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A Study on the Voiced, Unvoiced and Silence Classification
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ABSTRACT

This paper describes on the voiced-unvoicedsilence Classification of the speech for speech
recognition. Pattern recognition technique used to classify a given speech segment. The measure-
ment parameters are the zero crossing rate, log energy, the correlation between adjacent speech
samples, the first predictor coefficient from a 12-pole linear predictive coding (LPC) analysis, the
energy in the prediction error.

The speech segment is assigned to a particular class based on a minimum distance rule obtain-
ed under the assumption that the measured parameters are distributed according to the multidi-
mensional Gaussian probability density function.

Finally, optimum resuit is obtained with the combination using the zero crossing rate, the first
predictor coefficient, the energy in the prediction error and classification error rate is less than 1%,
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Fig. 1. A block diagram of the Kotean speech classification system,
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Fig. 2. The probability density function for the zero-crossing rate.
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Fig. 8, Speech waveform using the reference set.
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Table 1. Means, Standard deviation, Covariance matrix in reference set.

VOICED (i=1) ZERO LOG FIRST FIRST LPC LOG
CROSSING ENERGY AUTOCORR LPC ERROR

MEAN 25.5012 72.6845 0.887 ~1.653 546539

STANDARD 17.9149 8.02614 0.12053 0.6084 1.26083

DEVIATION

COVARIANCE 1 0.3784 -0.9215 0.5210 0.67563

MATRIX 0.3784 1 ~(1.3358 0.0510 0.8747
-0.9215 -0.3358 1 ~0622 -0,6409
0.5210 0.0510 -0.622 1 0.38242
067563 0.8747 --0.6409 3.38242 i

UNVOICED({i = 2)

MEAN 122.179 58.0179 0.05174 -0.0246 548372
STANDARD 28.724t1 6.1372 0.0306 041339 0.56652
PEVIATION
COVARIANCE 1 0.5687 -0.8381 0.529¢ 0.6838
MATRIX 0.5687 | ~0.3149 -0.097 0.9681

-0.8381 —-0.3149 | -0,7553 -0.3737

0.5290 -0.097 -0.7553 1 -0.0561

0.6838 0.968t1 —0.3737 -0.0561 1
SILENCE(i=3)

MEAN 13.2985 41.3268 0.9401 —0.5879 2.7581
STANDARD 8.00351 3.7942 0.0715 0.25377 0.1936
DEVIATION
COVARIANCE 1 ~-0.210 ~0.560 0.03720 06511
MATRIX -0.210 1 0.6403 -0.6106 0.3603

~(.560 0.6403 1 -01.4056 -0.07784
0.03720 -0.6106 ~-0.4056 i -0.30902
0.6511 0.3603 -0,07784 -0.30902 1
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Table 2. Total classification error rate with the each parameter,

;‘fﬁﬂgga V-U V-§ U-§ TOTAL ii‘;_g“
ZCR 12 490 26 520 14.3%
LE 118 18 32 298 8%
c 4 677 51 32 19.8%
Pl 65 473 61 599 16.2%
EP 455 88 0 543 14.7%
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Table 3. Total classification error rate with the two parameters.

;‘fﬁﬁﬁ.& V.U v-s U-$ TOTAL e
ZCR,LE 54 a6 s 105 2.8%
ZCR,C 20 565 1 586 15.9%
ACR, PI 18 273 16 317 8.6%
ZCR, EP 6 81 2 89 24%
LE, CI 31 a3 2 76 2%
LE, PI 296 37 8 341 9.2%
LE,EP 60 a2 4 106 2.8%
c1, Pl 32 271 16 319 8.6%
Cl, EP 9 105 3 17 3.1%
P1, EP 560 45 2 607 16.4%
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Table 4, Total classification error rate with the three parameters.

rf:il’lujiléllJ‘EDR V-U V-8 U-8§ TOTAL ERRA[FT%R
ZCR, LE,CI 27 56 3 86 23%
ZCR, LE, PI 61 45 6 112 3%
ZCR, LE,EP 2 54 2 58 1.5%
ZCR,CL Pl 39 17 19 75 2%
ZCR,CL EP 8 10 2 80 2.1%
ZCR,PLEP 1 3 3 35 0.95%
LE,CI, PI 38 54 4 96 2.6%
LE,PLEP 532 32 3 566 153%
LE,CI, EP 7 47 2 56 1.5%
CI,P1,EP 7 58 3 63 1.8%
E 5 4, 57 shebelete dgstd s Ao sl A9 A%
Table 5. Total classification error rate with the four or five parameters.
ZCR, LE,CI, PI 39 56 3 98 26%
ZCR,LFE,CI,EP 3 81 2 86 2.3%
LE,CI, Pl EP 0 56 0 56 1.5%
ZCR,CI, Pl EP 5 84 | 90 24%
ZCR, LE, Pl EP 9 78 3 90 24%
ZCR, LE, CIL,PI, EP 3 94 1 98 2.6%
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