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ABSTRACT 
In this paper, a feed-forward dynamic voltagc frequency innnngcincnt method for power- 
minimum motioii video compression IS describcd. This mehod, which controls operating 
voltage/frequcncy and body hias voltage o f  a KlSC processor. leduces power consumption of 
sottwarc based video coinpression processing. The SPICE siniulation indicates that the proposed 
method reduces 82% to 65% o r  power constimption depending oil the cliaracleristics of input 
sequcnces. 
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I. IN~I'IIODUC'I'ION 
The 3rd generation wircless communication services have been started, and rich media 

services, inainly audioivisual communication or s(rcaming services, have been expected to bc a 
kcy application thinugh inobile plionc terminals. The video comprcssion processing requires high 
processing performance around several hundred mcga operntion per secund (MOPS), thertfolr 
dedicated hardware approach lias been a major approach in t e r m  o f  Inw power advantages on 
mobile terminals. Ilowever, required specificatic~ins foI the video comprcssion LS1 are iiot only 
low power characteristics. hut also ileuibility fbr the future system. In the coming ubiquitous eIa, 
video compression LSI Iiiis to r d i z c  Ilexihility to vai iuus video compression srnndwds, 
extensibility for expansion ot' rcsolutioti and I'i-ame rite, and re-usability as a intellectual properly 
( IP)  core^ To saiisl'y these three requirements, software hascd processing is  the best approach. 
Recent embedded RlSC processor flhricated by sub-decimicron technology achiews sevc1.d 
hundred MOPS, and it can handle a real time video compression software. Ilowevcr, the power 
consumption of sofirvare based processing i s  not adequately low. 

Wiih the progress of the technology scaling buyond 90[iim], the threshold vultagc is lowered, 
and it causes growth o f  leakage power. Figure I stiows sirnulated power consumption ol'256KB 
SRAM in 9(l[nm] technology. It indicates that supprcss ot' leakage p iwc r  is indispensablc iii the 
cnmiilg sub-decimicron technology em. 

'This paper proposes n feed-fbrward dynamic voltage and frequency inanagelnent nierhod to 
minimise the iota1 puwer of software based video compression processing. This method 
cooperatively controls operating voltage/frcqurncy and body hias volinge IC)  reduce holln o f  
dynamic power and leakage power. 
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2, POWER CONSUMPTION OF 3ZBI'lS lZlSC PROCESSOR IN YONM 
'L'ECHNOLOCY 

I n  sub-decimicron technology, both o f  subthreshold leakage power arid dynamic power should 
be taken into account. h V,I,I-happing scheme [ I ]  and Vh-lropping sclietnc [ 2 ]  was prrrpased to 
reduce thc dynamic powcr and tlic leakage powcr, rcspt'cti\vly. These schetncs dyiiamically 
controls operatilip voltage or body bias voltage in assucIatioil with operating liequeiicy. 
Coiisidering the reduction oi' 1ota.I powcr consumption including both of the dynamic a d  the 
lcakagc power, excessive hopping down of L L I  to ivduce the dynamic power increases the tcakagc 
power. The scaling down af k ' , ~  degndc the opemtiiig fivqnency, thcrcforc the body bias voltage 
has to be conirtrllcd toward lowlcring the ihrcshuld vol~age to ctrmpcnsalc the operating fiequcncy. 
I t  resujts in the iiicrease of the lrnkagc power. For this TI"I, halancing the supply vohage and 
the body bias voltage Is desirahle tu minimize the total power consumptiuii [31. 

Figure 2 shows the block diagram o f  the example of 3lbits RlSC processor 10 implement 
soliwarc vidco compression, which has a 32bits dava-path, IhKH dala-cache (D-cache), 16KB 
instruction-cache (I-cache), 256Kt3 internal SRAM, D M A  controllcrs, peripherals and so  on. 
Figure 3 shows simulated puwur consuinption ofthe RlSC plocGSS(1r. "Common Design Kulrs fur 
0.1 micron" recommended by Scmiconduc~wr Technology Academic Kcsearch Center (STARC) 
are used as the SPICE mudel o f a  9O[nm] prucess technology. The toggle late of  logic portion is 
set Lo I S ~ / O ] .  The accessing rate o l  thc D-cache, thc I-cache and the intcmal SKRM are set to 
SoPo], 90['%] and 13[%], respectively. Thcse vaiues we esiimated hy the 1-IDL (hardware 
description Iniiguagc) levcl simulation wilh MPEG4 visual compression soflware. 

Power wnsumptinn values obtained fi-otn the SPICE sirnulation arc plotted in Fig. 3. The 
values hrsldes the plotted poinls represent the NMOS budy bias vottage ( Vhhl,) or opersting 
frequency. PMOS body bias voltage is always se1 to Vc,,l- VI,,,,. There are eight hies in Fig. 3.  The 
live broken lines represent the operating volt;lge-powt-l- consumptioll characteristics under the 
constant operating frequency of50, 100, 150, 200 and ?SO[MHz]. In these lines, L',,i,, is modified 
Lo compensate &gradations ofoperating frequency. Thirc continuous lines rccpreacnt the powcr of 
thc RlSC in case o f  the Vdd-hopping schemc, 1111' Vhh-hopping schemc a i d  the VJj-Vhh-hopping 
scheme. 

Thc siinuliltion results indic;ites that 0.7[V] operating voltage is needed for 250[MHz] at 
V,,,,-O[V], which i s  required for rcal time MPEGC vidco compression @(QCIF, IS[liatnt./s]). I f  
the Vdd-hopping or the Vbh-hupping scheme is applied, the RlSC at 50[MH7.] operation consumes 
5.10 or  3.55ImWI. Ifowever, the power minimum ctindiiions exist in thc five broken lines. 
TliereFore, hataiicing both of the V.,J aiid (the V,l,i-VM-hopping scheine) results in a further 
reduction of power. 

3, PROCESSING PERFORMANCE FOR MPEG4+VISUAL ENCODING 
MPEti4 QClF I S[frame/s] vidco cumprcssioii requires approximatcly 200-300[MOPS]. 

Iiowever, these values are the average values and high motion sequewc requires more 
perfoimancc, and low inntion sequence requires less perlbmiance. Required performance depcnds 
totally 011 the video sequence activity. Figure 5 shows a hlock diagram of MPEG4 processing. 
Shaded blocks in Fig. 5 are the processing l'uunction whuse performance is affccted by video 
sequence activity. Required peribrinnnce of' motion coinpensation (MC), lnvcrse DCT (IDCT), 
Inverse Quantinkiun (lQ), aid variable kngih ccKling (VLC)  has been intluenced according to the 
choracleristics of the video sequence. Each processing is computationally intensive function, and 
approxiinately eighty percent of total MPECi4 p e r k " n c r  i s  occupied by MC, IDCT, I Q  and 
VLC. Conseqiiently. total rcquircd MPEC4 processing pei.fbmance coinpletely varics according 
to lfie sequence activity. 

4. IlYNAMlC VOI,'I'AG'E/FHEQUENCY MANACEMENI METHOD BY 
FOKWAKI) ANALYSIS 
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As mentioned iii Section 3, tlir required pcrfnl-mancc ot" MPtTG4 visual compression 
ording tu the scqucncc activity. Also as simulated in Section 2 ,  the 

operating vult&f'rcqirency management drastically reduces the power o f  RISC processors. 
There exist the power minimum V,,r,-V,,h conihinations. Comhining these characteristics. the 
proposed feed-forward voltageifrequency inanagement using our unique forward analysis 
algorithm can minirnizc tllc powcr of the software based MPEG4 visual compression. 
4.1 w r A i i , s  OF OUR P H O P ~ S E I I  FEED-FOKWAIW DYNAMIC 
VOLTAGElFREQUENCY MANAGEMRN'I' M R'I'HOI) 

A control o f  feed-funvard dynamic managcnicnt mcthod is show in Fig. 4, and the timing 
scqnence 01' MPECi4 process adopting the ked-liwnard dynamic ~oltagelfrequency management 
method arc shown i n  Fig. 6. MPEG4 visual cmnpressIon processing using the our proposed 
method is as footluws; 
I) Prediction of required perfbrinance for tvIPEG4 visual compression per Linmc using thc 

parameters o f  motion activity or other pmmeters. 
2 )  CJlculation of the requirod operating frequency (F,,) fiom the fbrwai-d-unalysis prediction. 
3) Conlrnlling the frequency at prcdiclcd valuc atid setting V,,,, and V,,b which minimize the 

power at that frequency. 
4) Compression o f  the new framc at thc modilied voltage and Ikquency. 
Thc above I ) - 3 ) processes correspond to the feed-hrward dynamic voltagc/ticqucncy 
management inethod, and i t  requires only less than 1 [MI IZ] cycle, which is negligible compared 
to MPEC4 compression. The duralion time Ibr vtdtagc atid kcqucncy stahility alter cuntmlling 
voltage value ("1Y i n  Fig. 6)  i s  micro seconds order which is also nrgligihle comparing 10 the 
allocated time for frainc (cx. altocakd lime Ibr a fi.aiiie in case or I5[framr/s] is 66.7[1ns]). 
4.2 I'RRI)IC'IION OF REQUIRED PERFOHMANCUE BY FORWARD 
ANALYSIS 

Thc i'orward analysis algorithm predicts future li.aine processing performance. Tohle I 
dcscrihes the parameters that affect to these prooessitig fiinctions. The forward analysis algorithm 
predicts Ihe required performance from the lollowing parameters; 
I )  
2 )  
3 j 

ruspcc~ivcly : 

Numher of' MB block matching : N 
Nuinher of valid UCT coefficicnts: VC 
Numher nf valid hlocks: V B  

The parameters o f  N ,  VB,  VC art' assumed to he pwdicted from the following equations 

N = o x N ' + h x A H S ,  + c x A Q  ( 1 )  

V R  = d x V R ' t c x  A R S ,  + J x AQ ( 2 )  

VC = g x VC'+hx ABS, + ix A Q  ( 3 )  
wtiere ABS, is sum o f  absolute ditl'erencc of' luminancc hctwccn a current liamc and the previous 
frame, N', VB'and IT' are 3 actual number ol'MB matching processing times, an actual number 
of valid hlocks, and an uctnal number of valid DCT coefficients at the previous kame, 
respectively. To predict N valuc, thrcc paratnctcrs ( N ' ,  ABS, and I'C) are chosen as affecting 
parameters. 

N' : Video sequences have good correlatiori bctwccn liamcs. When numhcr of MH 
matching Is large in 3 h m e ,  it is tended to he large i n  B next frame. 

ABS, : AHS, indicates the diftereiitial between frames, and when ABS, is large. then N 
wi l l  he largo. 

A Q  : The incruase of' A Q  resillis ill the prediclion error. The prediction error incrcascs 
the N. 

VR and VU ore also assumed to be predicted from three parameters with the same assumption. 
Furthennorc in this papcr, required processing perturmance for inution compensation processing 
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(F,,,,.), IQ processing (F,,l), IDCT (Fi , i , )r  VLU (b' ,(<) are assumed to hu predicted l'rom the 
hl lowing equations respwtiuely ; 

I : ,  no< = j +  A x N  

b;q = k + R x l / C  (5) 

(4) 

wtiere A is procrssing performance for B M U  matching, 6 is processing performance for. 3 IQ 
processing, C is processing pe r th iancc  h r  a II>CT processing, D is processing performancc f'or 
il VLU processing, andj, k, I ,  if1 are co~~stanl  parameters. Total required perfonnance 6, is ; 

where FtUbiT, is rest ol 'MPEG4 processing. Substituting Eq. ( I )  - ( 7 )  to Eq. (8), F,, I s  prcdicted 
fiom \he panmetcrs of N', VB' ,  VC', ABS, and A Q  deRrwd as Ey. (9). 

wtirrc a , j , y , c S , &  are coefticienrs. and 17 is constant value. 

F,> = F*,, + f$ + y& + f,k + t.:,,,w<> 

F,, = n +a x N'+P x VB'+y x VC'+d x ABS, + L' x AQ 

(8)  

(9) 

5. SlMU1,A'lION RESULTS 
5.1 CLOCK FHEQUISNCY PREDICTION 

In order to decide constant paratneters at Eq. ( < I ) ,  sitnulatioii has bcen executed on the 
refcrencr k i t  o f a  cornmcrcial 32bit RISC prnccssoi. The sirnularion has heel1 lcd with cunslant Q 
by 17 sequences cauh of which has originalty 150 fininus or 5 secunds. The silnulalim tktw is 3s 
li)lluws; 
I )  Monitoring ociually required perfornuncc (F,,), N ' ,  VB', and YC' form MPEG4 software 

running on the 32bits KISC prucrssor. 

2)  DetLminatiun o i ' k  values ol'cnel'licient u i n ,  a,D,y, and 6 in Eq. (9) by the regression 
analysis method. 

Also from the simulation results and Eq. (9), predicted I'i.t.quency F,,[MHz] i s  defined as; 
Fl> =(89.94+0.01 1 4 ~  N'+O.O666x V.'3'+0.0031 x VC'-t0.4150~AB.S, x IOS)11Oh ( I O )  

Eq. ( I O )  is obtained by llte regi-ession aiialysis method from 1018 points in 17 sequences. 
Figure 7 shows the correlation between predicted frequeiicy ( F J  from Eq. (10) and actually 
Iequilcd frequency (k;). The incastired /.:, lies between YZ[MI-lz] and I8S[MtIz] for high quality 
implementation, depending on characteristics of video sequences. These values are rewonable for 
the single RISC architecture witliout additional DSP core. Fot-tn Ille Fig. 7, Eq. (10) well prcdicts 
the aclually required liuqireiicy. The case that the predicted freqtlcncy is less rhaii the actually 
rcquircd frequcncy results in P failure situation. Therefore, Eq, (10) sliould he modified i t1 order 
to avoid the ircqucnt error situation. Prediction mismatch does not occui' in  thc area oI'F, > in 
(lie Fig. 7. By the following Eq. ( I  I )  modified liom Ey.( IO), 99.9% ofpoints satisfi thc colidition 

F, =(89.94+0.01 14~N'+0.0666~YB'+0.003IxI /C'+0.4150~ARS, ~ 1 0 ~ ~ ~ 1 . 1 1 1 0 ~  
({I) 

5.2 POWNR CONSUMP'I'ION ItEDUC'IION 
Thc required maximum frequency is mug\-& 230tMI lz] assuming the inaxiinuin iiumbcr crf 

the block matching N ,  ttie valid block 1% and thc valid DCT coeflicienl YC. The power 
cansuniption reduction rutio J- is d e f i ~ d  as follows; 

OfF<, > F" . 
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where M is thc inunher of fminr it1 a seqiicnue. p,, is pnwur consumplion per frame controlled by 
our method, and pj8 i s  powcr consumption per finmc a t  ccinventional inethod. I n  the case that the 
predictcd frequency is greater than lO0[MHz] and less than equals to t SO[MtHz], the predicicd 
frequency rangc becrimes I S O [ M H r ] .  In i l l i s  r a n g .  for example, p', o f  the V,&Jpping scheme 
equals to 12.3[mW] fruin Fig. 3. Figure S shows the powcr consumptiun reduction d o  r with 
four sequences that includes the hest case (low-niotitrn sequence "Akiyo") and the worst case 
(high-inotioii seyucnoe " 1 3 ~ s " )  arnoiig the I7 seqtiences. From X2[%] to 6S[%] o f  power reduction 
is estimatcd with the Vdd-Vhh-liupping scheme. 

6. SUMMAHY 
Low powcr approach foi- MPEGJ visual comprcssion processing applying llie feed-forward 

dynamic voltage frequency manageinon1 has been presented. Cumhining I ~ C  feed-forward 
dyiininic management according to thc predicted processing perl'orinance and the chxoclerislics 
of  video compression processing, the proposed method achieves minimized powcr consumption. 
The simulation res~ilts indicale il ia( the forward atiulysis nlgorithm wcll predicts the actual 
processing perfortnance. By controlling voltage and frequency ol'a RlSC processor dynamically 
by evcry frame, froin 82% to hS% reduction can he acliieved. It1 on and after 90[nm] technology 
mi, the feed-forwerd dynamic vciltagr I'rcqnency inanagonient adopting the forward analysis 
algorithm cllcctively rrduccs the total puwtr consurnption of visual comprtssion processing 
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I 0u5 I 
In?enlal256KB SAAM 

Processing funchn Afkct ing parameters fiiI the Parameters 
rocessin owt'r 

Motion uim cnsatioii Numbers ot'MU inatshin 
Iiiverse unnlizalion Numbers ot'valid DC'T cneflicienls 
lnvcrse DCT Numbers ot'valid blocks 
Vnriahlc lun [ t i  codin Nuinbcrs uf  vatid hlocks I'D 

Table I . Processing ftincrion. 
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Figlire 4. Freqtretrc.dvol!age coiifrol 
rflufltod. 

Process "6  functton 
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DCT Discrete Cosine Trarrsfom Q Quanbratloir 
IQ Inverse Quantization iocs inverse DCT 
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Frame Frame 

66.67ms pulse pulse 

auralion tor frame #n 

A : Forward analysis processing (-0.7ms) 
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C : MPEG4 processing (66.6ms) 

Figure 6. Tinting seyuence,/br rhe 
,~orw*ur.rl ariulwis. 

stability (-6011 S) 

... j: . 

Akiyo Boa1 Bus Susie 

Figure 8. f'uner. runsrrrriptiorr rehrction ralio 
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