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Abstract

Monitor intensity rangesare much lower than the range
of intensitiesin the real world or even in high quality
renderings.Renderingin highdynamicrange(HDR) is be-
comingmorecommonin computergraphics.HDR video
camerasarealsoavailable. The processof compressinga
singleframeof HDR data(real or synthetic)into a range
displayableby monitorsis calledtonemapping.Videos(a
realor syntheticsequenceof images)requirethistechnique
aswell. Tonemappingvideo introducesa temporalcon-
straint to maintainconsistentintensitiesbetweenframes.
We presenta novel method,calledadaptive temporaltone
mapping, which provides smooth intensity transitions
in tone mappedvideo, while allowing for discontinuous
dynamic lighting changes(suchas turning on a light or
exiting a tunnel).
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1 Intr oduction

High dynamicrange(HDR) imagesand video (a real or
syntheticsequenceof images)arebecomingmorecommon
and importantin computergraphics. The dynamicrange
of most display devices (suchas monitors,printers,and
projectors)is much lower than the dynamicrangefound
in real-world scenesand in high quality renderings.The
ability to displaytheseHDR imagesandsequenceson low
dynamicrangedevicesis desirable.The processof map-
ping high dynamicrangeimagesto be displayedon low
dynamicrangedevicesis known astonemapping.

While tonemappinghasbeena researchfocusin re-
centyears[1, 2, 3], work in this�eld is notnew [4, 5]. HDR
imageshaveshown to beusefulin avarietyof applications
[6, 7, 8, 9, 10, 11]. Tonemappinghasbeenaccomplished
throughexplicit models,humanvisualsystemmodels,and
luminancemapping.

In computergraphics,two temporal tone mapping
methodshavebeendeveloped.In work presentedby Kang
et al. [12], video with alternatingexposuretime is con-
vertedinto tonemappedHDR video. In their method,two
secondsof video (at �fteen framesper second)is usedto
computea log averageluminance.This methodassumesa
slowly changingsceneintensityandis dependentuponthe
methodpresentedby Reinhardet al. [1]. In Pattanaiket
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al. [13], temporaltonemappingis basedon thehumanvi-
sualsystem(HVS).Whenanabruptlighting changeoccurs
in an imagesequence,the tonemappingoperatorrequires
multiple framesto adjustto theoverall luminancechange.
This temporalconstraintis modeledafter thehysteresisof
theHVS. Our modelquickly adaptsto luminancechanges
to allow for the greatestperceptualclarity in eachframe
while maintainingtemporalcoherence.

We alsohave chosento extendthemethodpresented
in [1] dueto its simplicity andspeed.However, our tem-
poralmethodextendsto any tonemappingoperatorwhich
usesa luminancemappingoperator. Given a sequenceof
HDR images,the luminancebetweentonemappedframes
without temporal coherencemay vary enoughto cause
�ick ering. In an HDR video, adaptivity of the key map
[14, 15, 16] mayberequiredto allow for thehighestqual-
ity low dynamicrangevideo.Ourmethodallows for quick
luminancechangeswhereexpected(e.g.,turningonalight)
while maintainingsmoothtransitions.

2 Background

The methodof Reinhardet al. [1] usesthe luminanceof
pixel valuesto computea global log averageluminance
value. Using RGB values,the pixel luminanceLp(x;y) is
computedby:

Lp(x;y) = 0:27R+ 0:67G+ 0:06B (1)

Thismethodwasdevelopedfor tonemappingstrictly single
framesthroughtheuseof log averageluminanceL f . Each
frameis consideredto haveN pixels.Thisframeluminance
is computedby:

L f = exp
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log(d+ Lp(x;y))

!

(2)

L(x;y) de�nes the scaledpixel luminance. We obtain
L(x;y) by a user-de�ned key valuea andthe framelumi-
nance.

L(x;y) =
a
L f

Lp(x;y) (3)

Thekey valueis generallysetin therangeof 0 to 1although
in verydarkscenes,highervaluesmaybringdesirablecon-
trast to a scene.To performtonemapping,a valueLwhite
is required.Lwhite de�nes themaximumluminancethat is
setto white in the scene.By settingLwhite lower thanin-
�nity , burnoutmayoccur, but contrastin thesceneis often



improved.Thetonemappingoperatoris then:

Lt (x;y) =
L(x;y)

�
1+ L(x;y)

L2
white

�

1+ L(x;y)
(4)

This is the tone mappingoperator(without dodgingand
burning)presentedin [1]. To acquire�nal RGBvalues,one
cansimply multiply theoriginal pixel high dynamicrange
[HDR] valuesby Lt of thesamepixel.

3 Algorithm

Temporalsequencesof video requiresseveral changesto
the tonemappingalgorithm. The �rst major changecre-
atesa luminanceLi dependenton a numberof frames.Li
replacesL f in Equation3. Theapproachpresentedin [12]
forcesL f to dependonastaticnumberof framesn. ÅN now
representsthenumberof pixelsin n frames.Their method
is implementedby:

Li = exp
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(5)

Our methodallows the numberof framesn to adaptac-
cording to the sceneluminance. This adaptationallows
swift changesin luminancewhennecessary(e.g.,a light is
switchedon). To ensurethatall transitionsaresmooth,we
forceasmallnumberof frames(5) to beaveraged.Welimit
the maximumnumberof frames(60) averagedto prevent
over-computationand other temporalartifacts. We store
theaveragelog luminanceperframe(L fi ), ascomputedin
Equation2. Our techniqueproducesa new valueLa to re-
placethevalueLi aspresentedin Algorithm 3.1.

Algorithm 3.1, describesin detail how to obtainLa.
Simply, weaveragetheluminanceof thelastfew framesas
longastheframe's luminanceis within a tolerancelimit of
thecurrentframeluminance.Whenwe�nd aframeoutside
of ourtemporalwindow or is outsideof ourluminancewin-
dow, we donotaveragethis frameor any furtherframes.

ThevalueLa is now usedin theplaceof L f in equa-
tion 3. For sceneswith changingluminance,changesin the
key valuea may alsobe necessary. Settingthe key value
in still framesor photographsrequiressomeknowledgeof
thedesiredbrightnessin the�nal images.In a video,some
knowledgeof thechangein key valueis alsorequired.We
acquireframespeci�c key valueswith the following for-
mula:

a = � a arctan(b(La � g)) + a
p
2

(6)

Theconstantsin Equation6 aredesignedaccordingto taste
andpreference.Theeffectsof changingtheseconstantscan
beseenin Figure1.

To determinethekey valuefor aframein animagese-
quence,we usea low-pass�lter algorithm. First, we store
thekey valuesfrom Equation6 asai . Then,usingthenum-
ber of frames(NumFrames) from Algorithm 3.1, we per-
form thelow-pass�lter to acquirethenew key valuean as
shown in Algorithm 3.2.

Algorithm 3.1: La(L fi )

range= 0:1� L fi
minL= L fi � range
maxL= L fi + range
j = i
while ( j > 0 and i � j < 60)

(
if (L f j > minL and L f j < maxL)

j = j � 1
elseif (i � j) < 5

j = j � 1
else

break
)

NumFrames= i � j + 1
totallog = 0
for (k = i; k � j; k = k� 1)

totallog = totallog + L fk
La = exp(totallog=NumFrames)

Figure 1. The resultsof different constantsin Equation
6. As a increases,the amplitudeof the curve increases
(changingaffective key-values).As b increases,theslope
of the curve is affected. Changingb allows for slower or
fasterkey-valuechangesbasedon log averageluminance.

Algorithm 3.2: KEY-VALUE(ai)

an = 0;
for ( j = i; i � j < NumFrames; j = j � 1)

an = an + a j
an = an=NumFrames



We combinealgorithms3.1and3.2 into onefunction
with optimizationsfor greateref�ciency. Wenow complete
thetonemappingoperationasbefore.

Lp(x;y) = 0:27R+ 0:67G+ 0:06B

L0(x;y) =
an

La
Lp(x;y)

L0
t (x;y) =

L0(x;y)
�

1+ L0(x;y)
L2

white

�

1+ L0(x;y)

4 Results

Our methodruns at approximately70 framesper second
on a 2.00GHz Pentium4 processor, without �le I/O. Our
adaptive methodusesa varyingnumberof framesto com-
putethe low-pass�lter basedon key valuesandlog aver-
ageluminances.This is shown in Figure2. Thekey value
changesaccordingto Algorithm 3.2. The frame-speci�c
andactualkey valuesusedin our bright living roomscene
areshown in Figure3.

In a scenewith discontinuousluminancechangesour
methodis superiorto themethodof Kanget al., sincetheir
methoddoesnot allow the key value to adapt. A �x ed
key value for an imagesequencemay causeundesirable
results.A scenein whicha light is turnedon demonstrates
this. With a high key value,a dark room appearsin high
contrastbeforethe light is turnedon. This sameroomap-
pearsburnedoutafterthelight is turnedon. With alow key
value,thedarkroomwill appearcompletelyblack,whereas
the lit room will appearin desirablecontrast.Also, when
theluminancein ascenechanges,ourmethodadaptsto the
luminancewith thegreaterperceptualclarity morequickly
while maintainingtemporalcoherence.Thisis truebecause
ouradaptiveaveragingrequiresaminimumof 5 framesin-
steadof theconstant30 framesof Kanget al.

In Figures4 and5, we show the differencebetween
anHDR imagewhich is clamped,scaled,andtonemapped
with our method.In Figure6, we show varioustechniques
appliedto aliving roomscene.In the�rst row, thetemporal
sequenceis shown clampedandmuchof thevisibleareais
burnedout. Thesecondrow shows thesequencewhenus-
ing a constantkey valueof 0:05. Thethird row shows one
possibleresultwhile usinga = 1000;b = 550;g= 4 for the
valuesin Equation6. Thefourth row is anotherrendering
usinga = 999:95;b = 400;g= 3 for theconstantsin Equa-
tion 6. The preferredquality in the last two rows vary by
artist,but bothshow animprovement.

5 Conclusion

In summarywe have developeda temporaltonemapping
method(without artifacts)which allows for discontinuous
luminancechangeswhile enablingtheuserto visualizethe
mostinterestingportionsof a scene.Our methodis quick
andef�cient, allowing for interactive tonemappingrates
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of video that arein main memory(70 framesper second)
andnearinteractive tonemappingratesof videostreaming
from disk (3.5framespersecond).

Our methodis faster, more�e xible andmorerobust
thanprevioustemporaltonemappingmethods.Kangetal.
[12] reportedtwo secondsperframefor their methodon a
2.00GHz Pentium4. Their methodis alsounableto deal
with luminancediscontinuities.

As futurework, we plan to developa moresophisti-
catedlow-pass�lter to obtainbettercontroloverthechang-
ing parametersin the scene. The key valuesand artis-
tic parametersof tonemappingshouldalsobe automated
asmuchaspossiblefor novice users.Bettervisualization
toolsfor detectedproblemareascouldallow usersto tailor
thedesiredresultsmoreef�ciently .
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Figure4. Thesponzasceneclamped,scaledandtonemapped(a = 0:7) from left to right.

Figure5. Theteapotsceneclamped,scaledandtonemapped(a = 0:5) from left to right.

Figure6. Theliving roomsceneclampedandtonemappedwith variousstrategies.Discolorationalongtheceilingandwallsof
this scenearepartof thesceneitself andnotanartifactof our algorithm.


