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Abstract

Theaccuratedisplayof high dynamicrange imagesrequirestheapplicationof complex tonemappingoperators.
Theseoperators are computationallycostly, which preventstheir usage in interactiveapplications.We propose
a general framework that delivers interactiveperformanceto an importantsubclassof tonemappingoperators,
namelyglobal tonemappingoperators.Theproposedframeworkconsistsof four steps:samplingtheinput image,
applyingthe tonemappingoperator, �tting the point-sampledtonemappingcurve, and reconstructingthe tone
mappingcurvefor all pixelsof the input image. We showhow to make useof recentgraphicshardware while
keepingtheadvantage of generality by performingtonemappingin software. We demonstratethecapabilitiesof
our methodby accelerating several commonglobal tonemappingoperators and integrating the operators in a
real-timerenderingapplication.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.3 [ComputerGraphics]:Picture/ImageGener-
ationDisplayalgorithms;I.3.7 [ComputerGraphics]:Three-DimensionalGraphicsand RealismColor, shading,
shadowing, andtexture

1. Intr oduction

Theconversionfrom high dynamicrangeimagesto images
suitablefor displaydevicesis known astonemapping.The
goalof tonemappingis to reproducetheoverall impression
of brightness,contrast,andcolorsof an imageon a device
with a restrictedrangeof displayablecolors17.

Many tonemappingoperatorshave beenproposedin the
last decade.An importantsubclassof theseareglobal tone
mappingoperators.They considereachpixel in an image
separately, andarethereforewell suitedfor acceleration.Al-
thoughtheseoperatorsdo not take into accountthe neigh-
borhoodof a pixel (like local tonemappingoperators),they
canstill simulatemany importanteffectsrelatedto the hu-
manvisualsystem.

Someglobal operatorsevaluatejust a simple function,
but many of themperformcomplex computationsfor each
imagepixel17; 21; 11; 3; 7. While convincing resultscanbe ob-
tained,the high executiontimes of the complex operators
preventtheir usagein interactiveapplications.

† email:artusi@cg.tuwien.ac.at

One possibility of delivering interactivity is implement-
ing a tonemappingoperatordirectly in graphicshardware
with supportfor �oating point color representationandpro-
grammablepixel shaders.Due to the hardwareconstraints,
thisapproachhowever imposesseverelimitationsontheop-
erator:(1) it cannotperformarbitrarydatamanipulation,(2)
its complexity is limited by themaximumnumberof instruc-
tionsof apixel shader.

We proposea novel accelerationframework thatdelivers
interactivity to complex global tonemappingoperators.In-
teractivity bringstheusera qualitatively new understanding
of differentoperators,astheusercanstudytheirbehavior by
interactivemanipulationof theinputimageor theparameters
of the operator. The framework canbe implementedeither
asa puresoftwareaccelerationtechnique,or it canperform
somealgorithmicallysimplebut computationallycostlyop-
erationsin thegraphicshardware.In thelattercase,thepro-
posedframework alsoprovidesthebene�t of anef�cient in-
tegrationof the methodinto the �o w of the graphicshard-
warerenderingpipelineandpermitsto usecomplex global
tonemappingoperatorsin real-timerenderingapplications.
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3.7s 0.27s 0.04s

Figure 1: (left) Image tone mapped using Pattanaik's
operator11; computationaltime 3.7s. (center) Resultof a
softwareimplementationof theproposedtechniqueusingthe
sametone mappingoperator (0.27s).(right) Resultof the
hardware implementation(0.04s).

Unlikeprevioustechniquesthatexploit graphicshardware
for tone mapping,our methoddoesnot requiremodi�ca-
tion of the renderingpipeline,as it works asa postprocess
of thehigh dynamicrangeimage.Theframework allows an
ef�cient subdivision of theworkloadbetweentheCPUand
theGPU.TheGPUresolvesthecomputationallysimplebut
costlystagesof thealgorithm.Thetonemappingoperatoris
appliedon theCPU,whichallowsusingexisting implemen-
tationsof tonemappingoperators.Figure1 depictsresults
obtainedby theframework usingapuresoftwareimplemen-
tationaswell asahardwareacceleratedimplementation.

The work presentedin this paperis novel in several as-
pects.First, accordingto our bestknowledgeit is the �rst
generalframework for accelerationof arbitraryglobal tone
mappingoperators.Second,partsof the framework canbe
implementedin thegraphicshardwareto improveef�ciency
of the algorithm. Third, the methodseamlesslyintegrates
into the�o w of thehardwarerenderingpipeline.Thisallows
applyingrealistictonemappingin real-timeapplicationsby
usingthehighdynamicrangecapabilitiesof recentgraphics
hardware.

Thepaperis organizedasfollows:Section2 discussesthe
relatedwork.Section3providesanoverview of theproposed
method.Section4 discussesthe differentstepsof the pro-
posedframework. Section5 discussesanimplementationof
themethodon thegraphicshardware.Section6 presentsre-
sultsof theproposedtechnique.Finally, Section7 concludes
thepaper.

2. RelatedWork

Theconceptof tonemappinghasbeenintroducedby Tum-
blin andRushmeier17, whoproposedatonereproductionop-
eratorthat preserves the apparentbrightnessof scenefea-
tures.Ward19 describeda tonereproductionoperatorwhich
preservesthe apparentcontrastandvisibility. A modelthat

includesdifferentaspectsof adaptationwas introducedby
Ferwerdaetal.7. Pattanaiketal.10 developedacomputational
modelof adaptationandspatialvision for realistictonere-
production.A modelthatperceptuallyexpandsandenhances
the perceived dynamicrangewas presentedby Spenceret
al.15, andNakamaeet al.8 presenteda modelin orderto im-
provetherealismof themodeledscene.Schlick14 proposeda
quantizationtechniquefor thevisualizationof highdynamic
rangeimages.Chiuetal.1 introducedaspatiallynonuniform
scalingfunction for high contrastimages.Tumblin et al.16

proposedtwo methodsfor displayinghigh contrastimages.
The LCIS algorithmproposedby Tumblin et al.18 aims to
preserve contrastreduction.The modelpresentedby Ward
et al.21 usesa new histogramadjustmenttechniqueandcon-
sidersglare, visual acuity, and color sensitivity. As a fur-
therstepforward,a time-dependentvisualadaptationmodel
wasintroducedby Pattanaiket al.11. Fattal et al.6 proposed
a methodcapableof signi�cant dynamicrangecompression
while preserving�ne imagedetails.Reinhardet al.12 adapt
techniquesusedin photographicpracticeto createa robust
tonemappingoperator.

Themethodsdiscussedabove concernaccurateoperators
that attemptto reproduceindividual visual effects at non-
interactive or close-to-interactive speeds.We arenot aware
of a prior work which provides a generalframework for
tonemappingacceleration.Interactive tonemappingoper-
atorsaretypically tightly connectedwith thegraphicshard-
ware.Cohenet al.2 proposedtonemappingoperatorssuit-
able for hardware implementation.Due to hardware con-
straints,theseoperatorsare rathersimple and do not con-
sidereffectsliketimedependency, chromaticadaptation,and
other effects of the humanvisual system.Certainstepsof
our framework are relatedto accelerationtechniquesused
by Scheelet al.13, DurandandDorsey4; 5, andWardet al.21.
Scheelet al.13 performray castingto obtainhigh dynamic
rangeimagesamplesandusethetexturemappinghardware
to apply tonemappingon verticesof a modelwith precom-
putedradiosity. In contrastto their method,our technique
doesnot requireraycastinganddoesnotaffect renderingby
usingspecializedtexturingmappingtechniques.Durandand
Dorsey4 downsamplethe imageto computethe adaptation
luminanceandusea lookuptableto speedup their interac-
tive time dependenttonemappingalgorithm.In their recent
work, DurandandDorsey5 alsousedownsamplingandlin-
earinterpolation.Ward et al.21 alsodownsamplethe image
to extracthistograminformationwhich is usedto setup pa-
rametersfor theirtonemappingalgorithm.Ourframework is
moregeneralsincewesuggestto passthesamplesdirectlyto
the(arbitrary)global tonemappingoperatorandinterpolate
its results.Additionally weshow how to implementthetech-
niqueonrecentgraphicshardwarewith a�oating pointcolor
representation,withoutmodifying therenderingpipeline.
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3. Overview

The proposedframework consistof four steps:sampling,
tonemapping,�tting, andreconstruction.As input we take
a high dynamicrangeimage.The samplingalgorithmpro-
ducesa setof samplesthat form a compactrepresentation
of theluminancedistribution in theimage.Thesamplesare
passedto the tonemappingoperatorthatassignseachsam-
plea luminancein thecolorspaceof thedisplaydevice.The
resultis processedby the�tting algorithmthat�nds interpo-
lationcoef�cients for thepoint-sampledtonemappingcurve.
Finally thereconstructionalgorithmappliestheinterpolated
tone mappingcurve on all pixels of the input image.The
framework is depictedin Figure2.

fitting

TM

reconstruction

input

output display

rendering

sampling

GPU CPU

TM

Figure 2: Overview of the proposedframework. Thesam-
pling and the reconstructionis suitablefor an implementa-
tion on the GPU, the tonemappingand the �tting are per-
formedon theCPU(themaindata�ow is depictedin bold).

Figure2 shows a possiblesubdivisionof thecomputation
betweenthegraphicshardwareandthegeneralpurposepro-
cessor. Samplingandreconstructionarerelatively simpleal-
gorithms,but they areappliedon all pixelsof the input im-
age.Tonemappingand �tting aremorecomplicatedalgo-
rithms,but they areappliedon a relatively smallnumberof
samples.Thususingthe suggestedsubdivision of the com-
putationwe exploit the raw computationalpower of graph-
icshardwarewhile keepingtheframework openfor arbitrar-
ily complex globaltonemappingoperators.Theoverheadof
transferringdatabetweenthe CPU andGPU is minimized
by transferringonly thesampledimageandthecoef�cients
establishedby the�tting algorithm.Themaindata�o w takes
placeon theGPU.

4. The Framework

In this sectionwe discussthefour mainstepsof our frame-
work in moredetail.

4.1. Sampling

The goal of the samplingalgorithm is to computea com-
pact representationof the luminancedistribution in the in-
put image.The set of samplesshouldprovide an accurate
representationof the histogramof the input image,while
keepingthe numberof samplessmall. To avoid maintain-
ing a high dynamicrangehistogram,we sampledirectly in
theimagedomain.Wehaveusedtwo techniquesthatcanbe
seenasrepresentativesof two extremes—randomsampling
and downsampling—andone techniquethat combinesthe
advantagesof both—�ltered randomsampling.

Randomsamplingtakes a speci�ed numberof samples
from the input image.The samplesare taken at imageco-
ordinatesgivenby theHaltonsequence.Alternatively if the
gazeof theusercanbepredicted,thesamplingdensityat the
foveacanbeincreased13.

Downsamplingsubdivides the imageinto n regions and
computesanaverageluminancefor eachregion,which cor-
respondsto theapplicationof a box �lter on thesamples.A
similar techniquewasusedby Scheelet al.13 to computea
globaladaptationluminance.

Filtered random sampling combinesrandom sampling
with downsamplingin order to improve the ability of the
algorithm to captureboth high-frequency as well as low-
frequency information.It appliesa box �lter on every pixel
obtainedby therandomsamplingtechnique.

SeeFigure3 for anillustrationof thesamplingtechniques.

4.2. ToneMapping

The tonemappingoperatoris appliedon the computedset
of samples.We assumethat the operatorworks only with
theluminancecomponentof CIE XYZ color space.To map
apixel of theinput imageto thedevicecolorspace,thecom-
ponentsof the input color aremultiplied by the ratio of the
deviceandworld luminances.If acolor transformationis re-
quired,it canbeappliedasapostprocess.

Thetonemappingoperatorassignseachsamplea low dy-
namicrangeluminancein thedevice color space.Thesetof
samplesand their mappingsrepresenta 1D point-sampled
tonemappingcurve.

4.3. Fitting

The �tting algorithmaimsto interpolatethe point-sampled
tone mappingcurve in order to tone map all pixels of the
input image.The�tting of thecurve shouldaccuratelycap-
ture the point-sampledtonemappingcurve, while keeping
the computationalcostslow. We usedpiecewise linear in-
terpolationbecauseof its speedandsimplicity. Wealsotried
higherorderinterpolationusingnaturalcubicsplines,but the
slight increasein accuracy doesnot compensatethe higher
computationalcost.
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Figure 3: Theinput image and the luminancesamples.(a) Theinput image (1000x700pixels).(b) Randomsampling(1024
samples).(c) Downsampling(1024samples).

To computethe coef�cients of the interpolation,we �rst
sortthesamplesaccordingto theworld luminance.Thenwe
computethe interpolationcoef�cients for eachinterval be-
tweentwo samplepoints.

4.4. Reconstruction

The reconstructionof the tonemappingcurve proceedsas
follows:GiventhehighdynamicrangeluminanceLw welo-
cateaninterval of theinterpolatedcurvethatcoversLw using
abinarysearch.For thelinearinterpolationthedevice lumi-
nanceLd is extrapolatedas:

Ld = wi
1Lw + wi

0; bi � Lw < bi+ 1; (1)

wherewi
1;wi

0 arecoef�cients establishedfor thei-th interval,
andbi ;bi+ 1 aretheboundariesof theinterval.

4.4.1. Lookup Table

To acceleratethe reconstructionalgorithm,we can resam-
ple theinterpolationcoef�cients andstorethemin a lookup
table. Given a world luminance,the lookup table can be
directly accessedto obtain the correspondingdevice lumi-
nancevalue.To improve theaccuracy of the reconstruction
we canusea logarithmic scaleto capturethe low dynamic
partof thetonemappingcurvemoreaccurately.

A similar techniquewasusedby DurandandDorsey4 and
Scheelet al.13. Thesemethodscomputedthesamplesusing
the tonemappingoperatordirectly whereasour methodre-
samplestheinterpolatedtonemappingcurve.Theadvantage
of our methodis thatwe cantreatthe tonemappingopera-
tor asa blackbox without alteringthe tonemappingcurve.
This is more general,sincewe do not have to know what
parametersthetonemappingoperatoruses.

5. Hardware Implementation

We integrated the proposedframework into a rendering
pipeline which usesgraphicshardware with support for
�oating point per-pixel operations.In particular we used
the NVIDIA GeForceFX card,which supports32 bits per
color componentand pixel shaders(also called fragment
programs)of up to 1024instructions9.

Following Figure2,weportedtwo stepsof theframework
to thegraphicshardware:samplingandreconstruction.The
correspondingalgorithmsareimplementedasfragmentpro-
gramswritten in NVIDIA'sCg language9. In thissectionwe
discussspeci�c issuesassociatedwith the hardwareimple-
mentation.

5.1. Sampling

Randomsampling is implementedby dependenttexture
lookups.We generatea small texture containingvaluesof
theHaltonsequence.Thesizeof thetexture is givenby the
numberof thedesiredsamples.This textureis renderedinto
the framebuffer asfollows: for eachpixel we usethe cor-
respondingtexel asindicesto the input image(treatedasa
secondarytexture)andthepixel is setto thecolorof thead-
dressedpixel. The fragmentprogramfor randomsampling
consistsof 5 assemblyinstructions.

Downsamplingis implementedby subsequentrendering
of texturedquadsof smallerresolution.Initially we usethe
input imageasa texture andrenderit on a quadwith 1=k
of theresolutionof the input image.Thefragmentprogram
computesanaverageof k2 texels for eachpixel coveredby
thequad.If theinput imageconsistsof p pixelsaftern steps
we obtain p=k2n samplesassumingthe dimensionsof the
imageareapowerof k. Thefragmentprogramgeneratedfor
k = 2 consistsof 37 assemblyinstructions,for k = 4 of 133
instructions,andfor k = 10of 805instructions.

Filteredrandomsamplingis asimpleextensionto random
samplingwherea prede�nedimageregion aroundtheinput
imagepixel is averagedin the fragmentprogramto obtain
thesamplevalue.

5.2. ToneMapping and Fitting

After thesamplingstepthesamplesaretransferredfrom the
GPU to the CPU usinga framebuffer read-back.The tone
mappingoperatoris appliedon thesamplesandthe�tting is
usedto �nd thecoef�cients of theinterpolatedtonemapping
curveasdescribedin Section4.3.

Thecoef�cients obtainedby the�tting algorithmaresent
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to the graphicscardasa texture. Eachtexel of the texture
representscoef�cients of the interpolationfor one interval
betweenthesamples.Thecoef�cients areencodedascolor
componentsof thetexel.

5.3. Reconstruction

The lookup tablefor reconstructionis constructedby “ren-
dering” the coef�cients establishedby the �tting algorithm
into theframebuffer. Thecoef�cients of aninterval areren-
deredasanarrow horizontaltexturedquad.Theverticallim-
its of thequadaredeterminedby theworld luminanceof the
samplepoints that boundthe associatedinterval. The tex-
ture of the quadconsistsof the interval coef�cients. Each
columnof the framebuffer thenrepresentsa �x ed size in-
terval of world luminance.Givena luminancevalue,there-
constructionalgorithmcanthendirectly accessthe lookup
table without the necessityof performinga binary search.
Thecorrespondingfragmentprogramconsistsof only 10as-
semblyinstructionsincludingthereconstructionusinglinear
interpolation.

6. Results

We implementedboththesoftwareandthehardwarevariant
of the proposedframework. The software implementation
wasevaluatedon a PCequippedwith Athlon 800MHzrun-
ning Linux. The hardware implementationwastestedon a
PCwith Athlon1.8GHz,andanNVIDIA GeForceFXgraph-
ics card.We usedthe following imagesin our tests20: the
Memorialchurch[DevebecandMalik 97] (512x768pixels),
theHotelroom[Crone,FawlerandKerrigan97] (3000x1950
pixels),andtheAeroport[Ehrlich,Ward97] (1024x705pix-
els).Theseimagesaredepictedin Figures1, Figure5, and
Figure6.

6.1. Software Implementation

We conducteda seriesof teststo capturethe behavior of
differentpartsof the framework in dependenceon the type
of the samplingalgorithm,the numberof samples,andthe
typeof interpolation.For the�rst seriesof tests,weusedthe
tonemappingoperatorof Pattanaiket al.11. To evaluatethe
time performance,we measuredthe time of the sampling,
thetonemapping,the�tting, thereconstruction,andthetotal
time.Theresultsaresummarizedin Table1.

Ourframework providesaspeedupof Pattanaik'soperator
in therangebetween9.23and17.6.For exampleusing1000
samples,ourmethodacceleratestheoperator16.18timeson
an imageof 3000x1950pixels. For all measurements,the
time of thereconstructionis themajorcomponentof theto-
tal computationaltime. This justi�es the subdivision of the
computationbetweenthe GPU and CPU depictedin Fig-
ure2, which suggestto implementthereconstructionin the
GPU.

Wecanseethatdownsamplingprovidesmoreaccuratere-
sults thanrandomsamplingat the costof a slight increase
in computationaltime.As thenumberof samplesincreases,
theaccuracy of randomsamplingbecomescomparablewith
downsampling.In order to reducethe increasedcomputa-
tional costsof downsampling,we tried the �ltered random
samplingapproach.We have obtainedgoodresultsusinga
�lter window sizeof 3x3 and2000samples.In Figure4 we
canseethattheresultsfor �ltered randomsamplingarecom-
parabletodownsampling,but thecomputationalcostisatthe
level of randomsampling.

Original TM 
Down-sampling
Filtered random s.
Random s.

Pattanaik et al. 00

Drago et al. 03
Original TM 
Down-sampling
Filtered random s.
Random s.

Ld

Lw

0

0.2
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1

1.2

0.1 1 100 1000 1000010

Figure 4: Fitting accuracyof the framework usingrandom
sampling, downsamplingwith 1000 samples,and �lter ed
randomsamplingwith 2000samples.Thetonemappingop-
eratorsusedareDragoetal.3 andPattanaiketal.11, bothon
theMemorialchurch image.

We alsoevaluatedour methodusingothertonemapping
operators,namelythe operatorof Tumblin et al.17 and the
operatorof Dragoetal.3. For eachinput imagewemeasured
the resultsobtainedby direct applicationof tone mapping
andtheresultsobtainedby applyingourtechniqueusingran-
dom samplingwith 1000samplesand linear interpolation.
Table2 summarizestheresults.

time
image operator orig. accel. speedup

[ms] [ms] [-]

Hotel
Pattanaiketal.11 54852 3391 16.18
Tumblinetal.17 5657 3344 1.70

Dragoetal.3 9359 3336 2.81

Aeroport
Pattanaiketal.11 6815 426 16.00
Tumblinetal.17 687 404 1.70

Dragoetal.3 1154 400 2.89

Table 2: Evaluationof the framework applying three tone
mappingoperators usingrandomsampling(1000samples)
andlinear interpolationon threedifferentimages.
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time
sampling #samples samp. TM �t reconst. total speedup

[ms] [ms] [ms] [ms] [ms] [-]

noacceleration - - 54852 1.0

halton

300 0.642 3.232 0.012 3118 3122 17.57
1000 2.287 7.212 0.029 3381 3391 16.18
2000 5.780 10.968 0.055 3423 3440 15.94
3000 7.823 13.071 0.074 3469 3490 15.72

downs.

300 2024 3.604 0.014 3131 5159 10.63
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

�lt rand.3x3

300 1.098 3.498 0.013 3222 3226 17.00
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

Table1: Evaluationof theframework in softwareusingPattanaik'soperator on theHotel room.

We can observe that all threecomplex global operators
arespedup,andthatthetimeperformanceof theframework
is practically independentfrom the tonemappingoperator
used:Theacceleratedtime in Table2 is practicallythesame
for all testedoperators.

6.2. Hardware Implementation

To evaluate the hardware implementationof the method
we integratedthe proposedframework into an interactive
OpenGLapplication,which useshigh dynamicrangeenvi-
ronmentmaps.The testswereconductedonly for the tone
mappingcurve producedby the Ashikhmin operator. We
measuredthetimeperformanceof themethodin dependence
on the type of the samplingtechnique.We also measured
thetime of theactualtonemapping(executedon theCPU),
andthetotal frametime.We alsomeasuredthetime perfor-
mancesof adirectGPUimplementationof thetonemapping
operatorusedin theseexperiments.Notethatwedid noten-
counterany signi�cant delaysdueto latency betweenCPU
andGPUbecauseonly averysmallimageis readbackfrom
thegraphicscardinto mainmemory. Theresultsaresumma-
rizedin Table3.

The resultsshow that the hardwareimplementationpro-
vides real-timeperformanceto Ashikhmin's tonemapping
operator. Our interactive testapplicationwasrunningat 65
to 80 framesper second.It is interestingto note that our
framework canevencompetein termsof speedagainsta di-
recthardwareimplementationof thequitesimpleAshikhmin
operator, albeitat reducedquality dueto thesampling.The
�ltered randomsamplingtechniquedoesnotcauseanotice-
ableperformancedegradationascomparedto 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

�lt. rand.3x3 1024 1.01 18.87 56
directGPU - - 19.76 51

Table 3: Evaluation of the real-time application using
Ashikhmin's tone mapping operator accelerated by our
frameworkin hardware, andits directimplementationonthe
GPU. Theimage resolutionis 512x512.

�ick ering.This occurredespeciallywhenrandomsampling
was used,becausethe input parametersof the usedtone
mappingalgorithms,i.e., minimum, maximumor average,
werenot capturedwell by the small samplesetusedin the
implementation.In orderto reducetheseartifacts,we reuse
eachsamplefor a certainnumberof framesas discussed
by Scheelet al.13. Note that the measurementsin Table 3
alreadyre�ect this improvement.Eachsamplewas reused
for 8 frames,which reducedthe �ick ering by a signi�cant
amount.An interestingobservationwasthateventhedirect
implementationof theAshikhminoperatorexhibitednotice-
able�ick eringin dynamicscenes.

7. Conclusionand Futur eWork

Wehavepresentedaframework thatdeliversinteractiveper-
formanceto complex global tonemappingoperators.When
integratedinto the renderingpipeline,the proposedframe-
work allows studyingthe responseof complex global tone
mappingoperatorsinteractively. It alsoenablesto selectin-
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teractively themostappropriatetonemappingoperatorfor a
givenapplication.

Thestructureof theframework is designedfor easyinte-
grationinto the renderingpipelineof recentgraphicshard-
ware.Unlikeprevioustonemappingtechniquesusinggraph-
ics hardware,our methoddoesnot requiremodi�cation of
therenderingpipelineasit worksasapostprocessonahigh
dynamicrangeimage.We proposedanef�cient subdivision
of the workloadbetweenthe CPU andthe GPU. The tone
mappingoperatoris appliedon the CPU, which maintains
the generalityof the method.The GPU resolves the com-
putationallysimple but costly stagesof the algorithm.An
importantfeatureof the framework is that the GPU imple-
mentationis simpleandit doesnot needto bemodi�ed for
anapplicationwith adifferenttonemappingoperator.

The hardware implementationof our methodshows a
speedupof one order of magnitudecomparedto the pure
softwaresolution.This provesthepotentialof theproposed
techniquefor interactive renderingapplications.

The modularity of the proposedframework enablesto
concentrateonimprovingeachof itspartsindependently. We
currentlywork on improving thesamplingalgorithmsin or-
derto reducetemporalaliasingartifacts.Anotherinteresting
topic is anextensionof theframework for theusewith local
tonemappingoperators.
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Figure 5: TheAirport [C. Ehrlich, G.Ward, 97] (1024x705);Thetop imagesare obtainedusingthe original tonemapping
operators, thebottomimagesare obtainedby applyingour framework. (Left) Pattanaiket al.11; (center)Drago et al.3; (right)
Tumblinetal.17.

Figure 6: Hotel room[Crone, Fawler and Kerrigan 97] (3000x1950);Thetop imagesare obtainedusingthe original tone
mappingoperators,thebottomimagesareobtainedbyapplyingour framework.(Left)Pattanaiketal.11; (center)Dragoetal.3;
(right) Tumblinetal.17
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