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Real-Time Implementation of Wideband Adaptive Multi Rate
(AMR-WB) Speech Codec Using TMS320C6201
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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 TMS320C6201. 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 tequired time of 575 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 S4553 AlAH

1. AMR-WB AlAH 4

AMR-WB Al 282 9717 H|ESS 7 A%
%3l7], SCR(Source Controlled Rate)Z 7t
VAD(Voice Activity Detector), S8-73kl49] o
AFe  AHHE  $1¥  CNG(Comfort  Noise
Generation), <-4®  =Hglel  w¥ASE %
ECM(Error Concealment Mechanism) 525 74
Hopl 242 F3ls]= ACELP (Algebraic Code
Excited Linear Prediction) 8Hlel| 7|uls}at glo.,
6.6 kbit/s *-E] 23 85 kbis #l012] 97}#] AFR=
g Zpeol =gt DTX(Discontinuous
Transmission)™ o] AHEEE 175 kbiys®] wiAAS
233 meg =gk AMR-WB SAR-33b)e
20 msec Zel? =Zaiglok} v|EgS AL 5
e, 9712 AEree] =82 ¥ 13} et

# 1 AMR-WB SX%#337)9 v|Ef

Codec mode Source codec bit-rate
AMR-WB_23.85 23 85 kbit/s
AMR-WB_23 05 2305 kbit/s
AMR-WB_19.85 19.85 kbit/s
AMR-WB_18.25 18.25 kbilfs
AMR-WB_15 85 15 85 kbiys
AMR-WB_14 25 14.25 kbit/s
AMR-WB_12 65 12.65 kbit/s
AMR-WB_8 85 8.85 kbit/s
AMR-WB_6.60 6.60 kbiys
AMR-WB_SID 1.75 kbit/s(*)
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T

1. TMS320C6201 DSP ¥ 7&y

TMS320C6201 DSPE TIAK 'C62xx Al€e)
A% DSP & sh}bEA], CPUE 200 MHz9)
clock rateoll] 2o A% 1600 MIPSS] A5 @
H4g 4 9 B adielMe TMS320C6201
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toolS shte] B3 A edels AlFsls TIAR
Code Composer Studio(CCSHPE M7 o2 o]
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ol HdEY] B4& i 4tEas dzeEd
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ZEFHE AH dRe] §ict

2. MARZF EXtE HE FEE o
AMR-WB 341333872 A4A7F 5238 34 of
23} e HA3 2gs Sl

1) [basicop2.c]ell A2|=d 3= ETSIH 7|# 4t
%At F5E8 imrinsic 2.2 o A)Skelth

2) [oper_32bclell  A2|=]e] ¢l double
precision %14} §<rE-% inline subroutine®E
o ashsdch

3) 245l k& zh= ROM diolelg 23t uj
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s e og dusie] Agslsc)h

5) Loop trip counter’} & 7% loop 149
A4k A ykE Algsld] for 2] ASHlE
E &9k

6) Hidzale]l A2 £%r} fierele] T
Sepch wE e olgslr] sl Wy
weje] AhgS FHojsslgdcl old, o] Al
Hler e FES HiFeE Wiee
glol] $}=]AZck

7) #pragma directive® ARESI]  compilerell Al
dye]E 48 i 4L EA g} o
Foo| odA HES ofFA HFEH A7l
2k ArE Tk #pragma
MUST_ITERATE( ) = #pragma
PROB_ITERATE( ); 53} Z& A& 53
ukE- 3107} sA)s]e] 9l#| #= loop?] trip
counte]] WiEH ARE compilerollA] AtE3I
=3

8) _nassert( ) intfinsic2 A}M8-3}o optimizere Al
-3l Fgk ARE AFsisick

Hagh el AEE 4 e SR ohe
3} 2y

(1) Intrinsic SMXIL] AR

C6000 compilers intrinsic AR ot 4
olch Intrinsic d4bAhs ¢ SR FHE +
Ak, sy oS oAbl s Zhdshd ARRE
4 2)5Z assembly instruction®] mapping A1 T
"o qlizdl, dub AP BEI AR 5
glth. & € A Zoola] Agt W4E Ot
Soll o] A o) intrinsic?] QAR AR £
olck Intrinsic &4FAke] AR o] oleffrel 2
o] o} uk o] Alga} o] Az 9l
r} e|d, _sadd intrinsic2 assembly instruction®]
SADD$#} Fdgh s FEidich

nt X1, X2, v
v = _saddix], x2);

(2) Inline 7|¥=2] 4H
@"?‘—ﬂ 138 Addd “‘ﬂ, inline ?]-?—]_C_:_% A= s}
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W g7t 3EE ASE d, duidal 44
3% A& g2 Ao ofe inline o2 #ats]
o AREEITE = inline 7)9)xe} g4 A" 5
£ ZE3 AR A e 352 Y
o Fez A" depq B dielses
double-precision 4+ % FHrEE ALY
[oper_32bc] W¥¢ 2E FH-E) inline 7IS1=%
dAsle] olefje] oo} Fe] AME-5IGICE

void L_Extract (Word32 L_32, Wordl6é *hi,
Wordlé *lo)
[

*hi = extract_h (L_32);

*lg = extract_l (L_msu (L_shr (L_32,

1), *h, 16384));

retum;

]

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

(3) ROM H0|E{2| const® M

£AR58 A el 28] ghe] WA
ok 3 AAR ke fAE ole WE const
Fog Addstay, oz Fdl 1A™ HolE ROM
dele]l 2 wma]2] constants “d9(.const)ol] $= A
7ith. ©]= comptler’} DP addressing (.bss)S AM%-
1= |4l absolute addressing & AHE3HA &k, =
g Adel ¥3szlg Fd¥ A9l =€ ROM
tle|et - globaldtA A8 5 glh= Aol A3l
o} =3 bss B ohE dgEEAANA 3
o] wgle WS s FY + ek Aol
gtk Al A3 EAle) B4 A AMREE
hamming window?| g& ez e HEE
constH.2 2 AT o= el Ak
f#define L_WINDOW 384
static Wordl6 window[L_WINDOW] = {}

#define L_WINDOW 384
static const Wordl6 window[L_WINDOW] = |}

1341

www.dbpia.co.kr



FFEAEE] =52 "04-9 Vol.29 No.9C

(4) #pragma directive® AlZ2(loop trip

counter ME3aHA)

#pragma directives= compiler’} E* F5} =
2o o g ofFA Ao} st Ayt
ARE AFsA €k C6000 C compiler= 187}
2|9l pragmaS A& Hew, o]E £ loopEd
trip countere] ¥ ARE AFL F e
PROB_ITERATE I3 MUST_ ITERATES Hk=-
g7l dAFA| 942 loopEel Adstyick =gt
o]2} 218t A&2- 3= _nassert intrinsic E3F F
Stk AlA ANREZ Fx] el AMEE P
3l Pitch_med_ol¥-2 53 build optiond &
3}, directive ¥ _nassert intrinsicS A-§-3}7] AF
o] A Ale]lE 5 A3 A, o] WS Y
Az}t 2hgdo] Fa S E3kick Compiler7t A
A&t assembly U-& v A= # 29 ot

¥ 2. Pragma directive ¥ _nassert A& ¥ ZHz}

]
Pragma directive ¥ _nassert
A4 3 A4 ¥
Local Frame Size 36 bytes 32 bytes
A Apelg 5 126 110

) A|dpise| uE iy

short[Word16] 3o Ad¥l XdwWs % loop
counter$} 2 saturation 7}sAdo] U= —’?*Z*c’—
intfWord32] 3oz zAadsigich ole AMEA|
o bit %399 masking IS FAA17]7] g
Ziolud, o}l oo} o] Agalgrh(old, L&
subframe?] ZHeolE el 642 tow A=
greleh)

Wordl6 n;

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

}

Word32

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

}
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(6) Loop 22| Xl

Loop-9] AHollA trip counter®] =7|7} =He-
7% loop & WH-e] Z=F #slsled, loopi-9] A
84l Al3)=]+= branch instructionS E-HQ3}A 3}
Ak oleldt FHAL Wl 2zt 3 H oF
loop TFZ=ellA2] 22 trip counterE Z= loopi
5ol A4tk

V. fARE7E ¥ 2

AA7ke 2 733 AMR-WB 4433 AlxH]
o) weae] AgsEe}
H Sdsisich 2eadel 4 4=
+ clock() ¥-5 Standalone Simulator[load6x]}
Zho] ARg3tod cycle FE5 FAsied, old, 54
Azl et Azd 2715 @ F8 el &
2EE cycle Y 47 A58 FRIE T
Bapeta et ARslsichk 229 Y ool
Hze]e] AL COFF linkA A34% memory
map Shle sl Fyskadnt AYel AR
2J4e|] ]E‘]—‘: »1—1&;5:};(].7}_ Hl-Hs]. 23 7&0194 _‘?_zl-
olwl, 213 4ol Foizl A3} o] th¥-¥-e ko
A §Ae] EXlsk= EAelcth

T8% AMR-WB -S4 353}17]9] A XA
4] Z4l¥]l= DTX(Discontinuous Transmission),
VAD 59| 7|58 =5 ENABLE A7l AJefeil4]
243elT, MIESS AT F9eh 744
B AR el 2zt EAsielch wl=ge 7}
Woe A%, Azl g e vl gel
7 e v|ES7RR| dAA e wESSE M
7z, 7 = u]eg% A7) AFe] my oo
A o] b e ulEge Agsisich 7pd )
ESS ZAEE AHYS 99 vE 242 O 5
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oz AMgEE
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o
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33 5. Agel AR 4 v ES

20 ms Aol Zv= SAANE ¥ =Zde] A
of A85E A7 TMS320C6201 EVM H.=9
clock cycle rate7} 160 MHz ¢|2® ZA¥ Z=
FENE A)H Ze] T ¢ glen, 1 A=
2 33 2.

» o, — —cvcles
Execution Time = 160M 1000 [ m2s] ©M1D)

£ 3. THY $4vEle S S5

& e _ A

g Z#H9Y | AMR-WB_6. S| Eg AMR-WB_23
FP&£E 60 .85
Cycles 788,414 920,267 1,132,774

AlZE [ms) 4928 5.752 7.080

EVM HE=o4 733 AMR-WB SA4H-353}7]
o] tz=l Az}l PColM A Ezlold & Az}
AMZ e A deid AFE Sl dst
o 97} 2 zztow tvlzmeld Az 33e pC
Aol vlwslgdrt. 23 62 97K RE FellA
23.85kbps EEof tigh A3} H¥E Ho|w glown,
PC 732} DSP A3}t A3 1&g 4= 9ok

Hze] e3-S ¢8] 2HX3EF link-command =
< X 48t ok xyk FF g dP3E 4T
map IS W5 w), 27 dr)e] A9 64
kbytes®| AIgH= W& vime] ool T glo)
AgA] AR wize}l FeAS qeisle] qlzrelA]
= "8l =4l cod_main .obj(text)?} F& H|EL
< ZE B33 noore] FoE g Fcg)
c4t64fx.obj(.text) Z M sIAond Tl@melxi w
ql =<l dec_main.obj(text) & wiz|slHct o)
2e| 9 gele] ARE o]43le] A wine 4}
42 dlojg] wlwzle) ARgeke] 16f2ath) [91.8
kbytes] ©lx, T2  vlrele]  aj8ske.
36820(h) [218.0 kbytes]& epydc.

i

05 1 15 2 25 3t

Amphtude

15 2 25 o

Amphtude

i

05 1 15 2 2s 3 <10
Sarmples
(©)

32| 6. PC 4+ Z#e} DSP A4 A7) B2 (a) PC o
Ab Az A8 (b) DSP A4k 23 1 (o) pce
DSP <4t Azte] 23}

¥ 4. Link-command 3}

-c
-heap 0x2000
-stack 0x4000
MEMORY
{
INTPROG: origin = 0x00000000, length = 0x10000
INTDATA: origin = 0x80000000, length = 0x10000
EXTMEMO: >origin = 0x00400000, length = 0x400000
EXTMEMI: origin = 0x02000000, length = 0x400000
}
SECTIONS
{
vec > INTPROG
.text > EXTMEMO
.text_move { cod_main.obj(.text)
cdt64fx.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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