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Reverberant Speech Recognition Based on Acoustic Model Conversion
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Abstract This paper discusses acoustic model conversion techniques for robust speech recognition under a rever-
berant environment given an acoustic model for clean speech recognition and the characteristics of reberveration. In
real environments, acoustic signals are often distorted by overlapping reflective sounds. If the reverberation time is
significantly longer than the frame length, the observed signal is affected by reverberant signals derived not only from
the present frame but also from preceding frames. Therefore, reverberant distortion depends on signals in preceding
frames. In our approach, we calculate reverberant distributions of all possibilities of phoneme that may arise at the
past frames before the present frame. Then, we build reverberant HMM by adding these distributions. For building
reverberant HMM models, we propose two methods: one is to add the effect of reverberation of preceding frames
by model composition; the other is to compose output pattern of MFCC from HMM and then convolve reverberant
characteristics. We evaluated the proposed method with speaker dependent isolated word speech recognition. A
slight improvement was found in word accuracy rate.

Key words Robust reverberant speech recognition, model adaptation
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Fig.1 Characteristics of reverberation expressed by a response of

short-time spectra.
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Fig.2 Characteristics of impulse response used in evaluation.

0000000000000000000000000000
00O000000000000000
000000000000000000000000AMFCC
0000000000000000000000000000
0000000000000 0000000000 HMMODO
0000000000000000000000000000
00000000 Oexp00000000000000O00O
00000000000000000 (4000000000
0000000000000 000000000000 logD
0000000000000000 MFCCOOODOOOOO
ooooo
0000000D0000003.1000000000000
0000000000000 0000000000000000
3.200000000000000000000000000
O0mOO00 (00)0 p(m)00000 p00O000 HMM O
000 pp 0000
010 0000 HMMOOOOOOOOOOODOOOO
S(n) = ppy 000000
020 $(r000D00D000000DO0000O (4000
ooooOooooo
030 (2)000 MFCCOOOOODOOOODO0OO nODO
0 MFCCOOO p(r) 00000000000000

4. U O

00000D000000000000000000000
0000000000000000000000000000
000000000000000000000

4.1 0 00O

0000000 ATROOOOOOO0O0 AODOO 6550
000000D0000000000000000000000
0000000000000000000000000000
003.3000000000000000000000000
00000000000000000000000000 30
000000000000 0000000000000000
RWCPOOODOOOOOOODOOODOO0O E2A(000000
0)0EIB(0ODODOOD)0JRI(D0OO0OO0)000000

4



01 000000000000000000%0

Table 1 Word recognition rated %0 for reverberant speech.

(a) Speaker: MAU(male)

(b) Speaker: FFS(female)

baseline | short | proposedl | proposed?2 | retrained baseline | short | proposedl | proposed2 | retrained
E2A | 74.81 | 81.68 86.87 85.95 92.98 72.52 | 74.50 81.37 81.83 94.35
E1B | 63.36 | 73.28 75.42 74.05 85.34 57.56 | 75.27 75.11 75.42 85.50
JR1 | 38.02 |54.35 60.76 59.39 77.71 37.25 | 58.32 60.15 62.90 80.31
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Reverberation Type
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Fig.3 Word recognition rate (%) for reverberant speech.
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Table 2 Word recognition ratel] %0 for reverberant speech un-

der slightly different impulse response from the one con-

volved to evaluate speech.

baseline proposed1 proposed2

matched | mismatched | matched | mismatched

E2A | 74.81 86.87 85.34 85.95 86.11

E1B 63.36 75.42 72.37 74.05 72.82

JR1 | 38.02 60.76 55.88 59.39 57.86

100

3 g0 Hbaseline
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n; 60 matched
o Oproposed1 -
‘g mismatched
2 40 Oproposed? -
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O LI
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Reverberation Type
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Fig.4 Word recognition rated %0 for reverberant speech under

slightly different impulse response from the one convolved

to evaluate speech.
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