
A LOW-POWER DSP CORE AR.CH1TECTUR.E FOR. 
LOW BITRATE SPEECH CODEC 

ABSTRACT 

.A VLSI irlllJl(~rll(~~lt;l.ti(.J~l of ;L low~~onv~r DSF’ is tlo- 
scribed. which is d<YliCilt(-d to the G.723.1 low bitr;it.f\ 
speech c:oclcc X numhcr of sophistiwtrd DSP microar- 
cliitecturcs are dv\:isccl mainly 011 (lllill multiply ilC(‘ll- 

mulators, rounding and sntura.tion mechanisms. i1.11c1 

t,wo-banked on-chip rrwmory. Thtb ~JIXJ~OSNI DSF’ ilr- 
chitect~iw 1la.s lwm illtegridcd in tlitx r0t.a.l area of 7.7$? 
IIIIn2 by IIsing R 0.3ZpIIl ChIOS tPchIl010g~. which (‘ill1 

operate ilt lO.\IHz with the dissilJ;ltion of 451n~V froII1 

a. sir&> 3i7 sil~~~~ly. 

1. INTRODUCTION 

In order to rrilliw ii \.iLl.i(!t!. of lO!V IJitrate multimrdiil 
comrnunic:;ttiorl facilities. s11c11 as vitlwqhonc and T1. 
conference over GSTN (Cheral Switched Tele~~1101w 

Kctwork), t hcv arisw a strong d~~w~antl of the rt?ill- 

time spewh cotlu. at. il wry lon IJitrat,c. The ITU- 
T G.723.1[1]. nhic:h is a11 ;ludi~J prt of the ITU-1‘ 
H.324[2] i~lldi<J\-i~;rd (.orrlmllnica.t,ion st.;t.nda.rd, spwifivs 
A speech c:odcc~ iI1. ij very ion bitrate. Fig. 1 illust,r;ttt>s 
a block di;lgr;l.m of H.324, in which t.llcJ shaded prt, is 
re1a.t.d to G.723.1. This p;l.pcr descrihcs it DSP cow 
architectllrc~ cIdic~;~ted t,o G.723.1, which aims at, that 
single: chip irrll)lrrrlc~rltRt,ioIL of a realt.imc H.324 cocle:c~. 

Since G.723.1 is int.cr&d for the s~~cecl~ codcc~. it 
CR11 not reprwont~ music iIIld other il.lI(liO SigIlillS SO 

faithfully ilS slJcvY’h signals. However. t.hc wmlJrc+ 
sion rat.io for tliv sl~w’h is lay far siilwrior to thaw for 
t.he others: it(.tll;lll~. the digital voiw is to I>c co~lt~cl ;\I 
6.3/5.3 khps nitll t,lw ratio of 20:1/24:1. On the ot hot. 

handy t.his G.723.1 co(lw iwiirs ati inc:rcdi\Jle i1.IIlOllIlt 

of ~:0IIIlJlIt.itti011. for n-1iic.h any gcYlc~Ki1 piirIJow DSP 

should OperiLt,V at ill1 t~xtrcmely high frrqurncy. Mow- 
owr, considcririg 1 hat t.liis spcccli cotlcc- has to lx: ink- 

grilt,ed in coIi,jilriction with a moving picture! coclec[G]. il 

radical innov:1t.ioIi shollld tJc piirswd for the rcdiIctioI1 

Of not only the ilrCiJ OCY~lI~JilIlC~ hIIt. il.lSO tllP power clis- 
sipation. Tl111s t.llis pi+cr puts tht: milin focus OII the 

2. COn4PUTATIONA1, COST OF G.723.1 
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Fig. 2 Out.lirle of G.723.1 dvc process. 

timi codficieuts l)y LPC (Linear Predictive Coding) 
and LSP (I.iric> S~~o~~trllni Pilir). 111 tlitr drcoding l)ro- 
cess: t,licl pwdictiou cw4ficicnts arc Ilscd t.0 coIlst.rllc~l 

a synthesis filtcsr I)y nliic,li the pilcli arid non-periodic. 
rYmlpoIlC’I1t I; i1.n filtcwcl. and the> gili is rnultiplicd 1)! 
tlic oiitpiit signal of t liv filt,vr so i1.S to rest.orc die (brig:- 
inal spec~~li signal. 

As vi111 h(l rt>;lcIily SWII from Tal)l(’ 3: tllc: cnc.c.ding 
process rlwcls 1.0 iIIl(l 1 .A million cy(.I(!S per franit, il t 
5.3 and 6.3 khps. rt-ywct,irely. ard t.ht> dwoding prows+ 
Ileeds 80 tllOl1SilIld (.y(.les per frame ilt trndl Of thc50 ))i- 
trates. Sinw 1 fr;irriv is corriposcd ol 2,lO SilIIlplCS wit Ii 

the swnpliri~ IYltO of ElkHz. the \V~IO~P 1 fril.rrlc:: UMIN 
process has to 1)o cY~IIl])l~~t.c~cl within 30 IIISCY SO that i1 

dewding sl)wc’ll sigd should not. l)(l Ixoken. Conw- 

qlleritly, in ortl(~r t 0 rc%lizc~ il realtime\ c:oclcY with t 111> 
IIW of this (~orl\‘c~lltio~l:ll 16 hit DSP. ;I clock frc:cluorw!~ 
Ilcwls 

I- --- -7. -~-. --- I)itl~iltc~ 

IhYl HI. I I SW,. filrvl~ 1 .i;.23:’ .i;. 1.i; ’ 

f )I huh I I-l. lo:! I I.:\!)!) 



3. ARCHITECTURE OF THE DSP 

B: t,o cwnc;t.rwt il numlwr of MAC llnits t.o IX run in 
parallrl[5]. 

\Icthotl A iml)rou’s thv prowssing ;ll)ility, hilt in~rvasc~~ 
the chip hiw I)CY’iillSt’ of the ad(lcvl pipdine rq2jstorh. 
OII the otll(‘r hillld. hl~~tll~~~l B ctlllilr~~‘s tllta chip hizv. 
hIIt. 110t the c~lO(~k freqiitrncy. It ShOllld be iddtX1 tll;lt 
h,Icthod A rquiros ii higlwr dock frcqwnc‘y than hIot.llc)(l 
B, and tllilt MrtlIod B increases tlw chip area 11111c+ 

more than hltrt~hotl A. For our puqww of the low-powt~~~ 
consumption. it is iI major priority to reduce the clock 
frequency, a.nd hmw M~~thod B is crr~ploycd hew. 

Fig. 3 shows il st.ructurr: of our .\Z.4C schemv ill 
the propowl DSP. Two parallel MAC units are 11swl 
to rediiw t Ilv I Ii0 t0t.il.l niimlwr of iiistruction (y71w. 
The rcyl~ircvl c.1oc.k frcywncy is not so high for two 
hIXC iinits to Iw pipvlind. id hlw t.lwse two iiiiits 
are c:onnec:t,c~d iii pilril.ll(~l so that t,\vo SIXC opcratioii+ 
can he c‘xwu ted wit.hin 1 clock c.ycl(>. The mult.iploxc~t~ 
can selwt the 1 Ilit left. shift, a.ccorc1iy.q t,o wlietlivr 01 
not M.4C opcr;~tions MC: fixed dec%Il;Il. and h~nc:r this 

mechanism (-a11 ac~llic?ve two >lAC qwrations in 1 c1oc.k 
cycle. 

The propowl DSP has R 16 hit .ZLU a.nd a. I)arrcAl 
shift.er unit in aclclit,io~l t.o these hIXC units. The 16 bii 
XLU CilIl C’XC‘C’l1t.C’ iIflCl/Slll~, logic Opc~Kl.tiOIl. llC?gilt.#‘. illlll 

aholutc~ opw;lt ion in 1 clock c:yclc-. E>l(‘ll of 32 hit, I)W- 
cision (~)prill ioils is ~~xw~ltwl in t,wo clock c:yc-1~:s. .~IIc~ 

l)ilrrel shiftcAr (‘ill1 shift. tll<: 16 bit <lilt;1 rilngillg froirl 1 
to 16 bits iii 1101 II of the lc)ft, ilIld right. diwctioiis. EiiC’ll 

0f t.lle A1.K illl(l tllcJ sliift,w 11&S R. facility of Sil.tll~iltiOll 

agamst ovdlo\v. which (Ylll redwc~ tlio Iiiirrilwr of (‘oni- 
prison ;Illd I)r;lllc~ll instrwtions 

The on-chip rrifwiory is cornpowd of t\VO-t~illlkt~tl 

RAhI for 1 frame c:oclw work memory, IR.OSl (Instruv 
tion ROM) for instructions, and TRO51 (Table ROnI) 
for filter codfic%~iit tiddr. Xccor(liiig t.0 our G.720.1 
sofbare silIllllilti0ll, it. is do&led tltilt the sizes of Oii.Cll 

RAM and TROhI arc ‘Lk and 5k worcls. rcspcct~iwly. 
Siiiw t.hcb 1 frilltlc~ cwdcc prowss cui 110 c>xecutccI n-it h- 
Ollt ;l.lly il(‘(Y’SS to tllc external mrmory. not only tllcs 
t0t;ll prowssiiig S])f’(d is imprwwl. IjIlt illSO the lliltl~l 

width to t.lIv c~Xtc~rlliI1 memory is rediiuvl. 

Fix. 3 Blwk cli;l~r;lltl 01’ .\[.\(’ 

(‘L.-A). !)!).-I A ‘L~i.:~2i)/(:1O/lOI~O~ = !).23.\/H:. I ‘) _. 

4. IMPLEMENTATION RESI’r,‘l’S 



Fig. -1 Bloc:k diagram of DSP. 

terns ohbainf4 1)y cmployirlg 0.35//rr, Cr\IOS StMltlil.rtl- 

~11 and d;lt;ll~;~tll lil)rarirs. The> I~lilxi~nllr~l (dock riltfs 
is 58>IHz. ;IIltl Ilc~rlc~t~ thcb rmltirnc (YMI(Y~ of G.723.1 (‘~III 
1x1 rcalizcd. Silrcx> on-chip mmiorics tOtil11~ occll~~y tllc’ 

grcatw part. of tllcb chip ilITCl. the ill(Tc~ii.‘+ for ii11 ilfltli- 

timid AII-\C: unit is only 2.76% of tOtill chip size. 

Tahk 4 Main features of DSP core. 

Maximum c1oc.k rnt,e 
Powor dissipation 

5. CONCLUSION 

.A VLSI irrlI)l~~rrlc~ntat,io~~ of a low-power DSP ih d(l- 

scribed, which is cldicatfd to the G.TZ1.1 low I)ifril.rc’ 

speech cotlrc. .A uuull~er of sophist i<‘;lt,fbd DSF’ rrlic-I.o;lr- 
chitcctures for tllc> G.723.1 codec. 1liLVC hrt!II tl~~visicvl. 

such ,zci t,llv dllill multiply ilCCllII1lllil.tOl.S. tllcl ron~i~lin;: 
RII~ satllr;ltioIl Ill(‘(,llilIlis111, t\~~-l,ilIlk<~d on-dlip IIIC’III- 

ory. etc.. Thrl proposed DSP hits ~MYJII int.egratcd ill 
tllc: tOt,id illY>il. Of 7.75 IIIII1’L by using i3 0.35 j/XX1 CXIOS 

tcchnolog!; which (‘il.11 <)pcr;it,e at 101lI-I~ with th<l dissi- 
ption of 4511I\f~ from a single 31: supply. Dwclopnwnf 
is c:ontinuing fiirt Ilw on the rcfinemfwt of VLSI irnlb 
rnenta.tion of t 110 G.723.1 ;l.udio coding. 


