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Abstract

G.728 speech codec is a low delay ITU standard codec which could provide toll quality
speech in 16kb/s. It is specially designed for delay sensitive applications like satellite
telephony, Internet, and mobile networks.

In this thesis real time implementation of full duplex G.728 encoder and decoder on
TMS320C5402 is presented. Using a combinatorial technique for TMS programming, the
programming time and complexity have been decreased to 30% comparing with traditional
assembly programming. First a fixed point simulation of the codec algorithm has been
programmed in C and it is compiled to assembly using CCS (Code Composer Studio) and
manually optimized. Then some of the critical functions regarding MIPS, have been
programmed in assembly for achieving real time implementation. Finally, implementation

results have been presented.

Keywords: Speech Coding & Compression, Real Time Implementation, DSP,

TMS320C5402, DSK Board
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----- LevinzonDiurbinG0 297 17 6428 26453 s 2142

----- LevinzonDurbinGle 233 17 20637 26187 28 2033

----- Hubitind3 179 17 296596 18229 17241 17448

----- HubitindJe 168 17 2A7E03 155961 15019 15153

----- FITCH_EXTRACTEZ BO4 14 133933 14363 5189 T2z

----- BLOCK14_15 ha 19 268014 14106 14106 14106

----- BLOCK17_18 132 71 hEa319 a3 8273 2286

----- HwWMCOREZ 434 aa 325146 7396 1507 694

----- Hubiain36 143 14 124094 E971 B347 B394 =

----- HwMMCORET 460 aa 279042 BRS7 1249 3w

----- Hubiaing 3 152 1a 102510 hraz HEES HES5

----- Hubiing e 152 14 102510 qraz AEER HE95

----- DEC_SYM_FILTER3Z 483 71 363155 h27h A0E3 A185

----- BLOCKZIR am 71 2877h2 4134 3932 4052

----- LevinzonDurbindde 355 14 23314 3630 20 1295

----- LevinzonDiurbind4 306 14 23180 12 20 1287

----- FITCH_FREDICT_... 121 14 63 1994 1143 1758

----- Flirbdeml pdt 460 fl 126376 1896 1603 1779
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----- BAMD_E=PS51 B4 2 3h04 1752 1752 1752 =
| I oy
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SEG256 GLOBAL
SNR (dB) 17.31 17.57
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Program Memory

Data Memory

8582 word 3632 word
(¥=0) J s>
Maximum Average
Encoder 61.13 54.6
Decoder 38.17 32.8
Full Duplex 99.3 87.4
(¥-0) J s>
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/******************************************************

BLOCK 14,15 :SHAPE CODEVECTOR CONVOLUTION &
ENERGY CALCULATION
inputs: H,Y
output: Y2
/******************************************************/
void BLOCK14 15 ()
{
int I,J,K,Kl=1;
long AAQ;

for (J=1; J<=NCWD; J++)
{
for (K=1;K<=IDIM;K++)
{
Kl++;//Kl=(J-1) *IDIM+K+1;
AA0=0;
for (I=1;I<=K;I++)
AAQO+=H[I]*Y[K1-I];

AAO>>=14;
TEMP [K]=AAQ;

}
AAQ0=0;
for (K=1;K<=IDIM;K++)

AAQ+= (TEMP [K] *TEMP [K]) ;
AAO>>=15;
Y2 [J]=AA0;

/******************************************************/

RleS g edd Wy el US
VoY
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/*”k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*~k*”k*~k*~k*~k*~k*~**~k*~k*~k*~k*~**~k*~k/

.sect ".text"

.global BLOCK14 15

.sym BLOCK14 15, BLOCK14 15, 32,2,0
func 1757

; 1757 | void BLOCK14_15()

skkkkkkkkkkkkkkkkkkkkkkhhkkkhkhkhkhkhkkkkhhhkhkhkhkhkkkkkkkhhkhhkhkhkhkhkhkxx

* FUNCTION DEF: _BLOCK14 15 *
;***************************************************************
_BLOCK14_15:

Jine 2

.sym 1,0,4,1,16

Ssym _J,1,4,1,16

sym _K,2,4,1,16

.sym K1,3,4,1, 16

.sym AA04,5,1, 32

PSHM AR1

FRAME #-6

NOP

Jine 3

;1759 | int 1,J,K,K1=1;
; 1760 | long AAOQ;

ST #1,*SP(3) ; [1759]
line 6

; 1762 | for(J=1;J<=NCWD;J++)

SSBX SXM

LD #128,A

ST #1,*SP(1) ; |1762]
SUB *SP(1),A ; [1762]
BC L182,ALT ; [1762]

; branch occurs ; |1762|
L175:

Jine 8

; 1764 | for(K=1;K<=IDIM;K++)

VoY
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LD #5,A

ST #1,*SP(2) ; |1764|
SUB *SP(2),A ; [1764|
BC L179,ALT ; |1764|

; branch occurs ; |1764|
L176:

Jine 10

- 1766 | K1++;//K1=(J-1)*IDIM+K+1;

ADDM #1,*SP(3) ; |1766|
dine 11

: 1767 | AAO=0;

LD #0,A
DST A*SP(4) ; [1767|
line 12

; 1768 | for(1=1;1<=K;1++)

ST #1,*SP(0) ; |1768|
LD *SP(2),A ; |1768|
SUB *SP(0),A ; |11768|
BC L178,ALT ; |1768|

; branch occurs ; [1768|
L177:

Jine 13

- 1769 | AAO+=H[IJ*Y[K1-I];

LD *SP(3),A

SUB *SP(0),A ; [1769]
STLM AAR1

NOP

NOP

LD *AR1(_Y),T

MVDK *SP(0),*(AR1)
MPY *AR1(_H),A ; |1769]
DADD *SP(4),AA ; [1769)]
ADDM #1,*SP(0) ; |1769|
DST A,*SP(4) ; |1769|

\of
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LD *SP(2),A ; [1769|
SUB *SP(0),A ; |1769|
BC L177,AGEQ ; |1769|
; branch occurs ; |1769|

L178:
line 15

;1771 | AAD>>=14;

DLD *SP(4),A ; [1771]
SFTAA#-14.A; [1771]
DST A,*SP(4) ; [1771]

line 16

1 1772 | TEMP[K]=AAO;

MVDK *SP(2),*(AR1)

LD *SP(5),A

STL A*AR1(_TEMP)

line 17

ADDM #1,*SP(2) ; |1773]

LD #5,A

SUB *SP(2),A ; |1773|
BC L176,AGEQ ; |1773|
; branch occurs ; |1773|

L179:
line 18

- 1774 | AAO=0;

LD #0,A

DST A,*SP(4) ; |1774]

line 19

; 1775 | for(K=1;K<=IDIM;K++)

ST #1,*SP(2) ; [1775|

LD #5,A

SUB *SP(2),A ; |1775]
BC L181,ALT ; [1775]
; branch occurs ; |1775|

L180:

\e.

~
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line 20

: 1776 | AAO+=(TEMP[K]*TEMPIK]);

MVDK *SP(2),*(AR1)

LD *AR1(_TEMP),T

MPY *ARL1(_TEMP),A ; [1776]
DADD *SP(4),AA ; |1776|
ADDM #1,*SP(2) ; |1776]|
DST A*SP(4) ; |1776]

LD #5,A

SUB *SP(2),A ; [1776]

BC L180,AGEQ ; |1776]

; branch occurs ; |1776|
L181:

Jine 21

. 1777 | AAO>>=15;

DLD *SP(4),A ; |1777]
SFTA A#-15,A; [1777|
DST A*SP(4) ; |1777|
line 22

- 1778 | Y2[J]=AAO:;

MVDK *SP(1),*(AR1)

LD *SP(5),A

STL A*AR1(_Y2)

Jine 24

ADDM #1,*SP(1) ; |1780]
LD #128,A

SUB *SP(1),A ; |11780|
BC L175,AGEQ ; |1780|
; branch occurs ; |1780|
L182:

line 26

FRAME #6

POPM AR1

RET

; return occurs

.endfunc 1782,000000400h,7

\.
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/******************************************************/

gmbwybeLaMJ?‘jsw‘Js

/******************************************************/

text

.global BLOCK14 15
_BLOCK14_15:

PSHM ARO

PSHM AR1

PSHM AR2

PSHM AR3

PSHM AR4

PSHM AR5

PSHM ARG

frame #-2

ssbx sxm

STM # Y2+1,AR4

STM #0,BK

L1:

L2:

STM #127,AR1
stm _Y,ar2

STM # TEMP+1,AR0
stm #-1,ar6
stm #4,brc

rptb L2

mar *ar2+
mar *ar6+
ldm ar2,a
stim a,ar5
ldm ar6,a
stl a,*sp(0)
STM # H+1,AR3
LD #0,A
RPT *sp(0)
MAC *AR5-, *AR3+, A, A

SFTA A#-14,A
STL A *ARO+

\e.
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STM #_TEMP+1,AR3
LD #0,b
rpt #4

squra *ar3+,b
SFTA B,#-15,B
STL B,*AR4+
BANZ L1,*AR1-
frame #2
POPM ARG6
POPM AR5
POPM AR4
POPM AR3
POPM AR2
POPM AR1
POPM ARO
RET

VoA
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