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Abstract

We propose a vector-pipeline processor VP-DSP for low-
rate videophones, which can encode and decode 10
frames/sec. of QCIF through a 29.2kbps low-rate line. We
have already fabricated a VP-DSP L SI by a 0.35um CMOS
process. The area of the VP-DSP core is 4.2mm?2. |t
works properly at 25MHZz/1.6V with the power dissipa-
tion of 49mW. Its peak performance is up to 400M OPS,
8.2GOPS/W.

1 Introduction

StandardrideocodecssuchasMPEG andH.263arebasedn
discretecosinetransform(DCT). They requirea large amount
of computatiorfor both encodinganddecoding.On the other
hand, Vector Quantization(VQ) is a powerful techniquefor
low-rate image coding[]. Comparedwith DCT-basedtech-
nigues,avideosequenceompressetly VQ canbeeasilyde-
compressed.

We have proposed fixed-ratemulti-stagehierarchicalvec-
tor quantizationalgorithm[d abbreiiated to FRMSHVQ for
real-time low-rate video compression. It has the capabil-
ity to send10 QCIF(176x144) framesper secondthrougha
29.2kbpstransmissiorine. We have alreadydevelopeda PC-
basedeal-timecompressiosystemwherea functionalmem-
ory called FMPP-VQ performsvector quantizationanda PC
performsthe restof the operations.FMPP-VQ performsVQ
at low power, but the restof the operationsare performedon
the PCandconsumanuchpower. The FRMSHVQ algorithm
containstwo time-consumingoperations,VQ and ME (Mo-
tion Estimation). They are similar operationdn thata vector
nearesto aninput oneis soughtfrom a setof referencevec-
tors. A lot of distancedetweertheinputandreferencevectors
mustbe computed. Sincethe distancecomputationaccumu-
latesthe distance®f all elementsan SIMD parallelprocessor
adaptedo VQ andME canprocesgshe FRMSHVQalgorithm
efficiently.

2 Vector-Pipeline DSP for Real-Time
I mage Compression

TheFRMSHVQalgorithmcontaindVE andVQ, whichsearch
the vectoror the pixel block nearesto aninput oneamonga

preparedsetof referencevectorsor blocks. They aresuitable
to SIMD processingincethe large amountof SADs(Sumof

absolutedistancesmustbe computed.

In the FRMSHVQ algorithm, VQ is appliedhierarchically
to multiple stageswherethe dimensionof vectorsis always
fixedto 16. A codebookhas64 codevectors,eachof which
is expandedo 16 to rearrangedts elements.The nearesvec-
tor is choserfrom 64x 16(=1024)codevectors.Therefore, 16
discreteSADs are computedfor an input vector and a code
vector If aprocessohasa 16-parallelSIMD operationthese
16 discreteSADs canbe computedn parallel.

To male the FRMSHVQ algorithm processefficiently, we
proposea vectorpipeline DSP abbreviated to VP-DSP VP-
DSPhasshort-bitscalarregistersandlong-bit vectorregisters
in aregisterfile. The ALU performsshort-bitscalaroperations
in serialandvectoroperationsyhereeachelemenis short-bit,
in anSIMD manner Unlike thesubword extensionsn general-
purposeor multimediaprocessorsyectorregistersarenotused
for long-bit scalaroperationsbut only for short-bitSIMD op-
erations.The VP-DSParchitectureealizesa relatively simple
structuresincethe ALU handlesshort-bitoperationsandonly
alimited numberof registershave long bit-widths.

Fig. 1 shavs a block diagramof VP-DSP It is basedon a
corventional DLX processarbut four registers(V1-V4) out
of 15 arereplacedby 160-bit vectorregistersfor SIMD par
allel processing. The other 11 registers(S1-S11)are 20-bit
for scalarprocessing.A vectorregister stores16 10-bit ele-
mentsfor SIMD operations.VVP-DSP performsvector/scalar
instructionsbetweenvector/scalaregistersaccordingto 22-
bit instructioncodes. Vectorinstructionsperform 16-parallel
SIMD operationsduringwhich the sameoperationis applied
to 16 elementsstoredin vectorregisters. To resohe pipeline
hazardsthe pipelineregistersin the MEM andWB stagesare
forwardedto the EX stage.
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Figurel: Block diagramof VP-DSP



To accelerate/yQ andME, VP-DSPhasvectorinstructions
asin Tablel. To computethe 16 absolutadistancegor aninput
vectorZ anda codevectorg, the suba andaccd instructions
areiterated16times.

Tablel: Vectorinstructions.
Semantics
rdv[i] «|rsv1[i]-rsv2[i]|
rdv <—rsv1l+ rsv2(0<rdv<63)
rdv[dx4] «<rsv1[0,4,8,12]
rdv[others]«rsv2
rdv[i] <rsvi[i+1]+rsv2[i]

Assembly
subardv,rsvi,rsv2
addsrdv,rsvi,rsv2
thin rdv,rsvi,rsv2,d

accurdv,rsvl,rsv2

Table3: Specification®f the VP-DSPLSI.

Area 24.0mn?(Die), 4.68mn¥ (#1), 4.26mn¥(#2)
# of gates| 28,956(#1)31,393(#2)
Power 50mW(#1) 49mW (#1)(@25MHz/1.6V)

dissipationvalues, at which the test vector is the VQ of 64

codevectors. To completethe FRMSHVQ algorithmin real

time, thepowerdissipationis 49mWat25MHz/1.6\. Thepeak
performancds 400MOPS(=25MHzx 16 paralleloperations)
and8.2GOPS/W

accdrdv,rsvl,rsv2
rsv:
rdv:

rdv[i] «rsvi[i-1]+rsv2]i]
srcvectorregister rss:  srcscalarregister
dstvectorregister rds: dstscalamregister

3 Performance

We compareVP-DSPwith a virtual scalarDSP that hasthe
sameinstructionsetasVP-DSP Table2 shawvs the numberof
clock cyclesfor VQ andME andthe areasof logic gates.VP-
DSPis 28 timesfasterthanthe virtual scalarDSPfor VQ and
5 timesfasterfor ME. In ME, out of 1,2940perationsy90are
load instructions. The load instructionon VP-DSPloadsfour
elementsimultaneouslyn a vectorregister Thisis why VP-
DSPis only 5 timesfasterthanthe virtual scalarDSP In VQ,
VP-DSPcomputesl6 absolutedistanceswithout any loadin-
struction. VP-DSPloads65 vectors(oneinput vectorand 64
codevectors)duringthe VQ operationswhichtakes520(=2 x
4 x 65) clock cycles. Note that four iterationsof addi and
lu operationsarerequiredto load 16 elementgo a vectorreg-
ister  On the other hand, the virtual scalarDSP hasto load
codevectorsfrom datamemoryfor eachelement.Thisis why
VP-DSPis 28 timesfaster eventhoughthe numberof parallel
operationds 16. As for the area,VP-DSPis only four times
larger thanthe scalarDSP Therefore,VP-DSP can compute
the FRMSHVQalgorithmvery efficiently.

Table2: Numberof clock cyclesof VQ andME andareas.

VP-DSP | virtual scalarDSP
#of clock | VQ 4,872 138,243
cycles ME 1,294 6,221
Area(mnt) 2.26 0.57

4 Implementation

We havefabricatech VP-DSPLSI usinga0.35:m proces®na
24.0mn? die. TheVP-DSPcoreis synthesizedrom a Verilog-
HDL descriptiorandautomaticallyplaced-and-routed.

Figure 2 shavs the chip micrographof the VP-DSPLSI.
Two DSP coresare implementedon the samedie in order
to evaluatetwo LSI libraries, EXD Lib.(#1) and On-Demand
Lib(#2). The detail of the librariesis explainedin [4]. The
512-word 24-bit SRAM worksasa partof datamemory Table
3 describeghe specificatiorof the VP-DSPLSI

We have measuredhe VP-DSPLSI by anLSlI tester Fig. 3
shavsashmoaoplot of theVP-DSPcore#2to sweephesupply
voltageandclock cycle. Notethatthe constraintatdesigntime
is 50MHz and 3.3V. Fig. 3 containssereral measuregower
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5 Conclusion

VP-DSP is a vectorpipeline processorfor real-time image
compressiomsingthe FRMSHVQalgorithm. It hasfour 160-

bit vectorregistersand 11 20-bit scalarregisters. Eachvec-

tor registercontainsl6 10-bit elementghatenablel6-parallel
SIMD vectoroperations.The FRMSHVQ algorithmrequires
no multiplicationandhandlesanimageby a 4x4 pixel block.

Thus,VP-DSPcontainsno multiplier, which minimizesthere-

quiredareaanddecreasepower consumption.

We have fabricateda VP-DSPLSI usinga 0.35um CMOS
procesona24.0mnt die. Two DSPcoresareimplementedy
two independentibraries. One DSP core occupies4.26mn?
andconsumegl9mW at 25MHz/1.6\ The peakperformance
of VP-DSP is 400MOPS and 8.2GOPS/W VP-DSP com-
pressed 0 QCIFframesto 29.2kbpsdn realtime underthelow
clock frequeng of 25MHz.
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