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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 LSI by a 0.35 � m CMOS
process. The area of the VP-DSP core is 4.2mm � . It
works properly at 25MHz/1.6V with the power dissipa-
tion of 49mW. Its peak performance is up to 400MOPS,
8.2GOPS/W.

1 Introduction
Standardvideocodecs,suchasMPEGandH.263arebasedon
discretecosinetransform(DCT). They requirea largeamount
of computationfor bothencodinganddecoding.On theother
hand,Vector Quantization(VQ) is a powerful techniquefor
low-rate imagecoding[1]. Comparedwith DCT-basedtech-
niques,a videosequencecompressedby VQ canbeeasilyde-
compressed.

We have proposeda fixed-ratemulti-stagehierarchicalvec-
tor quantizationalgorithm[2] abbreviated to FRMSHVQ for
real-time low-rate video compression. It has the capabil-
ity to send10 QCIF(176� 144) framesper secondthrougha
29.2kbpstransmissionline. We have alreadydevelopeda PC-
basedreal-timecompressionsystem,wherea functionalmem-
ory calledFMPP-VQperformsvectorquantizationanda PC
performsthe restof the operations.FMPP-VQperformsVQ
at low power, but the restof the operationsareperformedon
thePCandconsumemuchpower. TheFRMSHVQalgorithm
containstwo time-consumingoperations,VQ and ME (Mo-
tion Estimation). They aresimilar operationsin that a vector
nearestto an input oneis soughtfrom a setof referencevec-
tors.A lot of distancesbetweentheinputandreferencevectors
mustbe computed.Sincethe distancecomputationaccumu-
latesthedistancesof all elements,anSIMD parallelprocessor
adaptedto VQ andME canprocesstheFRMSHVQalgorithm
efficiently.

2 Vector-Pipeline DSP for Real-Time
Image Compression

TheFRMSHVQalgorithmcontainsME andVQ, whichsearch
the vectoror the pixel block nearestto an input oneamonga
preparedsetof referencevectorsor blocks. They aresuitable
to SIMD processingsincethe large amountof SADs(Sumof
absolutedistances)mustbecomputed.

In the FRMSHVQ algorithm,VQ is appliedhierarchically
to multiple stages,wherethe dimensionof vectorsis always
fixed to 16. A codebookhas64 codevectors,eachof which
is expandedto 16 to rearrangeits elements.The nearestvec-
tor is chosenfrom 64 � 16(=1024)codevectors.Therefore,16
discreteSADs are computedfor an input vector and a code
vector. If a processorhasa 16-parallelSIMD operation,these
16 discreteSADscanbecomputedin parallel.

To make the FRMSHVQ algorithmprocessefficiently, we
proposea vector-pipeline DSP abbreviated to VP-DSP. VP-
DSPhasshort-bitscalarregistersandlong-bit vectorregisters
in aregisterfile. TheALU performsshort-bitscalaroperations
in serialandvectoroperations,whereeachelementis short-bit,
in anSIMD manner. Unlikethesubwordextensionsin general-
purposeor multimediaprocessors,vectorregistersarenotused
for long-bit scalaroperations,but only for short-bitSIMD op-
erations.TheVP-DSParchitecturerealizesa relatively simple
structuresincetheALU handlesshort-bitoperationsandonly
a limited numberof registershave longbit-widths.

Fig. 1 shows a block diagramof VP-DSP. It is basedon a
conventionalDLX processor, but four registers(V1-V4) out
of 15 are replacedby 160-bit vector registersfor SIMD par-
allel processing. The other 11 registers(S1-S11)are 20-bit
for scalarprocessing.A vector register stores16 10-bit ele-
mentsfor SIMD operations.VP-DSPperformsvector/scalar
instructionsbetweenvector/scalarregistersaccordingto 22-
bit instructioncodes. Vector instructionsperform16-parallel
SIMD operations,duringwhich thesameoperationis applied
to 16 elementsstoredin vectorregisters. To resolve pipeline
hazards,thepipelineregistersin theMEM andWB stagesare
forwardedto theEX stage.
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Figure1: Block diagramof VP-DSP.



To accelerateVQ andME, VP-DSPhasvectorinstructions
asin Table1. To computethe16absolutedistancesfor aninput
vector �� anda codevector �� , thesuba andaccd instructions
areiterated� 16 times.

Table1: Vectorinstructions.
Assembly Semantics
subardv,rsv1,rsv2 rdv[i] �	� rsv1[i]-rsv2[i] �
addsrdv,rsv1,rsv2 rdv � rsv1+ rsv2(0 
 rdv 
 63)
thin rdv,rsv1,rsv2,d rdv[d � 4] � rsv1[0,4,8,12]

rdv[others] � rsv2
accurdv,rsv1,rsv2 rdv[i] � rsv1[i+1]+rsv2[i]
accdrdv,rsv1,rsv2 rdv[i] � rsv1[i-1]+rsv2[i]
rsv: srcvectorregister rss: srcscalarregister
rdv: dstvectorregister rds: dstscalarregister

3 Performance
We compareVP-DSPwith a virtual scalarDSP that hasthe
sameinstructionsetasVP-DSP. Table2 shows thenumberof
clock cyclesfor VQ andME andtheareasof logic gates.VP-
DSPis 28 timesfasterthanthevirtual scalarDSPfor VQ and
5 timesfasterfor ME. In ME, out of 1,294operations,790are
load instructions.The load instructionon VP-DSPloadsfour
elementssimultaneouslyin a vectorregister. This is why VP-
DSPis only 5 timesfasterthanthevirtual scalarDSP. In VQ,
VP-DSPcomputes16 absolutedistanceswithout any load in-
struction. VP-DSPloads65 vectors(oneinput vectorand64
codevectors)duringtheVQ operations,which takes520(=���
 ����� ) clock cycles. Note that four iterationsof addi and
lu operationsarerequiredto load16 elementsto a vectorreg-
ister. On the other hand,the virtual scalarDSP hasto load
codevectorsfrom datamemoryfor eachelement.This is why
VP-DSPis 28 timesfaster, eventhoughthenumberof parallel
operationsis 16. As for the area,VP-DSPis only four times
larger than the scalarDSP. Therefore,VP-DSPcan compute
theFRMSHVQalgorithmveryefficiently.

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(mm� ) 2.26 0.57

4 Implementation
WehavefabricatedaVP-DSPLSI usinga0.35� m processona
24.0mm� die. TheVP-DSPcoreis synthesizedfrom aVerilog-
HDL descriptionandautomaticallyplaced-and-routed.

Figure 2 shows the chip micrographof the VP-DSPLSI.
Two DSP coresare implementedon the samedie in order
to evaluatetwo LSI libraries,EXD Lib.(#1) andOn-Demand
Lib(#2). The detail of the libraries is explainedin [4]. The
512-word24-bitSRAM worksasapartof datamemory. Table
3 describesthespecificationof theVP-DSPLSI

We have measuredtheVP-DSPLSI by anLSI tester. Fig. 3
showsashmooplot of theVP-DSPcore#2to sweepthesupply
voltageandclockcycle. Notethattheconstraintatdesigntime
is 50MHz and3.3V. Fig. 3 containsseveral measuredpower

Table3: Specificationsof theVP-DSPLSI.

Area 24.0mm� (Die), 4.68mm� (#1),4.26mm� (#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/1.6V. Thepeak
performanceis 400MOPS(=25MHz � 16 paralleloperations)
and8.2GOPS/W.
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Figure2: Chip micrograph
of theVP-DSPLSI.
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Figure3: Shmooplot of thecore#2of
theVP-DSPLSI.

5 Conclusion
VP-DSP is a vector-pipeline processorfor real-time image
compressionusingtheFRMSHVQalgorithm.It hasfour 160-
bit vector registersand11 20-bit scalarregisters. Eachvec-
tor registercontains16 10-bit elementsthatenable16-parallel
SIMD vectoroperations.The FRMSHVQ algorithmrequires
no multiplicationandhandlesan imageby a 4 � 4 pixel block.
Thus,VP-DSPcontainsnomultiplier, whichminimizesthere-
quiredareaanddecreasespowerconsumption.

We have fabricateda VP-DSPLSI usinga 0.35� m CMOS
processona24.0mm� die. Two DSPcoresareimplementedby
two independentlibraries. OneDSPcoreoccupies4.26mm�
andconsumes49mW at 25MHz/1.6V. The peakperformance
of VP-DSP is 400MOPS and 8.2GOPS/W. VP-DSP com-
presses10QCIF framesto 29.2kbpsin realtimeunderthelow
clock frequency of 25MHz.
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