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Real-time Implementation of G.723.1A Speech Coder Using
a TMS320VC5402 DSP

o & B4 o Fr
Song-chan Lee * Ikjoo Chung

ABSTRACT

This paper describes the issues associated with the real-time implementation of
G.723.1A dual-rate speech coder on a TMS320VC5402 DSP. Firstly, the main features of
the G.723.1A speech coder and the procedure involved in the implementation using
assembly and C languages are discussed. Various real-time implementation issues such
as memory/MIPS tradeoffs are also presented. For fixed-point implementation, we
converted the ITU-T fixed-point ANSI C code into TMS320VC5402 code in the bit-exact
way through verification using the test vectors. Finally, as the result of implementation,
we present the MIPS and memory requirement for the real-time operation.
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2 HYrt H9 3 ZH YL 240 AF(30 ms)olth Z YL thAl 60 ME(75 ms)e] AH X
#e w2 MEsEo] Mydh 2 N8 Ty witk LPC B4 o]FojAn] ujxju} A H.
ZA o g uteldlefwt LSP (line spectral pair)2 W33 & PSVQ $aoz2 Fzpsigd,
NFEZ AR FE5E F M AE ZHYA 120 AEZvic} o|FojAH, Folxl A&
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e} vig 5.3 kbps 6.3 kpbs
LPC 1d~ 24 24
HEALE Ad 18 13
AEE o5 43 48
Hx 93 48 73
B2 B3 16 22
a8 dga 4 4
3 A 158 189

2.2 TMS320V(C5402 DSP[7]
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E 2. TMS320VC54029] 8 A%

A%

Ae/APAz 100 MIPS (10ns/cycle)

] 2. g 16 K * 16 bit Dual Access On-Chip RAM
On-Chip PLL(phase-Locked Loop)
2 719 McBSP (Multichannel Buffered Serial Ports)
HPI-8 (Enhanced 8 bit Host-Port Interface)
2 702} 16 bit Timer, 6 Channel DMA

1 M * 16 bit External Address Space
Advanced Multibus Architecture

- 4 709} Data Bus, 4 782} Address Bus
40 bit ALU, 40 bit Barrel Shifter
2 719) 40 bit Accumulator
17 bit * 17 bit MAC
CSSU (Compare, Select and Store Unit)
Exponent Encoder
32 bit Long Word Operand X9
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for (i =1; i < CosineTableSize/2 ; i++ ) {  // CosineTableSize = 512
for (j =0;j <=LpcOrder/2 ; j ++ )
CurrVal = L_mac( CurrVal, Spa{LpcOrder ~ 2 * j +k],
CosineTableli * j % CosineTableSize] );
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A9 C ZEAgA Hol= CosineTableS’—] AU A Al REZ(%) GAAAE AHgsn Yo
C ZAYdg AL A$ old ZEZ A4 CPUY ALUZ €3¢ &4 gd ey
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00 asm(” STM #512, BK");
for (i =1; i < CosineTableSize/2 ; i++ ) { // CosineTableSize = 512
01 asm(” MVMM AR5, AR2"),
02 asm(” STM #5, BRC");
11 asm(” RPTB LABEL_EvaluateSelPoly-1");
12 . asm(” MAC *AR2-, *AR3+0%, B");
13 asm(” MAR *AR2-");
14 asm("LABEL_EvaluateSelPoly:");
15 asm(” RSBX FRCT");
}
£9
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244 W23 A3}

A = HHsge g9 Wiy HAAY A d32 24 gk AHSEHE wWEE
S5t Z=Y dolEE AT vRe, 29 vEE, HolEg T WEYZ Yol m=
g A A2 JAe A S8 A AH3e oW guloMe AEdn mse a
7 E e At dadeolvt g9 Ay, HL S FE FE RE g4l T
o =g AR AYste T WS ALdER 329 AU FojuA €tk 1
2eo) B35 HEE AHEFY Hastivs §k o] $AHER v s 43
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2ot 2d wra]e go] HnHEE AT C5000 AlEY DSPE HAY 222 Aty
dd7le] Bo] AMEHER 9 A FASE ALE /HAE ARy Ha3 94 9uist
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I Uez Mg Ao |52 460 words AEY TEHHE o} AH&syth wad e
1500 words AFEHW 28 v2alE 600 wordsd 29 WRY AG HE4E s dolg
22 2 460 wordsE AHEE o 24 oF 440 words? W2 %<& 29 F Uk Y ot
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5ol EgHoz fAFHojok gt} M Y M4E Joz Y ¥WEgdy 5 glenz 9
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AFe TIAbe TMS320VC5402 DSKel stesglo] ZTHEZ S AR3le PCAlA Code
Composer Studio % 7|2 848 S3AM 4¥& 34t 7€ d& 33 s ¥ g
Aol ITU-TAAM AFHe A8 HelE U4 tolel2 AlEslgGh & 58 2 HolA dF
3 7 A A5E el 63 kpbsd] B¢ HAF3E Tl 45%9] A8 FHE &
d £ AdNen, 53 kbps F$ 37%9 248 FHE 24 F Adh

E 5 7 A 438 A3

g A A4 E A (cycle)
1 44 6.3 kpbs 950,030
(C R=E 59 A3} glo] ¥§d o8 =) 53 kbps 984,696
2 A 6.3 kpbs 522,587
(#2314 ojdEY 2E=) 5.3 kbps 620,630
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E6& & wRold 7E8 $537)9 A4%e Yehiz ok

E 6 7EE G7231A 45531719 AdF

Hdi(cycle) A (cycle) MIPS (full duplex)
Encoder 522,587 471,425
6.3 kbps 20.0 MIPS
Decoder 76,639 67,197
Encoder 620,630 558,567
5.3 kbps 23.14 MIPS
Decoder 73,609 66,345

6.3 kbps?l 7% HolF FAL A E 5992269 A EYo] Wy o|g 29 dAisR
Akt (599226 cycle) /(30 msec) = 20.0 MIPS7F €t} 2211 53 kbpsd 7 $-oll& 23.14
MIPS7F €t} A8 ¢4+ A E AR Y 6.3 kpbs$} 5.3 kbpse] G4take] &8t [56] 28]
U B AT AddMEe Add AnEe 8o Fo] & 6.3 kbpsell o] 2FA 9l
Aer 2 63 kbpse HH3lo] FHL E #AZ 53 kbpse MIPS7} o4 &4 ugth ® 7
S 2 =0 55U &4A4 Mee HIY dFA6]e vad Aol

E 7. G7231A d=2r] ANF nim

2 =59 43 dA3x 96l
(A4 cycle) A4 cycle)
6.3 kbps Encoder 522,587 540,074
5.3 kbps Encoder 620,630 548,744
B 72 d3YY 45 & vlug AAd 6.3 kbpse A5 [6)Et 3t £2 H5E& EolU 53
kbps®] A-¢ F7F HA3e] A7 &S & 5 Aok W, L2 AdIAGY F3 BFE Y

6.3kpbs 91 Z¢](MIPS) 53kpbs 2l A (MIPS)

LPC ¥4 0.88 0.88

LSP FA 3t 152 152

AFE oA HY & F-§ A=H A 710 7.10
MP-MLQ 8.48 N/A

ACELP N/A 1151

7l € 2.10 2.10

3 A 20 231

T2 & A¥ed A8d ve Le%E eI
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A48 words (2 bytes)
A = 11797 words
d) o] 1414 words (2134 words)
PSR- | 600 words
g o] & 9450 words

HE A2 ¢ £F GTHEHR AT FEE AT FErY A #EE R EA
2] TFE dmg Folr}. doly wre F¢ #3S A HRy £28F L dFh, Ry,
VAD/CNG 9] 2H& 21 e 724 AgSsE T3 F4HQA dlolg Hz2a o]9
o JEHE AT AAT 4 HHFS AsiA 3 M viH Fo] Fag mRe(240+3 =
720 words)7hAl E3E wlme e Aot A€ wReE 44 3 A W=z HHg ¥R
oA e uiel Zo] dHolE wirz] JHo 460 words®] FE MHE o} AlEFozH
600 words 2712 &9 4 ASUTh

4.4 &

2 =®dAME ITU-T G7231A SA4F338718 TMS320VC5402 124 4473 DSPE o]
&3] AN TR FATS FH3 U S AAESAG ITU-TAA AFse ANSI C =
25 ] 9AZ o2 REE UHS F o 7p] 2= HHg 7)YEE o] &dtd HH s
Aok A3 A3 A3 E A LA €L AAEY L9 vasle] 6.3 kbpsd B 45%,
53 kpbs®] A 37%< AAFES 7R £ A}k ALE Z=E ZF 9AAA ITU-T7
A3t Al HE o] &3t HEFLEA HE FU(bit-exact) WA L2 NEFHYT

2 283 Ae 29 vEZ AMEHE HFES EA% o 43 AqHFES
T4 diolg wzgd 3t AMESnz A8 wreg doly wRrE ¥ Wz
FE 29% Y F UAAD £, TMS320VC5402 DSK 3l=90j & o) &3te] Ho|F w4y
o2 AANT FHE FASHT.
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