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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
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Fig. 1 Speech recognition model based on adaptive acoustic and visual information fusion

2.1 (Acoustic and visual
feature extraction)
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2.2 (Adaptive acoustic and
visual information fusion)
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Fig. 2 The lips horizontal and vertical position samples
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(Adaptive weight computation based on
learning automata)
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Fig. 3 The learning automata model
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2) Q(k)=E[P (k) D(k)], : P(k)
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3.2 (Adaptive
weight computation of acoustic and visual in-
formation)
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4 (Experimental results and
analysis)
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and visual information fusion)
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1
Table 1 Percentage accuracy of speech recognition

/% /%
SNR/dB

15 90.3 31.4 91.3 95.8

10 87.4 31.4 88.6 93.0

5 73.5 31.4 76.2 90.3

0 69.2 31.4 70.6 82.9

–5 34.5 31.4 51.7 65.2

–10 19.7 31.4 39.4 52.5

–15 10.2 31.4 35.6 41.8

,
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, 9.7
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.

,
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, ,
,

.

4.2
(Performance comparisons of adaptive acoustic
and visual information fusion method)

(adaptive information fusion based on learning
automata, AIFLA) IMM, CSMAF, NN

(invariable weight information fusion,
IWIF) ,

, 2, 3 .

2 ,
, .
, AIFLA NN

IMM CSMAF , AIFLA NN
, 3

, AIFLA NN
1 , CSMAF 5 , IMM 10 . AI-

FLA ,
(IWIF)

, ,
, IWIF 9.7%(

1).

2 IMM, CSMAF, NN AIFLA
Table 2 Percentage accuracy of recognition of IMM, CSMAF, NN and AIFLA method

SNR/dB

15 10 5 0 –5 –10 –15

IMM/% 90.7 89.2 84.5 78.3 55.8 45.6 37.3
CSMAF/% 87.5 84.6 82.5 76.9 54.7 42.1 36.2

NN/% 95.3 92.8 91.0 81.6 66.3 50.7 40.2
AIFLA/% 95.8 93.0 90.3 82.9 65.2 52.5 41.8

3 IMM, CSMAF, NN, IWIF AIFLA
Table 3 Time of recognition of IMM, CSMAF, NN and AIFLA method

SNR/dB

15 10 5 0 –5 –10 -15

IMM/ s 89.3 94.5 112.2 124.3 146.8 198.3 203.5
CSMAF/ s 35.2 45.0 56.4 66.5 78.9 89.2 112.2

NN/ s 12.8 15.3 17.4 24.6 45.8 55.7 74.3
AIFLA/ s 6.4 8.2 10.5 14.5 25.7 30.6 39.5
IWIF/ s 5.5 6.9 7.3 10.8 14.9 22.6 29.3
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5 (Conclusion)
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