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Development and Real-Time Implementation of a Variable Low Bit-Rate Speech Coder
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ABSTRACT

In this paper, an efticient variable low bit-rate speech coder is developed, and real-time implemented using a single DSP chip. In
the areas such as mobile cellulars (e.g., digital cellular phone) and speech data storage systems (e.g., automatic answering

machine), efficient speech coding systems are required. In those application areas, a speech coder which can be real-time imple-
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mented with low cost while still maintaining its maximum performance (i.e., speech quality, coding delay. etc.) is necessary. In

this paper, a variable low bit-rate speech coding system, having bit-rates of 2.56Kbps for unvoiced signal and 6.6Kbps for voiced

signal. is developed and implemented using a single TMS320C30 DSP chip along with 60KB memory. The developed real-time

speech coder has the average bit rates of 5.66Kbps and 5.43Kbps for Korcan and English. respectively. The quality of the synthe-

sized speeches were very good. The SNRs (Signal-to-Noise Ratios) of the synthesized Korean and English speeches were

11.144dB and 10.047dB in average, respectively. The subjective tests were also performed using the MOS tests. The developed

real-time coder achieved 3.25 and 3.36 MOS scores for Korean and English speeches, respectively.
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Figure 1. Codebook structure for excitation in voiced
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Figure 2. Codebook structure for excitation in unvoiced
frame
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Table 1. Bit allocations of the speech coder according to
voiced/unvoiced frames
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Figure 3. Decoder of proposed real-time speech system
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Figure 4. Synthesis of adaptive codebook vector reducing the compu-

tational complexity
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243 A DSP oz HId 713 d8 Agde
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B =FdA AgE RE ¢uEL C-do® F¥EH
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o AA FEE 4 B39 AL HY EYRE
(2@ 5 JehRdch. vlelag F8 ¢YHE 4403
A 289 A/D B871E F3o 8KHzo Fo
€& /HHa gAg A3z nFeiAs, TMS320C30
DSP CPUE o4& AAL 2353 9 B33 A8
old-g AR ¥, A AAEH D/A HENE FIo
20A2 295}

V. 48 ¥ 3%

A A4 2RIV A (EA)E Hrisk] A
SNR (Signal-to-Noise Ratio) %33 MOS
(Mean Opinion Score) HAEE 4AA3A. SNR
€ 4 (16)e] F9A Udm, MOS H2ENM & A4
o ojve ® 29 ZT}

SNR = 10 log m{Zng(n) = 2 [s(n) 19

- n)]g} L3

Mig, -~ ]

N T

e Y -
{A/D converter |

e g i

Y

Encoder ‘i ‘

T TMS320C30
= Yy DSPhosd |
Decoder l ‘I
o~ t
Y
D/A converter t
S
e > Speaker

a8 5 &4 3719 4 7E #YE
Figure 5. Block diagram for real-time implementation
of the speech coder

4714, N& =Zd9 arlelzm, s(me g8 44
5 (e A4 Y 480

A¥ Wske E2 CELP 2ud&oz 7¥E 3%
71018, EE ¥371)% B =RolM AgE 23579
A ztz AAlsted Wlm dgch BE R3vld HE
gge ¥ 30 oA Yot BE REslolM AR X
Fe A7) 160 ME(20 ms)olR, nAR=HL F7
o] 0, Mst 1 o, gulAe] 5129 7F$2 I=HE
A8t

1079 &2 233 10709 9ol ERd dtod,
& 5379 Aty REAGA P8 SNR @& 24z
® 49 E 59 JehAch 10709 @3 B4 dhato
EZ ¥371¢ ®F 12.13dB, MUY 237e HF
11.13dBel 2, 10748 g0 EFel di3ld EF § 37
= W& 10.284B, AU R E7e T 10.424Be]
o @2 BRNE AYE 257 BEE IR
1dB ¥3, 9o B3+ 0.14dB & A2 Y
wch, MOS Hl2E& SNR 234 AL&® 1079 @
2 233 10709 9o 2ol e 109elA de
MOS HAE H+§ gFsiges, o dxe 44 %
63 E 7] JdehiT @F BRo) did BF B3
e WE 3.36, AYE BEI)e BF 3.250, GO
24d tiate] EF $3)E WF 3.61, AYY 2%

B 2. MOS HAEoA 2} A9 on],
Table 2. Meaning of each score in MOS test.

MOS (Mean Opinion Score)
5 Excellent(Original Speech) |
4 Good
3 Fair
2 Poor
1 Unacceptable

B 3 EF CELP ¢32lFoe 744 $3vl9 HE §2
Table 3. Bit allocations of the speech coder implement-
ed with the standard CELP algorithm

sejolel ¥E ¥
10749 LSP A% 32°E
2§ F=E s T+4 ¥E
2§ F=H 0% 4+4 HE
a3 Fudolda 9¢4 HE
24 REl o5 5+8 HE
ZHY FHEF 152 HlE
] E&(bits per sec.) 152+ 507600 bps
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7le BT 3.36°1t. A4 234E A¥Ed EFE F 3
HE&E 7.6Kbpselx A¢E ¥E/le &2 &

ZelM ®a 5.6Kbps, B E&A Hd 5.43Kbps

714l

(29 6)3 (a¥ Dellde At 3719 {/%A4
S @i 9 e d7NEE BaFa gt (a¥
orelAl 81 282 100ms Zolo 98 8458 Bo

2, AE FIv|Y vEge] EE RIv] B we Fa e, ojd Aux Zd FHA ZHIL 7
o, AGd RE7e ARG AAL Med 23 E Aoz WU, AU Zdat uping Zyde
o] MdE g n¥y, ALE FI7) Hee o$ FASLE WEHRAT, AR ZHY L dAZe Ao
$3 Aoz e, B RS HA A5 o FEolxgt, £ R37] daglFE Aol FEE FA4S
T vge 47 23.23%% 28.06%% JeEbgoh Wi o2 BHIEZE HAAHAUYG. ol 1YL ojug °ﬂl
Ao A$E 2 & AF AHA9 A HEEE U 71AEE RT3 gl (¥ T2 AMA Zay,
wol A Ao}, WA Zdn AUA Zdde fAdseE 3&%6};‘
B 4 33 T4 g SNR ¢ WES
Table 4. SNRs and bit rates for Korean sentences
92 23 BE H37WOR B3l RS B
s T [ g9 HE§
(SNR (dB))(SNR (dB)) W2 (%) (Kbps)
ofoj 52 Elad YA YU 12.05 9.81 15.85 5.96
N B ¢ 44 A4 14.00 9.96 35.35 5.17
AES AEX MR 3 e &= 11.24 11.89 16.82 5.92
Tustet £% ey o] 12.11 11.07 22.35 5.70
dobA g3 ¢ ay? 11.61 11.54 39.08 5.02
oz 43 "401.%5} 11.99 14.55 21.21 5.74
Atede %E"‘ 14.35 12.82 17.54 5.89
oyl AL odz} ‘Z:M F2h 12.31 11.53 8.60 6.25
224 2% YRe A e 3, 11.29 9.28 23.65 5.64
S AEZ|o} go] AWM 7% me} 10.38 8.93 31.94 5.31
Ao},
%3 7 12.13 11.13 23.24 5.66
£ 5 9ol £4 diz SNR R HIES
Table 5. SNRs and bit rates for English sentences
42 27 BE 337| AQH $30]| RAE ‘]’3 Ein
s SNR (dB)| (NR (dB) | ZHY | MIEE
B0 SNR (6B | 9 196) | (Kbps)
The birch canoe slid on the smooth planks. 11.25 11.45 38.59 5.04
Glue the sheet to the dark blue background.| 8.76 9.75 20.17 5.79
The pipe began to rust while new. 8.74 9.45 24.44 5.61
Qak is strong and also gives shade. 10.02 9.290 | 23.33 5.66
Thieves who rob friends deserve jail. 9.89 9.23 21.43 5.73
The boy was there when the sun rose. 11.69 9.22 31.25 5.34
A rod is used to catch pink salmon. 10.95 10.08 37.78 5.07
A pot of tea helps to pass the evening. 9.88 9.98 33.65 524
The soft cushion broke the man's fall. 11.29 10.25 25,711 5.16
Smoky fires lack flame and heat. 10.28 10.42 28.06 5.43
¥ 10.28 10.42 28.06 5.43
2532
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E 6 2 24 A MOS H~E B 7. 9o 3 Ui MOS H2E
Table 6. MOS test for Korean sentences Table 7. MOS test for English sentences
) EF FDIHE 2371 £ F3|Age 23
= _‘FIJ'_ A _E, 2]
e Ed MOS) | (MoS) e Ew MoS) | (MoS)
opl & gayt AFA T 2.6 2.4 The birch canoe slid on the smooth planks. 31 36
“lx‘f o3 3 24 At 37 36 Glue the sheet to the dark blue background|{ 3.7 33
28 984 dAE 43 Yl § 2.6 2.9 The pipe began to rust while new. 2.6 3.0
%‘L}i}a} Zg Ty Yo 31 2.7 Oak is strong and also gives shade. 43 4.1
Sol g, o ag? 2.6 2.9 Thieves who rob friends deserve jil. 4.0 3.7
Fod 94 gol2d. 41 3.0 The boy was there when the sun rose. 4.0 3.4
Ntde sERgUt 41 4.0 A rod is used to catch pink salmon. 34 34
ol A%L ods e 22 34 3.7 A pot of tea helps to pass the evening. 41 33
22X 28 URE ArEAE g} 4.0 39 The soft cushion broke the man’s fall. 36 2.9
21Egjo} o] AukiA 7]E g} Aol [ 34 3.4 Smoky fires lack flame and heat. 2.7 2.9
¥ o7 3.36 3.5 ¥ 7 3.61 3.3
6542 ‘ 6592 |
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IR e 3 vt t + 1t g ] ] I 4 | TR
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Figure 6. Voiced/unvoiced decision example of 100 ms

long speech signals ()
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Figure 7. Voiced/unvoiced decision example of 100 ms
long speech signals (1)
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Figure 8. Waveform comparison of 50 ms long unvoiced speech signals (1)
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Figure 9. Waveform comparison of 75 ms long voiced speech signals (1)
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Figure 10. Waveform comparison of 75 ms long voiced speech signals (1)
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Figure 11. Waveform comparison of 150 ms long voiced speech signals
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Figure 12. Waveform comparison of 2.25 sec. long speech signals
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