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ABSTRACT

This paper deals with analysis and real-time implementation of a wideband adaptive multirate speech codec
(AMR-WB) using a fixed-point DSP of TI's TMS$320C6201. In the AMR-WB codec, input speech is divided
into two frequency bands, lower and upper bands, and processed independently. The lower band signal is
encoded based on the ACELP algorithm and the upper band signal is processed using the random excitation
with a linear prediction synthesis filter. The implemented AMR-WB system used 218 kbytes of program memory
and 92 kbytes of data memory. And its proper operation was confirmed by comparing a decoded speech signal
sample-by-sample with that of PC-based simulation. Maximum required time of 5.75 ms for processing a frame
of 20 ms of speech validates real-time operation of the implemented system.
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¥ 1. AMR-WB 344331719 nlEg

Codec mode Source codec bit-rate
AMR-WB_23.85 23.85 kbit/s
AMR-WB_23.05 23.05 kbit/s
AMR-WB_19.85 19.85 kbit/s
AMR-WB_18.25 18.25 kbit/s
AMR-WB_15.85 15.85 kbit/s
AMR-WB_14.25 14.25 kbit/s
AMR-WB_12.65 12.65 kbit/s
AMR-WB_8.85 8.85 kbiys
AMR-WB_6.60 6.60 kbit/s
AMR-WB_SID 1.75 kbit/s(*)
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II. TMS320C6201 EVM#E O[88 alA]Zt
ay-

1. TMS320C6201 DSP % 7Hu#H

TMS320C6201 DSP+ TIAY] 'C62xx A9 =
Aa43 DSP 3 dhtEA|, CPUE 200 MHz¢
clock rateellr] i A% 1600 MIPSS] g &
3T 4 ok B dFeid= TMS320C6201
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£ 2% version 4.200]c}
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olE WUES BAME i sAY-Es dxeiEs
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fwrite) 5 o] AL =F AL
[countc] TUE ¢3E|Fe] EAE 52 A
918 Init_ WMOPS_counter(), WMOPS_output() %
I e FEE Aol dedl, 8435S o
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2. MAR EAG 93 &S Y
AMR-WB 433719 A7 $3h¢ 91 o
$3} 2o A7 AYe St

1) [basicop2.clel A2=le] Sl ETSI®] 7] 4t
294t F5EL intrinsic 22 HASIC)

2) [oper_32bclo]l  A9=le] = double
precision <4t 5% inline subroutine®.2
AB Ak

3) 239 & Z+ ROM HiolHE A7t vl
d9¢ constPo B AL 3 wime]y
const GGl $XAHC.

4) v Ao we] A0S short¥ ol
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intg o2 WISk old, WS e
saturation 7}FsAd¢] 91 loop trip counter
e g RS A " e R S

5) Loop trip counter”} 2h& 7%, loop W49
A A vhy ARl for o ARSHIE
£ &4k

6) Wrel=ele) g Fxrt ovxe]e] AP
Sxnch wE S o]83r] S8 iEe
229 AH-S FHuisRsllc) eluf, e A}
$HEr B2 FES MR e
2jel] x| A]Zck

7) #pragma directive® AHE3} compileroll Al
daelE S B8 9L B4 5 ax
Fre] dA FES oA9A HFE AWl
2 Kz ARE ek #pragma
MUST_ITERATE(  ); % #pragma
PROB_ITERATE( ); 53 7 A& %3
U 37t A Ee] QIR W loop?] trip
countel] ¥+ AHHE compilerollAl A3l
c}.

8) _nassert( ) intrinsic& ARME3}od optimizersA|
Hzstoll AjF HRE AT

45 sgol A48 F2 e 2Rk e
3} 2,

(1) Intrinsic ¢MXle] ALS

C6000 compiler= intrinsic FAMAE AAF 4
Atk Intrinsic B4R RE C FYHoER EIY 5 ¢
A, B3] osE dakmAS ZdsA AR
= EF assembly instruction®l] mapping Al#H T
=] gled, At Y 3E3] ALY 5
Stk &, C A& Feoa] At HeE 9uk ¢
Follx1e] ARg3t o] intrinsic®] AALE AMEE
Sict. Intrinsic FARRRS] ARS-E- olef ool e}
o] the] dut el AR} zhol AR 4= gl
th o], _sadd intrinsic assembly instruction2]
SADD®} 543 A4bs F3g3ich

int x1, X2, y;
y = _sadd(x1, x2);

(2) Inline ZI¥=9| MH
o] W3S AdE 9, inline 7]19=E dA3)

WO T SEFe] AR o, dibael el
3% J4E g2 Ao ohie} inline2d #AH
o] AHgETh Z, inline 71U WA MW Y
E &3] AE A $] 352 ¥ Uit
9] 3=R dqARd oy B dyedxe
double-precision <14he ¢ IrES AHYF
[oper_32b.c] Wl¥#e] BE 5ol inline 71H=E
sl olefe] e} zho] ARt

void L_Extract (Word32 L_32, Wordl6 *hi,
Wordl6 *lo)
{

*hi = extract_h (L_32);

*lo = extract_l (L_msu (IL_shr (L_32,

1), *hi, 16384));

return;

}

static inline void L_Extract(int L_32, short *hi,
short *lo)
{
*hi = extract_h(L_32);
*lo = extract_WL_msu(L_shr(L_32,
1),*hi,16384));
return;

(3) ROM HiIo[E{e] const® M

A58 A6l el oE ghol WA
W3 A YAR A FE s HEE const
Hyog Alddsla, ofF §3 xA4d ele]lE ROM
dlo]el S w22l constants FH(.const)ell $12]4]
Zrl o] compiler’} DP addressing (bss)S Al
8h= ™Al absolute addressing® AHEsHA 8l 2
g Ade] F33p|E 7Y A9l ZE ROM
dlo]elE globaldlA AHE& 4= Qlvhe AAle] AR
ol & bss 4HE ol e WS 3L
o] Wah= WF)E A3 ¥IF + Sivhke AHo|
ek AA| AFdEARe] 24 FAlA AHEE
hamming window?] & AL Sle WHTE
const8 02 A7t o= olele} e}

#define L_WINDOW 384
static Word16 window[L_WINDOW] = {}

#define L_WINDOW 384
static const Word16 window[L._WINDOW] = {}
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(4) #pragma directive® Al2{loop trip

counter FYaa)

#pragma directivet= compiler’} 54 3t =
=0] ¥ ddg ofFA AHlslok sl gk
ARE AEsA =k c6000 C compiler‘f— 187}
Z)2] pragma¥ A3 Hed), o]F F loopid)
trip countere] oI AHBE AFH £ e
PROB_ITERATE == MUST_ ITERATEE HME
357 QABR] e loopEe] Al =3
o)e} HARF HEL 3= _nassert intrinsic EZF #
435} AA NFZ A PAAe] AMEHE g4
3l Pitch_med_ol¥5 FYU3F build optiond 44
3}37, directive ¥ _nassert intrinsic® -43)7] A%
2] AF Al|E £ ZAI Ay}, o] WS EJF
A3} 2de] fEIS Flslgich Compilerrt A
AJgt assembly UL w|=E Asp= F 29 2k

¥ 2. Pragma directive ¥ _nassert A& H/Fe| A3}

1 RA
Pragma directive ¥ _nassert
Ag A g ¥
Local Frame Size 36 bytes 32 bytes
Ay Aelg £ 126 110 |

(6) X|Hipe Heig nid

shortfWord16] o2 Ald® XYW = loop
counter?} Z+ saturation 7}FsAe] v WPES
intfWord32] #22 xjAdssich ol AMElA]
e bit 399 masking A4E FAaAF] H7
Zolw, olefle] oo} o] HLslgich(eld, L&
subframe®] ZolE Jehl+ 649 ghoz wAd
Fhoict)

Wordl6 n;

for (n = 0; n < L; n++)
{

}

Word32 n;

for (n = 0; n < L; n++)

{

L
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(6) Loop 22| XK

Loopt®] AHEolA trip counter®] =7}7} A&
7% loop & ¥ F=F N8I, loopEe] A
gA] AFP=]= branch instructionS BFR3HA 3
At oleidt AL wWae s Ay A oF
loop FFEoAe] =R tn'p counters ZH= loop¥
%l A-g3dch

V. alAZ 78 % gt

AAZEe 2 T893 AMR-WB 4553} A|2H
9 s s H8 ZEasle) Asjsve
vize] AMSERE sk 2o Ay &%
= clock() I-E Standalone Simulator[load6x}2}
7o) AMg3l cycle 78 EAslg.on, old, 34
AT e & AxF 2713 94 25 AR &
83FE cycle v €% SAFES} I ¥
Pajeka osta Asigich Z2a8) 9 dojE
Wzl 248 COFF linkA] A%+ memory
map TS FE3] FAsGIcE APl AR
SAdelE s WASRpT W% 2 Aol A
ole, 113 4ol Foixl A} o] diRH-o] Tk
Al gl EAlFe FAelth

T3 AMR-WB 243331719 A A"
4] A==  DTX(Discontinuous Transmission),
VAD 58 7|58 25 ENABLE A]7] Ateloll4
ZA%19 53, HESS 7PHATNE A9l AA)T
£ ZA$E ol 2t —ﬂ"éf}ﬁq B ESS 7}
W= 7§~r o Zeict 7P e B EgolA
7P 2 BES7RR] AR R HIE%— F7HA
71, 7%‘ FL HESS H43 2§ ZHY
A ohA 7 o B ESE H43igicth Zha u)
EES 255 AU o9 vlE A& a7 5
9} zr}k o)u, Codec Mode 0+ AMR-WB_6.60
E=%, Codec Mode 8 AMR-WB_ 2385 %=t
E 47 Jehich

05 1 18 2 5 3 xior

38 4. A¥el A "B $Addle]E
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38 5. 4l AHE 7hY wES BE

20 ms HolE Ze SA41E & el g
o AR5 A7 TMS320C6201 EVM 3.
clock cycle rate”} 160 MHz o]=2 23§ 2=
TERE AD)F o] T 5 glow, 1 Ae
X 33} 2.

Execution Time =

—cycles
160M 1000 [ ms] oW1

E 3. 78% Sraple 43 &=

g Zalo N A

g Z#H4 | AMR-WB_6. P AMR-WB_23
Y& 60 85
Cycles 788,414 920,267 1,132,774
A7} [ms] 4.928 5.752 7.080

EVM REox 783 AMR-WB SR 33
9] tjzgsl A} pCold AlEHold & A3}
A2 dxghE AFs] S AE {Ael dist
o o7k RE Zztew v)zgd ZAn 3¥E pC
Astel ulwslelcl 1Y 6 97kA] Rz FolA
23.85kbps E=of iyt A3} H3L Holw glon,
PC A}s} DSP Azt A HA” 4 ik

Wzel &Fs ¢s] =X link-command
< % 49 7&4. =g HF dze] e A7
map I e o, 2o vee)Y S 64
kbytes®] AIgHE W wima] doddle Zg e
Al ALg- Hlmel Faxde sl qlavielx
< "8l Z=4] cod_main .obj(text)2} ¥ H|ES
& Ze FE3 Roexe o g 3=l
c4t6atx.obj(.text) E wixstol.en, tjFcidlMEe b
9l F=9] dec_main.obj(text) 5% wiz|3lgr) o)
w2 9 wdo) ARE o|galed AT wlmal A}
42 dlojg] wime]e] AMske] 16f2ath) [91.8
kbytes] oli, =g wimzjel Algspe
36820(h) [218.0 kbytes] & “jehgc)

L &
R

— ————

o
@

Amplitude
s

. . . .
05 1 15 2 25 3.10°

Sarmples
©

38 6. PC 4t 279} DpSp A4k 29| Hlﬂ (@ PC
PC

¥ 4. Link-command ¥}l

-C

-heap 0x2000
-stack 0x4000
MEMORY

{
INTPROG: origin = 0x00000000, length = 0x10000
INTDATA: origin = 0x80000000, length = 0x10000
EXTMEMO: ioﬁgin = 0x00400000, length = 0x400000
EXTMEMLI: origin = 0x02000000, length = 0x400000

)

SECTIONS
{
vec > INTPROG
text > EXTMEMO
text_move { cod_main.obj(.text)
c4tb4fx.obj (.text)
dec_main.obj(.text)
isfextrp.obj(.text)
} > INTPROG
.cinit > INTDATA
.const > INTDATA
.data > INTDATA
.bss > INTDATA
.stack > INTDATA
far > EXTMEMO
.cio > INTDATA
.sysmem > INTDATA
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ARE37)e § ZHYe 20 msE A)sh=d 2
¥ cycle 97 HF 9202672 A=Y o)y,
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RBuold oF 575 msol =, Ho Aee
28.76 %AxEE AA)Eed full-duplex =2 Al
g AHxe gAREs A2EE AXZReR A
& 4 9J8-8 el =3, EVM Hedy T
3 AMR-WB 44331719 tlzdsl e}
PCollA AlEEe]ld & APl M2 d=3E HAF
slgict
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