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pace Variant

Thistpaperdescribeseeecgobtained [from Bensor@havine Rpacevatiant¥eanpling feridsMMt Lhekonnectivity feraphk|
presentedfasta fundamental, any(kindlofspacevariant
Bensor.l. anallyeeVision jismstronely spacevariant ™
number of research leroupsiavebeenlexperunentinefwith bpaceWariantisensorsmpsuch bystems
cover wide solid, -_s a MmaintainghichPacuity fin ktheircentral freeionsMgimplementation fot|
SpaceWariantisystems§posefatileast—itwo loutstandine [problemsMgrirstMpsuch fa bystemImustfbe|

active$ijordertotutilizetsphich acuity frecion! sweomitrl
problemsieeSize Msbape Jand. liPlocessine Popcrationsmsuch fasmconnected fcomponentsMiconvolution Mtemplate Mmatchine&
evenimacetranslationstakeonmewand\differentMornsiwhendefined lonspacevariantimaccss
The Ipresent#ipaperprovides#ia Jeeneral method HorspaceWarianthimageJprocessing @based fon fa,
connectivity feraph fwhich frepresents|theneiehbor-relationspin fan farbitrarily Btructiiredbensor.|
We fillustrate [thislapproach with [the Hollowine fapplicationst, 1)componentemis
reduced Ito LithMetaphMtheoretic JcounterpartMmm We LllustirateIt! a loemap|Sensowylich|
possesses—ia.| topolory Idue Ito theIbranch Fcutfassociated with thecomplex Movant
function Mm 2) MWe Bhowhowtto [write Docalflimaee Joperatorspin [te Joonnectivity peraphithat

are independentMot[the|Sensor Jecometry.§ llalaseraph to| pyramidsover irregularHessalationsmandlimplementia, operatorinabllevelfpyramids4 pialeyPacatransformation eraply
Which IrepresentsItheeffectsfofecometrictransformationsin Bpacevariantfimagesensorsme Using|a——ooitheloomap mares
and kolvethetemplatematchinglproblemforspacearian thmagcsMmBecauseoftheWeryball
Dumber of pixelsatypicalfof loearithmicstructuredbpaceVvariantharraysMtheconnectivity jeraphy
approach toimageprocessinglispsuitableforrealtimeimplementation and[providessaeeneric|
solution itoalwideIraneeofimareprocessine lapplications#witlh spacevarian tisensors™
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pace Wariantbimage processing

Le ntroduction.

We are accustomed[tott! efof antimage asialraaegnerasyesierserieqeraa sucham ——a —aaa:Sfofthefouroreieht|i reigtieof each ial Ruthin Ibioloeicallivision systems iFey B38] —laalpimage Kensorsabased fon kCCDBELL9 M331m39 i ptane]ial Fragilencanilatitens,—apattern|enhaving|o ize|andIconnectivity|acrosepthetinacelarray.MmOpeInotivation|aNealiets Bensine kderivesBirom bts
plominent™roleinthearchitecture foftheIman tvisualisystem Sand bo Bpace Wvariant—isensors

are Rometinesscalled|joveated for Letinals Liedeee
VisualfcomputationsBalsoimotivates—thedevelopmentiof spacevarianthisSoreETseosometimesscalled Woy [polar log [spiral for Voymap Wascusors™ where Jwe Mote explicitly}

Wweiaatoweferto fa fvisuall apetaeasthat
wide workspaceImay [becoveredBwith Ihecapability [forSatTthe|cente hearraydincurring fasmall] soreeee maLO _—— iaDaeeaelaezHal TheBpecialfrelat 9sensorsitothehumanivisualsy stemistecoustantiol nat Caerinmotion fpictturesSeaaadatTmultiresoultion| ran ‘Fadaeraphic Kdisplays ill loemap FILS 20sSgA heisigneealrNall 125] =—prototypeconsumer|ia telephone 140s

CWirdbmaniiallLatgual Sensorspariseswromtheirvarying fcommectivity acrossaayar WwhichfareneighborsiIhecessarily Ineiebborsfouce
compiterreads MgPakatoncranemePhe Mifficulifor impossibleto kapply eonventionall
imace atray joperationsm—psomeseusorspinteerate icentralfuniformwesolution recionsidefan]

annulus austdodphleading [theIproblem fofhow‘to combinejimage\datia|fromthetwoeridsaa ieainaeawhich Irepresents TScounectednesserelations ifarbitrary pace]Varian thimacesi
also]41912]5 ye WiseRarenararyRssadeee
operations al sega problemHorSpaceWariant|imagespthen freducessito itserap ieomitag Localfimage Joperationsoeaunction fot 2Jpixelfand|
isficiehborsMpwhich Hturnspout—ito wave [the fadditionalfleffect igsboa Casespfor|
boundary conditions WeIdiscussatypicalllocalfloperationsisuch fasBedeedetection Ssmoothing§and iieaglecarail all,eeCeeneian imaccsmandaFinally.
we introducefa klasspol_variations ofheICGShich) Wwecall bransformation|graphs,tangrepresentitheeffectsfofimaretransformationspsuch lasttrauslations@rotationsband Bealinesmg We.
demonstrateantimplementationfoltemplate-matchingfusing [thetransformation |erapisl
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pace Wariantbimage processing

Sincethesizeand keostfof almachinevision system sand ithemotorswhichidriveithitfisfactive
are Bcaled [by [theMumberspol_pixelsmitimous tlh Ms paceWariantBactiveWision Iprovidesmthe|
possibilityJofradicallreductions#in|aWehavebuiltlfa32lframestpersecond,
fps)SubiltDayar pixclfecometry PSIER](INTE Dhechoiceloftheloomap Jad [two ldirectWarchitecturallimplicationsMml irstMithereis

a ttiremendous pedeouTinTnbonodatoie ALThelowdata trateenablesfrealttimelormap|
image processing routines torunfonmodestmicroprocessorsmand fallowsfinter-processorimage|daticommunication|lalowcapacity|aAlaaaiVideo Phonetottirans loemap imacespat lover_ordinary|ordinar telephone. ln-iysecondinajorimpact gppalfromthefactithat[theperipherallow passhliltersM—l [hrefore welca fallowtheIperiphery [to [beblurry qwith,ld
logmap sensorlutilizesfa smallerlensBthan fa video sensor @which freduces—pthesize fand fost ot|

onal actuation)Withthesensormountedlonfaverylowcostficamerapointing actuatortheSphericalfPoint™
ing Motor]9] ceotaal ystemIcostiwasl twoordersfol macnitudestlowerthanecomparableaVideo BensorsBandmoreelaborateactuatorsl™
Wewanthtostateclearly[hat—aaaaeTS

anda tconventionaliCCDMSpecifically Wands DI2101DSPireadsSpixelivaluesidieitized Irom|the|
192165[exasilustruments chip [TC2L1 Nand faveraces pixels—itoformfa [1376[pixel]
loemap BButlitheDSP histtastfenouch Ito funtihereadoutiatis?[fpsMiso itheJemulated Bensorise
ileffectMabensorBlbebensoremulatorcontained fonly commodity inteerated larcuitsmw hich|
eliminated [theIneed| forcostly|custom|VLSS

Constructed fatiivery Lowcost@systemsBof thisity pefnay fopentup fuewMichesBorMachine
Vision Maud Icanfonly foe IbuiltMa presentMmusine space Ivariantisensing [to limit™the size fand,
costPotthe fmotorsMmemory MCPUsMand tinterprocessorcommunicationsM—E rorthese reasons
spacevariantisensors@in JeeneralMand llovarithmicbeusorsSeeneeento Fattract
————1fo LSI 23121 ealPS]al (5
330039Pao(46945| 4 [50MbCbesensorecometryfuotivatineEnuch hottheworkinthispa Sois b aneThebasisiisealaey imageprocessinglitheuseofalCGtomrepresent]
theneighbor relations|between [pixelsmin|pamRosenfeld bwashthefirstiitoapply,thetopologiceaaa¢ OTeicaetexts ceMBOlvolMefp pos Size 67) ioeTeacolinibealanamely [that oaMamothhold. Ratzflbeaboth Hourforeieht#connected MThesetextsaie
ecometry.l foees i271 Feppatoutly [ihetiree
loca iagaagas inEb image ML ofleraphs -represent Arbitrary[neie——re ationssfor region] ationisfalsodiscussedlin [thestandard.tsFootcre oc) ee 22MbaveEhownthowtokefineki‘ospyramid recursively|aa
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tclaeyaVilbeunverselosmap iniaceLauies Theforward|ieeWe lenlargedilpsagmapenn and tthe|aIdatia|et ialTat
12MSpacefvariant limage

The als usmto Pwrite mace Iprocessine froutinessthat ofa yparticular|ToHormalizethetides jof sensor-independentimsaadWweMeed [toImake.
SecaFigure[L(a)fiskaconventionalfrastler WwideoMorLY|ve, scaledBforreasonsaa

image EppeacsaThese [three ftypesMof_imaee fare frelated Bby Pxppait fo
ookup TableseS and Le fwhich imap LV image tolloemap fatay coordinatesm—lt we|
Obtain tthelormapmacefronIconventionalfvideo beusor ashifourminiaturized bystemn ]8|s

LillSfand2telfustwhich hevresatesetfotTV_pixelsitofaveraceinforderto,

cahergmenmebe1).forfirmwareloemap freadoutsmweIneed Ta
logmap Jin irelationsto RITVBereen forba ITVlimace Benson mMorcover qihedLV[pixelrepres

sentation hgleaSensorPeometry [isthebasismiorau baloorithm Mutroduced below. 10]
constructitheCGforana reeaeemap formally jake fmapping [rom allVfrasterimage where fi0.7msain=plete oehe ablaaaThe fmapping|ple b ;Arechosen PsNneOnics rine plloemap aaaSlarisateen rua.

sllLy SPReonCO tes
PomeDi BEMonbhMBS8Reid0eeudeibedaL
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pace varianthimage processinl 6

  

 

         
 

 

 

   

 

  
 

  

   

Logmap [lookup [tablesSAR\ifor 60Iby641.V_ image.
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Fieure 2: [The lookup [table of loemap [pixelsiifrom (T'V_pixelsMl The loemap |basfil6 spokesfand 20
rinesmbutla totallof only 272 Ipixelsai The shiftifactor The lookup tindexesfare jon)

lottied for loemap [pixelsflzaving larea latileastil O ITV_pixels#) The Ipixelll 0! asks Ineiehborsk
ixelIK(LL )fhasii7 InciehborsMibutipixel (L490has eiehborsMm—Loemap [pixel 0.50)lis

connected ItoK0 AL9)acrossiithe Wverticallmeridian Sbutfunconnected fin [the |Loemap Jarray.
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Varianthimage processing

the Jconvention |thattforthose PAO MWelobserve thathit&lisitheIumber|“kaaaaaaoe

Deoiii
infotherwordsMitheaveragelofaverevatesetspotTVpixelsMg Lheinverselogmap [is

inmS(BL
poesiaa)ayeaBTheinverseloomapttunction couvertsiaLorianimage|LOTT. amine
aathelookup|laythsandi.aaleSensor|complex|loo ZH a) Fieure| tratesmthe Idifference,betweenpttiletand fone Kdefined by [we 1oe(Z1+ cs rorBimplicity.

Wwe restrictfouratteaaShavingfour-wayBymmetry Ate Mtl beometiry|isBretlected FaboutitheWerticalfand|aImeridiansMm Wefoustruct/theMway [symmetric|
loemap [oyyiiel omputinettheone-quadratSellassoley)beaeApe Pobtaiine | edNgochgehen Thelookup ables8 aeeioe|MD)2arya
_Matrix jcoordinatesLias

—in PH iy AaRyetoe(ztfoMaud [hen to|lize wItoitheintegerarraylindexes aili
IfweassumeiihatitherefareIno forerowsht oeMheminum Walue fot|yeasacSPndihepixelk oto)eipaa theoutormostirine|intersectsmthejy jaxicseee

(eo?KOLLER "Ls
oo togfaioe

 
respectivelyJelaSeiatleilsratherthangthecorerMLhisshas theaxial Ppixelsmmand [the

oatfromIbeine|eedWwhenfwecomputeitheM-Wway Bylmetrictablesl
Theminimumvaluefofthespokeaneleoccursfon [thely faxishand lisfeiven [by

OliOLEci

Theaonyoc] (eae) ony]ee)
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Varianthimage processing

Ficure BI ls ofSpace Pariantfecnsordefied Eby pthe Tapping fw Remloe( Zt fa. sco=They Hransformsttibeponteitintotbepoint?MOnelway[ofeasily fiswalizeihe,oh comma Hotthink fofcutting fLBst eTie of|hen ea ofabensorgeometrydefined [by fwiol
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Varianthimage processing

Dencot EyEDI

Bo[that

Pyle) = Fees

OnBact Toey+B

colt aa 2)
BLEaltof Ro inthe Wounds finedMAveyByact|aeobtains Tei frameloemap [lookup [tableshS and[2inITVcoordinates!P|1)aeaee

a a ;

aP
2oe

47oa
Wemaketheundefined frevion| ccmisiatnfiyir abby: save

cantthinkfoftheimageinjof Fieure[l(b)fasfwhatithebensorseesfand [theonei] iene(oe
a frepresentation lofthatfimaeceinside komputermemory athat —_ an parray.t Nt falliicel|s fn
banceeregol insarees theellsBbetween [the Mbuttlerfly fwinespalofthecomplex,otnapping Mdotolhilok iu ttheSensor Moreoverthosepixelsmalone [ubealfmeridian lofthesensorareadjacentbactoss eeetThereareseparated fin [the|

image|Cs imageJprocessing froutines—ito IdathTikethat
fromthispsensor (they [produceundesirablefartifacts#alone[theverticalfmeridian™

OncpossibleBolu toHthisBboundary-teffect] people tsLaadintheimageErray ML bistapproach lisfespecially attractiveforCCDipensorsibased ontheloe(z)
ine ———— OfCCDiimassige resultMin ba Icheap Ireadoutfitechnique|ooduplicated|aan buffer MButEthispbutter\does ia payacrossithesensor sicenter BExamination lo —eforthemoregeneral

o(z to.) ——anCopeTei TecbonDeaton Deereie
representationspalso [pposeunduecomplexities foriterativerelation[procedures likethe]iaTheseconnectivity[problemsparisenot=a
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Fieure-IrheimacefromebensorLavineanlarbitrarypixeldecometry left)MlheCGforthis
Senso(12hi)m
 

pixelfarchitectiire Wout¥alsointibosebybridBensorsfcomposed bfaloe(zfarchitecturecombined,
With fatcentralbovealfareahavinguniformresolutionsMore Jocnerall ymsuppose fwe ave fal]eeWhich the [ixelsmhave To freewar|
Pattern Ssuch facut!ilallMo thiscaseWhereisinrgeaethepixelsmintobtwoWdimensjonalfarray myet!ls
[aau paper_weshowthatfimageprocessingjoperationsican tin]
factlibedefined fon Buch limacesMeiven fabystematicapproach |toltheconnectivity[problem|

| connectivity jeraph.
TnithisBsection Wwe sive adefinitiontoftheCGandithenshowhowtouseititobolve theconnected|
Componcnt@problemin felloemapimac!

Oh BiDefininesthefconnectivityperaph|

lay aqerap Lic fo LaadeleVBtand forsensorpixeland whoseedocs—

between Ipixel mmr icure5lillustrates=te
ee

WeMdiscussed|paaWyegloe(z+ Rin dthe|previous—section MaTheookup| table depicted in Pigure2 lillustrates tat—comelloemap pixel]
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Figureb:Bhe \CGforttheBensor] ed in gFicure |. @Circles—stand foreraph fverticesfand|
Standlorsraphkedecsma [heloth a)isbowsEtbe verticespin loomap fartaycoordinatesmand|

theIplotM b)fshowsitheBameleraphiin Bensorcoordinates [hejeraph explicitly representsEthe|
neighbor) theWerticalfmeridians 
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pace Variant

pairsparetconnected fboth fin [heloemap pnd fin}the(TVkoordinateBystem butfotherpairs

areconnectedonlylnttheloemap Wewould]iasnapglaae
both Bets ofneighborLelationsa—LLetie|beItheBet! ag connectionsBbetpixelsapalledoe|pag fe Le epprovided |ulp)Mo(p))istans-44) fire:Pu ¢ )|)

i eloeiap KensorinirigureLAr [doesinotiicontiain thecommectionsBacrossithevertical]
Obthin falltheconnectionsWin theBensor #weplacethe Lnversebmageadjacency|

relationsbin itheedeesethz,:]

(on Relerprouided MEL ee = men eim,cee(4 ismeaeoaag
Forthelloemapmacelin iiouresm!andtheiCGedeebetfishe6k,ULE:™

Foranlarbitrary(pixelSlileiFioure48theconstruction foltheedee|
aataeiInixelsensor_ofthisttypelisssimply fatelement]
array @butPneiehbor frelationspin ethatlohmecessarily Jrelated to [connectednessmol|theBensorpixelsmMmWhen|the Bensormapping fiseeiven Poy lookup ptablesiS Pand LRIthatido tot!

So.alltheCGedge]Sethe oy

Given sthe lookup PablesiS Bandi? dhe fale A tn segailamre oTap é
simple. lhearlaaThejeraph fedges dl batee

rshindPereSuch hitfmay [beimple
Saheraldereeig relations#on [linemWhen]iyaapsalBuch [asaeenimi ai een then fobtain meiehbor relations7aherpossibility jisfcomputing fallitbe.
relations in FadvanceThon Bioving[themin,pana ress Ourmostcent impleTentationJolCGoperationssusesfabybrid lofbothapproachesMpxaminationtolFigure5Shows
TeeeethatfbaveBpecialfcasesBot connectivity [ Bw hereas
theinteriorIpixelsMpw hich fcovermostfoftheloemap farea Fallibave[theJusualls-raemaTherefore atirunttinefabinelebranch|ectodetermines PheheaIpiselisterior fandHortheformer itfcalculatesineiehborstoragelocations—byefficientll
addressine MCompitiationsaofneighborsito]
aiecrtoateOtheroperationsswedefineonthe eraph nodepret a) Msthe pixel, ial (pe (ap)Mop)Mithe Ipixelaagh on

aVVe) Ma |ieofl L() MC heftwo-areumentstole pixel brightnessfinthePremretmenthl(p) isppixearray representation qbut|the onemaretument; brightnesspinthefCGirepresentation.
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Figure6:4 heconnectivity fe ‘b) foraICMOSlloemap BensormadebySypapticsmnc ML
fdaely formamectaneular eridSand [theseareBurrounded Ibyannularrinespotincreasing|Rize Mheimace|a) Pshowsiesimulation folthisiscnsor]

uDMop)Mond hemobenolnesboBV()MbaDice eentrondi( fkeieby

COREDgsmabaa
Weand fothersthaveMdesiened fandfabricated falvariety lofspaceVarian tisensorsm 2 2SIm27|

ey| aa AsaeFiewresi6andl?thereexists meltrendRitexanlaches.
Wer ailnex tfisection MlportaepBalary Beasoc)routines|thatiican(runjondatafromany lofthesesensorsMand[thereforethatthe CGislaleencric|

Solution| fox hemaprocessing Pproblems—under Jar ee!BulGrstBiwewillpSeealed fusmto connectivity jeraphsbin the|first]arsromponenttsanalysise

aA components|

Theconnectedcomponents WithvivenpredicateFHorexamplethe foreeround!
backeroundfunction]

aeae
trueinfalbinary fumage when [thetwofpixelsiy fandlyfareeitherboth[blackforboth fwhite.!

Thefaloorithm tolind Falliconpected Icomponentsbo! pixelsisatisfvine Lilismwelllknow
(30M Lactiiw.Neect(LSE itsfiwceeculeset between pixelsoeholdMEThen by,Nenecrocomponents allerdtiiaforeraphsMourprogramextracteptheconnected|
recionsmricure8bhows—theresult
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theorisiniisaaaa | c c
esi b fendinborwardmapcoordinatesi ©) _— oaneeetelecineShift

esismeq uivalentAllpdverticalfsbifthismequivalen tito,antimagerotation BNotethatkthe (CG representation Imakeswexplicitithewraparound necessaryaaasSpee eeebeer 
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Fioure BB beICGreducesiithemareconected Icomponente@problen Ho litsperaphttheoretic]

theettermAge
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Varianthimage processing

3ELocalneighborhood fop ms)
Usine [the Iconnectivity Jeraph Swekan WMefine local of|

Sg-—aaeilelocalfimaceIprocessine loperationsito larbitrary fseTae

Rb imace Whavine 91376 IpixelmandIbithe TesultlotECGllocalfedee|ktae 7re imageimagein orward imap [coordinates
Wecan Kefinebkimpledeedetector ttheeffectof which |Fieure9lilustratess

Ae
pels thedefinition fol<(p)[containsinoppecialfcasesI(orpixelafhavineWifferentinumber|oaaclapplieseqally[to |pixelsma thtaathe.

Figure 10: Ba) [Llbe Pesultfo!BICGIpseudotLaplacian localfoperationMMb) [bebanelimace|
imagein forward imap coordinates
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Variant

Anothersimpleexampleisthepseudotaplacian|(p)Millustrated inpricure[0 feiven by|

eehe
PealUeahasiillfial functionsfand bolving[fortheKecond|eeneralizeatoltakeintofaccountfotherjpixel|aSee eeriePeflerencesMin pixelisize fa(p)Morthe Ipixelmean(uep)MEP orlexample fwe could Ihave,

- >aLiie
where|=nneeaustrated[byaplane-fittineedeeoperator Given|the Id El Eh fs

{oe}a}LV(2)

BaaaOS PRL7)apenchs aAial)
otheleast ileerror criteria for [i

—aaaae

| 7_—

AElawhere]

Meee

LfnotWallipointsNarecolinca,4BBs)mumalwaysfexistce
Shresil = meiBeoustantor cach[pixellpSweprecomputeaud Btorethismmatrix,

M{ p)Mor everyjeraphvertex|p AthaAforeveryjgraph|
node ipl

erativerelaxationprocedure#thesoap bubblealgorithmMisfalsodefinedaturally|onthe|omaont Fam (2D)i

Resi) amRSPe (4)

 

 

habetiene,aLoeh\(7EBis 
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Variantbinace processine|

The Idefinitionspaofa Jpixelfand fonly [itsmimmediate|naif. Sometimessa localfoperatorImay [map|lltalOne]pealeaeru Mtgseagoers feaR (afte

WOBal RLVbaieLV(7)anThe2tnAp denotes poohathaacBretwo] fromthevertexipsiRsieaLp) cacy oeBiilarly..NowwecamaNaalaal efoperato ee

RTDTTboleeuell
Thelocalfoperations astan, [imu
aiahaalyWith fa lvariety jof_spaceWvariantiisensorsl
they fare falliidGeeetables?land 1S Sourprosram [can automatically compute,SeaeaeOperationsitlodatatfromlanyJotthebensorsl

4 Pyramid loperations|

wine [themethodlofMontanverthetfal M22Bwecantrecursively \defineapyramidstructure.’

laverofwhichlis al b samara: aInaturalfwaytoKefinepartitionsenSensorgapyramid Btructureover anirrer ular tesselation may[be]
ilpSa

[acall thebottomlayerofthepyramid flevelfi0 fand Icallfleach Buccessiveayer[L'2Mimetic|

DarentfedecstatIllevell’aredirectedfromlevel’ tollevellé +aatwit|AThefunction |pareni(p)hasLaif SI paaepT beratebastexactly lone pareni(p)tattipyramid level Mwhere parent(p)|is
roora bid = ECORV(¢))RadlevellBlrteee ag1MY(¢ +L) tlevellc +“LEThelerapl isBtheBanelasttheICG.|elirentaeryahagiaeae Verticosin successive.

havettheJproperty[that

Ve(CREEIOfiparenip fats

followspthatay (CLIK BIY (Q[Mpbuiiiwe usually frestrictWour fattention [to tthe Icase [that

| et |=a. italmondparent)|fedeessweapply [therecursiveraph ireduction|ml
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pace Wariantbimage processing

alalpesgsRE)OE
SEamm

=“aela pactition >FaameP(1 ofthe Bensorpixels Where LP), isthebet!papead TMi eal fxaorfo by Fany fotIthese IpartitionsEP, [the Vocal|The Ibroad icine of[the recursive,era redaction represenismthemany Pways tio|onealaleifweWant]neon Jpartitions#thatidepend fon tthe
number of pixelsintihemawepartitiontbesensorintolconmected revions aai
thRope Tubel ofpixels llaly topartition theBeusorMatainto Betksofpixelshaving approximately [thebameareaMeLheHirstlichoice ismbetterWhen fweneed fa Btatisticallysienificant set ofpixels inorder|tath, forexample! a qreliable Jocalithresbold fvaluc MmOne,methodrecursively [usesitnitixconihealial thepixelsmunderconsideration fas ilaa
and brepeated|y IsplitsEtibe Kensor Idata jinto fourbinaller betsepterminatine PwhenitMreaches—a,
mini|pixelcout™ pyramid Lisisimilar topologically [to [the quadtireedecomposition]
311 Videolimacesm

440MBAdaptiveflocalfbinarization|

Oneapplication tofthepyramidlisflocalfbi Tolbinarize|WveCompitteallocal,
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pace Varianthimnage processing
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FieureIL-Bexample fofbinarization fusing fa 2llevell beataelyThefleftfiimage Kepictsia [scene|SeeeeeeelmiddlemaeBhows Woes of|

Spbaealathreshold MTheriehtfimageShows — ofapplying fanjadaptive|localfbinarizat Procedure!

i pPropagatesireliablethreshold WaluesBin LevelirsiM ben bifpropagateltheseWvaluestin level
Bridthecetrertice@ BidlevelNIowine PelebleTveshold Beteeed DontMSc Loleny|

values Lat poaboTrendbeliebud bs thomeanyu( P)MCben Sapply [thesoap bubble!algorithm peiven pby|untilfconvergence MaWe Jpropagate [these Jvaluesmlto [the [seed|

PoLtsmet i a,aOle if parent(yNeo MEWe lassion Be FeoustantWeray Pvalue [toliheremaining ferapl plore ucnheainbpply hisotunk 4) pobbtainhadividuall
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Varianthimage processing

Figure 115:]lland inverseUright) —fcoordinates#with fone|
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pace Wariantbimage processing

=| Range inverse map

Picwrell9 Phetemplatelimacat
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