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Abstract

Theaccurate displayof high dynamicrange imagesrequiresthe applicationof comple tonemappingopeiators.
Theseopefators are computationallycostly which preventstheir usage in interactive applications.\e propose
a genenrl framavork that delivers interactive performanceo an importantsubclassof tonemappingopemtors,
namelyglobal tonemappingopertors. Theproposedrameavork consistof four steps:samplingtheinputimage,
applyingthe tone mappingopefator, tting the point-sampledone mappingcurve and reconstructinghe tone
mappingcurvefor all pixelsof the input image. We showhow to male useof recentgraphicshardware while
keepingthe advantae of geneality by performingtonemappingin softwae. We demonstate the capabilitiesof
our methodby acceleating several commonglobal tone mappingoperators and integrating the operators in a

real-timerenderingapplication.

Categoriesand SubjectDescriptors(accordingto ACM CCS) 1.3.3 [ComputerGraphics]:Picture/ImageGener
ationDisplayalgorithms;1.3.7 [ComputerGraphics]: Three-DimensionaGraphicsand RealismColor shading,

shadeving, andtexture

1. Intr oduction

The corversionfrom high dynamicrangeimagesto images
suitablefor displaydevicesis known astonemapping.The
goal of tonemappingis to reproducehe overallimpression
of brightnesscontrast,and colorsof animageon a device
with arestrictedrangeof displayablecolors'’.

Many tonemappingoperatorshave beenproposedn the
lastdecadeAn importantsubclasof theseareglobal tone
mappingoperators.They considereachpixel in animage
separatelyandarethereforewell suitedfor accelerationAl-
thoughtheseoperatorsdo not take into accountthe neigh-
borhoodof a pixel (like local tonemappingoperators)they
canstill simulatemary importanteffectsrelatedto the hu-
manvisualsystem.

Someglobal operatorsevaluatejust a simple function,
but mary of themperformcomplex computationdor each
imagepixel'7 211137 While corvincing resultscanbe ob-
tained, the high executiontimes of the complex operators
preventtheir usagen interactve applications.
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One possibility of delivering interactvity is implement-
ing a tone mappingoperatordirectly in graphicshardware
with supportfor oating pointcolor representatioandpro-
grammablepixel shadersDue to the hardware constraints,
this approacthoweverimposesseverelimitationson theop-
erator:(1) it cannotperformarbitrarydatamanipulation(2)
its compleity is limited by themaximumnumberof instruc-
tionsof apixel shader

We proposea novel acceleratiorframenork that delivers
interactvity to complex globaltonemappingoperatorsin-
teractvity bringsthe usera qualitatvely new understanding
of differentoperatorsastheusercanstudytheir behaior by
interactve manipulatiorof theinputimageor theparameters
of the operator The framework canbe implementeceither
asa puresoftwareaccelerationtechniquepr it canperform
somealgorithmicallysimplebut computationallycostly op-
erationsin thegraphicshardware.In thelattercasethepro-
posedrameavork alsoprovidesthebene t of anef cient in-
tegration of the methodinto the o w of the graphicshard-
warerenderingpipelineand permitsto usecomple global
tonemappingoperatorsn real-timerenderingapplications.
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3.7s 0.27s 0.04s

Figure 1: (left) Image tone mappedusing Pattanaik's
opefatorll; computationaltime 3.7s. (center) Resultof a
softwaeimplementatiomf theproposedediniqueusingthe
sametone mappingopemtor (0.27s).(right) Resultof the
hardware implementatior{0.04s).

Unlike previoustechniqueshatexploit graphicshardware
for tone mapping,our methoddoesnot require modi ca-
tion of the renderingpipeline,asit works asa postprocess
of the high dynamicrangeimage.The framework allows an
ef cient subdvision of the workloadbetweenthe CPU and
the GPU.The GPUresohesthe computationallysimplebut
costly stageof thealgorithm.Thetonemappingoperatotis
appliedonthe CPU,which allows usingexistingimplemen-
tationsof tone mappingoperatorsFigure 1 depictsresults
obtainedby theframework usinga puresoftwareimplemen-
tationaswell asahardwareacceleratedmplementation.

The work presentedn this paperis novel in several as-
pects.First, accordingto our bestknowledgeit is the rst
generalframevork for acceleratiorof arbitraryglobal tone
mappingoperators Second partsof the framevork canbe
implementedn thegraphicshardwareto improve ef ciency
of the algorithm. Third, the methodseamlesslyjintegrates
into the o w of thehardwarerenderingpipeline.This allows
applyingrealistictonemappingin real-timeapplicationsy
usingthe high dynamicrangecapabilitiesof recentgraphics
hardware.

Thepaperis organizedasfollows: Section2 discussethe
relatedwork. Section3 providesanoverview of theproposed
method.Section4 discusseshe different stepsof the pro-
posediramenork. Section5 discusseganimplementatiorof
the methodon the graphicshardware.Section6 presentse-
sultsof theproposedechniqueFinally, Section7 concludes
thepaper

2. RelatedWork

The conceptof tonemappinghasbeenintroducedby Tum-
blin andRushmeie¥’, who proposeditonereproductiorop-
eratorthat preseres the apparentorightnessof scenefea-
tures.Ward!® describeda tonereproductionoperatorwhich
preseresthe apparencontrastandvisibility. A modelthat

includesdifferentaspectsof adaptationwas introducedby
Ferwerdaetal”. Pattanaiketal 1% developedacomputational
modelof adaptatiorand spatialvision for realistictonere-
production A modelthatperceptuallyexpandsandenhances
the perceved dynamicrangewas presentedy Spenceret
al.15, andNakamaeet al 8 presentec modelin orderto im-
provetherealismof themodeledsceneSchlick4 proposed
guantizatiortechniqueor thevisualizationof high dynamic
rangeimagesChiuetal.l introduceda spatiallynonuniform
scalingfunction for high contrastimages.Tumblin et al.16
proposedwo methodsfor displayinghigh contrastimages.
The LCIS algorithm proposedby Tumblin et al.18 aimsto
presere contrastreduction.The model presentecby Ward
etal.2! usesanew histogramadjustmentechniqueandcon-
sidersglare, visual acuity and color sensitvity. As a fur-
therstepforward,atime-dependentisualadaptatiormodel
wasintroducedby Pattanaiket al.11. Fattal et al.8 proposed
amethodcapableof signi cant dynamicrangecompression
while preservingne imagedetails.Reinhardet al.12 adapt
techniquesusedin photographigracticeto createa robust
tonemappingoperator

The methoddiscusse@bore concernaccurateperators
that attemptto reproduceindividual visual effects at non-
interactve or close-to-interactie speedsWe arenot aware
of a prior work which provides a generalframevork for
tone mappingaccelerationlnteractve tone mappingoper
atorsaretypically tightly connectedvith the graphicshard-
ware.Cohenet al.2 proposedone mappingoperatorssuit-
able for hardware implementation.Due to hardware con-
straints,theseoperatorsare rathersimple and do not con-
sidereffectslik etime dependeng chromaticadaptationand
other effects of the humanvisual system.Certain stepsof
our framevork are relatedto acceleratiortechniquesused
by Scheelet al 13, DurandandDorsey4 5, andWard et al 21.
Scheelet al 13 performray castingto obtain high dynamic
rangeimagesamplesandusethe texture mappinghardware
to applytonemappingon verticesof a modelwith precom-
putedradiosity In contrastto their method,our technique
doesnotrequireray castinganddoesnot affectrenderingoy
usingspecializedexturing mappingtechniquesDurandand
Dorsg/4 downsamplethe imageto computethe adaptation
luminanceandusea lookup tableto speedup their interac-
tive time dependentone mappingalgorithm.In their recent
work, DurandandDorse/5 alsousedownsamplingandlin-
earinterpolation.Ward et al 2! alsodownsamplethe image
to extracthistograminformationwhich is usedto setup pa-
rametergor theirtonemappingalgorithm.Ourframework is
moregenerabkincewe suggesto passhesampleglirectlyto
the (arbitrary)globaltonemappingoperatorandinterpolate
its results Additionally we shav how to implementhetech-
nigueonrecentgraphicshardwarewith a oating pointcolor
representationyithout modifying therenderingpipeline.
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3. Overview

The proposedframewvork consistof four steps:sampling,
tonemapping, tting, andreconstructionAs input we take
a high dynamicrangeimage.The samplingalgorithm pro-
ducesa setof sampleghat form a compactrepresentation
of theluminancedistribution in theimage.The samplesare
passedo the tonemappingoperatorthat assignseachsam-
plealuminancein thecolor spaceof thedisplaydevice. The
resultis processetby the tting algorithmthat nds interpo-
lationcoefcients for thepoint-sampledonemappingcune.
Finally thereconstructioralgorithmappliestheinterpolated
tone mappingcurve on all pixels of the input image.The
framawork is depictedn Figure2.

input  rendering GPU CPU

()
‘OfOE

sampling

reconstructiol fitting

output  display

Figure 2: Overviev of the proposedframevork. The sam-
pling andthe reconstructioris suitablefor an implementa-
tion on the GPU, thetonemappingandthe tting are per
formedonthe CPU (themaindata ow is depictedn bold).

Figure2 shavs a possiblesubdvision of the computation
betweerthegraphicshardwareandthe generalpurposepro-
cessorSamplingandreconstructiorarerelatively simpleal-
gorithms,but they areappliedon all pixels of the inputim-
age.Tone mappingand tting are more complicatedalgo-
rithms, but they areappliedon a relatively smallnumberof
samplesThususingthe suggestedgubdvision of the com-
putationwe exploit the raw computationapower of graph-
ics hardwarewhile keepingtheframewvork openfor arbitrar
ily comple globaltonemappingoperatorsTheoverheadf
transferringdatabetweenthe CPU and GPU is minimized
by transferringonly the sampledmageandthe coefcients
establishedtby the tting algorithm.Themaindata o w takes
placeontheGPU.

4. The Framework

In this sectionwe discusshe four main stepsof our frame-
work in moredetail.
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4.1. Sampling

The goal of the samplingalgorithmis to computea com-
pactrepresentatiomf the luminancedistribution in the in-
put image. The set of samplesshould provide an accurate
representatiorof the histogramof the input image, while
keepingthe numberof samplessmall. To avoid maintain-
ing a high dynamicrangehistogramwe sampledirectly in
theimagedomain.We have usedtwo techniqueshatcanbe
seenasrepresentatiesof two extremes—randonsampling
and downsampling—andne techniquethat combinesthe
adwantage®f both— ltered randomsampling.

Randomsamplingtakes a speci ed numberof samples
from the input image.The samplesare taken at imageco-
ordinategyiven by the Halton sequenceAlternatively if the
gazeof theusercanbepredictedthesamplingdensityatthe
foveacanbeincreasetb.

Downsamplingsubdvides the imageinto n regionsand
computesan averageluminancefor eachregion, which cor
responddo the applicationof abox Iter onthesamplesA
similar techniquewasusedby Scheelet al.13 to computea
globaladaptatioduminance.

Filtered random sampling combinesrandom sampling
with downsamplingin orderto improve the ability of the
algorithmto captureboth high-frequeng as well as low-
frequeng information.It appliesa box lter on every pixel
obtainedby therandomsamplingtechnique.

SeeFigure3for anillustrationof thesamplingiechniques.

4.2. ToneMapping

The tone mappingoperatoris appliedon the computedset
of samplesWe assumethat the operatorworks only with
theluminancecomponenbf CIE XYZ color spaceTo map
apixel of theinputimageto thedevice color spacethecom-
ponentsof the input color aremultiplied by the ratio of the
device andworld luminanceslf acolortransformations re-
quired,it canbeappliedasa postprocess.

Thetonemappingoperatorassigneachsamplealow dy-
namicrangeluminancen thedevice color space The setof
samplesand their mappingsrepresentr 1D point-sampled
tonemappingcurve

4.3. Fitting

The tting algorithmaimsto interpolatethe point-sampled
tone mappingcurwve in orderto tone map all pixels of the
inputimage.The tting of the curve shouldaccuratelycap-
ture the point-sampledone mappingcurve, while keeping
the computationalkostslow. We usedpieceavise linear in-
terpolationbecausef its speedcandsimplicity. We alsotried
higherorderinterpolationusingnaturalcubicsplines put the
slight increasein accurag doesnot compensatéhe higher
computationatost.
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Figure 3: Theinputimage and the luminancesamples(a) Theinputimage (1000x700pixels).(b) Randomsampling(1024

samples)(c) Downsampling1024samples).

To computethe coefcients of the interpolation,we rst
sortthesamplesaccordingo theworld luminance Thenwe
computethe interpolationcoefcients for eachintenal be-
tweentwo samplepoints.

4.4, Reconstruction

The reconstructiorof the tone mappingcurve proceedsas
follows: Giventhe high dynamicrangeluminancel,, we lo-
cateanintenal of theinterpolateccurve thatcoversL,y using
abinarysearchFor thelinearinterpolationthe device lumi-
nancel, is extrapolateds:

Lw< b, 1)

wherew} ; Wi arecoefcients establishedor thei-th interval,

andb;; b;, , aretheboundarief theinterval.

4.4.1. Lookup Table

To acceleratehe reconstructioralgorithm, we canresam-
ple theinterpolationcoefcients andstorethemin alookup
table. Given a world luminance,the lookup table can be
directly accessedo obtainthe correspondinglevice lumi-
nancevalue.To improve the accurag of the reconstruction
we canusea logarithmic scaleto capturethe low dynamic
partof thetonemappingcurve moreaccurately

A similartechniquevasusedby DurandandDorse/4 and
Scheelet al.13. Thesemethodscomputedhe samplesusing
the tonemappingoperatordirectly whereasour methodre-
samplegheinterpolatedonemappingcurve. Theadwantage
of our methodis thatwe cantreatthe tonemappingopera-
tor asa black box without alteringthe tonemappingcurve.
This is more general,sincewe do not have to know what
parametershetonemappingoperatoruses.

5. Hardware Implementation

We integrated the proposedframevnork into a rendering
pipeline which usesgraphicshardware with support for
oating point perpixel operations.In particular we used
the NVIDIA GeForceFX card, which supports32 bits per
color componentand pixel shaders(also called fragment
programspf upto 1024instructions.

Following Figure2, we portedtwo stepsof theframework
to the graphicshardware: samplingandreconstructionThe
correspondin@lgorithmsareimplementedasfragmentpro-
gramswrittenin NVIDIA's Cglanguagé. In this sectionwe
discussspeci ¢ issuesassociatedvith the hardwareimple-
mentation.

5.1. Sampling

Random sampling is implementedby dependenttexture
lookups.We generatea small texture containingvaluesof

the Halton sequenceThe sizeof thetextureis given by the
numberof thedesiredsamplesThis textureis renderednto

the framebuffer asfollows: for eachpixel we usethe cor

respondingexel asindicesto the inputimage(treatedasa
secondaryexture)andthe pixel is setto the color of thead-
dressedixel. The fragmentprogramfor randomsampling
consistof 5 assemblyinstructions.

Downsamplingis implementecby subsequentendering
of texturedquadsof smallerresolution.Initially we usethe
input imageas a texture and renderit on a quadwith 1=k
of theresolutionof the inputimage.The fragmentprogram
computesan averageof k? texels for eachpixel coveredby
thequad.If theinputimageconsistf p pixelsaftern steps
we obtain p=k2" samplesassumingthe dimensionsof the
imageareapowerof k. Thefragmentprogramgeneratedor
k = 2 consistof 37 assemblyinstructionsfor k = 4 of 133
instructionsandfor k = 10 of 805instructions.

Filteredrandomsamplingis asimpleextensionto random
samplingwherea prede nedimageregion aroundthe input
imagepixel is averagedin the fragmentprogramto obtain
thesamplevalue.

5.2. ToneMapping and Fitting

After the samplingstepthe samplesaretransferredrom the
GPU to the CPU usinga frame buffer read-backThe tone
mappingoperatoris appliedon thesamplesandthe tting is
usedto nd thecoefcients of theinterpolatedonemapping
curwe asdescribedn Sectior4.3.

Thecoefcients obtainedby the tting algorithmaresent
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to the graphicscard as a texture. Eachtexel of the texture
representzoefcients of the interpolationfor oneintenal
betweernthe samplesThe coefcients areencodedascolor
component®f thetexel.

5.3. Reconstruction

Thelookuptablefor reconstructioris constructedy “ren-
dering” the coefcients establishedy the tting algorithm
into the framebuffer. The coefcients of aninterval areren-
deredasanarrav horizontaltexturedquad.Theverticallim-
its of thequadaredeterminedy theworld luminanceof the
samplepoints that boundthe associatednterval. The tex-
ture of the quadconsistsof the interval coefcients. Each
columnof the frame buffer thenrepresenta x edsizein-
terval of world luminance Givenaluminancevalue,there-
constructionalgorithm canthendirectly accesghe lookup
table without the necessityof performinga binary search.
Thecorrespondingragmentprogramconsistof only 10 as-
semblyinstructionsncludingthereconstructiomusinglinear
interpolation.

6. Results

We implementedoththe softwareandthe hardwarevariant
of the proposedframevork. The software implementation
wasevaluatedon a PC equippedwith Athlon 800MHz run-
ning Linux. The hardware implementationwastestedon a
PCwith Athlon 1.8GHz,andanNVIDIA GeForceFXgraph-
ics card. We usedthe following imagesin our test$0: the
Memorialchurch[DevebecandMalik 97] (512x768pixels),
theHotelroom[Crone,Fawler andKerrigan97] (3000x1950
pixels),andthe Aeroport[Ehrlich, Ward97] (1024x705pix-
els). Theseimagesaredepictedin Figuresl, Figure5, and
Figure6.

6.1. Software Implementation

We conducteda seriesof teststo capturethe behaior of
differentpartsof the framework in dependencen the type
of the samplingalgorithm, the numberof samplesandthe
typeof interpolation.For the rst seriesof testswe usedthe
tone mappingoperatorof Pattanaiket al.11. To evaluatethe
time performancewe measuredhe time of the sampling,
thetonemappingthe tting, thereconstructionandthetotal
time. Theresultsaresummarizedn Tablel.

Ourframework providesaspeedupf Pattanaiks operator
in therangebetweerd.23and17.6.For exampleusing1000
samplespur methodacceleratetheoperatorl6.18timeson
an image of 3000x1950pixels. For all measurementghe
time of thereconstructions the majorcomponenbf theto-
tal computationatime. This justi es the subdvision of the
computationbetweenthe GPU and CPU depictedin Fig-
ure 2, which suggesto implementthe reconstructionn the
GPU.
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We canseethatdownsamplingorovidesmoreaccuratee-
sultsthanrandomsamplingat the costof a slight increase
in computationatime. As the numberof samplesncreases,
theaccurag of randomsamplingbecomesomparablevith
downsampling.In orderto reducethe increasedccomputa-
tional costsof downsampling,we tried the Itered random
samplingapproachWe have obtainedgoodresultsusinga

Iter window sizeof 3x3 and2000samplesin Figure4 we

canseethattheresultsfor Itered randomsamplingarecom-
parableo downsamplingbut thecomputationatostis atthe
level of randomsampling.

1.2 T T —T
Drago et al. 03
__ Original TM
Down-sampling
1r Filtered random s.
Random s.
Pattanaik et al. 00
0.8r Original TM
Down-sampling )
Ld ,,,,,,,,, Filtered random s. 7
0.6F Random s. ! _
0.4 b
0.2 / i
0 Lol L — L 1 L L 1

100 1000 1000(
Lw

0.1 1 10

Figure 4: Fitting accuracy of the framavork usingrandom
sampling downsamplingwith 1000 samples,and lter ed
randomsamplingwith 2000samplesThetonemappingop-
erators usedare Drago etal.3 andPattanaiketal .1, bothon
the Memorial church image.

We alsoevaluatedour methodusing othertone mapping
operatorsnamelythe operatorof Tumblin et al.17 andthe
operatorof Dragoetal 3. For eachinputimagewe measured
the resultsobtainedby direct applicationof tone mapping
andtheresultsobtainedy applyingourtechniqueausingran-
dom samplingwith 1000 samplesand linear interpolation.
Table2 summarizesheresults.

_ time _
operator orig. accel. speedup
[ms]  [ms] [l

image

Pattanaiketal.11 54852 3391 16.18
Hotel Tumblinetal 17 5657 3344 1.70
Dragoetal.3 9359 3336 2.81

Pattanaiketal.11 6815 426 16.00
Tumblinetal 17 687 404 1.70
Dragoetal 3 1154 400 2.89

Aeroport

Table 2: Evaluationof the framavork applyingthreetone
mappingopeiators usingrandomsampling(1000samples)
andlinear interpolationon threedifferentimages.
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time
sampling ~ #samples  samp. ™ t reconst. total speedup’
sl [ms] [ms] [ms] [ms] [
noacceleration - - 54852 1.0
300 0.642 3232 0.012 3118 3122 17.57
halton 1000 2.287 7.212 0.029 3381 3391 16.18
2000 5780 10.968 0.055 3423 3440 15.94
3000 7.823 13.071 0.074 3469 3490 15.72
300 2024 3.604 0.014 3131 5159 10.63
downs. 1000 2024 13.834 0.132 3522 5557 9.870
2000 2051 20.075 0.162 3729 5800 9.457
3000 2032 30.080 0.300 3879 5941 9.233
300 1.098 3.498 0.013 3222 3226 17.00
It rand.3x3 1000 3.833 11.260 0.047 3610 3625 15.13
2000 7.906 19.992 0.162 3813 3841 14.28
3000 12,127 29.502 0.330 3963 4005 13.70

Table 1: Evaluationof theframeavorkin softwae usingPattanaik's opertor on the Hotel room.

We can obsene that all three complex global operators
arespedup, andthatthetime performancef theframevork
is practicallyindependenfrom the tone mappingoperator
used:Theacceleratetimein Table2 is practicallythesame
for all testedoperators.

6.2. Hardware Implementation

To evaluate the hardware implementationof the method
we integratedthe proposedframenork into an interactve
OpenGLapplication,which useshigh dynamicrangeervi-
ronmentmaps.The testswere conductedonly for the tone
mapping curve producedby the Ashikhmin operator We
measuredhetime performancef themethodn dependence
on the type of the samplingtechnique We also measured
thetime of the actualtonemapping(executedon the CPU),
andthetotal frametime. We alsomeasuredhetime perfor
mance®f adirectGPUimplementatiorof thetonemapping
operatorusedin theseexperimentsNotethatwe did noten-
counterary signi cant delaysdueto lateny betweenCPU
andGPUbecaus@nly avery smallimageis readbackfrom
thegraphicscardinto mainmemory Theresultsaresumma-
rizedin Table3.

The resultsshawv that the hardwareimplementatiorpro-
videsreal-time performanceo Ashikhmin's tone mapping
operator Our interactve testapplicationwasrunningat 65
to 80 framesper second.lt is interestingto note that our
frameavork canevencompetdn termsof speedagainsta di-
recthardwareimplementatiorof thequitesimpleAshikhmin
operator albeitat reducedquality dueto the sampling.The

Itered randomsamplingtechniquedoesnot causea notice-
ableperformancalegradationascomparedo randomsam-
pling, but providesbetterimagequality.

Our original experimentswith the hardware implemen-
tation revealedsigni cant temporalaliasingin the form of

time
samp.  samples TM CPU total FPS
[ms] [ms]  []
random 1024 1.23 18.71 56
downs. 1024 1 21.42 48
It. rand.3x3 1024 1.01 18.87 56
directGPU - - 19.76 51

Table 3: Evaluation of the real-time application using
Ashikhmins tone mapping opertor acceleated by our
framavorkin hardware, andits directimplementatioronthe
GPU. Theimage resolutionis 512x512.

ick ering. This occurredespeciallywhenrandomsampling
was used, becausethe input parameterof the usedtone
mappingalgorithms,i.e., minimum, maximumor average,
werenot capturedwell by the small samplesetusedin the
implementationin orderto reducetheseartifacts,we reuse
eachsamplefor a certainnumberof framesas discussed
by Scheelet al13. Note that the measurement® Table 3
alreadyre ect this improvement.Eachsamplewas reused
for 8 frames,which reducedthe ick ering by a signi cant
amount.An interestingobsenation wasthateventhe direct
implementatiorof the Ashikhminoperatorexhibitednotice-
able ick eringin dynamicscenes.

7. Conclusionand Futur e Work

We have presented framework thatdeliversinteractve per
formanceto complex globaltonemappingoperatorsWhen
integratedinto the renderingpipeline, the proposedrame-
work allows studyingthe responseof complec global tone
mappingoperatorsnteractiely. It alsoenabledo selectin-
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teractvely the mostappropriatéonemappingoperatorfor a
givenapplication.

The structureof the framework is designedor easyinte-
grationinto the renderingpipeline of recentgraphicshard-
ware.Unlike previoustonemappingtechniquesisinggraph-
ics hardware, our methoddoesnot requiremodi cation of
therenderingpipelineasit worksasa postprocessn a high
dynamicrangeimage.We proposecanef cient subdvision
of the workload betweenthe CPU andthe GPU. The tone
mappingoperatoris appliedon the CPU, which maintains
the generalityof the method.The GPU resoles the com-
putationally simple but costly stagesof the algorithm. An
importantfeatureof the framework is thatthe GPU imple-
mentationis simpleandit doesnot needto be modi ed for
anapplicationwith a differenttonemappingoperator

The hardware implementationof our method shavs a
speedupof one order of magnitudecomparedto the pure
softwaresolution.This provesthe potentialof the proposed
techniguéfor interactve renderingapplications.

The modularity of the proposedframevork enablesto
concentratenimproving eachof its partsindependentlyWe
currentlywork onimproving the samplingalgorithmsin or-
derto reducetemporalaliasingartifacts.Anotherinteresting
topicis anextensionof the framevork for the usewith local
tonemappingoperators.
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Figure 5: The Airport [C. Ehrlich, G.Ward, 97] (1024x705);The top images are obtainedusingthe original tone mapping
opeiators, the bottomimagesare obtainedby applyingour framevork. (Left) Pattanaiket al.11; (center)Drago etal.3; (right)
Tumblinetal.?.

Figure 6: Hotel room[Crong Fawler and Kerrigan 97] (3000x1950);Thetop images are obtainedusing the original tone
mappingopemators, thebottomimagesare obtainedby applyingour framevork. (Left) Pattanaiketal.11; (center)Dragoetal.3;
(right) Tumblinetal.1?

¢ TheEurographic#ssociation2003.



