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Abstract: In order to solve the problem of limited number of bits in low bit rate speech coding, an algorithm us-
ing second — order Hidden Markov Model(HMM2) to recover the voiced/unvoiced parameters is proposed in this
paper. The algorithm uses the normalized energy and linear prediction coding(LLPC) coefficients to estimate the
full-band V/U classification and the sub-band BPVC value. The algorithm can be implemented in the decoder,
saving the bits originally used by V/U parameters and reducing the bit rate of speech coding. Experimental re-
sults show that the algorithm proposed can reduce the V/U classification error rate by 5% ~20% compared with
the GMM algorithm, and improve the mean opinion score(MOS) of the synthesized speech signal by about 0.03
compared with the 5bit vector quantization(VQ), thereby greatly improves the estimation performance of the V/
U parameters.
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Fig.1 V/U recovery performance of different algorithms
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Table 1 V/U recovery performance of different algorithms

Ak P/ % Po/ %
GMM 1.00 22.94
HMM2 1.00 17.86
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Table 2 BPVC distortions of different algorithms

Bk WBAL B2 IEA3 ER4 FY
GMM 428  3.84  4.10 4.13  4.09
HMM2 ~ 3.81  3.26 3.5 3.6  3.57
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Table 3 Bits allocation of different algorithms

Bk LSF Gain  BPVC  Pitch it
\0) 28 7 5 - 40

GMM 28 7 0 - 35

HMM2 28 7 0 - 35
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Table 4 Mean opinion score of different algorithms
By B B2 B3 EE4 Y
VO 2.558 2.478 2.528 2.525 2.522
GMM 2.576 2.516 2.546 2.562 2.550
HMM2 2.608 2.550 2.579 2.585 2.580
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