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Evaluation of Mel-LPC based front-end for CENSREC database
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Abstract We previously proposed a Mel-Wiener filter to enhance Mel-LPC spectra in presence of additive noise.
The proposed filter was estimated based on minimization of sum of the square error on the linear frequency scale and
then efficiently implemented in the autocorrelation domain without denoising input speech. In this paper the au-
toregressive (AR) model of noise is used to detect noise. The performance of the filter is evaluated on AURORA-2J
(CENSREC-I) database. With the proposed Wiener filter the word accuracy is improved by about 58% relative to

the baseline.
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1. Introduction stu(m,k)ﬁw(k) =¢s:(0,m) (m=0,...,p—1),2)

As an LP-based method, we previously proposed a simple k=0

and efficient time-domain technique to estimate an all-pole oo
model on the mel-frequency scale [1], [2] which is referred to where Foa(m.k) = sz[n]zk[n] and 3)
as Mel-LPC. This paper presents previously proposed Mel- ’
Wiener filter [3] with some improvements incorporated with oo

the Mel-LPC for noise robust speech recognition. The per- sz (m.k) = Z Smln)zk[n] (4)
formance is evaluated on AURORA-2J.

n=0

n=0

2. Mel-Wiener Filter ézz(m, k) and ¢.z(m, k) can be calculated from sum of finite
terms and hence, reduce to generalized auto and crosscorre-
lation functions 7zz[m] and 7z [m], respectively.

=1 The crosscorrelation function between clean and noisy
I:Iw(f(l)) — Z}'lw [n)z " (1) speech is approximated as
k=0

Tsa|Mm] R Taz[m] — 5 - Fan[m)] (5)

In (3], we defined a Mel-Wiener filter on z domain by

where #(z) is the transfer function of the first order all-pass  where s is a scaling factor, given by
filter.
Filter estimation was based on the minimization of the sum s { §'(0.9722[0]/Tnnl0]) if 72z[0] — &' - Frn[0] £ 0 ©)

of the square error which gives following normal equations s otherwise
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and the value of s’ is 1.75 for noise frame, otherwise 1.

3. Application to Mel-LPC Analysis

&To estimate the Mel-LPC cepstrum, the generalized auto-
correlation function of the filtered speech §,[n] is required,
which is given by

Faolm] = Y Sulnldumln] = > riglklfealm — kI(7)
n=0 k=-p+1

nglere 74i[k] is the autocorrelation function of hy, [m).
#4. Noise Estimation

*[nitial 40 frames are used to create a noise model based
sdutoregressive (AR) model (4], ie., the model is as-
“sumed to be Mth order autoregressive with coefficients at =
faoas ... -am], where ap = 1. Now, for frame ¢, 7zz[m, t] is
calculated to estimate the likelihood ratio (LR) as follows:

M
LR[t) = ra[0)frs[0] + 2> rafilfuali] - 1 (8)
i=1
where r,[i] is the autocorrelation function of AR coefficients.
" Finally, this ratio is compared with a threshold value, 7.
For LR[t] < 7, the frame t is detected as noise, otherwise,
‘speech frame. When frame ¢ is detected as noise, noise model
is updated by accumulating f¢z[m, t] to 7nn[m] as follows:

Brnnlm, tp] + (1 — B)fzz[m, 1];

;nn [m,t] = if frame t is noise  (9)

Trn [m, tp]; if frame t is speech

¥

where t,, is the previous noise frame and J is the forgetting
factor with value of 0.96. Before accumulating, 7. [m, ] is
dmodothed using a lag window with a length of 50.

5. Experiments

5.1 Experimental Setup

.Experiment was performed using AURORA-2J (CENSREC-
1) database. The order of Mel-LPC, window length, frame
S}:lft, preemphasis and warping factors are 12, 25ms, 10ms,
0.0 and 0.4, respectively. The HMM was trained on clean
condition with 16 states per word and mixture of 20 Gaus-
sians. A feature vector consists of 14 mel-cepstral coeffi-
Ic“m;s and their delta and acceleration cepstrums including
0" terms. Thus the category was 5.

5.2 Recognition Results

From Fig.1, it has been shown that the highest word ac-
éuracy is attained at the order of 5. Therefore, the order of
filter is set to 5 in this experiment.
The recognition accuracies for baseline and for Mel-LPC
based front-end, without and with Wiener filter are given in
Tab}e 1, 2 and 3, respectively. The average recognition ac-
Curacies with proposed model are 72.1%, 67.3% and 70.2%
for sets A, B and C, respectively.

6. Conclusion

.It has been shown that the Mel-Wiener filter incorporating
with the Mel-LPC can be used as front-end to improve the
rébognition accuracy. As a result of recognition experiments,
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Fig. 1 Recognition accuracy as a function of filter order.

Table 1 Recognition accuracy for baseline.

SNR (dB) Avg

cln 20 15 10 5 0. -5
Set A 99.7 90.8 66.7 41.6 228 10.7 6.7 | 46.5
Set B 99.7 84.5 59.8 408 233 11.5 52| 44.0
Set C 998 919 73.1 454 255 13.7 88499
Overall Avg [ 99.7 885 65.2 42.0 235 11.6 6.5 462

Table 2 Recognition accuracy without Wiener filter.

SNR (dB) Avg
cln 20 15 10 5 0 5
Sct A 996 829 599 397 234 109 62434
Set B 99.6 73.7 51.6 352 198 89 29]37.78
Set C 996 93.3 77.3 49.2 281 16.4. 8.8 |52.9
Overall Avg [ 99.6 81.3 60.1 39.8 229 11.1 54 | 43.0
Table 3 Recognition accuracy with Wiener filter.
Noise SNR (dB) Avg
cln 20 15 10 5 0 5
Subway 99.6 99.1 97.2 883 64.7 304 108]75.9
Babblc 99.6 98.7 94.7 79.7 47.5 103 -2.7 | 66.2
Car 99.9 99.5 97.9 87.8 541 17.6 3.3 |71.4
Exhibition 99.8 98.7 958 853 629 31.9 109|749
Avcrage 99.7 99.0 964 853 573 225 56 | 721
Restaurant 99.6 979 93.1 77.0 39.7 6.1 -57|628
Street 99.6 98.4 928 76.3 452 164 4.6 |65.8
Airport 99.9 986 945 809 525 159 0.7 | 685
T-Station 99.8 989 96.1 844 581 222 39 (719
Average 997 985 941 796 489 151 09 |67.3
Subway 99.7 98.8 96.4 859 61.7 31.7 123|749
Street 99.5 984 943 807 525 234 7.2 |69.9
Average 996 98.6 954 833 57.1 275 97 |724
Overall Avg [ 99.7 98.7 95.3 82.6 53.9 20.6 4.5 | 70.2

Table 4 Relative improvements with respect to baseline.

SNR (dB) Avg

cln 20 15 10 5 0 -5
Set A 150 81.6 885 75 44.8 135 -1.2 {60.7
Set B 150 896 850 656 334 4.1 -4.6 | 55.5
Set C -59.7 825 824 69.3 425 16.2 1.1 | 58.6
Overall 0.1 85.0 85.9 70.1 39.8 10.3 -2.1 | 58.2

it is found that the optimum filter order is 5, and accuracy
is improved by about 58% relative to the baseline.
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