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Abstract

Photometricvariation in multi-projector displays is ar
guablythe mostvexing problemthatneedgo be addressed
to achieze seamlesdiled multi-projectordisplays. In this
paperwe presentiscalablereal-timesolutionto correctthe
spatialphotometricvariationin multi-projectordisplays.

A digital camerds usedto captue theintensityvariation
acrosghedisplayin a scalablegashion.This informationis
thenusedto generate perpixel attenuatiorandoffsetmap
for eachprojector The former achieves intensity scaling
while thelatercompensatefr differing blacklevelsat dif-
ferentregionsof the display Thesemapsarethenusedto
modifytheinputto the projectorgo correctthe photometric
variation.

The contributions of our photometriccaptureand the
correctionmethodarethe follwing. First, despitethe lim-
ited resolutionof thedigital camerathis methodis scalable
to very high resolutiondisplays. Second,unlike previous
methodsthis doesnot requirean explicit knowledgeof the
location of the boundariesf the projectorsfor generating
theattenuatiorandoffsetmaps.Third, thiscompensatefor
thevaryingblacklevel of thedisplay Finally, thecorrection
is implementedn realtime for OpenGLapplicationausing
thedistributedrenderingframevork of Chromium.

1 Intr oduction

Large multi-projectordisplaysare being usedextensiely
for defense entertainmentcollaborationand scienti ¢ vi-
sualizationpurposesThoughtheissuef geometricseam-
lessnes§?1, 20, 24, 8, 19, 6, 5] andscalabledriving archi-
tecture[12, 9, 2, 10, 11] for suchdisplayshave beenad-
dressedsuccessfullywe areyetto nd ascalablereal-time
solutionfor the photometricvariationproblem.
Methodsthatuseacommonlampfor differentprojectors
[18] or manipulateprojector controls are laborintensie,
time-consumin@ndunscalableMethodsthattry to match
the color gamutsor luminanceresponsescrossdifferent
projectordby lineartransformationsf color space®r lumi-
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nanceresponsefl5, 22, 23, 3] addres®nly thecolorvaria-
tion acrosglifferentprojectorsgnoringthevariationwithin
a single projectoror in the overlap regions. Blending or
featheringechniquesisingsoftwareor hardware[21, 14, 4]
addressonly the overlap regions aiming to smoothcolor
transitionsacrosghem. However, anadhocblendingfunc-
tion is usedinsteadof deriing it from an accuratelymea-
suredresponseof the particulardisplay Thus, all these
methodscannotremove the photometricseamsompletely
Methodsthat try to achieve the correctionusing a digital
camerd16] captureghewholedisplaywithin asingle eld
of view of the cameraand canleadto samplingartifacts
whenusedfor extremelyhigh resolutiondisplays. Further
the variationin black offset acrossthe displayis not com-
pensated.

In this paperwe present scalablereal-timesolutionfor
correctingthe spatialphotometricvariation problem. We
usea digital camerato capturethis variationin a scalable
fashion. The cameraseesonly parts of the display at a
time andthe capturedresponsdrom thesedifferentviews
are stitchedtogetherto generatehe photometricresponse
for the whole display From this responsewe generate
a perpixel attenuationand offset map for eachprojector
The correctionfor the generalphotometricvariation and
the black offset are encodedn thesemaps. Finally, these
mapsareusedto modify thecolorinputsto the projectorgo
achievethecorrection.We haveimplementedhismodi ca-
tion in realtime usingthe distributedrenderingframenork
of Chromium.

In Section2, we describeour scalablealgorithmto ad-
dressthe photometricvariationin multi-projectordisplays.
Theresultsarepresentedn Section3. In Section4 we dis-
cusssomeimplementatiordetailsandthe real time imple-
mentationon Chromium. Finally, we concludewith future
work in Section5.

2 Algorithm

Let us assumethat a multi-projector display D is made
of j projectorseachdenotedby P;, 1 j n. Let



the display coordinatesbe denotedby (x;y) and the
projectorcoordinatese denotedby (X ;y;). Notethatat
the overlapregion, (X;;y;j) from morethanone projector
cancorrespondo a single display coordinate(x; y). Let
the sensorused for the measurementbe a cameraC
whosecoordinatesaredenotedy (X¢; yc). To measurghe
photometricvariation acrossthe display we needto nd
the geometricrelationshipbetweerthe displaycoordinates
(x;y), projectorcoordinategx; ; y; ) of eachprojectorP;
and the cameracoordinateqx;y.). Theserelationships
aregivenby a geometriccalibrationmethod.

Geometric Calibration: Let the geometricwarp Tp;1 ¢
de ne therelationshipbetween(x; ; y; ) andthecameraco-
ordinates(x.;y.) andthewarpTc: p de ne therelation-
ship between(x;y:) and the display coordinateg(x; y).
The concatenatiomf thesetwo warpsde nes the relation-
ship betweenthe coordinatesof the individual projectors
andthedisplay Tp,: p . Thesewarpsmaybenon-linear8]
or linear [20, 24 for differentgeometriccalibrationmeth-
ods.

2.1 Capturing the Photometric Variation

It hasbeenshovn [17] thatfor capturingtheintensity(pho-
tometric)variationof a multi-projectordisplay we needto
nd thefollowing.

1. Projector Channellntensity Transfer Function: We
needto measurghe normalizedintensity variation of
a channelwith increasinginput, which is called the
channelintensitytransferfunction (ITF). It hasbeen
shavn thatthechannel TF for projectorsmaybenon-
monotonic,but doesnot vary spatially[17]. Thus,the
ITF for eachchanneheedgo bemeasureétoneloca-
tion for eachprojector(insteadof eachpixel). Hence,
we call themprojectorchannell TF.

2. Display ChannelWhite Surface: We needto measure
themaximumintensitythatis projectedy achanneht
every pixel of thedisplay This perpixel channemax-
imum intensity de nes an intensity surface for each
channelwhich we call the display channelwhite sur
faceanddenoteby W, wherec denoteghechannel.

3. Display Bladk Surface: We alsoneedto measurehe
minimumintensitythatis presentt every pixel of the
displaywhenall the differentchannelsare projecting
their minimum intensities. This per pixel minimum
intensityde nesanintensitysurfacewhich we call the
blacksurface,anddenoteby B . Basically thisde nes
theblackoffsetat every pixel of thedisplay

Capturing the Projector ITFs: Previously, we andothers
have useda point light sensingdevice (like a spectrora-
diometeror a photometerfo measurahe channellTF for

eachprojector[16, 17, 15, 24]. However, recentwork at
University of North Carolinaat ChapelHill useshigh dy-
namicrange(HDR) imagingtechniqueso measurghe I TF
usingonly a cameraandgetsresultsthatareasaccurateas
thoseachieved usinga spectroradiometerThis makesthe
methodof capturingthe photometricvariationindependent
of ary expensve sensorslike a spectroradiometeor a
photometer

Figurel: To computethe maximumdisplayluminancesur
facefor greenchannel,we needonly four pictures. Top:
Picturestakenfor adisplaymadeof a2 2 arrayof 4 pro-

jectors.Bottom: The picturestakenfor adisplaymadeof a
3 5arrayof 15 projectors.

Capturing Display Channel White Surface: We usea
digital camerao measureghedisplaychannelvhite surface,
W,. Therearetwo known methodgo captureWw..

1. Inthe rst [16, 17], the cameras positionedsothatit
cancapturethewholedisplayin its eld of view. The
camerahencaptureghe imageof the maximumpro-
jectedintensityfor eachchannebf eachprojector one
atatime whentheadjacenbverlappingprojectorsare
turnedoff. Thecorrespondingnputthatproduceghis
intensityis foundfrom themeasuredTF for eachpro-
jector A setof suchimagesfor the greenchannelof
two differentdisplaysareillustratedin Figurel. The
channelwhite surfacefor eat projector is then ex-
tractedfrom thecameramageusingthewarpTp, 1 c.
ThesearethenaddedtogetherusingthewarpTp, 1 b .
In this method sincethe projectedmagefor eachpro-
jectordoesnotvary greatlyin intensityrangea single
exposurecameramageis sufcient for eachof them.
If theimagesfrom differentprojectorsneeddifferent
exposuregdependingntherelative brightnesof dif-
ferentprojectors) they are matchedn scaleusingan
appropriatescalefactor[7].

2. In recentwork going on at University of North Car
olinaat ChapelHill, HDR imagesareusedto nd the
display channelwhite surface. Herealso, the camera
capturegshewholedisplayin its eld of view. Butin-
steadof capturingimagesfor eachprojectoratatime,
the maximumchannelintensity for all projectorsare
projectedsimultaneously Thena rangeof imagesof



Figure2: Thedisplaychannelwhite surfacefor the greenchannel.Left: Fora2 4 arrayof eightprojectors.Right: For a

3 5arrayof fteen projectors.

thedisplayis capturedy thecameratdifferentexpo-
sures. The HDR imagegeneratedrom thesesurfaces
[7] isusedto nd thedisplaychannelwhite surface.
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Figure3: The cameraandprojectorsetup for our scalable
algorithm.

However, notethat both thesemethodsuffer from a se-
rious limitation. Sincethe cameracaptureghe whole dis-
play within a single eld of view usinga limited resolu-
tion, this mayleadto samplingartifactsfor very high reso-
lution displays lik e the onesat SandiaNationalLaboratory
(48 projectors)andNational Centerfor Supercomputingt
Universityof Illinois at UrbanaChampaigr(40 projectors).
To remove this limitation, we presenta scalableversionof
theformermethod. Thoughwe choosethe formermethod,
othermethodscanalsobe scaledn a similar fashion.

We reconstructeac projector's channelwhite surface
usingdifferent eld of views for differentpartsof the dis-
play andthenstitch themtogetherto generatehe display

channelwhite surface,W.. Figure3 illustratesthe proce-
durefor adisplaywall madeup of four projectors First,we

placethe cameraat positionA whencameras eld of view

seeghewholedisplay(four projectorslandrunageometric
calibrationalgorithm. The setof geometriovarpsfrom this

positionis denotedby Gp .

Next we move the camerao B and/orchangethezoom
to get higherresolutionviews of partsof the display We
rotatethe camerato seedifferentpartsof the display For
example,in Figure3, the cameraseegrojectorsP; andP,
from B; andprojectorsP; andP, from B,. We perform
our geometriccalibrationfrom theseorientationsB; and
B, to getthecorrespondingeometriovarpsGg, andGg,
respectrely.

We alsotake the picturesfor capturingthe channelwvhite
surfacefor eachprojector(similarto Figurel) from B, and
B,. We reconstructthannelwhite surfacefor P, and P,
from thepicturestakenfrom B ; usingGg, , andfor P3 and
P4 from the picturestakenfrom B, usingGg,. We stitch
theseprojector channelwhite surfacesusingthe common
geometricwarpfrom A, G, , to generatehe displaychan-
nelwhitesurface W¢.

TheWy for thegreenchannethusgeneratedora2 4
arrayof eightprojectorsanda3 5arrayof fteen projec-
torsareshawn in Figure2. For theformer, the displaywas
capturedn two parts: theleft four projectorsandthe right
four projectors. For the latter, the displaywas capturedn
four parts:topleft 2 3 array bottomleft 1 3 array top
right2 2 arrayandbottomrightl 2 array

Capturing Display Black Surface: Previousmethodsave
notinvestigatedcapturingthe black offsetthatvariesat dif-
ferentregions of the display especiallyfrom non-overlap
to overlapregion. To capturethis we again usea digital



Figure4: The display black surfacefor a 3
fteen projectors.

5 array of

cameraandascalablemethodexactly similarto thatof cap-
turing the displaywhite surfacefor eachchannel.Theonly
differenceis, in this caseeachprojectorprojectsthe mini-
mumintensityfrom all channels.The correspondinghan-
nelinputsarederivedfrom thel TFs. However, notethatthe
exposureusedis different. We again usea appropriatescale
factor[7] to bring the white andblack surfaceat the same
intensityscale.Thedisplayblacksurface B, thusgenerated
fora3 5arrayof fteen projectorsis shovn in Figure4.
Comparethe scaleof this with thewhite surfaceWy in Fig-
ure2. Wefoundthatblacksurfaceis about0:4%,1:25%and
2:5% of theintensityrangeof greenredandbluechannek
white surfacesrespectiely.

2.2 Correctingthe Photometric Variation

Now thatwe have capturecdthe display channelwhite sur
faceandthe displayblack surface,to achiere photometric
uniformity, we needto achieve auniform( at) responsdor
both of these. Since,the correctedresponseneedsto be
within the capabilitiegwhite andblacksurfaces)f thedis-
play, we canachie/e the desied at responsedy the fol-
lowing.

1. Thedesiedchanneldisplaywhitesurfaceshouldhave
theintensitywhichis the minimumof theintensitiesat
all pixelsof thechannelisplaywhite surface.Let this
desireddisplaywhite surfacebedenotecoy W¢. Thus,

We'= min W (1)

2. Thedesieddisplaybladk surfaceshouldhave thein-
tensitywhich is the maximumof the intensitiesat all

pixelsof thedisplayblacksurface.Let thedesireddis-
play blacksurfacebe denotedoy B°.

BO= rg]%xB (2)

In previouswork [16], only the former of the above two
wasdone. However, black offsetvariationis considerable,
especiallyfor DLP projectorsandneedgo becorrected.

It canbe shavn thatw? andB © canbeachieved by mul-
tiplying the input to the display by an attenuationfactor
Sc(X; y), andthenaddingan offsetof O¢(x; y) toit, where
Sc(X; y) andOc(x; y) aregivenby

- Waxy) BYxy)

SO Wey) Blay) ©
v_ BAxy) B(xy)

Oclx;y) = 3We(xy) B(xY)) @

TheS. andO, arecalledthedisplayattenuatiorandoff-
setmapsrespectiely. Thesearethenbroken up usingthe
geometricwarp Tp;; p to generatethe projector attenua-
tion andoffsetmaps

The correctionof modifying theinput by anattenuation
andoffsetfactorassumes linearprojectorresponseSince
this is not true, we needto nd the appropriaténputsthat
would generatethe desiredchannelwhite and black sur
faceswhen the projectorresponses non-linear This is
wherewe usethe ITFs for eachprojector After modify-
ing theinputusingtheattenuatiorandtheoffsetfactorswe
usetheinverselTF on the modi ed inputsto linearizethe
projectorresponse We call the inversel TF asthe projec-
tor channellinearizationfunction This linerizationfunc-
tion canberepresentedsa 1D colorlook-up-tablefor each
channelndis illustratedin Figure5.

3 Results

Figure6 shows theresultsof our method.Notethatit is not
possibleto compensatéor the black offset perfectlyusing
only softwaremethods Black offsetis thelight thatis pro-
jectedby projectorsatall timeswhenthey areon, evenif the
inputis zero. Usually the leakagdight from the projectors
is the main contrikutor to the black offset. Thus, no soft-

wareattenuatiorcancompensatéor it well, sincethelight

cannotbe reducedary furtherby it. The only way to cor

rectit in softwareis to increasehe black offsetin thenon-
overlappingregion to matchthe overlappingregions. This

degradeghe contrast.However, therearemethodshatuse
hardware/opticalblending[14, 4] to attenuatdight physi-

cally andthuscanreducethe blackoffset. Suchmethodsn

combinatiorwith oursmay producebetterresults.
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Figure5: Left: Projectorchannelintensitytransferfunction; Middle: Projectorchannelinearizationfunction; Right: Com-

positionof the channeintensitytransferfunctionandthe channelinearizationfunctiongivesalinearresponse.

Figure 6: Digital photographf actualdisplays. The left column shavs imagesbefore correctionand the right column
shavs theimagesaftercorrection.Top: A displaywith 2 4 arrayof eightprojector Our scalablenethodwasusedwhere
theleft four projectorsandtheright four projectorswerecapturedseparatelyMiddle: A displaywith 3 5 arrayof fteen

projectors Herethedisplaywascapturedn four partsasmentionedn Section2. Bottom: Thesamefteen projectordisplay
with the correctionshavn on a blackimageof the night sky to illustratethe black correction. Theseimagesweretakenat a
muchhigherexposurethanthe otherones.



Anotherimportantthing to note is that our correction
achieresphotometricuniformity by achiezing identicallin-
ear responsat all display pixels. This makesthe display
identicalto the worstpossiblepixel (in termsof brightness
andcontrastthusignoringthe ‘good' pixelswhicharevery
muchin majority. This leadsto severecompressiorin dy-
namicrangethat canbe aslow as50% of the original dy-
namicrangeof thedisplay

4 Implementation

In this sectionwe discussa few implementatiordetailsthat
arecritical for thesuccessf thealgorithmpresenteéh Sec-
tion 2. Then,we presentherealtimeimplementatiorof the
algorithmon Chromium.

4.1 Details

Extracting intensity surfacesfrom cameraRGB image:
A few issueseedto beaddressetb generataccuratenea-
surementsisingacamera.To accounfor thecameras non-
linearity, its ITF is reconstructedising the high dynamic
rangeimagesmnethodpresentedh [7]. Every cameramage
usedfor capturingthedisplayresponsés rst linearizedus-
ing theinverseof thel TF andthentheintensityis extracted
using standardRGB to YUV linear transformationg16].
Second}o assurahatthe cameradoesnotintroducea spa-
tial variationin additionto thatwhich is alreadypresenin
thedisplay its aperturds keptbelov F8. Our experiments
andotherworks[7] shawv thatthe spatialintensityvariation
of thecameras negligible in suchsetting.

Removing Noise: Thedisplaywhite andblack surfacesof-
tenhave noiseandoutliersdueto hotspotsin theprojectors
and/orthecamerandthenatureof thescreermaterial. The
noiseand the outliers areremoved by a Weiner Iter and
amedian lter respectiely. The userprovideskernelsfor
these Iters by studyingthe frequeng of the outliersand
thenatureof thenoise.

Figure7: Resultwith no edgeattenuatiorfor a2 2 array
of four projectors.

Edge Attenuation: Usually the differencein intensitybe-
tweenthe non-overlap and the overlap region of the dis-
play is very high, thus making the spatialtransitionvery
sharp. Theoretically this sharptransitioncanonly be re-
constructedoy a camerawith resolutionat leasttwice the
display resolution. This posesa severe restrictionon the
proces®f capturingthe photometriaesponséor very high
resolutiondisplays.Geometriomisragistrationof this edge,
evenby onepixel, createsan edgeartifactasshavn in Fig-

ure 7. To avoid this, we smooththis sharptransition by
attenuatinga few pixels (40 - 50 pixels) at the edgeof the
channelwhite surfaceandblack surfaceof eat projector
beforeaddingthemupthecreatecorrespondingurfacesor

thewholedisplay This increaseshe errortoleranceto in-

accuraciesvhile capturingthe regions of sharptransition.
This attenuatioris donein software. The attenuatiorfunc-
tion andwidth canbe controlledby the user Notethatwe
donotneednformationabouttheexactlocationof theover

lap regionsfor this purpose.Further this approachallows
usto procesghe intensity surfacesof eachprojectorinde-
pendently without explicitly consideringgeometriccorre-
spondencesacrossthe projectors. Figure 2 and4 includes
this edgeattenuation.To complementhis step,we have to

putthesamesdgeattenuatiorbackin theprojectedmagery
Thisis achieved by introducingit in thethe attenuatiorand
offsetmapsgeneratedor eachprojector Empirically, when
we useedgeblending,evenacameraof resolutionaslow as
25% of the displayresolutioncanproduceseamlessesults
with no artifacts.

42 Real Time
Chromium

Implementation  Using

The algorithm presentedn Section2 generatedor each
channebf eachprojectoranattenuatiormap,anoffsetmap
and a linearizationfunction. The attenuationand offset
mapsare per pixel mapsof the sameresolutionasthe pro-
jector. The linearizationfunction is a 1D color look-up-
tablefor eachchannel.To correctfor the spatialphotomet-
ric variation,we would needto modify anyimageprojected
by a projectorin the following manner First, theimageis
multiplied by the attenuatiormap. Next, the offsetmapis
addedto the resultingattenuatedmage. Finally, the color
of eachpixel of the imageis mappedto a differentcolor
usingthelinearizationfunctionfor eachchannel.

We have developeda small library of functionsto ap-
ply the correctiongo applicationrenderingsn real-time.lIt
is implementedto work only with OpenGLand NVIDIA
extensiong13], but could easilybe extendedto work with
other extensionsand DirectX. The library canbe useddi-
rectly by application programmers. We have also con-
structeda Chromium[11] SPUenablingOpenGLapplica-
tionsto bene t from thereal-timecorrectiongransparently



| O | RT | RTP | RTG | RTPG |
SolarSystem|| 89.3 | 55.5| 48 | 54.5 45
Atlantis 785 63.2| 56.0| 61.5 54
Teapot 153 | 91 72 89 70

| Appl.

Table 1: PerformanceAnalysis (in frames per second)
of PhotometricCorrectionUsing Chromiumon NVIDIA
Geforce3GraphicsCards

Currentgenerationcommodity graphicscardswith the
latestOpenGLextensionsareableto provide real-timeper
formance.Ourimplementatiortakesadwantageof fastren-
derto texturetransfersandcustomcodeto drive thetexture
shadersndregistercombinergo implementthe correction
algorithmasfollows.

1. Thescenaenderedasit normallywould be,including
theapplicationspeci c useof vertex programstexture
shadersandregistercombiners.

2. The framehluffer is then copied using glCopyTex-
Sublmage2Dto texture memoryfor the photometric
correctionstep.

3. The photometriccorrectionis thenappliedusingtex-
ture shadersaandregister combiners. The attenuation
andoffsetmapsareappliedusingmulti-texturing. The
channelinearizationfunctionis thenappliedby using
dependen2D texturelook-ups.

4. Theresultingimageis thentexturemappedo asurface
wherethe geometrycorrectionis appliedby manipu-
lation of a meshof texture coordinatesallowing for a
generawarpingof theimage.[24, 8].

5. The nal imageappear®n individual tile of thetiled
displaywith photometryandgeometrycorrectionsac-
countedor.

This approachasbeenappliedto anumberof testcases
with the result of the various stagesof the processhigh-
lighted as well asthe overall impact on the system. Ta-
ble 4.2 shaws the results(in framesper second)for three
differentapplications,shaving the original framerate(O),
renderto texture (RT), renderto texture with photometry
correction(RTP), renderto texture with geometrycorrec-
tion (RTG), andcompletesystenwith renderto texturewith
boththecorrectiongurnedon (RTPG).

Table4.2 showns thatit is possibleto correctbothgeom-
etry and photometryerrorsin a tiled display ervironment
without severe impact on the applications performance.
Imagewarping costsabouta millisecond,while photomet-
ric correctionscosta few to several milliseconds. Imple-
mentingthesecorrectionsasa ChromiumSPUallows users

of thistoolkit to bene t from thecorrectionsvithout having
to modify existing applications.

5 Conclusion

In this paper we have presenteda scalablemethodto
captureand correctfor the spatial photometricvariation
in multi-projector displays. We have also implemented
the correctionin real time using the distributed rendering
frameavork of Chromium.This methodis beingadoptedby
differenteducationabndresearclorganizations.

However, there are mary directionsin which a large
amountof work needgo bedone.

Our currentmethodproduceseamlesslisplaysbut re-
sultsin compressiorof the dynamicrangeof the dis-
play. Several perceptuabktudiescanbe investicatedto
seeif we canachiere a perceptualuniformity thatis
lessrestrictive thanstrict photometricuniformity, and
thushelpsus to utilize the systemcapabilitiesbetter
Further sincethe linear responsedor eachprojector
doesnot caterto thenon-linearrespons®f thehuman
eye, the displaylooks washedout, which needsto be
addressed.

It hasbeenshavn [17] that projectorsof samemodel
differ signi cantly photometrically but are similar in
their chrominanceor color properties.Hence for cur-
rent displayswhich are usually madeof samemodel
projectors,achiezing photometricuniformity is often
sufcient to give us the desiredseamlessnessBut,
even suchdisplaysshov visible chrominancevaria-
tions at certainplacesthat cannotbe correctedby ary
methodaddressingnly photometricvariation. On the
other hand, methodsthat addressboth chrominance
andthe intensity[22, 23, 1] do not considerthe spa-
tial variation. So, nev methodsneedto addresall of
thesetogetherto supportmoregeneraldisplaycon g-
uration. In termsof therealtime implementationit is
importantto testthesystenmwith graphicsadaptorghat
have similar capabilitieso thoseof theNVIDIA adap-
torsaswell asextendit in thelower library to support
DirectX.

Many solutionsareemeging thataddresghe general
color variation problem. But thereis no mathemati-
cal framavork within which differentmethodscanbe
evaluatedandcompared Sucha framework thatiden-
ti es thekey contributing parametersf the color vari-
ationproblemcanalsoreducehestorageequirements
andthe compleity of the correctionmethods.

Currently we evaluatethe resultsfrom different al-
gorithmsvisually, which is subjectve. For more ob-
jective evaluation,we needa sophisticategerceptual



metric. Sucha metric would alsohelp usidentify the
most important perceptualissueswhich canthen be
usedasafeedbackto improve our algorithms.
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