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ABSTRACT

In photorealistic image synthesis, the natural appearance of a sceadited by simulating the illumination using radiometric
values. Whenever the dynamic range of the simulated luminance valoesdsxthe capabilities of the display device, tone
reproduction is necessary to reduce the contrast of the image. Altfzosigimi cant number of tone mapping operators have
been presented in the past, the reliability of the resulting low dynamic rangggwannot be guaranteed. In the context of
product design, decision-makers rely on a trustworthy colorimetriggaintbmetric appearance. We believe that in a particular
scenario a dedicated user-driven tone reproduction curve outperfexisting operators in terms of exibility, performance,
and quality. In this paper, we propose a method to manually generate méquping operator. The user is guided to select a set
of simulated input luminance values and to map them to appropriate displaydnee output quantities. These key mappings
are interpolated to a tone mapping curve. A module was developed fadDifgb de ne and apply the operator. We evaluated
the resulting low dynamic range images in a study with thirteen participantsprbibands were asked to directly compare a
real with a virtual scene displayed on a low dynamic range device as svil i@te the results in comparison to popular tone
mapping operators. In addition to de ning a dedicated curve for a spestenario, another application of our approach is to
generate atandard observetone reproduction curve by interpolating a set of user-driven fungtion

Keywords: tone mapping, image reproduction, high dynamic range (HDR), reliakititgrimetry, photometry.

1 INTRODUCTION In the past, a considerable number of popular tone

The aim of photorealistic computer graphics is to Sim__mapping operators have been presented to address this

ulate virtual images by computing a set of radiomet!SSUe- The key problem with all these approaches is to

ric measurements and to reproduce them exactly on tﬁgalyze to which extent the compressed image can be

display device. The quality of both the simulation anc}rUSt.ed‘ Especial!y in product design it is vital to cre-
the reproduction can be evaluated by comparing meg—te Images dec!smn-makers can rely on. In our opin-
surements of a real world scene with the respecti\)é’n there is no single tone mapping oper_atorto pr_oduce
measurements of the simulated and reproduced tWH_ustworthy results fqr each high dynamic range image
dimensional projection of the virtual scene on the dis"-:md every presentatlo_n setup. In consequence, an ex-
play device. When the highest simulated luminance eRert in image processing nee_ds to choose .and vall_date
ceeds the maximum luminance of the output device, r& ting operator for each setting and to adjust the in-

producibility is no longer possible. The same holds truéjiyic’luaI parameters by hand. We strongly believe that

for luminances below the black level of the display, relt 1S more intuitive and less time-consuming to provide

spectively. One solution is to mark the luminance val? highly eX|_bIe and interactive tO.OI for the expert to
ues, which are not reproducible, with false colors Freate a dedicated tone reproduction curve for the given

product design, a typical application eld of photore—sett'ng'
alistic image synthesis, reliable rendering with natural
appearance and colors is necessary. To display the si
ulated luminance values, the high dynamic range has
be reduced to tthe limited dynamic range of the outpu
device.
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prior speci ¢ permission and/or a fee. Figure 1: Setup of our direct comparison experiment




In this paper we present an approach of how to During the last years, a number of popular tone
generate a user-driven tone reproduction curve. Theproduction operators with diverse foci, inspired by
user is guided to manually select a set of high dynami@lds as photography or the human visual system have
input luminance values and map them to appropriateeen proposed. Reinhard et al. [14] adapted the pho-
display luminances. These key mappings are interptegraphiczone systerto manually map the subjective
lated to a tone mapping curve. An example moduleniddle-grey of the scene to an appropriate display
was developed for Qtpfsgui [12] to de ne and to applyluminance. The contrast can be enhanced locally with
the operator. Another key contribution is the evaluatiom technique inspired by photographitodging and
of both our tool and the results of the user-generatelolirning Drago et al. [5] exploited the logarithmic
curves in a study with thirteen participants. Theresponse of the human visual system to incoming
reliability of the compressed images was validated bjuminance. They showed how to handle a wide dy-
directly comparing a real with a corresponding virtuahamic range by applying logarithmic compression with
scene as well as by performing a benchmark test witindividual bases of the logarithm to different picture
established tone mapping operators. Furthermore, veéements. Another operator, inspired by the response
generated atandard observetone reproduction curve of human photoreceptors, was introduced by Reinhard
by interpolating all thirteen user-de ned curves. Thisand Devlin [13]. Based on electrophysiological studies,
operator was applied to our test scenario and compar#itey designed a sigmoidal function to closely resemble
to popular tone mapping operators. the properties of the receptors. Comprehensive reviews

of the most important operators can be found in the

The remainder of the paper is organized as followsstate of the art report by Devlin et al. [4] or in the
Section 2 outlines previous approaches to the tortextbookHigh Dynamic Range Imaging5].
reproduction problem. Our solution is presented in

section 3, while the evaluation setup is described in The diversity of approaches to tone mappmg neces-
section 4. In section 5 we show the results of oukjtates a systematic evaluation. Despite the problem
evaluation and section 6 concludes this paper. of how to analyze the quality and reliability of tone
mapping, a number of attempts are summarized in [19].
Relevantly to our work, Yoshida et al. [19] conducted a
2 RELATED WORK psychophysical experiment with 14 human observers.

The challenge to reproduce real world scenarios witthhe probands had to compare a real world setting with
high contrast on media having limited capabilities cai@n HDR photograph of the same scene, compressed
be traced back to painting more than ve centurieind displayed on an LDR display. We chose to model
ago. As justly emphasized by MacCann [11], thed Virtual representation of our well-de ned real world
Renaissance artists were the rst to capture realisti€cene and simulated a photometrically and colorimet-
perspective and illumination in paintings using afically consistent ground-truth image. Opposed to the
restricted color palette. MacCann also pointed out thdlDR photography approach, our method eliminates
tone mapping has always been a challenging probletiaccuracies from the camera calibration.
of photography because of the low dynamic range of
print media. The importance of color reproduction in Another innovative strategy has been introduced by
both photography and television is clari ed in Hunt [8]. Mantiuk et al. [10], tting a generic tone reproduction
operator to an HDR image and its LDR counterpatrt,
In computer graphics, the problem rst arose whergenerated by an unknown existing tone mapping
physically based images were created using ray tracirmgorithm.  They showed that a very simple and
or radiosity. As opposed to scanline rendering witlcomputationally inexpensive generic tone mapping
arbitrary RGB color values, global illumination algo-curve is often able to reproduce indistinguishable
rithms tried to faithfully predict nature by simulating results compared to the original complex algorithm.
real radiometric values exceeding the dynamic range éfurthermore, Mantiuk et al. demonstrated how to use
the display devices. Tumblin and Rushmeier [16] retheir model to combine several popular operators to a
alized this issue and presented a brightness-preservingw tone mapping curve. Similarly, we believe that a
operator as a solution in 1993. Operators aiming teingle tone mapping curve can outperform previously
preserve brightness or contrast are also subsumedpmposed operators in a dedicated scenario. But in
perceptual-match reproduction, whereon this paper ntrast to choosing and combining operators by hand,
focused. An early representative of contrast-preservinge provide the expert user with a exible tool to
tone mapping was introduced by Ward [17] in 1994manually create the curve. In addition, we intentionally
which reduced computational costs while sustainingupport no local contrast adjustment and do not change
just noticeable differences in contrast. the chromaticities using saturation correction.



3 APPROACH
3.1 Criteria for reliability

The primary purpose of our tone mapping operator
is to generate reliable output images. A reliable
image should be indistinguishable from the respective
real world scene for the human observer. In order
to evaluate this goal we need to de ne criteria for
reliability. Tone mapping operators aiming to create
realistic results assess those criteria differently than
operators trying to generate aesthetic imagesdik et
al. [3] proposed some important criteria: brightness,
contrast, reproduction of color, reproduction of details
and special attributes like artifacts. They say that the
overall image quality, often also called naturalness, de-
pends on several of those criteria. Furthermore, criteria
which affect the image globally, such as contrast, are
more important. Criteria like the local reproduction of
details are of less importanceCadik et al. conclude
that global tone mapping methods are better suited for
realistic images. Local tone mapping algorithms can
only compete if they have a strong global part.

Yoshida et al. [19] pointed out that global tone map- Figure 2: GUI of the interactive tone mapping tool
ping can preserve contrast better than local methods,
but, on the other hand, local operators are better &€thod has been chosen because it is very popular
reproducing details. They also deduce that no singend a typical representative of the global operators.
criterion is solely accountable for the naturalness of thBeinhard's Photoreceptor Model bene ts speci cally
image. In our evaluation we use the criteria brightneséiom the fundamentals of the human visual system

contrast, reproduction of details in shadows and i@nd separately computes a sigmoidal function on the
highlights, and the overall image quality. three RGB channels corresponding to the three cone

types on the retina of the human eye. At last, the Pho-
tographic Tone Reproduction represents a local tone
3.2 Selecting tone mapping benchmarks mapping operator with a different approach, namely
&ombining tone mapping with traditional methods used

Similarly to both studies mentioned before, we aime hot hv. T . h th
at conducting an evaluation with different tone map-In photographly. 10 summarize, we chose hree very

ping approaches. Hence, we considered a number gl'fferent operators, two global ones and a local one as

popular operators as potential benchmark algorithm%enChmarkS'

and evaluated their ability to return a reliable LDR

imz_ige. Global tone mapping operators IH_dStogram 3.3 Implementation and features
Adjustmentby Ward [17], Drago'sAdaptive Loga- ) ) . ) )
rithmic Mapping [5] or the Photoreceptor Modeby The idea behind our tone mapping operator is _to give
Reinhard and Devlin [13] are based mainly on thé" expertatool at his d|spgsal to create a speci ¢ tone
human visual system. Local tone mapping operatof&@PPing curve. Common image editing software like
like Photographic Tone Reproductidsy Reinhard et AdobeR Photoshoﬁ provide tools to edit a gradatlon
al. [14] or Ashikhmin'sSpatially Variant Operatofi] ~ curve exactly. ~This well-known graph metaphor is
have been considered as well. Operators working if<Ploited in our implementation to easily, rapidly and
the frequency or gradient domain are also popular, fdptéractively adjust a tone mapping curve.

example Durand'SBilateral Filtering [6] or Gradient

Domain Compressiohy Fattal [7]. We used the open source software Qtpfsgui and the

Qt Widgets for Technical Applicationsto implement

As a result we decided to use the Adaptive Logarith®Ur curve tool. The main window, as seen in gure 2,
mic Mapping, Photoreceptor Model, and Photographig"oWs & plot with the x-axis representing the real
Tone Reproduction in our evaluation. Both frequency®9to luminance values and the y-axis representing
and gradient domain methods returned images which

are better suited for aesthetical purposes. Dragbistp:/qwt.sourceforge.net



$ the new image. The latter option stretches or squeezes
the points relatively to the new luminance range.
( read EXR file >

transform colorspace to XYZ

create Pfs-Channels in XYZ colorspacD
[

Another important aspect of our approach to tone
mapping is the photometrically and colorimetrically
consistent implementation in order to evaluate cor-
rectly later on. Figure 3 illustrates the pipeline a high
dynamic range OpenEXR |é has to pass before being

displayed: Three channels in the CIE XYZ color space
Y2 Pis-Channels are created from the OpenEXR le. Those channels are
a Reliable Tonemapper ) transferred to the actual tone mapping algorithm which
N transforms the color space to Yxy. The plot curve
@nsfcrm colorspace from xvzm@ is evaluated for every luminance value in the image,
U returning the value on the y-axis between 0.0 and 1.0 at
@ate output RGE PfS_Chann@ the x-pqsmon of the requegted input Iummance_. iny
the luminance channel Y is changed by multiplying

the looked-up y-value with the maximum display
luminance. The display was measured with an X-Rite

il1-pro spectroradiometer and the il Share software

@nsform colorspace from Yxy to x@ beforehand and the generated ICC pro le was activated

for gamma calibration. After the plot look-up process
the color space is transformed back to XYZ and a
black correction
is further transformed to RGB using the measured
@sform colorspace from XYZ to R@

black correction is executed. Then the color space
color primaries of the speci ¢ display. Finally, gamma

correction is applied.
RGB Pfs-Channels

4 EVALUATION

4.1 Scenarios

ég To validate the reliability of our user-driven tone

mapping operator, we conducted a relative comparison
Figure 3: Activity diagram of the tone mapping pipelineto the selected benchmark operators from sectlgn 3.2.
Therefore, we generated an HDR photograph using ex-
eposure bracketing with a Canon EOS D30 digital re ex
camera of a scene on our campus. The HDR image
fias been calibrated with a Kodak CS100A luminance
easurement device and created by webHDRhe
ampus scene is depicted on the left in gure 4.

the relative display luminance. A display luminanc
of 1.0 corresponds to the maximum luminance of th
display. The initial curve can be adjusted by settin
or deleting control points. The curve is interpolate
linearly between them. Holding the shift key restricts
the movement of the point to the y-direction in order
to avoid shifting the point and therefore changing i
different input luminance value.

Besides this relative comparison, we conducted a
rect comparison between a real world scene and
a simulation of the same scene, displayed on a low

Additionally. lumi ities in the i dynamic range device. We constructed a well-de ned
itionatly, fluminance quantities in th€ 1Mage Cafyq 5 \yorid scene and modeled an exact virtual rep-

be mapped precisely to a control point in the plot Aesentation. A ground-truth simulation of the virtual

_the_ correspondmg luminance value. A S'mP'e Cl'? cene was computed with path tracing using a spectral
inside the image creates the correct control point whic

be furth di 4 For b ; . “fay tracing system and measured radiometric input
can be urt er a justed. or. etter comparison, 't Salues for the light source and the materials. The sim-
possible to import tone mapping functions created b lated two-dimensional projection was displayed on

the operators from Drago and Reinhard. Furthermor% colorimetrically characterized and gamma-corrected

user-driven curves can be saved FO or Ioad(_ad ”OT“ dISSevice. In gure 1, a photograph of the setup is shown.
Hence, those curves can be applied to arbitrary images

by loading the control points absolutely or relatively.
The former method loads the points at the absolatgyy:/mww.openexr.com/
input luminance values regardless of their existence® ittp://luxal.dachary.org/webhdr/



Figure 4: Campus scene (left hand side) and the well-de reddzene (right hand side), each reproduced with
Drago's Adaptive Logarithmic Mapping (top left), Intera@ tone mapping (top right), Reinhard and Devlin's
Photoreceptor Model (bottom left), and Reinhard's Phapgic Tone Reproduction (bottom right)

The box measures:®@m in all three dimensions.  Thirteen participants aged 21 to 30 years created
The front side is left open for the observer. In thecurves and evaluated the resulting images. During
center of the left side a square hole wittlid edge the whole evaluation process we were present to
length is spared for a calibrated NEC SpectraVievihelp in case of operating problems or questions.
2690 as the light source. On the right, opposing th&he main functions and keyboard shortcuts of the
light, a Munsell ColorChecker chart was placed. Thénteractive tool were explained. We pointed out
remainder of the interior of the box was wallpaperedkey areas in the images to support the test persons
with a diffuse white Canson Mi-Teintes Paper. Thewhen evaluating the reliability criteria. In a rst
spectral distributed radiance of the light source and th&tep, all thirteen participants were asked to Il out a
spectral distributed re ectance of the materials wergeneral questionary. Level of knowledge, experience
measured with an X-Rite i1-pro spectroradiometer. Anwith HDR software and existence of color de cien-
exact virtual representation of this box was modelecties were some of the questions. One half of the test
We generated a ground-truth simulation using spectrakrsons had some experience with other HDR software.
path tracing. An EIZO FlexScan S2000 displayed
the synthetic image using color calibration and black The rst experiment was a relative comparison
correction. The simulation was validated for lowof the campus scene without direct reference. All
dynamic range images by comparing measuremengarticipants had to rate four pictures displayed on an
of the display device with measurements in the box toDR device according to the criteria introduced in
grant trustworthy results. For our experiment, the lightection 3.1. The setting of the Adaptive Logarithmic
source was calibrated to the maximum luminance aflapping, Photoreceptor Model and Photographic Tone
300cd=m 2 and the display device to 168=m 2. The Reproduction were set to the default values proposed in
box scenario is displayed on the rightin gure 4. their respective papers, with the following exceptions:

the sharpening parameter of the Photographic Tone

Reproduction was set to 1.6. The intensity parameter
4.2 User study of the Photoreceptor Model was set to -3, the chromatic
We believe that an individually created tone reproducadaptation to 1.0, and the light adaptation to 0.0. We
tion curve excels every other tone mapping operator ifreated our dedicated tone mapping curve for the
a speci ¢ scenario. We wanted to evaluate whether tongteractive tone mapping without direct reference. The
mapping curves created by our probands really delivgirobands were asked to rate the criteria on a scale with
a good result measured by the former mentionede discrete steps, fronoo few/lowto too many/high
criteria and if there are concurrences between thog#d a possibility to rataccurate
curves and curves of popular tone mapping operators.
We approached the question whether the users createdn the second experiment the probands had to create
similar curves or if there is even a kind sfandard their own tone mapping curve for the aforementioned
observertone mapping curve. Finally, we checked howbox scene. The rst request was to ensure that the
the users rated the usability of the curve tool. grayscale of the colorchecker was reproduced correctly

on the screen. Then they adjusted the color patches
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Figure 5: Tone mapping criteria evaluation. The operatadaeled as Drago2003 (Drago), Interactive Tonemap-
ping (Langs), Reinhard2005 (R05), and Reinhard2002 (RB2)box shows the lower quartile, median, and upper
quartile values. The dashed lines (whiskers) extend framthximum to the minimum values of the datasets

and the box itself. In addition, the test persons were This observation is supported by the grades given
asked to rate the usability of the tone mapping interfact®r the overall image quality. If we can assume, that
and the time needed to create a curve. The last taflike grades are interval data, the interactive operator re-
was to compare the result of the own curve applied toeived the average grade 1.2, Reinhard02 2.0, Drago03
the box scene with the results of the selected popul&:5, and Reinhard05 3.9 where 1 is very good and 5 is
tone mapping methods. A grade was requested for thvery bad. The Box-Whisker-Plots in gure 5 show all
overall quality of each result. obtained data with median, upper and lower quartile
and maximum plus minimum values. Anyhow, we can
conclude that not a single criterion is important for the

5 RESULTS overall image quality because otherwise the grades for
the interactive tone mapping operator and Reinhard02
5.1 Campus scene grades would not differ so much. An expert curve

The rst criterion to be evaluated was the brightness of€€MS t0 provide the best overall image quality, but
each image. Reinhard's Photographic Tone Reprodu@-eeds to be created carefully beforehand for each scene.
tion (henceforth referred to as Reinhard02) was rated

best, followed closely by the curve created with th

interactive tone mapping approach. Both results froSﬁS'z Box scene

Drago's Adaptive Logarithmic Mapping (Drago03) Fourteen curves have been created for the box scene
and Reinhard and Devlin's Photoreceptor Modebver the course of the evaluation, one of which we
(Reinhard05) were rated too bright, probably becausareated ourselves as a kind of expert curve. The created
the bag and chair areas were not displayed bright @urves are very different because the emphasis has been
dark enough. The contrast was reproduced best by tlet differently by the users: some only tried to map the
interactive tone mapping operator. Reinhard02 creategteyscale correctly; others mapped all colors on the
the second best contrast tending towards too littleolorchecker precisely. Because of the latter outlier
contrast. Again, the results of Drago03 and ReinhardOgoints have been inserted making the resulting curve
were not satisfying. Reproduction of detail in thebumpy and not monotonically increasing. This results
shadows was solved best by Reinhard02, followed by some artifacts and those points have therefore been
the interactive curve. The grades of the test persons ferased from the dataset after the evaluation. In gure 6
Drago03 were very scattered but tended to have too fetiose normalized curves are depicted. In this context,
details. Reinhard05 did not deliver suf cient detailswe thought of a standard observer curve averaged over
in the shadows. Details in highlights were preservedll curves. This curve is shown in gure 6 on the right
best by the interactive operator. All the other tonéhand side. The standard observer curve matches the
mapping algorithms retained too few details, accordin@rago03 curve for the box scene in a wide range of
to our test persons. To summarize, Reinhard02 aridput luminance values. Reinhard02's curve for this
the interactive operator performed equally well. Bottscene has a similar shape. This might be caused by the
the Drago03 and Reinhard05 tone mapping could nditox scene since the dynamic range 300:1) is close
compete in our rst scenario. to the dynamic range of the display 1{00:1).
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Figure 6: Tone mapping curves of the test persons (left higiedl and the standard observer curve (right hand side)

The participants needed between 5 and 24 contrdllost importantly they found out that global operators
points with an average of 13 to create a satisfyingchieved a higher contrast whereas local operators
curve. The linear interpolation seems to suf ce for aretain details better. No single criterion was deemed
reliable result. The probands required 15 minutes oto exclusively contribute to the overall image quality.
average to generate their curves, which was overdllhe results of the Photographic Tone Reproduction,
rated as an acceptable time frame. Also, the users watkgstogram Adjustment and Adaptive Logarithmic
pleased with the usability of the curve tool. After aMapping [5] were rated best in the overall image
short orientation time every participant was able taguality, the last two mentioned being global operators.
create a curve with an outcome they found acceptable.

In fact, Cadiks et al. suggest in their evaluation [3]

At last, another grade for overall image quality hasvith fourteen tone mapping methods that global
been given for the results of the individual curve andperators perform better in terms of overall image
the other three benchmark operators. On average, theality. Local ones can only compete if they have a
users were very con dent with their individual LDR proper global part. Criteria, which apply to the whole
image (average grade 1.7) followed by the results dfmage, like contrast, are most important for the overall
Drago03 and Reinhard02 (2.3 and 2.4, respectivelyjuality. According to [3], this is why global operators
and Reinhard05 (3.8). This is not surprising since wexhibit better results. An example of a good local
already concluded that the rst three mentioned toneperator with a strong global part is the Photographic
mapping curves are quite similar. Still, a speci cally Tone Reproduction once more.
created curve for a single selected scene yielded the
best perceived overall quality. Comparing those observations with our results yields

some conformity: Photographic Tone Reproduction
5.3 Comparison to other evaluations produces good resqlts in every evaluatio.n including

ours. Because our interactive tone mapping operator
Kuang et al. [9] compared six tone mapping algorithmgyven exceeds the results of the Reinhard02 operator, it
in their study, two global and four local ones. Theymight be quite possible for our results to be reproduced
used HDR images without reference and some invariaghder different conditions, although accompanied by
constructed scenes for a direct comparison. None @f |ot of work due to the need of a separate curve for
the tone mapping operators performed well for evergyery scene. The global approach of our tone mapping
image. Thus it is reasoned that there is a signi caninethod can be reassured by the results of studies
dependency between the tone reproduction methq@vealing that a global tone mapping operator delivers a
and the selected scenario. The Photographic Tomstter perceived overall image quality. A reliable result
Reproduction and thBilateral Fast Filter by Durand  for every scene was the goal of our implementation and

et al. [6], two of the four local operators, performedcan be obtained by creating an individual curve.
best on average. Both global operators, 8igmoid

Transformation[2] and Histogram Adjustment [18],
did not achieve good results overall. 6 CONCLUSION AND EUTURE

Another work from Yoshida et al. [19] examined WORK
seven tone mapping operators in direct comparisom this paper, we proposed to apply an interactive and
Several criteria had to be rated by the participantdhighly adjustable user-driven tone mapping function as



a dedicated tone reproduction operator for individual
high dynamic range scenarios and speci ¢ presentation
setups. This operator was designed and develop&d
for industrial product design as main eld of appli-
cation, where decision-makers rely on trustworthy
colorimetric and photometric lighting simulation ands;
reproduction. The expert user is guided by our tool to
de ne and to apply a set of key mappings between the
scene luminance values and low dynamic range displd§!
guantities. These two-dimensional control points are
interpolated to a tone reproduction curve that can be
stored, loaded or compared to other tone mapping;
curves.

To validate our approach, we chose criteria for
reliability and popular tone mapping operators a
benchmarks. A user study with thirteen participants
and two very different scenarios was conducted. The
rst experiment was based on a relative comparison dp]
a user-de ned expert curve and existing tone mapping
operators from literature without direct reference. In
the second experiment, the test persons were asked[f
generate their own tone reproduction curves in a sce-
nario with direct reference to a well-de ned real world
setup and to compare the resulting display images with1]
other published operators. Our ndings include that the
probands were able to create satisfying operators with a
small number of thirteen key mappings in an acceptabl%z]
time frame of fteen minutes on average. The users
rated the reliability of the individual curves higher than[13]
the results of existing tone mapping operators. Finally,
we presented a standard observer tone mapping curve,
generated by averaging the results of a number of telf]
persons for an individual scene and presentation setup.

[15]

We expect interesting results from future work
on evaluating similarities within groups of standard
observer operators from different sets of scenes and
presentation setups. Another future application of o rl6]
approach is to generate the tone mapping curve using
existing operators from literature and to use our tool fof; 7,
manual ne tuning. Lastly, we are looking forward to
the results of evaluating our user-driven tone mapping
operators in an industrial product design environmentl8]
where our tool was designed for.

REFERENCES
(1]

(19]
Michael Ashikhmin. A tone mapping algorithm for high con-
trast images. In P. Debevec and S. Gibson, editbsh Eu-
rographics Workshop on Renderingages 145-155. The Euro-
graphics Association, 2002.

G.J. Braun and M.D. Fairchild. Image lightness rescalising
Sigmoidal contrast enhancement functionS&T/SPIE Elec-
tronic Imaging '99 Color Imaging: Device Independent Color,
Color Hardcopy, and Graphic Arts 1V:96-105, 1999.

Martin Cadik, Michael Wimmer, Laszlo Neumann, and
Alessandro Artusi. Evaluation of HDR tone mapping methods

(2]

(3]

using essential perceptual attributeSomputers & Graphics
32:330-349, 2008.

K. Devlin, A. Chalmers, Alexander Wilkie, and Werner Pur-
gathofer. Star report on tone reproduction and physicalked
spectral rendering. I&urographics 2002Eurographics Asso-
ciation, 2002.

F. Drago, K. Myszkowski, T. Annen, and N. Chiba. Adaptive
logarithmic mapping for displaying high contrast scenesm-
puter Graphics Forum22:419-426, 2003.

F. Durand and J. Dorsey. Fast bilateral Itering for this-d
play of high-dynamic-range images. Rroceedings of ACM
SIGGRAPH 2002Annual Conference Series, pages 257-266,
2002.

Raanan Fattal, Dani Lischinski, and Michael Werman. Grad
domain high dynamic range compression.SIGGRAPH '02:
Proceedings of the 29th annual conference on Computer graph
ics and interactive techniquepages 249-256, New York, NY,
USA, 2002. ACM.

R.W.G. Hunt. The Reproduction of Colour in Photography,
Printing and Television Fountain Press, Tolworth, 5th edition,
1995.

Jiangtao Kuang, Hiroshi Yamaguchi, Changmeng Liu, Gar-
rett M. Johnson, and Mark D. Fairchild. Evaluating
hdr rendering algorithms. http/www.cis.rit.edu/
fairchild/PDFs/PAP24.pdf , 2006.

9] Rafal Mantiuk and Hans-Peter Seidel. Modeling a gertere-

mapping operator.Computer Graphics Forum (Proc. EURO-
GRAPHICS)27(2):699-708, 2008.

John J. McCann. Art, science, and appearance in hdr isndige
Journal of the Society for Information Displayolume 15 (9),
pages 709-719, September 2007.

QTPFSGUI. Open source graphical user interface apiin
that aims to provide a work ow for hdr imaginghttp:/
gtpfsgui.sourceforge.net/

Erik Reinhard and Kate Devlin. Dynamic range reduction i
spired by photoreceptor physiologheEE Transactions on Vi-
sualization and Computer Graphick1(1):13-24, 2005.

Erik Reinhard, Michael Stark, Peter Shirley, and JamesvF
erda. Photographic tone reproduction for digital imags&M
Trans. Graph,.21(3):267-276, 2002.

Erik Reinhard, Greg Ward, Sumanta Pattanaik, and Paul De
bevec. High Dynamic Range Imaging: Acquisition, Display,
and Image-Based Lighting (The Morgan Kaufmann Series in
Computer Graphics) Morgan Kaufmann Publishers Inc., San
Francisco, CA, USA, 2005.

Jack Tumblin and Holly Rushmeier. Tone reproduction &+
isticimages.|IEEE Comput. Graph. Appl13(6):42—48, 1993.

Greg Ward. A contrast-based scalefactor for luminarnselaly.
In Paul Heckbert, editorGraphics gems lVpages 415-421.
Academic Press Professional, Inc., San Diego, CA, USA, 1994.

Gregory Ward Larson, Holly Rushmeier, and ChristinetiRia
A visibility matching tone reproduction operator for high-dy
namic range scenes. BIGGRAPH '97: ACM SIGGRAPH 97
Visual Proceedings: The art and interdisciplinary prograuof
SIGGRAPH '97 page 155, New York, NY, USA, 1997. ACM.

Akiko Yoshida, Volker Blanz, Karol Myszkowski, and Hsn
Peter Seidel. Perceptual evaluation of tone mapping operato
with real-world scenes. In Bernice E. Rogowitz, Thrasyvou-
los N. Pappas, and Scott J. Daly, editarkyman Vision and
Electronic Imaging X, IS&T/SPIE's 17th Annual Symposium on
Electronic Imaging (2005)volume 5666 ofSPIE Proceedings
Series pages 192-203, San Jose, USA, January 2005. SPIE.



