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Improved MELP Algorithm Based on Reconstructive Deep Neural Network

Zhang Xiongwei, Wu Haijia, Zhang Liangliang, Zou Xia
(College of Command Information Systems, PLLA University of Science and Technology, Nanjing, 210007, China)

Abstract: In order to improve the reconstruction performance of deep models, reconstruction error con-
straint based on cross entropy is added to traditional contrastive divergence (CD) algorithm. The im-
proved algorithm is used to train reconstructive deep auto-encoder(RDAE), which is used to replace the
vector quantization method for LSF in MELP speech coding algorithm. Experimental results show that
the improved CD algorithm improves the deep model gain reconstruction performance while costing some
likelihood of the model. When the node number of the hidden layer of RDAE is set to 19 bit, the indica-
tors, which include the weighted LLSF distance, the performance of reconstructed speech, and the spec-
trum distortion, perform better in both training set and testing set by the proposed method than by the
vector quantization method at 25 bit. That is to say, the coding bitrate of the MELP coder is reduced
from 2.5 kb/s to 2.1 kb/s. The reduction rate of the coding bitrate is up to 12. 5% , while the speech
quality remains.
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Table 2 Normalization constant of LSF

LSF 2 8% 5 PIE b HE 22
1 0.063 1 0.021 4
2 0.109 7 0.0380
3 0.189 1 0.056 4
4 0.2716 0.069 8
5 0.404 1 0.060 5
6 0.484 5 0.071 9
7 0.588 6 0.067 1
8 0.699 4 0.053 4
9 0.787 1 0.041 1
10 0.860 5 0.026 0
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¢ Ex $ Ex
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0.4 2.76 1.0 2.19
0.5 2.65
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BEXS Rt JE 9 MELP 25 5 #7032 1 40 R Pk RE 15 45 - (L 23 3 1 X6 U1 k3 & A ail & sk 1 7E A
[ 4 15 4~ W RDAE X LSF 2 8i) 2 % 5 M RS B2 . 9F 5 VQ ik Ak 2 A% H0 R R 2 A X 1L (2) Pk 1 A ]
bR T . Rt Ja 9 MELP 2 5 4 A4 35 5 19 i & . RDAE K955 2 [ROH0UZ 45 23 8o il ik % 17 25,23,
21,19,17,15 3% 6 oL . M TIMIT 355 J rp 4% 2k % 100 4035 23 31 11 S U1l i 8 A Ak il 5 L I 23
MU 12 643 ot AT E B WU 14 424 . $RIRE ¢ HUEDY 1.

F AL T AFEESE 3T RDAE X LSF 2 i) 4 it T # £ 22 (R A LSF BE g B2 ) il F A
T TR ] PESQ #4437 BE R . 365 R [B] FE 47 LT % 2% ELAR AR 5 R B SR T B B
Bl

A IRJa—ATER A 25 bit RERAL T IE R X HEME . MR e S e W A L Bl
RDAE %5 2 B30 JZ 45 55 800 32 00 » 2 5 8% A8 2 — 20 FEAIG, 25 25 s BRI R 19 bit i, A SO B 4
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% 4 HT RDAE ¥ MELP 41516
Table 4 Performance of RDAE-based MELP

RDAE i 4 5% JnAL LSF B WA PESQ
RIRE  LSt&m B T T T
SR/ /b s D RER REA RA REA
25 7.8 2.4 0.028 7 0.029 1 3.157 6 3.137 3
23 7.1 2.3 0.030 6 0.0313 3.123 3 3.108 6
21 6.5 2.2 0.032 4 0.033 5 3.101 5 3.094 0
19 5.9 2.1 0.035 8 0.036 9 3.089 0 2.990 2
17 5.3 2.0 0.044 7 0.049 1 2.875 5 2.7570
15 4.6 1.9 0.048 5 0.051 4 2.607 8 2.552 1
vQ 7.8 2.4 0.036 7 3.088 9

RS LSFEARRBUBTEXERSELG

Table S Spectrum distortion and abnormal percentage of LSF under different coding bitrate

CDAE Wk 11/dB S35 11/ dB

*ifg’; MK WK S ‘ —_—
WA % WY GRS WA Y
25 1.051 3 1.085 7 3.03 3.72 0 0
23 1.082 8§ 1.116 2 3.53 4.01 0 0
21 1.111 9 1.136 9 3.76 4.13 0 0
19 1.116 7 1.145 5 3.94 4.79 0 0
17 1.293 8 1.301 2 9.18 9. 30 0 0
15 1.410 9 1.444 8 12.54 13.78 0 0.006 9
vQ 1.221 8 5.07 0.015 8

B9 INAY LSF BE B | B F4 15 35 0 i 3% 2% 48 AR 7E U1 25 48 Rt 4 AR EL 25 bic % i 51k O ik T DN A5 B 1k
RERE AL DRI, B AS S0 B g E iy MELP 4 55 2% . 76 N B R 78 35 TR &8 10 45 18 F 0K 4 B 3 R A
2.4 kb/sPEIEE2. 1 kb/s. R HEREMET 12.5%.

5 HRIE

AR SCR A SIS A 58 CD SEL U T S Al 5 22 29 o GF A T ek 2 )5 19 CD 58 3% )1 25 RDAE. 1 1t
R—EBUR BT 42T 7 RDAE R E M PERE . 7R LAl F . 6 ] RDAE 8 it MELP %5 5 45 o X
LSF 28 i o< A 25 % 1 B 75 A B AR T8 o BB A 2R AR T L — P BRI 1R 5 A R AR ST TR X
Bt xf MELP  LSF 28009 % it it i 2 2R 47 2kt Sebr b MELP 4 5 &5 B $& O i & 2 80 . 3 45 2
B0 KL T 0 2 BP0 5 22 W 2 O RT LR TR A 1 s D i o AT AT gk — P R A I A . AR SO Tk
AR X BTE AT A B 7 3 o 2 WU 5 19 7 3 OO REE — 28 e AR 2 A R . 25 TR 45 Ak FE A o 2 e
i 25 BRI 2 2 WU 18] B TUAR AR BORFEMRI R . OB AR 8 T — B B WF 58 LAk



318 HERE LS L Journal of Data Acquisition and Processing Vol. 30,No. 2, 2015

S EZ 3k

(1]

(2]

(3]
[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

SRHERS . BRot . k. BUAGHR & Ab BEE R Boni FTLM. dent: HUAR Tl th At . 2003 112-172.

Zhang Xiongwei, Chen Liang, Yang Jiebin. Modern speech processing technique and application[ M]. Beijing: China Ma-
chine Press, 2009:112-172.

Department of defense telecommunications systems standard. Mil-std-3005, analog-to-digital conversin of voice by 2 400 bit/
second mixed excitation linear predication(MELP) [S]. Washington, USA: Final Committee Draft, 1995.

Gray R M. Vector quantization[ J]. IEEE ASSP Magazine, 1984 ,4:4-29.

Garofolo J S. Getting started with the DARPA TIMIT CD-ROM: An acoustic phonetic continuous speech database[ R].
NIST Tech Report 1988-552. USA: NIST, 1988.

Mohamed A, Yu D, Deng L. Investigation of full-sequence training of deep belief networks for speech recognition[ C]//Pro-
ceeding of Interspeech. Chiba, Japan: International Speech Communication Association (ISCA), 2010.57-65.

Deng L, Seltzer M, Yu D, et al. Binary coding of speech spectrograms using a deep auto-encoder[ C]// Proceeding of Inter
Speech. Chiba, Japan: International Speech Communication Association (ISCA), 2010:23-34.

Carreira-PerpinanM A, Hinton G E. On contrastive divergence (CD) learning[ C]// Proceedings of AISTATS. Savannah
Hotel, Barbados: Microtome Publishing, 2005:93-101.

Desiardins G, Courville A, Bengio Y. Tempered Markov chain Monte Carlo for training of restricted Boltzmann machine
[C]//Proceedings of AISTATS. Sardinia, Italy: Microtome Publishing, 2010:145-152.

Nair V, Hinton G E. 3D object recognition with deep belief nets[ C]//Proceedings of NIPS. Vancouver, B C, Canada: Neu-
ral Information Processing Systems Foundation, 2009 326-337.

PaliwalK K, Atal B S. Efficient vector quantization of LPC parameters at 24 bits/frame[ C]//International Conference on A-
coustics, Speech, and Signal Processing (ICASSP). Toronto, Canada: IEEE Computer Society Press, 1991:661-664.
ITU-T Study Group 12. ITU P 862-2001. Perceptual evaluation of speech quality (PESQ): An objective method for end-to-

end speech quality assessment of narrow-band telephone networks and speech codecs[S]. Geneva, Switzerland:ITU, 2001.

FEHF R M (1965 . T3, B, [ LA I, B9 T5 1« 355 (5 5 A0 B BB MR B AL B . E-mail: xwzhang9898@163. com; R

HEE986-), T, MBI A, B I . B AR E B KB R 1989, &, MBS, WESE T I BE S B AL
T SBER (1979, B, RIELEZ. BFE 7. EF 55 A0R,



A F A AT EMEEEM %Y MELP &4 %Akt F ik 319



