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ＳＵＭＭＡＲＹＷｅｐｒｏｐｏｓｅａｎｅｗｓｃａｎｎｉｎｇｍｅthodfbrimage
signalsusingatreestructureofautomata・Thctrecisscanned

selectiveIyalongthesignalpathfbrrealizingbothlowerpower
consumptionandakindofimagecompressionbyskippingno､‐
activeclcments・Wedesi8nledthenodeautomataalongwith
photo-detectorsof32x32ina7,Ｚｍｍｘ７２ｍｍｃｈｉｐｕｓｉｎｇａ
ｌ・ＳｌｍＣＭＯＳｔｅｃｈｎｏｌｏｇＷｂＷｅｄｅｍonstrateapplicationsofthe
treestructureusingitsfeatureofselectiveactivation；amoving
picturccompressionusingimerhamediflbrcnce,anadaptiveres‐
olutionscanUkehumaneyesightandamotioncompensationａｓ
examples・
Aqy〃oMs3航ｄｚｇＢｓｃｍＭ７℃ｅＳｍＵＣ如隅SelbcZil2eac伽α加",α"‐
わ、α、孤加αgどｅ"ＣＭ》2９

weshowcircuitsoftree-structurednodeautomataand

photodetectorsｔｏｂｅｉｎｔｅｇｒａｔｅｄｏｎｏｎｅＣｈｉｐｕｓｉｎｇａ
ｌ・SjumCMOStechnology

Finallywealsoshowapplicationsofthepresent
methodutilizingits化atureofhierarchicalselcctiveac‐

tivation，suchasamovingpicturecompressionwith
inter-fralnedifference,anadaptiveresolutionscanning
likehumaneyeSightandadirectmotioncompensation
fbrmovingpicturecompression、

Inthisstudyｹwetreatimagedataasbinaryimages

fbrsimplicitybydigitizingtheirintensitybefbrepro‐
cessing,thoughwewillcommentanextensionmethod
tothegrayscaleimagesinconclusion．１．Introduction

Withtheincreasingneedsfbrimageinfbrmation,such
asmulti-media,channelcapacitybetwcenimagesensors
andimageprocessingunitsintheconventionalsystem
isbecomingoneofcriticalfactorsthatprcventscomplex
andhighspeedimagcsensing[l］

FromaviewpointofVLSIteChnolo既highlyde‐
velopedVLSItechnologicsenableustofabricateboth
thephoto-detectorsandsignalprocessingcircuitsinone
chip,whichiscalled“computationalsensor[2],[3],，,
fbrovercomingthebottleneckofthechannelcapacity
lnmostofpreviousstudiesinthecomputationalsen‐
sors,ｔｈｅｍａｉｎｔｈｅｍｅｗａsaimingofso-calledearlyvi-
sionprocessing,andfbwstudysonimagecompression
hasbeenreported

lnthissmdMatfirstweproposeanewsignalscan
methodwithakindofimagecompressioncapabilityby
skippingscanofnon-activeelementsusingatreestruc‐
tureofautomata，wherescaniscarriedoutonlyfbr
activeelementsselectedbythetransitionsofnodeau‐

tomataltisshownthatdatacompressionaboutl/７
ispossiblebythepresentmethodagainsttheconven‐
tionalrasterscanmethodfbrsamplesofbinaryimages・
Itismoreeffectiveespeciallyinpictureswithlargeratio
ofnon-activeelements,suchasinter-framedifferenceof

movingpictures・Here,notethatthe“active，，elementis

defineddependingonsituations・Itisanywaydefinedas
animportantelementwhichcarriesinfbrmation，Next，

2．IreeStructurefbrImageScan

2・lSignalScanningStrategy

lntheconventionalrasterscanmethod,thatisusedin

CCDdevices,asshowninFigl(a),allthephotodetec‐
torsinasensorarealwaysscanned,evenifthenumber

ofactiveelementsisexpectedsmallenoughThisises-
peciallythecaseofthediflerencebetweenthecurrent

andthcpreviousftamesofmovingpicturesltimplies
thatthereareredundantcyclcsintheconventionalscan

metho｡,resultinginuselessconsumptionoｆｐｏｗｅｒａｎｄ
ｔｌｍｅ

Ｆｉｇｕｒｅｌ(b）showsanewmethodofsignalscan
usingatreestructureofautomata，whichcanreduce

theredundantcyclesintheimagescanHerethephoto
detectors，whoseoutputsarebinary6areplacedinthe
lowestlevelofthetreestructurcTheautomatonineaCh

nodehasavalueaslogical-ORofitslowerlevels,au-
tomata,ａｎｄｒｅｔｕｒｎｓｔｈｅｖａｌｕｅｔｏｔｈｅｈｉｇｈｅｒｌcvelwhen
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（a）（b）

Fig.１Twosignalscanmethods．（a)theconventionalrater
scan，（b）thepresentscanmethodusingtreestrucmreofau-
tomata、Thecirclesarescancircuitsandsquaresarephotode-
tectors・Numbersinthefigureindicatethescquenceofscan．
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itisscannedbythchigherleveLThevalucofOimplies
thatthevaluesofａｌｌｔｈｅｌｏｗｅｒｎｏｄｅｓａｒｅＯ,sothatit
isnotneededtoscanthelowerlevelfilrther,Whenthe

valueisl,thcautomatonstartsscanningthelowerlcvel
nodesinorder・

Allthenodeautomataareessentiallyidentical,the
state-transitionofwhichproceedsusingagatedcloCk
siglal（tnuns伽nsignal)fromtheuppernodetothe
lower,ａｎｄａα〕nlpletionsignalfromthelowernodeto
theuppcr・Thevalueretumedbythelowernodesprop‐
agatestotheuppernodes,finallyuptotheoutsideof
thesensor､FbrexampleinthecaseshowninFi9.1(b)，
theinitialt7wzs伽ｏｎｓｉｇｎａｌｉｓｓｅｎｔｔｏｎｏｄｅｌｆｒｏｍｔｈｅ
outside・NodelreturnsZthensendsthetmnsitionsig‐
naltonode2Similarlymode2returnslthensendsthe
tnmsitjo〃signaltonode3・Node3returnsl,fbllowed

byOandl,respectivelyうcorrcspondingtothephotode‐
tectors;４ａｎｄ５．Whenreturningthefinalvalue,、ode
３enablesthecompletionsignalaswell・Rcsponding
tothecompletio〃signal，node2sendsthetwznsition

signaｌｓｔｏｎｏｄｅ６，whichreturnsOwithenablingthc
compJetjonsignal・Respondingtothecompletdonsig‐
nal,nodelsendsthe伽ns雌onsignaltonode7,which
againreturnsOwithcnablingthecompletio〃signaL
Respondingtothecompletio7Lsignal,nodelenablesthe
completjonsignaltotheoutside,ｉｎdicatingtheendof
datascanThusdatasequenceoflllO100isgenerated，
whiletheconventionalrasterscanresultsinOOOOOO10．
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TherclationbctweenLandp1isillustratedin
Fig・Zfbrthe21ophotodetectors,whichindicatesthat
６＝４givesthesmallestcodelengthltcanalsobe
shownsmallestinallcasesofthenumberofphotode‐
tectorslnthisstudyweconsiderthetreestructurewith
b＝４，ｉ､e､ｓｏcalled“quadtree,,，ｗｈｉｃｈｗｅｃａｌｌｌ:４舵C
hereafter・Thecodeencodedwiththisquadtreestruc‐
tureiscallcdM舵CCC血

Thoughseveralapplicationsofthequadtreefbr
imagesignalsarealreadyreportedfiPomviewpointsof
datastructuressuitablefbrimagcproccssingbysoft‐

Ware[4],wewillshowthatitisalsoadequatetoapply
l:４treefbron-chiphardwareimplementationofimage
signalscompressionofcomputationalscnsors．

ＩtisnotablcthatthedecodealgorithmofMtreC
codeissimplyimplcmentedbyscanningapartofthc
codestreamwhichiseasilyimplementedinhardware
circuitwithasmallshiftregister．

2.2MeanCodeLength

Hereweanalyzethecharacteristicsofthedatasequence
generatedbythetreestructureDefiningthatbisthe
numberofbranchestolowernodeｓａｎｄＮｉｓｔｈｅｎｕｍ‐

beroflevelsinthetreestructure,thenumberofphoto
detectorsWD,ｉｓｅｑｕａｌｔｏ６１ｖ－１・Notethatthetopnode
isatleveljVandthephotodetectorsisatlevell,then
theleveliscoumcdfi｢ｏｍｌｏｗｅｒｔｏｕｐｐｅｒ・Assuming
nocorrelationinphotodctectorsUataandtheactive
(black)probabilityofphotodetectorsishanodein
(j＋1)-thlevelbecomesactivewhen・thereareatlcast
onenodewhosevalueisactiveinj-thleveLThusthc

activationprobabilityofthenodein(j＋1＞thlevel，
pd+，isfbrmulatedas

Z3ExamplesofScanning

Figure2indicatesthatthepossibilityofactivephoto
detectorslargerthanO24resultsacodelengthlarger
thantheconventionalrasterscan・Thoughp1isusually
expectedtobelargｅｒｔｈａｎＯ２４ｉｎｃａｓｅｏｆｓｔｉｌｌｉｍａｇｅｓ，
ｔｈｅＬｉｓｔｈｃｃｏｄｅｌｅｎｇｔｈｏｆｒａｎｄｏｍｐｉｃturelnother
words，thespatialfrequencyishi9h．Practicallyitis
experiencedthatthespectruminspatialfrequencyis
dominantinlowfrequency・

Ｗｅｃａｒｒｉｅｄｏｕｔａｓｉｍｕｌａｔｉｏｎｏｆｌ:４treescanfbr

movingpicturestostudythecodelengthLfbrpractical
cases・Wehrstencodedeachframeinexamplesofmov-
ingpicturesasastiUimaｇｅａｎｄｃｏｍｐａｒｅｄｉｔwiththe
rasterscanThesepictureshave256x256pixelswith256
scalesofintensityineachframe・Wegcneratedbinary

胸十,＝１－(１－p`)6．

Sopiisdescribedasp`＝１－(１－p,)ザ-1.Usingtheac‐
tiveprobabiliticsofthenodeautomata,themeancode
length,Ｌ,isderivedasfbllows,withkeepinmindthe
factthatthecodelengmisexactlyequaltothetotal
nulnberofscansatalllevels

ThehrstScantothetopnodeisinvokedfiFomthe
outside,sothatLcontainsthisbit、Ａｓｆｂｒａｎｏｄｅａｕ‐

tomatonatthei-thlevel,itconditionallyscansitslowers
whenitisactive,sothattheexpectedscannumberis
pjhSincetherearebN-inodesatthcj-thlevel,Ｌｃａｎ
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ＩｎｂｌｅｌＴｈｃｌ:４treecodelengthofexamplepictures、価is
themeanofactiveprobabilityofclementsandthenumberin
parentheｓｅｓｉｓａｒａｔｉｏｏｆｔｈｃｌ:４trcecodelengthtotheraster
scan.）

nuble2Transitiondiagramofnodeautomaton.(sands，are
thecurrentandnextstate,respectively）

Inputs
CVEAEBECED

imagesbydigitizingtheintensity6Codelengthsofl:４
treescanareshowninTablelwiththeratiotothccode

lengthofrasterscanTheresultsshowthatthel:４tree

codelengthissmallerthanthatoftherasterscan,even

incaseofactiveprobabilityofphotodetectorslarger
thanO24,andthel:4treecodelengthisaboutl/６tＣ
ｌ/2ofthatoftherasterscan．

ⅢITTF「兄【〃

3．ImplementationofMIree

31CircuitofNodeAutomaton
〃jlbelbwemMeAの伽わwemo庇、

Fig.３Signalsofnodeautomaton・Eachnodehasthesignals
ofthetm"sitio冗，thecompletZon，andthevaluesignallbrthe
uppernodeandthefburlowernodes．

Wedesigncdacircuitfbrthenodeauｔｏｍａｔｏｎｉｎｌ:４

trecstructure,Thestatetransitiondiagramoftheｎｏｄｅ

ａｕｔｏｍａｔｏｎｉｓｓｈｏｗｎｉｎＴ肋le2HerethestateWrep-
rcsentsu）α緬叩,ａｎｄｔｈｅｓｔａｔｅＳＡ，…，SDarethestates

ofscqnnj叩lowernodesA,…,Ｄ,respectivclybCisthe
伽nsitionsignaltotheautomaton,ａｎｄＣＡ,…,ＣＤａｒｅ
ｔｈｅ舵nsitionsignalstoitslowernodesA，…，、，ｒｅ‐

spectivelyEA,…,EDarethecompletjonsignalsofthe
scanfromthelowernodesA，．．.，、,respectively、VOis
thelogical-ORofVA,…,Ｖ､,ａｎｄＶａｎｄＥｉｓｔｈｅｏｕｔｐｕｔ
ｖａｌｕｅａｎｄｃｏｍpletjonsignalofautomaton,respectively
ThesesignalsaresummerizedinFi9.3．

Thedesignedcircuitofthenodeautomatonis

showninFi9.4.Inthetreestructure,theclocksignal
isgatedsoastopropagatethroughthescanningpath
withoutactivatingothernodes・Wecallthisschemcse‐

んcZiyeac"wz肋",whichiseffectivefbrrcducingpOwer
consumption，Thisnodeautomatoncontainsl42tran-
sistors､Thenumberofnodes,jVA,inthetreestructure

ofjVlevelis乙皆l4i-1＝4jv-1/3,whilcthenumber
ofphotodetectorsis4jv-1・Sothenumberoftransis‐
torspcrphotodetectorisl42/3＝47,whichissmall
enoughtokeepapracticalfill-fHctorcomparedwithprc‐
viousstudies[S1wheretheeachphotodetectorcontains
about40transistorsandonelargecapacitor，

Wecarriedoutspicesimulationoftreestructures
composedofthecircuitstoestimatethepoweｒｃｏｎ‐
sumptionfbrvariousimages・Ｒｅｓｕｌｔｓｏｆｓｃａｎｎｉｎｇ４ｘ４
ａｎｄ８ｘ８ｐｉｘｅｌｓａｒｅｓｕｍｍｅｒｉｚｅｄｉｎｎｂｌｃ３・Ｉｎｃａｓｅｓｏｆ

】【】Ｕｕ【Ｉ】Ｅ

ﾛロ』【】Ⅱ】＿［ｕ］HIP

＞

Ⅱnｍ」Ⅱ皿Ｂ【】傍

Fig.４Circuitofnodeautomatonfbrb＝４．Ｔｈｉｓcircuit
containsl42transistors．

8×８pixels,theMtreehasonetoplevclnode,Ｚｘ２ｍｉｄ‐
dlelevelnodes,４x41owerlevelnodes,ａｎｄ８×８photo

detectors（thesewcreglvenasvoltagesourccsinthis
simulation)ｉｎorder・nlble3showsthemeanenergy

consumptioninthewholetreesperonebit，Ｔｈｅｔｏｔａｌ
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nLble3ThepowerconsumptionUofl:４trecstructureinthe
scanof4×４ｏｒ８×８pixcls．

▲▲
<■ｐｑ■〉ｑ■pq6pPhoioDete
▼▼▼▼ＤｄＰＤｆ

ｒ

ｌｍａｇｅ ＃ofpixels Codelength UhpJ/bit］

ｑｗ９ｐｑ:｡｡；､、LWF

ｑｗ９ｐ＜:､q:､、｡に､‘
△▲ＤＩｇｒＥ

■■Ｐ＜■＞＜■＞■■＞
▼▼▼

Fig.５Possiblelayoutofphotodetcctorandnodeautomaton
ofl:４treestructure．

energyconsumptionscanningthewholeimageisthe
productoftheenergyperbitandthecodelengthThis
resultshowsthattheenergyconsumptionperbitkeeps
almostconstantindependenttotheimagepattern・The
constantenergyisnotsensitivetothenumberofphoto
detectors,sincethelengthofthesignalpathactivated
fromthetoptoaphotodetectorisproportionalnotto
thenumberofphotodetectorsbuttothelevelsofthe
tree．

3.2Layoutofl:４Ｔｒｅｅ

SinceVLSIcircuitshavetobelaidoutonasurfaceof

siliconchip,itisdesirablethatthenodeautomatain

treestructureislaidoutsoastokeepthearcaofphoto
detectorslargeenougllThephotodetectorsshouldbe
placedintheequalintervalinfbcalplain、

Apossiblelayoutofphotodetectorｓａｎｄ、odeau-
tomataisshowninFig5,thatcanplacephotodetectors
unifbnnlyandnodeautomatawithfilll-fillingthesur‐
ｆａｃｅｏｆＣｈｉｐＩｎｔｈｉｓｌａｙｏｕｔｔｈｅｕｐｐｅｒnodeautomata
canoccupythelargerareaandthusitcancontainthe

largersizetransistors、Thisisreasonablesincetheup‐
pernodecircuitshavetodrivelongersignalwiresin
thetwodimensionaltreelayout・Thisisalsosuitable

tominimizcdelays[6］
Wedesignedthistwodimensionaltreestructurein-

cludingnodeautomataandphotodetectorsfbrL5lum
CMOSwithdoublemetallayers，ａｓｓｈｏｗｎｉｎＦｉｇ６・
Eachphotodetectorhasfimctionsnotonlyconverting
photosignaltobinarysignal,butalsogeneratingthe
inter-framedifferenccbyhavinglatchesincachphoto
detector・ThisChipisnowunderfabrication,ａｎｄｍｅａ‐
surementresultswillbereportcdinncarfUture．

Fig.６Ｃｈｉｐｌａｙｏｕｔｏｆｔｈｅｌ:４treestructurewith32x32photo
detectorsbyL5似ｍＣＭＯＳＣｈｉｐｓｉｚｅｉｓ７､2ｍｍ×7.2ｍｍ・The
totalnumberoftransistorsis94,035.

someofimageprocessinganditsimplementation．

4.1InterframeDifference

lnmovingpicturessuccessiveframesusuallydonothave

somuchdifferences・Oneofthesimplestalgorithmsfbr
movingpicmrecompressionistoutilizetheinter-frame
diflbrencebyscanningonlydiffercnces・

Wecarriedoutthel:４treescanfbrmovingpictures
inSect､２andcompareditwiththerasterscanResults
ofl:４ｔｒｃｅｓｃａｎａｒｅｓｈｏｗｎｉｎｍｂｌｅ４ｗｉｔｈｔｈeratio

tothecodelengthofrasterscanTheresultsshowthat
theratioofactiveelementsintheinter-ftamedifIerences

isonlyafewpercents，ａｎｄｔｈｅｌ:４ｔｒｅｅｃｏｄｅｌｃｎｇｔｈｉｓ

ｓｍａｌｌｅｒｔｈａｎｉｎｔhecaseofstillimages，Compression
ratioisaboutl/14ｔｏl/8comparedwiththerasterscan・

Thisfilnctioncanbeimplementedjustbyadding
anexclusiveORgateandalatchtogeneratetheinter-

fiPamediflbrencesinphotodetectorswithoutmodifying
thenodeautomata．

4．Applicationsofl:４１ree

Inthisscctlonwediscussapplicationsofl:４ｔｒｅｅｆｂｒ
●
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nLble4Codelengthofintcr-丘aInediflbrcncesinexamplepic‐
tures．（pPisthcmeanofactiveprobabiliwintheinter-framc
diffErences・Thcnumberinparenthesesisaratioｏｆｔｈｅｌ:４tree
codelengthtotherasterscan.） 群

P旧viousRam

ll／

野-辞令聯‐
し

FigBSimplealgorithmsofmotioncompensationtoselectthe
directionwhichgivesthcminimumdiffcrencebetwecnthepre‐
viousframeshiftedtoonedirectionandcurrentframefbreaCh
subarea．

scanoftheotherareasareintentionallystoppedonthe
wayatthesecondlowestleveL（Notethatthepictures
inFig7areillustratedasgrayscaleimagesfbrreaders,
convenience・Theseimagesareprocesscdafterdigitizing
tobinaryimagesinthisstudy）

Thisfilnctionisimplementedbyaddingineachau‐
tomatonanANDgatejudgingwhethertocontinuethe
scanoflowernodesortofinish,controUedbyasignal
givenfromtheoutside．(b）

Fig7Theoriginalsampleimage(a)whichgivesthecodeof
59,O61bitsandtheimagcwithmakingattentiononlytoitssub‐
area(b)whichgivesthecodeof8J77bits．

4.3MotionCompensation

Themotioncompcnsationisoneofthemostimpor-
tantandcomplexfUnctionsinpracticalmovingpicture
compressionsuchasMPEG2[8］Thccomputational
complexityofmotioncompensationisoneofthekey
factorswhichprevelltsthesingle-chip,real-timeMPEG2
encoding・

Intheoriginall:４treestructure,eachnodereturns
avalueoflogical-ORofthevaluesoflowernodes・We

modifythevaluesothatitreprcs弧stheanalogsum
ofthelowernodes，value、Thusthenodevaluestands

fbrthepartialsumofthephotodetectors,values・Using
thediflercnceofthecurrentframeandashiftedprevious
fiameasthepixclvalues,insteadofphotodetectors，out‐
puts,ａｓｓｈｏｗｎｉｎＦｉｇ８,thenodevalucgivestheshifted
inter-ftamedifYbrenceinsubareabelongingtothenodes、
Themotioncompensationisrealizedbyfindingtheop‐
timumshiftdirectionwhichgivestheminimumnode
valueinmagnitude,amongshifteddirectionso2fbrex‐
ample,N,NEE,SE,S,ＳＷ,WandNWHereN,S,E
andWarethenorth,thesouth,ｔｈｅｅａｓｔａｎｄｔｈｅｗｅｓｔ，

respectivelyAssumingveryhighftamerate,themotion

distanceofobjectisexpecttobclessthanonepixel[９１
andinthiscasethemotionshouldbecompcnsatcdonly
withinoneneighbourpixels・

ThismethodgivesfastercalculatiOncomparedwith
theconventionalmethod，andtheadaptiveresolution
scanscanbeapplicdineachshiltdirectiolLThereso‐

4.2AdaptiveSpatialResolutionScan

Ｈｕｍａｎeyesighthasthefimctionfbcusingtoanarea
thatwepayattentionto,andmoreinfbrmationistaken

outfromtheareacomparedwiththeotherarea、In
implementingthisfilnctioninthesensor,ｗｅｎｅｅｄｔｏｉｎ‐

troduceadaptivemechanismnotonlｙｉｎｔｈｅｓｉｇｎａｌｉｎ‐
tcnsityresolution[７１butalsointhespatialresolution、
Fbrexample,incaseofseeingthepictureinFig7(a)，
weusuallyfbcustotheareaofPing-Pongballandthe
effectiveinfbrmationinhumaneyesightmaybeillus‐
tratedasshowninFig7(b)．

Ｔｈｅｓｃａｎｉｎｌ:４treestructureproceedsftomthe
topleveltothebottomphotodetectorｓｉｎｏｒｄｅｒ，and
thelowerlevelgivesthehigherresolution，whilethc
higherlevelgivesthesummerizedinfbrmationofthc

lowerleveLWecandynamicallyselecttwoscanmeth‐
ods;eitherthenormalscanfbrthefbcuse。area,ora
scanintensionallystoppedonthewayfbrtheotherarea・
Thuswecanobtainanimagewithadaptivcresolution，
whereresolutionishighonlyinthefbcusedarea

Fbrexample,thefbcusedimageinFig7(b)gives
just8,l77bits,whichisaboutl/８againstthenormal
scaninFig7(a).I、Fig.７(b),onlytheareaofthePing-
PongballandtheracketisnorInallyscanned，while

Ｎａｍｅ pRｎ

1地ＴＩ□■Code[…小ｈ

ｍｅａｎ

ofEmchv已図e症画､83(､！

lminlmax．
MissA 1.1％ 4692

(7.2%）

Ⅱ

(ＣＤ０２%）

6733

(103%）

Ｎｅｃｋ 1.6％ 6068

(9.3%）

Ｉ

(OOOZ兇）

8．５５

(13.録）

Ｒａｉｌ 3.3％ 8342

(12.7%）

１

(O００２%）

、729

(17鋼）

Rajl2 2.1％ 68196

(106%）

Ⅱ

(Coo鋼）

7801

(、,税）
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lutioniscorrespondingtothesizeofmotioncompensa‐
tionarea・Thisfilnctionisimplementedbymodifying
thenodeautomatasoastogivethevalueofthesumof
thclowernodes,values,andbyaddingtheshiftfimction
ofthephotodetectors，outputstoitsneighbors,along
withtheintcr-framediffbrencemethodasdescribedin

Sect,4.1．

Theimplementationofthesumfimctionincach

noderesultsinahighamountofhardwareofusinga
digitaladder・Ｉｔｗｉｌｌｂｅｓｕｉｔａｂｌｅｔｏｕｓｅａｎａｌｏｇａｄｄer
heresoastokecpthcincreaseofhardwareinreason-
ableamount．

hardware,，，Proc.ＳPIE,voL1473,ｐｐ､2-16,1991．

[3］Ｐ・Sciz，DLeipold，Ｊ・Kramcr，ａｎｄＪＭ、Raynor，
“Smartandopticalimagesensorsfabricatedwithindus-
trialCMOS/CCDsemiconductorprocess,,，Proc・SPIE
voL1900,ｐｐ､30-39,1993．

[4］HSamet,"Regionrepresentation:Quadtrecsfrombinary
arrays,，，ComputerGraphicsandnnageProccssing,voL13，
ｐｐ､88-93,1980．

[5］AGruss,etal.,"AVLSIsmartscnsorfbrfastrangeimag-
ing,，，Proc・IEEEInt・ConfonIntelligentRobotsandSys‐
ｔｅｍｓ，1992．

[6]ＮＨＥＷｅｓｔｅａｎｄＫ・Eshraghian,``PriciplesofCMOS
VLSIdesign：Asystemsperspective,，，Addison-WesleX
l988．

[7］Ｂ・Fbwler,etaL,"ACMOSareamagesensorwithpixel‐
１evelA/Dconversion,，，ISSCC'94,ｐｐ､226-227,1994．

[8］ISO/IEC13818-1,13818-2,13838-31nternationalStan‐
dard，1994．

[9］IIshii,etal.,“Targettrackingalgorithmfbrlmsvisual
feedbacksystcmusingmassivelyparaUelprocessing,，,Proc・
ＩＥＥＥＩｍ,ConfRoboticsandAutomation,ｐｐ､2309-2314,
1996．

[10］Ｐ.Ｗ・Mounts，“Avideoencodingsystemwithcondi‐
tionalpicture-clementreplenishment,,，ＢＳＷ，ｐｐ,2545-
2554,1969.

5．SummaryandConclusionS

Wehaveproposedanovelsignalscanmethodinimage
sensorsusingatreestructureofautomata・Thecode

lengthisexpectedtobemuchsmallerthanthecon-
ventionalrasterscanespeciallywhenapplyingtothe
difIerenceofsuccessiveframesinmovingpictures、

Wehavedesignedacircuitofthetreｅａｕｔomata，
wheretheclocksignalisgatedtothelowernodeselec‐
ｔｉｖｃｌｙｓｏａｓｔｏｍｉｎｉｍｉｚｅｔｈｅｐｏｗｅｒｃｏnsumptionWe
havealsodesignedatwodimensionallayoutofthe
l:４treestructurefbrafUll-customchip,inwhichboth
thenodeautomataand32x32photodetectorsarein‐
tcgratedin7.2ｍｍｘ７２ｍｍｃｈｉｐｕｓｉｎｇ1.5似mCMOS
technolo邸andthechipisnowunderfnbricationt
lfusingaO・皿mtechnologyinfilture,itisestimated
480x480photodetectorsareiⅢegratedonasinglechip

Wehaveproposedapplicationsofl:４treestructurc，
suchasamovingpicturecompressio､,anadaptivereso‐
lutionscanlikehumaneyesight,andamotioncompen‐
sationfbrmovingpictUre,whichareimplementedwith
asmaUextensionineaChnodeautomataandphotode‐
tectors・

ThoughwetreataUtheimagesasbinaryinthis
studyうitwillbepossibletoextendthemethodtogray
scalcimagesbyintroducingtheconceptofthecondi‐
tionalrcplenishmentmethod[10],whcrcanagsignal
associatedwithaphotodetectorisenabledwhenits
nnageintensityhaschangedbyapredefinedamountof
magnitude､Pbrextcndingtreescanmethodtograyscale
images,wecanrcplacethebinaryimagedatasimplyby
theHagdata,whilethegrayscaleimagedataisreadout
byanadditionalanalogsignalpath．
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