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1 Introduction

This documentation pertains to the source code and binavitable on the DVD-
ROM that accompanies the book “High Dynamic Range Imagiag].[ Before com-
piling or using this code, please refer to the licence infation contained in the
|'i cence. txt file.

In the following section, the procedure for compiling andtalling the source is
explained. The general use of all operators is detailed oti®e3, while operator-
specific command-line flags are explained for each openattiei remaining sections.

2 Installation

For convenience, binaries for Windows, Linux and Mac OS X mmavided in the
bi nari es directory on this DVD. The source code is available in fwur ces
directory.

To compile the source code, gunzip and untar the distributgng

tar -zxvf t m source. tar.gz

Then in thet msour ce/ directory, edit thevlkef i | e to suit your system. Follow
the instruction in thévakef i | e. Before compiling the sources, please check that all
the libraries that this distribution depends on, are itestiallf not, install those libraries
first. In particular, the availability of i bj peg,libtiff, libfftwlibmlibz
and the OpenEXR libraries need to be present. Each of tHaseiéis is available for
free on the web or comes pre-installed with your system.

In addition, this distribution comes with a precompiledrdity to read and write
HDR images in JPEG format. This library is courtesy Sunngkréechnologies, and
may not be redistributed without permission. $eesour ce/ j pghdr /i ncl ude/j peghdr. h
for further information. If this library is not available fgour platform, please com-
ment out the relevant parts of tiakef i | e in thet msour ce directory by follow-
ing the instructions given in that file.

Once all libraries are available, in thensour ce directory, type



make
make install

To see all operators in action, and to verify that everytiiag compiled correctly, type
make test

Note that several operators take a significant amount of timmmplete, so that the
above command may take several minutes to execute. This anthaiso assumes the
presence of th&v display program. If this program is not available on yourtsys
replacexv with your favorite jpeg viewer in th¥bkefi | e.

3 Operation

All operators included in this distribution require at leas input file and an output file
to be specified. For example, the photographic operatonfg] be called with:

tm photographic -i <infile> -0 <outfile>

All operators recognize thei <i nfil e>and-o <outfil e>command line op-
tions. The input file has to be a high dynamic range image ngieeither Radiance
.hdr/.pic/.rgbe, TIFF.tif,JPG HDR. j pg or OpenExr. exr format. The
output can be either of these formats, or can additionallgeeified as a low dynamic
range PPM ppmor JPEG. j pg format. The file type for both input and output is rec-
ognized by the file extension. Thus, an input given in Radidoemat and an output
in JPEG format can be specified as:

t m phot ographic -i hdr_image. hdr -o |dr_i mage.jpg

Although a standard gamma correction value is compiled il @n be adjusted for
your system in the top levédakefi | e in thet msour ce directory), unless other-
wise noted, each operator also parses the command linesfegmma <val > flag.
To tonemap an OpenEXR into a PPM file suitable for display onoaitor with a
gamma value o02.8, the following command may be given:

t m phot ographic -i hdr_inmage.exr -o |dr_inmage. ppm-gama 2.8

To disable gamma correction, use a valué .of

Some operatorsinclude-aat ur at i on <val > command line option to allow
adjustment of the saturation. This option is provided fom@mience and is not part
of the original operators. The mechanism employed is desdrby Fattal et al [8]. It
may be disabled by specifyingsat urati on <1>.

Some operators also include-&act or <val > which allows the input to be
scaled before applying the specific operator. This faciitjot part of the original
operators and is also provided for convenience. The irderdf this parameter is to
bring the input to real-world units for images that are agbity scaled. To disable this
option, specify f act or <1>.

All other command line options are specific to each individyeerator, and are dis-
cussed in the following sections. For a detailed understgnof the use and meaning
of each of these operators, please see the individual pegfersnced in each section.



4 Photographic operator,t mphot ogr aphi c

The command line options for the photographic tone repribcln@perator [19, 17]
are:

-auto <> Estimate all user parameters using a parameter estimaihmigue [17].
This option is recommended and usually produces reasoonatpet.

-white <val> White value. This option should be set to a very large numbex((is
default) for high dynamic range images, and should only béosa small value
if the input is already low dynamic range. All input luminasdarger thawval
are mapped to white.

-key <val> The estimated key of the scene. The log average luminand¢eafput
is mapped to this value. A reasonable initial valu@.is8. If this produces an
image that is too dark, try doubling this value. If the imageado light, try
halving this value.

-scale<> By default, this operator uses a fast and efficient globalpirap For extra
fidelity (and computation time), thescal e option may be given, which in-
vokes the multi-level scale selection mechanism. For sagtedynamic range
images, this produces better contrast.

5 Photoreceptor-based operatort mphot or ecept or

This operator mimics to some extend the behavior of phoggiees and includes a
rudimentary color correction scheme [18]. The options are:

-a<val> Light adaptation parameter which controls the amount oftresh The
range of this parameters is betwdeand1.

-c <val> Chromatic adaptation parameter, controlling the amounbtir correction
according to the grey-world assumption. The range of thiarpater is between
0 and1.

-f <val> Scale factor for the semi-saturation constant. This paranafects how
overall light or dark the image is.

-m <val> Exponent for the semi-saturation constant. This paranaffiects contrast.

For many images, it is advised to adjust the parametarand- c only. If no
satisfactory result can be obtained with these two parasededitional adjustments
to- f and- mmay further improve the results.

6 Histogram adjustment,t mhi st adj

This operator implements the histogram adjustment tecken[@5]. This is a par-
tial implementation which does not include simulations afrfan contrast sensitiv-
ity, mesopic color sensitivity, acuity or veiling glare. &zcess those features, it is



recommended to download the Radiance lighting simulatamkage and usecond
instead.

The operator implemented here uses a fast encoding scheeme.ladr or .tif input
is given. For other file formats, it uses the same internal daticture as all the other
operators in this distribution, and is therefore slowertfase formats.

There are no operator-specific flags for histogram adjustmen

7 Bilateral filtering, t mbi | at er al

This operator implements Durand and Dorsey’s tone reptimtuoperator which is
based on bilateral filtering [5]. It includes the speed-ughamism outlined in their
paper. The options for this operator are:

-s<val> Standard variation for the spatial Gaussian.

-r <val> Standard variation for the intensity domain Gaussian.
-contrast <val> Desired contrast of the base layer (in log units).
-shift <val> Constant added to the base layer (in log units).

-down <val> Down sampling factor. Higher numbers give faster resulis,itothis
value is chosen too high, artifacts may start to appear.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

8 Trilateral filtering, tmtril at er al

Trilateral filtering is an extension to the bilateral filt&][ This implementation does
not include the optimizations proposed by Durand and DofSgylt carries out the

convolution in the spatial domain and is therefore much slativan the bilateral filter.
The user parameters are:

-sigma<val> Main user parameter controlling compression.
-contrast <val> Desired contrast of the base layer (in log units).
-shift <val> Constant added to the base layer (in log units).

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.



9 Ashikhmin’s operator, t mashi khm n

This operator is similar to the photographic operator,altfh rooted in human visual
perception [1]. The parameters are:

-threshold <val> The threshold used in the scale selection mechanism

-factor <val> Prescale factor. The input is scaled by this factor befopayéapg the
operator. This may be used to create input in real-worldstifiihe input is given
in arbitrary units.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

10 Tumblin-Rushmeier operator,t mt r

This implementation is for the revised operator [22] of thessic operator [23]. This
operator includes its own method for correcting for dispy@ynma, and the default
- ganma <val > is therefore not supported on the command line. The comniiaad |
options are:

-factor <val> Prescale factor. The input is scaled by this factor befopayéapg the
operator. This may be used to create input in real-worldstifihe input is given
in arbitrary units.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

11 Ward's contrast-based scale factot mwar d

This operator provides a linear scaling of the input to fitlthrétations of the display
device [24]. The command line options are:

-factor <val> Prescale factor. The input is scaled by this factor befopayapg the
operator. This may be used to create input in real-worldstifiihe input is given
in arbitrary units.

-ldmax <val> Maximum luminance of the target display device. The defeailie is
100cd/m?.

12 Ferwerda’s scale factorf mf er wer da
This linear scale factor also includes a simulation of spimttighting conditions [10].

The implementation given here is partial, because the Ibgswal acuity modeled in
the original operator, is omitted here. The command linéoogtare:



-factor <val> Prescale factor. The input is scaled by this factor befopgyapg the
operator. This may be used to create input in real-worldstifihe input is given
in arbitrary units.

-ldmax <val> Maximum luminance of the target display device. The defeailie is
100cd/m?2.

13 Ferschin’s exponential mappingt mf er schi n

The exponential mapping implemented here [9], does nothsaecontrols. By default
this operator is anchored to the average of the scene. Thidmaverridden, and the
maximum luminance in the scene may be used instead by spegify

-max <> Use maximum scene luminance to anchor the computation.

14 Pattanaik’s multi-scale observer modelt mnom

This is a partial implementation of the multi-scale obsemedel [14]. Achromatic
response is not computed. User parameters are:

-k <val> Kernel size of Gaussian filter

-factor <val> Prescale factor. The input is scaled by this factor befopayapg the
operator. This may be used to create input in real-worldstifiihe input is given
in arbitrary units.

15 ICAM, t mi cam

The iCAM color appearance model [7, 6] takes the followingrysarameters:
-variance <val> Variance of the low-pass filter used in the first step of the ehod
-variance2 <val> Variance of the low-pass filter used in the second step of theain
-D <val> Degree of adaptation.

-factor <val> Prescale factor. The input is scaled by this factor befopayéapg the
operator. This may be used to create input in real-worldstifihe input is given
in arbitrary units.

-percentile <val> Clamp a percentage efval > luminance values after mapping.



16 Chiu’s spatially variant operator, t mchi u

This spatially variant operator divides the input by a Gars$lurred version of the
input [2]. Available parameters are:

-variance <val> Variance of the Gaussian filter kernel.

-iter <val> Number of smoothing iterations to apply after running theetceproduc-
tion operator.

-factor <val> Prescale factor. The input is scaled by this factor befopayéapg the
operator. This may be used to create input in real-worldstifiihe input is given
in arbitrary units.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

17 Logarithmic mapping, t ml og

Logarithmic mapping with the following user parameters:

-contrast <val> In the logarithmic domain, the image may be scaled to kaval >
units of dynamic range.

-shift <val> Constant added in logarithmic domain.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

18 Drago’s logarithmic mapping,t mdr ago

Drago’s mapping is logarithmic, but the base of the loganith adjusted based on the
intensity of the pixel [4]. User parameters are:

-b <val> Parameter controlling the amount of compression. By defhid is set to
0.85.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

19 Schlick’s uniform rational quantization, t mschl i ck
Schlick’s uniform rational quantization requires two uparameters [21]:
-M <val> Just noticeable difference in quantized display luminasteps.

-ck <val> User parametet, should be betweeland1.



20 Retinex,t mreti nex

Aninterpretation of Rahman and Jobson'’s retinex simutgtl®]. Note that this imple-
mentation may be incomplete due to a lack of sufficient detaithe original papers.
The parameters provided for experimentation are:

-w <val> Weight factor.

-s<val> Scale factor.

-low <val> Smallest kernel size in pixels (default 2 pixels).

-high <val> Largest kernel size in pixels (default 64 pixels).
-scale<val> Number of levels in the Gaussian pyramid (default 6 levels).

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

21 Horn’s lightness computation,t mhor n

A rendition of Horn’s lightness computations [11]. Usergaeters are as follows:
-threshold <val> Gradient threshold

-lightness<> Normally, gradients larger than the threshold value armpkd to0.
The- | i ght ness flag reverses this so that gradients smaller than the thicessho
are clamped to.

22 Gradient domain compressiont mgdc

Gradient domain compression [8] with the following usergraeters:

-alpha <val> The parametes is used to steer which gradient magnitudes are atten-
uated.

-beta <val> The parametes controls by how much gradients are attenuated.
-cmin <val> Percentile of pixels being clamped at the dark end.
-cmax <val> Percentile of pixels being clamped at the light end.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.



23 Oppenheim’s frequency domain operatort moppenhei m

Attenuation for Oppenheim’s operator is applied in the kaudomain [13]. User
parameters are:

-k <val> The shape of the compressive function is sigmoidal, andrabed by %.

-comp <val> Interpolation factor controlling the weight of the sigmaiccompres-
sion function relative to linear scaling. This parametemsgt be between and
1.

-saturation <val> Saturation may be adjusted with this parameter. Sétttokeep
saturation unchanged.

24 Yee’s segmentation-based techniguemyee

This is a partial implementation of Yee's segmentationebasperator [26] with the
following user parameters:

-f <val> Factor by which the adaptation is multiplied.
-exp <val> Exponent for semi-saturation constant.

-global <> By default, a local operator is invoked. A global versionddled if this
flag is specified.

-layers <val> Number of layers to use.

25 Pattanaik’s visual adaptation for time-dependent dis-
play,t mpat t anai k

This is a partial implementation of the visual adaptatioeragpor for time-dependent
display [15]. The time-dependent component is not impleegimaking this operator
suitable for single images. The user parameters are:

-ambient <val> Estimation of ambient component.

-scale<val> Scale factor for scaling the input.

26 Miller's operator, tmm | | er
Miller's operator is suitable for indoor scenes [12]. Themugarameters are:
-max <val> Clamp all values larger thaaval >.

-factor <val> After clamping, scale the input according this this factor.



27

Linear scaling,t ml i near

Linear scaling is included for comparison. It can also beduse simple file conver-
sions. The user parameters are:

-factor <val> Scale factor.

-low <val> After scaling, clamp pixels below this value to this value.

-high <val> After scaling, clamp pixels above this value to this value.

-noop <> Do not apply scaling. Use this to read an image and write itdiffarent

file format.
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