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Estimation, Evaluation and Guarantee of the
Reverberant Speech Recognition Performance
based on Room Acoustic Parameters

TAKANOBU NISHIURAT!

We study on estimation, evaluation and guarantee of the reverberant speech
recognition performance based on room acoustic parameters in this paper. We
first designed the suitable reverberation criteria with the relation between room
acoustic parameters and speech recognition performance. We then estimated,
evaluated and guaranteed the speech recognition performance based on our de-
signed reverberation criteria. As a result of evaluation experiments, we could
confirm that the recognition performance could be accurately and robustly es-
timated, evaluated and guaranteed with proposed criteria.
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Fig.1 Overview of the proposed method.
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Table 1 Regression curve and parameters to estimate
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Fig.2 The relation between correlation coefficient in each regression curve and border time n
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Table 2 Experimental conditions

(A)

Environments

in training

Soundproof room (Ts0=100 msO 72 RIRs)
Japanese style room (Tg0=400 msO 72 RIRs)
Laboratory (T60=450 ms 72 RIRs)
Conference room (T0=600 msO 120 RIRs)
Living room (T0=600 msO 72 RIRs)
Corridor (To=600 msO 120 RIRs)
Bath room (T50=650 msO 28 RIRs)
Elevator hall (T5o=850 ms 120 RIRs)
Standard stairs (T60=850 ms[ 56 RIRs)

(B)
Environments to

calculate a suitable n

Japanese style room (Tg0=400 msO 72 RIRs)
Conference room (T50=600 msl 120 RIRs)
Standard stairs (T60=850 msO 56 RIRs)

(©)
Environments
to design RSR-D,,

Japanese style room (Tg0=400 msO 72 RIRs)
Conference room (Tgo=600 msO 120 RIRs)
Standard stairs (T60=850 msO 56 RIRs)

(D)
Environments

in testing

Laboratory (T60=450 msO 72 RIRs)
Bath room (T50=650 msO 28 RIRs)
Elevator hall (Tso=850 ms0 120 RIRs)

Measured distance

1000 5,000 mm

ATR phoneme balance

Speech 216 words®)
7 female and 7 male speakers
Decoder Julius®
HMM IPA monophone model (Gender-dependent)

Feature vectors

12 MFCC + 12 AMFCC + 1 APower

Frame length

25 ms (Hamming window)

Frame interval

10 ms
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Table 3 Correlation coefficients

RSR-D3oL RSR-D2pQ
(Linear) (Quadratic)

T60=400 ms 0.937 0.939

T60=600 ms 0.966 0.963

T60=850 ms 0.977 0.972
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Fig.3 The relation between D2 and speech recognition performance

(b) DO O (Closeup)

RSR-DaL (Linear)
1.0} RSR-D20Q (Quadratic)

RSR-DzoL (Linear)
1} RSR-DzQ (Quadratic) «++++ 1

RSR-DzoL (Linear)
RSR-D20Q (Quadratic) «+++-

0 100 40 50 60 70 80
Recognition Performance (%]

(b) 000 (Tso=600 ms)

04 RSR-Dyo O000OO0OOO0OOOO
Fig.4 The relation between RSR-D2p and speech recognition performance
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Fig.5 Average error
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Table 4 Standard deviation
Conventional RSR-DyoLL RSR-D50Q
Method (Linear) (Quadratic)

Close Open | Close Open Close Open
T60=450 ms 3.10 3.26 1.10 3.62 1.13 3.60
T60=650 ms 6.92 7.18 2.46 3.49 2.59 3.14
T60=850 ms 8.80 17.64 2.41 5.35 2.81 5.23
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Table 5 D3 of measured impulse response in each environment
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Teo = 450 ms 0.48 0.63
Teo = 850 ms 0.72 0.67
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Fig.6 Placement of microphone and speaker
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Fig.7 Reverberant speech recognition performance
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