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() dygowdesainms
\ihsWdun MATLAB

v
WAUGI = IR

UNUUAYU = Gatagu
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v
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E0) i
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d ".Jﬂl‘- - - PP o -t o

mdWifueadinaaimatinad Lilahgnsaiig alunsdifiiedumailusnwniimmasanas
ST v v '
mwmmmwmuaQmﬂ.,‘lm'ﬁuuumma\m%‘fm AR 2 dhavhnuddeouin - ansfawaei

A ' . ¥ ala ¢
NUUAUIEAINTT  NaNUBIENDIN

A . [ v v v
ey nasviembidniusiuudansas
nuanae uazarangariauluiae

filer
= mﬁaéﬁuduiﬁuaﬂmu‘ﬁams (ACC) athadWiLAMM w3a LACL uu'luuﬂmauummumammu

hpib il | (] )

: mﬁa LACE! Al¥fuenaft k vde LACL #k ( -128<-k<-127 )'l'zsmsmmrmwm 1 SoUMIam

AL 1A

: wmmuhmwmmtmmwmummawawaua( data memory address %38 dma )1wmnnamua~

(sign extended) M

ynidsmsliehaii k s bidualisimsdnnennnh
3 1 4 ¥ ¥ L9 1 3 . v
- TumsdnnathaunsasdumnanimmrhudazanBanumsdwnmalidon
- idaRentoyalimedie (Shift Left) wiadds SFL biflqoiiifuenenTomneudddafautaya
fuhmewn (Shift Right) v3a SFR femucaiii
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1. o Y Al - 1 v ] 3 =8 ol A ) . l.l

- hifiddaRamisaaddayalimisaimisbidianesldlasasimdavateludnsanansin o

f  Aes3dsmadthe (Auxliary Register ¥3a AR) wituficnsnsovhgwinld  msdisenuimicenah
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WMDY « Aaviimsimnniimbelsznanandnwitiu

- MdanlEeus (Oparand) 2 67 dhathagu MAC way MACD #iWehuusdhusnaindumianiag
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vashuiy - fhubsseaglufenedeayadniiudnedmnuasdnshnhmdiduyiseses
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00 Widiuenduda o1 , 10 vdo > ufhilaenidBemelumsyiunfavenlummhaues AlC
winiuAsehuss RA , RB ) ila AIC iusudfasinmetFunAeuen s
fdiaoms  Aafudadanerily A QueIan i 2 LSB ‘s mndiaya 16 Defideanan
DXR avdipsflandu 00 wwna o % DXR-Avepanniissnily 2 Tagavhediu 00 fastuasily

- 1 o H U ) ..: - x -
AIC faiazimasug/asuen wnibilddlafeduls  33ms
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AMANWIN A
matmuamENeliun AIC ( AIC Initialization )

. 1 -' ! z L o . J . . ' .
mammuacEueulvun AIC viusianuddanndmiumsynauuu DSK Fedufudasinaumaynau

. - oy Y MYy  am ¢ ¢
: 1m11ﬂ“ﬂﬂ']ﬁuﬂuﬂua‘]u‘ﬁn"‘l‘lﬂﬂq HADMIN TN

vmmammmamsmnanuﬁtutumamaanm guan

2) waimaynINYas ‘Chx
3 14w§amiaé‘tum1
AIC ﬁaqﬂmnﬁﬁﬁ‘}a dagt] RIS IRER WS anu RS amsdtygauuaInaame lush
DSK laeguuvumssiaaziudion

- ouT+
——» ouT-

«—— IN+
€32040 AIC
IN-
AUXIN+
AUXIN-

."l

.,vma 'C50 Wk AIC
Fumanirund 8ad) 91297 JNBIT)3

angU .1 /) MASTER CLOCK (MCLK) 989 AIC léinaneh TOUT u‘C50  an(siwih 5-45 1ian

IJ&WR‘W Pk )iaio (10T

#01h,PRD ; Load PRD reg. for period of 100 ns. TDDR=0
SPLK #20h,TCR ; RE-load and begin Timer

WainaunIawas ‘Cx
° a v e (3 v [ ' ala (3 (3 e
mstmuamEaiuliiuneSmeynsaas ‘Cox  dasiaullasradiismasaiunamesaaynsx( Serial-
Port-Control register ¥3a SPC ) fneaziBunrasiidinasamunamainaynsnlu (5] wh 6-18 laaslednidag
@audiait
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SPLK #08h,SPC ; FSM=1, XRST and RRST = 00

SPLK #c8h,SPC ; FSM=1, XRST and RRST = 11
ansdandediyginewisan( ArC )

lasashea MCLK uavivmashidndubifumesnounsuaiadenionuds  dudeludonnddn Alc
a8 aAve - a o 4 8§y o v a %
wolt AIC Waglurnueiiin - a3iianas AIC agjfinifumn BR 109 °C50  Famavinlan BR vnaewdasiimah

fedyaurnlnauaameman( external global memory access ) Smeaudualu [5] wih 629 laufiddfians
Feuait

N\
LACC #380h \\ i

N

as Global memory

SACL GREG‘-'---J SQe to gory allocation reg.

LAR tion FFFFh

RPT

LACC

SACH

Wasgamuey AIC | C Fruagiudygnomnimen «

TNdwhiy 40 wnudsed  auuéh
fvuasasdyqnosndmau « 1l @UBGE0 A FyanonnAmiddyi i lush

Aud

AIC donU
- MASTER CLOCK (MCLKJ,.M} 910 winudsad Lﬁuﬁrymmmﬂmﬁmé’tu'lums
mwumwaaﬁtummmﬂm&u ‘
- SHIFT CLOC il udygannAmiumsiudetaya

WuayNINaY AIC ﬁnﬁdﬂr@mé o

- SWITCHED CAPACITOR FILTER CLOCK (SCF CLK) M lumsimuaenanaurashnsassi
Ao iudumen ﬂms?' ﬂﬂ m?mu 288 fladsadranauay
{Passmug._usith %mﬁﬂ HANBLTSInTaafac awuuaa‘lﬂmuamﬂmwmm
SCF CLK o 288 fAladsad  Tnesunsndnfioeh SCF cLeddesdi

4o 44 010 1 s & W £ 61 2

SCH CLK = MCLK / (2*Rx counter A) d&wsudmmdn
- mmfﬂumsuﬂmd‘namaamﬂuﬁﬁmaa (A/D Conversion frequency) = SCF CLK / Rx counter B
- mmﬁ‘lumsuﬂmmﬁﬁmaLﬁuamaan (D/A Conversion frequency) = SCF CLK / Tx counter B
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sluuunsiudedayanas AIC

AMNaudsaTaIMIUlatayaTeY AIC stwinawaanuazfnealmuhiy 14 da Tunuiainaes
DRR uat DXR filflumstuceenfionaazidon 16 Tn  Sandedmuay 2 fefbildlilumsudsionn 2 adf
#io 2 Daffeuehdiontiqn (Least Significant Bit) wAndialugy a.2

MSB » LSB
S PO P P O ™ A P & la [d [ [d |4 |q

I< Used /// >| Not used |
@aimgaﬂm AIC

N TumsSudsehanuindienmes d,d,

ter B= RB M Tx counter B = TB

AIC 1‘15 2 mmnm’m

a5auiu 00 @ Rx counter
dd, =01 1 Rx colntes/ .+ RA" 2 ter A= TA + TA’ /1 Rx counter B= RB

d,dy =10 @1 Rx counts : : | rA=TA-TA ¢ Rx counter B= RB

-

dd, =11 1 Rx counterB’%I’fx" 1
w&mnfl SHIFT CLK mu‘h.l‘lm 4 souAzintse

‘ ; [ Io-a J 03 f A L :
AB 'QSLYI’\ﬂUﬂ'ILﬂNGI'INYIﬂ'WNﬂ‘l’JnalW!WN uae

niaulReuenradismaien q 1ah AIC

dig| dis | dis d, NG
dys | g TA Y de 4, RAq » ofo TARA 2@ 5 Ui
dye 0] f | ) TARA MO 6 T

d TB 4 dg — RB Ti]o TB,RB w10 6 0
s 4] déoiﬁli = o P bl #ﬂ“‘"m”‘”
VY cbrtbal v b, 6, B8, 57, LS
1 b= 0/1 B snsassmuanad
b, = 0/1 LAY Woriduguuun
b, = 0/1 LA ntlontayatae
b, = 0/1 LAHE mavhomwudhdmne
bgb, = 00/01/10/11 danvenasvendhniy 1/2/4/1

91 a.3 pusumsiiuteyauuy 16 Tnlunmssudedoyansen 2 a9 AIC
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wngtuiwhilimansnfieuadineel RA RA' RB TA TA' TB LazFA I lumsmugums
viweas AIC §haw « Imaiidasmslumsdeesouti 2 fiae

Fumowlumadoen@usuliun Alc »

1) fivuamzasiasinaion q wazabamugaues AIC Blumiuanad

2) faliswmo3udbisnansoveld (Disable interrupt) wirinenlidayatideluile AIC fieh d.d, =
11 wiAovh WidwaesudhalFuasliids Ide snaundrefBumeaiddnun

3) dailBwnasdanieferuaiisiag eehiiamunuanmbganadunlaliluiiazdsly
foalc  TawdsenWigndosinzddluiiitames
duduathannuiiuesliids 1dle fiasaampd e iBumeTfiliil sivida 3) fllaunhazdelutiRamneg

v -y
{Fasumadiciaams ! ‘ “"‘
Tumsmasasidiumsyiei sl | \:\w.\" 4 4 Aladsed  doiuledaslisan
magudaya 8 Aladsad dhathsati 3 estviel i

ib; \ Ay 17 wag 37 mudduvn lddan
1 \ " - 13 v o v
'mmmnmuazmumaan minla

danmsgutiayai D/A wiiug0 NlaiEahs shethamsdnlisunassananAalisunsu AIC_INLING %
L 1 : = J
uwanasaialUil TeazBuauanaitie

d W Y
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L2 AR R R 22 AR 2 a2 2 E S R R 2R R R R R R R R

*

AIC_INI.INC

*

* DESCRIPTION: This routine initializes the TLC320C40 for *
* a 8.0 Khz sample rate with a gain setting of 1 *
L2222 2 R 2222222 2222 22 a2 e R R 2 R R R R R R R R R R
.data:
TA .word 17 ; Fcut = 4 KHz
RA .word 17 ; Fcut = 4 KHz
TAp .word 31 3
RAp .word 31 H
TB .word 37 ; Fs = 2*Fcut
RB .word 37 ; Fs = 2*Fcut
AIC_CTR .word 15h ; Use Band Pass Filter
.text
START SETC INTM
LDP #0
OPL #0836h, PMST
LACC #0
SAMM CWSR
SAMM PDWSR
SPLK #012h, IMR
CALL AICINIT le interrupts
AICINIT: SPLK #20h from Tout
SPLK #01h, PRD
MAR *,ARO
LACC #0008h
SACL SPC
LACC #00c8h
SACL SPC
LACC #080h it low
SACH DXR
SACL GREG
LAR ARO, #OFFFFh
RPT #10000 2r 10000 cycles
LACC *,0,ARO
SACH GREG
LDP #TA
SETC SXM
LACC TA,9 & Sre
ADD RA, 2 v |
CALL  AIC_2 ,V A
LDP #TB Iﬂ ﬂ
LACC TB, 9 and RB re ter
ADD RB, 2 ;
ADD #02h
CALL
= BueTnmminanns
LACC ize
ADD :
cALL AIC 2ND ; call dubroutine
<=3 RIAMNIUANINY 1Y
LD
SA
CLRC INTM
IDLE
ADD #6h, 15 ; 0000 0000 0000 0011 XXXX XXXX XXXX XXXX b
SACH DXR ;
IDLE
SACL DXR i
IDLE
LACL #0 G .
SACL DXR ; make sure the word got sent
IDLE
SETC INTM
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FEEEUTRTTTINTTLTTALTTIITIETRLLLY

tptogran convert Wave file of 11 kHz sampling rate TO 8kHz sampling
W11TO8 .M ¥

t running on MATLAB VERSION 4.2c.l1 with Signal Processing Toolbox¥

fprintf ('Convert "11°kHz-sampling wavefile to "8"kHz-sa
wavefile ');
file=input ('What wave file do you want to convert ('_‘

file name of 11 kHz wavefile
xx=fopen(file,'rb');
hl=fread(xx,40);
h2efread( xx, 1,
qu=h2/2;
if qu-fix(qu/5)*5~=0;
h3=fread(xx,qu-fix(qu/5)*5, 'short’);
end;
1p=fix(qu/s);
vector=0;
vector (1:5*1p) =fread (xx,5*1p, 'short’')
v=interp(vector,8) ;
resampling wavefile to be 88.2 sampling
d=decimate(v,11);
resampling wavefile again to be 8.01
b=[18770 17990 8226 0 16727 17750 28006 83
0 2 16 24932 24948];
s=length(d);
b(3)=2*8+36;
e=2%g;
wavename=input ('input wavename','s');
of 8 kHz wavefile
a=fopen(wavename, 'w') ;
fwrite(a,b, 'short');
fwrite(a,e,'long');
fwrite(a,d, 'short');
fclose (a) ;fclose (xx) ;

‘long' );

\‘%t!l\'\'%‘!\‘ttt!'\'\’ttttt\.ttt*i\%t
program to convert Decimal vector into %
Dau file =
* D2H.M - (.=l:
* Dec vector is in name "input® and “'.‘H-‘}’J"?’:’.‘l ot n
for el ‘r
% i=1:1length(input)
%

ng file is in name ,} nl.gac*

-e ENTRY
-m encode.map
MEMORY

PAGE 0 :
: origin = 800h ,length =« 2400h
PAGE 1 :
: origin = Oh ,length =
: origin = 100h , length = 400h
: origin = 0a0Oh , length = 2200h

80h

822h : { ) PAGE 0
0a00h : {}) PAGE 0
2000h : {} PAGE 1
100h : {} PaGE 1
1800h : {} pPaGE 1
¥ End of ENCODE.CMD

¥
TEEFTIITILY

use the SERIAL PORTS use the following mapt

; Allocate PROGRAM MEMORY 0 - Oxffff
i Allocate DATA MEMORY 0 - Ox7f
: RESERVED DATA MEMORY 0x80 - Oxff
: Allocate DATA MEMORY 0x100 - Ox4ff
; RESERVED DATA MEMORY 0x500 - Ox7ff
i Allocate DATA MEMORY 0x800 - Oxffff
IAL PORTS use the following instead
Allocate PROGRAM MEMORY 0 - Oxffff
Allocate DATA MEMORY 0 - 0x20

Configure DRR(0x20) as Input Port

Configure DXR(0x21) as Output Port
Allocate DATA MEMORY 0x22 - Ox2f
Configure TRCV(0x30) as Input Port
Configure TDXR(0x31) as Output Port

t‘*\'t\'t%t%\'\'t*%\'tttt\tti!t%ttt\'it

a=fopen('inl.dat'
b=length (input)
for i=1:b;

)

d=input (i) ;

if d<0;d=65536+d;end;

in=dec2hex(d) ;

fprintf(a,'¥s\n',in);
end;

fclose(a); 1 q 1q
\'\'t%tttttt\'\'ttt%\'\'\'ttit\i TEELY ﬁ ‘

% Program to Convert Hexld 1 Data file into Decimal vector
%

HZD M
Hex file name can be entered by user
%

¥
L 1
ttttttttt%tt'tQQEﬂt&M i I i m

out=0;

Eile-inpu:('Bn:er file (.dat) to convert to decimal °,
aa=fopen(file);
bbel;cc=1;
bb=fscanf (aa, '¥s',
while bb;

as)y

1);

out (cc) =hex2dec (bb) ;
if out(cc)>32767; out(cc)=out (cc) -65536;end;
cc=cc+l;
bb=fscanf (aa, '¥s',1);
end;’

fclose(aa); ¥ End of program H2D.M

%%i\'itti\'t!i!titt&tittttt‘tt\!\'ttttt

FILE for Encoder of G.728
%
% ENCODE.CMD
%
¥ ENTRY must be Global variable define in other
program %

FERPRETTERRERI R AT EELTEATER AR LINILLY

Allocate DATA MEMORY 0x32 - Ox7f
RESERVED DATA MEMORY 0x80 - Oxff
Allocate DATA MEMORY 0x100 - Ox4ff
; RESERVED DATA MEMORY 0x500 - Ox7ff
Allocate DATA MEMORY 0x800 - Oxffff

nds to connect Input and Output Files to the

mc 0x20,1,in.dat,

mc 0x21,1,out.dat,

mc 0x30,1,in2.dat,read
0x31 1,out2.dat,write

SN
89 s R

Purpose: Test A/D and D/A by receive input from A/D store
in SV ( CIRCULAR BUFFER )
then send to ST and send out to D/A
program is in main program and receive
interrupt service routine
include encode.asm
Sampling rate less than 8kHz (about 7.2 kHz)
1996 COMM LAB., Chulalongkorn University Thailand

oonl

s e s s S v s s

COPYRIGHT ()
.version SO
Jmmregs
.global START

+-- BP Filter
Loopback

Synch --+ |
Auxin -----4
(sinx) /x filter
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.data .text
TA .word 18 ; Fout = 4 KHz ; exp2(beta) in Q14
RA - .word 18 i Fcut = 4 KHz H
‘TAp .word 3 H exp2_tbl:
RAp .word an 7 ~word 16406
TB .word 33 i F8 = 2*Fcut .word 16451
RB .word 39 : F8 = 2*Fcut .word 16495
AIC_CTR .word 18h : No use Band Pass Filter .word 16540
sAIC_CTR .word 1%h i Use Band Pass Filter .word 16585
.word 16630
- Set up the ISR vector . .word 16675
.word 16720
.sect  “"vector*" .word 16765
rint: B RECEIVE ;OA; Serial prot receive interrupt RINT. .word 16811
xint: B TRANSMIT ;0C; Serial port transmit 1n:ermp|: XINT. ~word 16856
eansseeRasaede .word 16902
) .word 16948
.word 16994
* TMS32C05X INITIALIZATION . .word 17040
®, .word 17086
.word 17133

.text 24 17179

START: SETC INTM ; Disable interrupts 17226
LDP #0 ; Set data page poi 17272
OPL #0836h, PMST 17319
LACC #0 . 366
SAMM CWSR i Set lofuar 413
SAMM PDWSR 3

* Reset AIC by writing to PA2 (address >Sw ‘J

SPLK #022h, IMR
CALL AICINIT

Using XINT
initiali

* This routine enables serial port rx
* TLC32046 due to the frame sync. When RINT
* data from the AIC then generate a sine w,

SETC o™
SPM ]
SPLK #012h, IMR
CLRC INTM i
SETC SxM
MAR *,AR1
i
A I R S SR e -oanill
7 Main program start here
e e e e e e e
WAIT  MAR *,AR1
LDP #SVPTR
WAIT2 CPL #SV, SVPTR

BCND WAIT2,NTC
.include encoder.asm

;
; RECIEVER INTERRUPT SERVICE nomxu?i

PR T T ra— ascesscsaa .-

.include receive.i
RETE

.include
.include
.include

.word 20596

-------- St e S A LS e ety b b bt e L] .word 20652
; Include Data memory and Variables Initialialization routine .word 20708
eeeeeeccccecsccccccccceccacan sesecescccccccecn .word 20764

.include enc2_ini.inc .word 20820
sesmscees sesesscmnan~ R e L LR sesonn .word 20877
smevecssee .word 20933

End of program .word 20990
----------------- .word 21047
.end .word 21104

.word 21161

.word 21219

i .word 21276
; bexp2.inc Exp2() : return exp2(ACCHI) .word 21334
; assume a 16 bits number, 0 < x < 7FFFh .word 21392
; there are up to 15 sign bits in x .word 21450
;i NORM 14 times to remove upto 14 sign bits .word 21508
i . .word 21566
i return with : .word 21625
: ACCL = exp2(x) in QS .word 21683
i word 21742

;index

i26

:103
;104

beta

0.001953
0.005859
0.009766
0.013672
0.017578
0.021484
0.025391
0.029297
0.033203
0.037109
0.041016
0.044922
0.048828
0.052734
0.056641
0.060547
0.064453
0.068359
0.072266
0.076172
0.080078
0.083984
0.087891
0.091797
0.095703
0.099609
0.103516
0.107422
0.111328
0.115234
0.119141
0.123047
0.126953
0.130859
0.134766
0.138672
0.142578
0.146484
0.150391
0.154297
0.158203
0.162109
0.166016
0.169922
0.173828
0.177734
0.181641
0.185547
0.189453
0.193359
0.197266
0.201172
0.205078
0.208984
0.212891
0.216797
0.220703
0.224609
0.228516
0.232422
0.236328
0.240234
0.244141
0.248047
0.251953
0.255859
0.259766
0.263672
0.267578
0.271484
0.275391
0.279297
0.283203
0.287109
0.291016
0.294922
98828
.3027
.3066
.3
3
0.318359
0.322266
0.326172
0.330078
0.333984
0.337891
0.341797
0.345703
0.349609
0.353516
0.357422
0.361328
0.365234
0.369141
0.373047
0.376953
0.380859
0.384766
0.388672
0.392578
0.396484
0.400391
0.404297
0.408203

1.
1.
1.

1

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1

1.
T
1.
1
1e
1.
b O
1.
1.
>
> 0%
1
s
1.

1
1

1.
1.
I
b 5
1.
1.
1.
L
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

: &

1.
1.
L
1.
1.
1.
1
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1

3
1,

1

1.
1.

1
1
1y
1
1

exp2 (beta)

001355
004070
006792
.009522
012259
015003
017755
020515
023282
026056
028838
031627
034424
037229
040041
042861
045688
048524
051366
054217
057075
059941
062815
065697
068586
071483
074388
077301
080222
083151
086088
089032
091985
094946
097914
100891
103876
.106869
109870
112879
115896
118922
121956
124998
128048
131106
134173
137248
140331
143423
146523
149632
.152749
.155874
153008
162150
165301
168461
171629
174805
177991
181185
184387
187598
190818
194047
197284
200530
203785
207049
210322
213603
216894
220193
223501
.226819
230145
233480
236824
240178
243540
246912
250292
253682
257081
260490
263907
267334
270770
274216
277670
281134
284608
288091
.291583
295085
298596
.302117
305648
309188
.312737
.316296
319865
2323444
.327032
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.word 0.412109 1.330630 .word 29365 i215 0.841797 1.792281
.word 0.416016 1.334238 .word 23444 216 0.845703 1.797140
.word 0.419922 1.337855 .word 29524 217 0.849699 1.802013
.word 0.423828 1.341482 .word 29604 1218 0.853516 1.806899
.word 0.427734 1.345120 .word 29684 i219 0.857422 1.811798
.word 0.431641 1.348767 .word 29765 1220 0.861328 1.816710
.word 0.435547 1.352423 .word 29846 221 0.865234 1.821636
.word 0.439453 1.356090 .word 29927 1222 0.869141 1.826575
.word 0.443359 1.359767 .word 30008 1223 0.873047 1.831527
.word 0.447266 1.36345¢ word 30089 1224 0.876953 1.836493
.word 0.451172 1.367150 word 30171 1225 0.880859 1.841472
.word 0.455078 1.370857 word 30252 1226 0.884766 1.846465
.word 0.458984 1.374574 .word 30334 1227 0.888672 1.851471
.word 0.462891 1.378301 .word 30417 1228 0.892578 1.856491
.word 0.466797 1.382038 .word 30499 ;229 0.896484 1.861524
.word 0.470703 1.385785 -word 30582 230 '0.900391 1.866571
.word 0.474609 1.389542 .word 30665 1231 0.904297 1.871632
.word 0.478516 1.393309 .word 30748 1232 0.908203 1.876707
.word 0.482422 1.397087 .word 30831 ;233 0.912109 1.881795
.word 0.486328 1.400875 .word 30915 1234 0.916016 1.886897
.word 0.490234 1.404673 30999 0.919922 1.892013
.word 0.494141 1.408482 31083 0.923828 1.897143
.word 0.498047 1.412300 31167 1237 0.927734 1.902286
.word 0.501953 1238 0.931641 1.907444
.word 0.505859 1239 0.935547 1.912616
.word 0.509766 1240 0.939453 1.917801
.word 0.513672 i241 0.943359 1.923001
.word 0.517578 242 0.947266 1.928215
.word 0.521484 1243 0.951172 1.933443
.word 0.525 i244 0.955078 1.938685
.word 0.5292 1245 0.958984 1.9433%41
.word 0.533203 246 0.962891 1.949211
.word 0.5 1247 0.966797 1.954496
word 0.541016 i248 0.970703 1.959796
.word i249 0.974609 1.965109
.word i250 0.978516 1.970437
.word i251 0.982422 1.975779
.word 252 0.986328 1.981136
.word i253 0.990234 1.986508
.word 254 0.994141 1.991894
.word i255 0.998047 1.997294
.word

.word

.word turn log2 (ACCHI)

.word r, 0 < x < 7FFFh

.word ign bits in x

.word remove upto 14 sign bits

.word

.word

.word 2(x) in Q8

.word

.word

.word ;index beta log2 (beta)
.word 0.619141

.word 0.623047

~word 0.626953 i0 1.001953 0.002815
~word 0.630859 il 1.005859 0.008429
.word 0.634766 1.552] 14 2 1.009766 0.014020
.word 0.638672 1.5S: 2 1.013672 0.019591
.word 0.642578 1 1 4 A 1.017578 0.025140
.word 0.646484 {:3551'5—1;?.-‘ i 1.021484  0.030667
.word 650391 1.569593 1.025391 0.036174
.word 1.573849 1.029297 0.041659
.word 1.033203 0.047124
.word 1.037109 0.052568
.word 1.041016 0.057992
.word 1.044922 0.063395
.word 1.048828 0.068778
.word 1.052734 0.074141
.word 1.603963 1.056641 0.079485
word 1.608312 .word 87 ;15 1.060547 0.084808
.word 0.689453 1.612672 .word 92 :16 1.064453 0.090112
.word 0.693359 1.617044 : d 98 17 1.068359 0.095397
.word 0.697266 .621429 d 103 ;18 1.072266 0.100662
.word 0.701172 14 S 0 9 1.076172 0.105909
.word 0. 8 1. 233 1 :20 1.080078 0.111136
.word .708984 1.634653 I 1 i21 1.083984 0.116344
.word " 91 1.639085 2 2 122 1.087891 0.121534
.word 0.716797 1.643529 .word 130 i23 1.091797 0.126704
.word 0.720703 1.647985 .word 135 124 1.095703 0.131857
.word 0.724609  1.652453 .word 140 125 99609 0.136991
.word 0.72851 1.6569 .word 46 :26 1103516 0.142107
.word 4 1 S 422 0.147205
.word 3 1.665930 .word s s 8 0.152285
.word 2 1. 0 .word 61 .115234 0.157347
.word 141 1.674 .word 66 .1 1 0.162391
.word 0.748047 1.679518 .word 171 1.123047 0.167418
word 0.751953 1.684071 .word 177 1.126953 0.172428
.word 0.755859 1.688637 .word 182 1.130859 0.177420
.word 0.759766 1.693216 .word 187 1.134766 0.182394
~word 0.763672 1.697806 .word 192 1.138672 0.187352
.word 0.767578 1.702410 .word 197 1.142578 0.192293
~word 0.771484 1.707025 .word 202 1.146484 0.197217
.word 0.775391 1.711653 .word 207 1.150391 0.202124
.word 0.779297 1.716294 word 212 1.154297 0.207014
.word 0.783203 1.720948 .word 217 1.158203 0.211888
.word 0.787109 1.725614 .word 222 1.162109 0.216746
.word 0.791016 1.730292 .word 227 1.166016 0.221587
word 0.794922 1.734983 .word 232 1.169922 0.226412
.word 0.798828 1.739687 .word 237 1.173828 0.231221
.word 0.802734 1.744404 word 242 1.177734 0.236014
.word 0.806641 1.749134 .word 247 1.181641 0.240791
word 0.810547 1.753876 .word 251 1.185547 0.245553
.word 0.814453 1.758631 word 256 1.189453 0.250298
.word 0.818359 1.763400 .word 261 1.193359 0.255029
.word 0.822266 1.768181 .word 266 1.197266 0.259743
word 0.826172 1.772975 .word 27 1.201172 0.264443
.word 0.830078 1.777782 .word 276 1.205078 0.269127
word 0.833984 1.782602 word 280 1.208984 0.273796
.word 0.837891 1.787435 .word 285 1.212891 0.278449
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.word 290 355 1.216797 0.283088 .word 737 1165 1.646484 0.719389
.word 295 156 1.220703 0.287712 .word 740 1166 1.650391 0.722808
.word 299 57 1.224609 0.292322 .word 744 1167 1.654297 0.726218
.word 304 158 1.228516 0.296916 .word 747 1168 1.658203 0.729621
.word 309 159 1.232422 0.301496 .word 751 1169 1.662109 0.733015
.word 33 160 1.236328 0.306062 .word 754 i170 1.666016 0.736402
.word 318 161 1.240234 0.310613 .word 758 1171 1.669922 0.739781
.word 323 162 1.244141 0.315150 .word 761 1172 1.673828 0.743151
.word 327 163 1.248047  0.319672 .word 764 1173 1.677734 0.746514
.word 332 164 1.251953 0.324181 .word 768 1174 1.681641 0.749869
word 337 165 1.255859 0.328675 .word 771 1175 1.685547 0.753217
.word a1 166 1.259766 0.333155 .word 775 1176 1.689453 0.756556
.word 346 167 1.263672 0.337622 .word 778 1177 1.693359 0.759888
.word 350 ;68 1.267578 0.342075 .word 782 1178 1.697266 0.763212
.word 355 169 1.271484 0.346514 .word 785 1179 1.701172 0.766529
.word 359 i70 1.275391 0.350939 .word 788 1180 1.705078 0.769838
.word 364 i 1.279297 0.355351 .word 792 ;181 1.708984 0.773139
.word 368 172 1.283203 0.359750 .word 795 1182 1.712891 0.776433
.word 373 :13 1.287109 0.364135 .word 798 1183 1.716797 0.779719
.word 377 i74 1.291016 0.368506 .word 802 1184 1.720703 0.782998
.word 382 :75 1.294922 0.372865 .word 805 5185 1.724609 0.786270
.word 386 176 1.298828 0.377211 | 1186 1.728516 0.789534
.word 391 577 1.302734 0.381543 1187 1.732422 0.792790
word 395 :78 1.306641 0.38586 -..\ 1188 1.736328 0.796040
.word 400 179 1.310547 0.3901 \ 7189 1.740234 0.799282
.word 404 180 1.314453 0.3 \ 11} 1190 1.744141 0.802516
.word 408 181 1.318359 8 7191 1.748047 0.805744
.word 413 182 1.322266 0. 1192 1.751953 0.808964
.word 417 ;83 1.326172 7193 1.755859 0.812177
.word 421 184 x.noo-l%, .J —— 1194 1.759766 0.815383
.word 426 ;85 1.33398 . e | 1195 1.763672 0.818582
.word 430 186 an 1196 1.767578 0.821774
.word 434 187 1.34 .42 1.771484 0.824959
.word 439 188 1.775391 0.828136
.word 443 189 1.779297 0.831307
.word 447 190 1.783203 0.834471
word 451 91 1.787109 0.837628
.word 456 192 1.791016 0.840778
.word 460 193 1.794922 0.843921
.word 464 194 1.798828 0.847057
word 468 195 1.802734 0.850187
.word 473 196 1.806641 0.853310
.word 477 197 1.810547 0.856426
.word 481 ;98 1.814453 0.859535
.word 485 199 1.818359 0.862637
.word 489 7100 1.822266 0.865733
.word 493 1101 1.826172 0.868823
.word 497 1102 1.830078 0.871905
.word 502 7103 1.833984 0.874981
.word 506 1104 1.837891 0.878051
.word 510 1105 1.841797 0.881114
word 514 7106 1.845703 0.884171
.word 518 1107 1.849609 0.887221
.word 522 7108 1.423828 = ;218 1.853516 0.890264
.word 526 1109 1.427734 :.? — 1219 1.857422 0.893302
.word 530 1110 1.431641 E - 220 1.8613 .8 2
.word 534 s111 1.435547 0.52 i‘:: % ;221 1.555222 :.O:;;:'l
.word s3s 1112 1.439453 0.5255! 1.869141 0.902375
.word 542 1113 1.443359 1.873047 0.905387
.word 546 1114 1.447266 11 1.876953 0.908393
.word 550 1115 _1.451172 ’ 1.880859 0.911392
.word 554 1116 4455078 0.541097 1.884766 0.914385
.word 558 1117 | 58984 0.544964 1.888672 0.917372
.word 562 ;118 , 1 0.548822 1.892578 0.920353
.word 566 1119 1.896484 0.923327
.word 570 1120 17 0.556506 1.900391 0.926296
.word S74 1121 474 0.560333 1.904297 0.929258
word 578 1122 1778 1.908203 0.932215
.word 582 1123 1.48 1.912109 0.935165
.word 585 1124 1.436328 0.571753 ;234 1.916016 0.938109
.word 589 1125 1.490234 0.575539 1235 1.919922 0.941048
.word 593 1126 1.4941 0.579316 1.923828 0.943980
.word 597 1127 1.498047 . 0.583083 1.927734 0.946906
.word 601 112 1.501 380 86840 1.931641 0.949827
word 605 i | B 9 . 1.935547 0.952741
.word €09 B 3 6 .5943 1.939453 0.955650
.word 612 ;131 813672 598053 1.943359 0.958553
.word 616 113 $ 8 601771 | 1.947266 0.961450
.word 620 ,um 1.521484 0.605480 1.951172 0.964341
.word 624 313 1.525391 0.609179 1.955078 0.967226
.word 628 1135 1.529297 0.612868 f wsssu 0.970106
.word 6 1 1.53320 0,6165: 962891 0.972980
.word H 1137 bt 10.:620: 966787 0.975848
.word 6 1138 145410 0.623881 970703 0.978710
.word 64 1139 1.544922 0 #6275 .974609 0.981567
.word 646 1140 1.548828 0.631 6 0.984418
.word 650 1141 1.552734 0.634811 1.982422 0.987264
.word 654 1142 1.556641 0.638436 1.986328 0.990104
.word 657 1143 1.560547 0.642052 1.990234 0.992938
.word 661 1144 1.564453 0.645658 1.994141 0.995767
.word 665 1145 1.568359 0.649256 1.998047 0.998590
.word 669 1146 1.572266 0.652845

.word 672 1147 1.576172 0.656425 ;

word 676 1148 1.580078 0.659996 i PM.INC Assign program memory for variables section
.word 679 1149 1.583984 0.663558 :

.word 683 1150 1.587891 0.667112 i ;

.word 687 1151 1.591797 0.670656 .text

.word 690 1152 1.595703 0.674192 PN .word  0,0,0,0,0

.word 694 1153 1.599609 0.677720 H .word  16384,0,0,0,0

.word 698 1154 1.603516 0.681238 WSPM .word 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.word 701 155 1.607422 0.684749 .word 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
word 705 1156 1.611328 0.688250 .word 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.word 708 1157 1.615234 0.691744 .word 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.word 712 1158 1.619141 0.695228 .word 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
.word 715 1159 1.623047 0.698705 .word  0,0,0,0,0

.vot: ;;: :::g :-:::::: g-_’l‘;::;: | RTEMP  .word  0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
THera 726 j162 1.634766  0.709084 -word  0,0,0,0,0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
_word 730 1163 1.638672  0.712527 -word.  0,0,0,0,0,0,0,0,0,0

.word 733 1164 1.642578 0.715962




RECEIVE.INC

................. N
receive part

LAMM AR1 : load ARl to ACC and

PUSH i push it into stack ( save context )
LMMR AR1; #SVPTR : load SV pointer

LACC #SV+S 3

SamM ARCR : load end_of_SV_buffer+l to ARCR
MAR *,AR1

LAMM DRR

SACL L : store input value to SV buffer
OMPR [} i compare whether AR1 equal to ARCR
NOP ; no operation before XC

Xxc 2,TC : if true

LAR AR1, #SV i load address of SV to ARl

SMMR AR1, #SVPTR i store ARl back to SV pointer

LMMR AR1, #STPTR ; load ST pointer it

LACC #ST+5 i

SAMM  ARCR i load end_of_!

LACC e i load value fr

AND #0fffch i clear 2 LSE

SaMM DXR : sending W
CMPR o ; compare whi T 1

NoP ﬂ
Xxc 2,TC i Af tru

LAR  AR1,#ST : load address

SMMR AR, #STPTR ; store AR

POP i pop

SAMM AR1

NoP

RETB i

block37.asm Levinson-Durbin

check whether ill-conditioned
LACC R+10
BCND END37_3,EQ
LACC R
BCND END37_3,LEQ i 4f R

i ACC=R(11)
: if R(11)

if not ill-conditioned, continue

; if NUMERA is positive then negate results

SAMM TREGO ; TREGO = RC(2) = -SUM/ALPHA
BSAR 1

SACL e ; AWZTMP(3) = RC(2)

MPY @ i PREG = RC(2) *AWZTMP (2) in Q30
LACC *,16

APAC

SACH *& i AWZTMP(2) = AWZTMP(2) +RC(2) *AWZTMP(2) Q15
MPY NUMERA i PREG = RC(2)*SUM in Q2
LACC DENOM, 16

APAC

SACH  DENOM
BOND  END37_3,LEQ

i ALPHA = ALPHA + RC(2)*SUM in Q-13
: if ALPHA<=0 ill-conditioned occurs
i goto END37_3

MINC = 3,4,...,8,9,10 total 8 iterations using 8/2 = 4 loops

LAR ARO, #3
LAR AR3, # (AWZTMP+2)

loop for 4 times

AR3=address of R(MINC+1) for the
first loop

TMP1=MINC-1= 2 for the first loop
ARS = address of AWZTMP (MINC+1)
inner loop repeat 1 times for
first outer loop

SPLK #2, ™P1
ARS, # (AWZTMP+3)
AR4 ., #0

i
i ARl = address of R(MINC+1)

; TREGO = R(MINC-IP+2) in Q-13
i PREG = AWZTMP*R in Q2

;i ACCH = SUM + AWZTMP*R in Q-13
SUM=SUM + R(MINC-IP+2)*AWZTMP (IP)
in Q-13

store SUM to numerator in Q-13

division of - (NUMERA/DENOM)

i ACCH = abs (NUMERA)

ACCL = abs (NUMERA/DENOM)
test sign of NUMERA
clear High ACC

MINC = 1 ; if NUMERA is positive then negate
; results
RC(=R(2I/R(D A e R - - - Tl -~~~ -~ ;
..................... ee-e-ee---; division of (NUME! i TREGO = RC(MINC)
racc R+1,16 i i -
ABS i ACCH = abs(NUMERA) . i 1= 3,57,
RPT #14 . _f,-#‘l:ﬂ",a‘ ! : inner loop run for 1,2,3,4 times
SUBC R ooy = i AR1 = address of AWZTMP(IB)
BIT R+1,0 L : AR2 = address of AWZTMP(IP)
AND TMP9
Xxc 1,TC
NEG if NUMERA AWZTMP (MINC+1) = RC(MINC) in Q15
............................... 5
SAMM TREGO i PREG = RC(MINC)*AWZTMP(IB) in Q30
LAR AR1, #AWZTMP+1 i . ; ACCH = AWZTMP (IP) in Q15
BSAR 1 MPYA ® = AWZTMP (IP) +RC (MINC) *AWZTMP (IB) in Q15
SACL . i AWZTMP(2) = RC(1) in Q15 i PREG = RC(MINC) *AWZTMP (IP) in Q30
SACH *+,AR1;AWZTMP (IP) =AWZTMP (IP) +RC (MINC) *AWZTMP (IB)
spM ° “ y Lacc *,16 i ACCH = AWZTMP(IB) in Q15
MPY R+1 i
LACC R,15 4 B) =AWZTMP (IB) +RC (MINC) *
APAC (1) n Q- TMP(IP) Q15
SACH  DENOM id -14 . -,
BCND  END37 ;_mm MPY NUMERA ; PREG = RC(MINC)*SUM in Q2

............... N L —

TV AENRIE

LAR

RPT

BLDD *+, #WSPM ; move R to program memory
LAR AR1, # (AWZTMP+1) ; AR2 = address of AWZTMP(3)

MINC = 2, second iteration

ACCH = AWZTMP(1:2)*R(3:2)'in Q-13

ADRK #3

SACH NUMERA

store SUM in NUMERA in Q-14

------------------------------- ; division of - (NUMERA/DENOM)

LACC NUMERA, 16 i

ABS ; ACCH = abs (NUMERA)

RPT #14

SUBC DENOM ; ACCL = abs (NUMERA/DENOM)
BIT NUMERA, 0 ; test sign of NUMERA
AND TMP9 ; clear High ACC

LACC
shen

7 kd TLET
m +, i at
MAR
LAMM
AMM

DENOM, 16

DENOM ; AL - PHA+RC (MINC) *SUM in Q-13
= 0 goto end

*+,AR6 ; update ARS
*+,AR1
AR3 i
S. AR1 i ARl = address of R(MINC+1)
ZAP
B e s :
RPT TMP1 i TREGO = R(MINC-IP+2) in Q-13
MAC WSPM, * - i PREG = AWZTMP*R in Q2
................ R
APAC ; ACCH = SUM + AWZTMP*R  in Q-13
; SUM=SUM+ R(MINC-IP+2)*AWZTMP (IP)
i in Q-13

calculates - (SUM/ALPHA)

SACH NUMERA

store SUM to numerator

division of -(NUMERA/DENOM) |
LACC  NUMERA, 16 i

B

ACCH = abs (NUMERA)
RPT #14

SUBC DENOM ACCL « abs (NUMERA/DENOM)




BIT NUMERA, 0 ; test sign of NUMERA SAMM ‘TREGO 7 TREGO = ETRMS in Q-6
AND TMP9 ; clear High ACC MPY #0ccch i PREG = ETRMS+*0.2 in Q11
xC 1,NTC PAC i ACCH = 0.2*ETRMS in Q-4
NEG ; if NUMERA is positive then negate SuB OFFSETO i ACCH = ETRMS - 1 in Q-4
iresults BCND HERE, LEQ i if ETRMS < 1 set ETRMS = 1

-y

SAMM ‘TREGO i TREGO = RC(MINC)
:
SAR ARG, TMP1 i TMP1 = 4,6,8
LMMR BRCR, #AR4 : inner loop run 1,2,3,4 times
LMMR AR1, #ARS i ARl = address of AWZTMP(IB)
LAR AR2, # (AWZTMP+1) ; AR2 = address of AWZTMP(IP)
BSAR 1
SACL  *- ; AWZTMP(MINC+1) = RC(MINC) in Q15
PN RO (A vescsossmacan avmeing s
RPTB END37_2
MPY *,AR2 i PREG = RC(MINC)*AWZTMP(IB) in Q30
LACC *,16 ; ACCH = AWZTMP(IP) in Q15
MPYA * ; ACCH = AWZTMP (IP)+RC(MINC)*AWZTMP(IB) in Q15.
; PREG = RC(MINC) *AWZTMP (IP n
SACH *+,AR1 i AWZTMP (IP) =AWZTMP (IP) +R
i AWZTMP(IB) Q15 !
LACC *,16 ] 5 4 S
APAC i . ‘
END37_2 SACH == ) s e
' E-.H..
R mommaeanmned
MPY .
LACC *,16
APAC
SACH * ; AWZTMP (MINC/2+1) =AWZ'
MPY NUMERA
LACC DENOM, 16
APAC
SACH DENOM i ALPHA = AL
BCND END37_3,LEQ 1 if AL
MAR *,AR3
MAR *+,AR6
MAR *+,AR0
BANZD  BEG37_1,*-,AR4 ;
MAR *+,ARS
MAR *+,AR1
e e i i sensall
i
: block47.asm
i
LACC GAIN, 16
BCND  END47_1,LEQ : if GAIN
LACC GAIN
SuUB OFFSET4 i ACCL = ACCL
BCND END47_2,GEQ ; if GAIN >=
;
LACC GAIN

====---GAIN=10" (GAIN/20) ----
assume 10“(GAIN/20) = x
we got GAIN = 2010g10(x) -

ETRMS = 10*LOG(ETRMS)

P = 10°LOG2 (ETRMS) /LOG2 (10) = 10*LOG10(2) *LOG2 (ETRMS)
i suboroutine BILOG2 assumes ETRMS at ACCH is in Ql4 so when
B we get returned value at ACCL in Q8 we must add 18 Q8 to it
ADD OFFSETO
LAR AR1,#15-15 ; after NORM here is still 1 sign bit
RPT #(14-1) ; norm(x) in Q14
NORM .. : 1 < norm(x) < 2
BCND HERE, EQ i check for exceptional case
BSAR 16 ; ACCH(Q14) --> ACCL(Q14)
BSAR 14-8 ; form Q8 index from ACCL(Q14)
ADD LOG2 ; norm(x) - 1.0 IN Q8
TBLR TMPO
LACC TMPO ; mantisca (Q10)
AR1, TMPO ; combine with the exponent in ARl
TMPO, 10 ; return(A=log2(x)) in Q10
OFFSET1 ; add 18 Q10 to log2(ETRMS) in Q10
TREGO ; TREGO = log2(ETRMS) in Q10
#01815h i PREG=10*10g10(2)*1log2 (ETRMS) in Q21
i ACCH = 1010910 (ETRMS) in Q9
i = dB value of ETRMS in Q9
i ACCL = ETRMS - 32 in Q9
i GSTATE(1) = ACCL in Q9

; GSTATE(1) = -32 when ETRMS<1

: store GSTATE to GP buffer

then GAIN*log2(10) /20
as a result
2" (GAIN*1lo0g2(10) /20)
SAMM TREGO i
MPY T™MP7 :
] CALLD BEXP2
; ret ith 2%x in
PAC i AC ‘GAIN*(10g2(10) /20) in Q11
B NOP
BSAR 11
SACL TMPO
BSAR 16
H AND #0L£££th,
NEG
ADD #9
SAMM TREG1
LACL TMPO u
BSAR 8 1 "
ADD P: (x), .
TBLR
i RETD ‘
LACC PO i mantisca (Q8
SATL i shift ACC right (TREG1) bits
SACL GAIN 1 GAIN = 10°(GAIN/20) in QS
B END47_3 .
END47_1:
SPLK #020h,GAIN i GAIN = 1 in Q5
END47_3
END47_2:
SPLK #7do0h, GAIN ;i GAIN = 1000 in Q5
END47_3
i
i block67.asm
LAR AR1, #ET
ZAp i ACC = PREG = 0
SPM 2 ;i PM=2 , shift product left 4 bits
RPT #4
SQRA L i ACC = ACC + (ET(I))*2
APAC i ACC = SUM((ET(I))"2),I=1-5 in Q10
BSAR 16 i ACCL = SUM((ET(I)*2)) in Q-6
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W I  G.728 Audio Coder

Texas Instruments

DSP Solutions for the TMS320C5X

Il o991 NH1i

by Signals and Software Limited

Software Overview

DSP software which implements th"e'é’ j dard to be implemented on low-cost fixed-
fixed-point variant of the'ilTU G.728 Spés point DSPs. G.728 is primarily intended for
coding specification, This code’s nagrow-——___Digital Circuit Multiplication Equipment
band speech (300-340 psainpled at (DCME) and so features a low transcoding
8 kHz) to a rate of delay in order to avoid the creation of tele-
fication for floati phoeny sidetone echo. It is also becoming a
de-facto standard for video conferencing
audio.

~le Low- s:)lr multiple transcodings. The postfilter
Delay Code-Excited Lifiear Prediction (LD=41 nction can be omitted for single coder-
CELP) algorithm which empioys backward-  decoder operation to reduce the processing
adaptive Linear Predictive Coding (LP@::*-‘:.:—'- power required on the DSP. The perfor-

analysis in ordentoachieve a low transcod-  mancefof the G.728 algorithm may be sum-
ing delay. Thﬁwwﬁd’as follows:
adaptive postfil.t.é_r to enhance performance :.J
| | |

Bit rate e 16 kb/s -

Audio quality L

« Single transcode * | U/ ::Compaqabi:e to 64-kb{ s ‘PCM.(G.’II 1), identical to G.726 at

' : ‘ 32 kb7/s™

* Multiple transcodes * DPegradation only apparent aftep6,tandem transcodes
~% Biored dansthisSiofis %) Beflter Ofequivalefitto € 726)at32 kbl/'s
"4 Transcoding delayt € 512 fis C X

«! Music coding * No detrimental effects

Transmission properties

*DTMF/network sig- » Equivalent to 64-kb/s PCM
nalling tones :

*Modem signals ¢ Passes modem signals up to 2400 bps (note that the encoder
perceptual weighting filter must be disabled)

The software passes the full set of ITU
G.728 (fixed-point) test vectors.
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Program Memory
(Words) Data Memory (Words) .
Processing
G.728 Code Data Tables Permanent Temporary Load (MIPS)*
Encoder + decoder + postfilter 5206 1102 1840 160 37.5
Encoder + decoder 4285 1075 1219 160 33.5
Encoder only 2894 1075 754 160 23.0
Decoder + postfilter 2780 1020 1086 160 14.5
Decoder only 1859 993 465 160 10.5

* The MIPS figures above are worst-casl
values over a frame of 20 speech samples

and postfilter functio
and output format is 8-
and the frame size used

subframe basis and are calle
samples. The encoder conv

very five
sub-

(I)

J'L.

;,-14

/Z::,

—

by the decoder to reconstruct the signal. The
postfilter operates on the five sample
decoder output subframe.
& Applications include:

** Speech compression for DCME equip-
ment
Codigg of the audio channel for video
conferencing and desktop terminals
where transmission bandwidth is limited

frame into a 10-bit codeword, whu:.h_ls used:"‘ Speech storage

,1.
"“..-""

b

- g — — :“w
Availability 7 X
=

Now, under licencg‘for a one-off pay-
ment and/or royalties depending on the
commercial application. i175‘1€i'339;;ﬁ)4plicatipn

ajelAAgnNelg

Slgngls ‘and oﬁWare Lirhit&d tSAﬁL’)
based in Harrow, Middlesex, UK is a design
consultancy specializing in the area of Digi-
tal Signal Processing (DSP). From concept
and algorithm design through to real-time
DSP implementation, SASL is able to offer
its clients fast and cost-effective solutions to
their DSP needs. Services include: feasibility
studies, DSP software to order, DSP
research and algorithm design, computer
simulations (C or PASCAL), and hardware

+ | AL IR
I y |

N

Note is available. Support consultancy for
_code integration is also available.

" QAl O ]

design. In s’luﬁpo’rtdt‘jf‘tﬁe§e services, SASL
offers a range of “off-the-shelf” software. -
Contact:  David Morley
3 Jardine House
Bessborough Road
Harrovian Business Village
Harrow, Middlesex, HA1 3EX
United Kingdom
+44 (0) 181 426 9533
Fax: +44 (0) 181 869 1182
e-mail:
davem®@sasl.demon.co.uk




ITU G.728

*3 DSP

Texas Instruments
DSP Solutions

Il o197 11

Software Overview

The G.728 LD-CELP voeoder softwas
an implementation of ITU(formerly
CCITT) G.728 for the, IMS320C5x. Q17285
an international standasd«fotencod ing 8-
kHz sampled-speech si
sion over 16-kbp
approximately 4 k

Features and Benefits

ahid
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LD-CELP Vocoder
for TMS320C5x

by DSP Software Engineering, Inc.

G.728 encodes 5 sample frames of 16-bit

~_linear-PCM data into 10-bit code words.
++&:#28 has numerous applications in prod-

ucts that require high-quality speech coding
with very-low delay at 16 kbps. These
include videoconferencing, digital tele-
phony, and multimedia products.

* 2.5-ms algorithmic delay_éa_smg a 5=st
ple frame 31ze) - .

. Independen:‘. C-callable functnons

.-.d__,

1‘-. u._

‘ At o ;4‘ ‘rg"
e FullITU implen‘( /@n _ph ‘a Slﬂé{ﬂfn’_. * In-band synchronization capable
TMS320C5x s -{! '

* Run-time selectable, optimal post filter-
ing
SPOX compatible

.

\

!

i

Y

!
i
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Processor and System Requirements

» Devices supported: TMS320C5x RAM (DARAM), zero-wait-state pro-
« Algorithm category: Vocoder gram and data memory, and a processing
¢ Requirements: frame size of 5 samples. All measure-
All memory requirements are in units of ments were made using an executable
16-bit words. The MIPs ratings presented demonstration built for a third-party PC
require the listed amounts of dual-access plug-in board.
Function ] Avg MIPS DARAM Data Program
Encoder (half duplex) 219 0.6k 1.3k , 6.2k
Decoder (half duplex) ?5.? 0.6 k 16k ) 70k
Full Duplex* %9/ 4, 10k 2.2k 10.5k
* Significant portions of read-only program %e shared by the encoder and decoder.
. ,

— 9 —

The G.728 implement implementation’s object-based interface.
_ The encoder and decoder interface with
perform encoding and degoding ations: arrays of 16-bit linear-PCM samples and 10-

It also includes functi > _ bit code werds.
* L

G.728 Functions

alizés daté meniory for encoder/decoder

3l 1
ecodes a fgqm'é of coqgﬁgrds into a frame of 16-bit linear-PCM samples
En eg?ﬁg“_mg of 16-W-PCM samples into a frame of code words

G728_create (..)
G728_decode (..)
G728_encode (..)

Algorithm Verification

\

« Call DSPSE for verification details et

Availability

* Source and ijebf code currently avail-
able for licensing.

Company Background and Contact Information

DSP Software Engineering, Inc (DSPSE), Contact:  DSP Software Engineering, Inc

founded in 1989, is a leading provider of 175 Middlesex Turnpike

highly-complex digital-signal-processing Bedford, MA 01730 USA
"software used in telecommunications and (617) 275-3733

multimedia applications such as computer Fax: (617) 275-4323

telephony, digital wireless, PSTN, and satel- e-mail: info@dspse.com

lite communications, and videoconferenc- www: http://www.dspnet.com

ing.
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