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<Abstract>

A MFCC-based CELP Speech Coder for Server-based
Speech Recognition in Network Environments

Gil Ho Lee, Jae Sam Yoon, Yoo Rhee Oh, and Hong Kook Kim

Existing standard speech coders can provide speech communication of high quality
while they degrade the performance of speech recognition systems that use the
reconstructed speech by the coders. The main cause of the degradation is that the spectral
envelope parameters in speech coding are optimized to speech quality rather than to the
performance of speech recognition. For example, mel-frequency cepstral coefficient(MFCC)
is generally known to provide better speech recognition performance than linear prediction
coefficient(LPC) that is a typical parameter set in speech coding. In this paper, we propose
a speech coder using MFCC instead of LPC to improve the performance of a server-based
speech recognition system in network environments. However, the main drawback of using
MFCC is to develop the efficient MFCC quantization with a low-bit rate. First, we explore
the interframe correlation of MFCCs, which results in the predictive quantization of
MFCC. Second, a safety-net scheme is proposed to make the MFCC-based speech coder
robust to channel error. As a result, we propose a 8.7 kbps MFCC-based CELP coder. It
is shown from a PESQ test that the proposed speech coder has a comparable speech
quality to 8 kbps G.729 while it is shown that the performance of speech recognition
using the proposed speech coder is better than that using G.729.

* Keywords: CELP speech coder, MFCC, Predictive VQ, Safety-net VQ, Speech recognition.
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<X 5> AgE A 3309 vE €3 AR

Parameter Subframe Frame
1 | 2
MFCC - 25
Adaptive codebook index 8 5 13
Pitch parity 1 - 1
Fixed codebook index 13 13 26
Fixed codebook sign 4 4 8
Codebook gain 7 7 14
Total 87
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YA TH LF7F BAste ZE o] AAHAEL W AL 34 FIvie A
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(word error rates)S A3l AOZ HriEHh doleWol Ay training ©olE 3}
H2E HolER o]Fojx 21 training Hl©]Ej= ThA] clean-condition training}
multi-condition training& ¢¥ UloJE|E FEET & AYPolXc 8 kHzE2 EESF}
¥ multi-condition training WoJE] & ©] &3} &4 U4 EEE traininge I} ©)
o A-8% training T °]E{= Sennheiser close talking Plo]3E =2 EHAYodw 6714
ZS (car, babble, restaurant, street, airport, train station)o] T{&}{# lt}. AURORA 4
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<¥ 6> Multi-condition training®jl 5} ] AURORA 4 tjo]EjHjo] 2~ & o] &3+ ASR d Ao W&
9o 2 H/E (%) &A

ASR Configuration | Client-based | Client/Server-based Server-based
MFCC ASR
(MFCC-based speech [G.729 ASR
Test Set Baseline ASR| ETSI Quant ASR coder)

10.6 kbps | 8.7 kbps 8 kbps
Clean (Setl) 18.21 18.92 19.56 19.39 18.87
Car (Set2) 20.34 20.81 22.64 22.98 22.70
Babble (Set3) 29.63 30.79 29.39 30.97 36.52
Restaurant (Set4) 31.70 33.22 32.30 33.03 36.82
Street (Set5) 32.51 32.71 33.10 34.19 36.41
Airport (Set6) 28.21 28.73 30.34 29.93 32.36
Train station (Set7) 32.84 33.79 33.89 35.36 37.18
Average 27.63 28.42 28.75 29.41 31.55

<X 6> A 7}A ASR HAo] @& o] LHFEE HATH A MAYG F WA
A Ee AR RAAE FAHA 7IEo] He ETOIUYE 7Rt ASR AXA¥
(Baseline ASR)9] ©@o] Q{-&3 Feo]AE/AH 7]¥+Ql ETSI Quant ASR A]=F)
o] dol HREE etk T MY 79k 34 Y AAFE 3 AT
10.6 kbps9} 8.7 kbps®] &4 ®338}7], 18|31 G298 Al&3%H ASR AjAHog T
¥, A% B7HE A3 Ah
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Hia] oF 2.1% F7hste Ao & JERTh o] @] 2/&9 FUlE ETSI ¥A137]
o] St &4 o g Aotk W] MFCC ASR A|2¥l9] B ©o] 2/7&2 7]
Z ASR A|A¥]o] H]3) 10.6 kbps S H53}7] A}EA ¢ 4.1%, 8.7 kbps A
B33 ALRA oF 64% Z7181 Yo 28y G729 ASR AjxEle] Hi thol

F8L 7]F ASR Al2Ho) vl3] °F 14.2% Z7}8t0, o] 10.6 kbps &4 F &
3}7)of vis} < 8.9%, 8.7 kbps 4] H&3}7]o) wls] of 6.8% Z71F #oldk =
§ MFCC ASR A]2€& Set2®E] Set77hx]e] &-gof tis] G.729 ASR A]2H o
H3le] e do] /&S Holn Utk 53| Babble 4-olie 106 kbps &
A B3zstrjol A °F 20%, 8.7 kbps 4 H 537 of 15% He Thol 3%%
€ Holn itk wepA AddE T4 FI8UvE 7189 4 IR §
=4 HEE Rl Yt



HENZ BN AME o4 AN AF MFCC 71w &4 Rags] 44 4

5.4 &

£ =EdME MFCCE A&3t VESR A4 A /gt &4 A4e
% CELP &4 H337]& A<ttt F, $49 A A4 FAl4 31HA
2 A AdodME 71E AE RIEU)e Histe Fe AEE HolA ¥E 4
F3535718 AAse Aotk 71& $4 U4 A]éEéMl Hj3le Q14§ A3 W
A8t7] A& AAE 54 F537le 49 spectral enveloped 71E 24 “’ii}
719k 24 LPCY} obd MFCCE o] 83t Jelliich =3 w2 HE A4
< ZOHMNT 5ol 7€ WA HEAXA ge MFCC ¥A317]E A Stn
AgE 48 F3s77 Ad FEol AU 7] A8 A= Wy Fpdls}
Hl71e] HE FASE AP safety-net oS WE] FAZE AGAG 1 F
# MFCC FAtgtel] me] 3 25 bits7h A 250, A<HE MFCC ¥A37)1& o) &
2 =89 &4 FE37]= 87 kbpse] HIE AEEE 24 =AU PESQ 43
o2RH AJE 24 H3drie viFes Ady FL Ad FHolA 8 kbps
G.7299 HngE W i FL& £ A5 S RAFUG T3 S4 A4 A3
Me Add A4 F3srle &4 U4 FAveEd MFCCE F%, A4dd A
B Fox o]& AFY AILIFHEE 7|E 4 A4 A2dd v£3 AL Holy
G.729% o] &3 34 U Alx"Eg £ ARyt g B T A Fgste
HF B8 G799 T8 AL ES ZoWA 24 AHES EolE Aotk w
A FF A9 87 kbps AFES A Je 3 de &4 A4, 4 94
o] Asl7} glo] 0.7 kbpsE E 8 kbps®] &4 R 337§ ATE o Folr}

el 2

o] wE& 2004dx FFFEIEFAGY AL dIe AFHUF
(KRF-2004-003-D00271).
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