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1 Introduction

This documentation pertains to the source code and binariesavailable on the DVD-
ROM that accompanies the book “High Dynamic Range Imaging” [20]. Before com-
piling or using this code, please refer to the licence information contained in the
licence.txt file.

In the following section, the procedure for compiling and installing the source is
explained. The general use of all operators is detailed in Section 3, while operator-
specific command-line flags are explained for each operator in the remaining sections.

2 Installation

For convenience, binaries for Windows, Linux and Mac OS X areprovided in the
binaries directory on this DVD. The source code is available in thesources
directory.

To compile the source code, gunzip and untar the distribution using

tar -zxvf tm_source.tar.gz

Then in thetm source/ directory, edit theMakefile to suit your system. Follow
the instruction in theMakefile. Before compiling the sources, please check that all
the libraries that this distribution depends on, are installed. If not, install those libraries
first. In particular, the availability oflibjpeg, libtiff, libfftw, libm, libz
and the OpenEXR libraries need to be present. Each of these libraries is available for
free on the web or comes pre-installed with your system.

In addition, this distribution comes with a precompiled library to read and write
HDR images in JPEG format. This library is courtesy Sunnybrook Technologies, and
may not be redistributed without permission. Seetm source/jpghdr/include/jpeghdr.h
for further information. If this library is not available for your platform, please com-
ment out the relevant parts of theMakefile in thetm source directory by follow-
ing the instructions given in that file.

Once all libraries are available, in thetm source directory, type
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make
make install

To see all operators in action, and to verify that everythinghas compiled correctly, type

make test

Note that several operators take a significant amount of timeto complete, so that the
above command may take several minutes to execute. This command also assumes the
presence of thexv display program. If this program is not available on your system,
replacexv with your favorite jpeg viewer in theMakefile.

3 Operation

All operators included in this distribution require at least an input file and an output file
to be specified. For example, the photographic operator [19]may be called with:

tm_photographic -i <infile> -o <outfile>

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

tm_photographic -i hdr_image.hdr -o ldr_image.jpg

Although a standard gamma correction value is compiled in (and can be adjusted for
your system in the top levelMakefile in thetm source directory), unless other-
wise noted, each operator also parses the command line for the-gamma <val> flag.
To tonemap an OpenEXR into a PPM file suitable for display on a monitor with a
gamma value of2.8, the following command may be given:

tm_photographic -i hdr_image.exr -o ldr_image.ppm -gamma 2.8

To disable gamma correction, use a value of1.
Some operators include a-saturation <val> command line option to allow

adjustment of the saturation. This option is provided for convenience and is not part
of the original operators. The mechanism employed is described by Fattal et al [8]. It
may be disabled by specifying-saturation <1>.

Some operators also include a-factor <val> which allows the input to be
scaled before applying the specific operator. This facilityis not part of the original
operators and is also provided for convenience. The intention of this parameter is to
bring the input to real-world units for images that are arbitrarily scaled. To disable this
option, specify-factor <1>.

All other command line options are specific to each individual operator, and are dis-
cussed in the following sections. For a detailed understanding of the use and meaning
of each of these operators, please see the individual papersreferenced in each section.
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4 Photographic operator,tm photographic

The command line options for the photographic tone reproduction operator [19, 17]
are:

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

-white <val> White value. This option should be set to a very large number (1e20 is
default) for high dynamic range images, and should only be set to a small value
if the input is already low dynamic range. All input luminances larger thanval
are mapped to white.

-key <val> The estimated key of the scene. The log average luminance of the input
is mapped to this value. A reasonable initial value is0.18. If this produces an
image that is too dark, try doubling this value. If the image is too light, try
halving this value.

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

5 Photoreceptor-based operator,tm photoreceptor

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

-a <val> Light adaptation parameter which controls the amount of contrast. The
range of this parameters is between0 and1.

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

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

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

For many images, it is advised to adjust the parameters-a and-c only. If no
satisfactory result can be obtained with these two parameters, additional adjustments
to -f and-m may further improve the results.

6 Histogram adjustment,tm histadj

This operator implements the histogram adjustment technique [25]. This is a par-
tial implementation which does not include simulations of human contrast sensitiv-
ity, mesopic color sensitivity, acuity or veiling glare. Toaccess those features, it is
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recommended to download the Radiance lighting simulation package and usepcond
instead.

The operator implemented here uses a fast encoding scheme when .hdr or .tif input
is given. For other file formats, it uses the same internal data structure as all the other
operators in this distribution, and is therefore slower forthese formats.

There are no operator-specific flags for histogram adjustment.

7 Bilateral filtering, tm bilateral

This operator implements Durand and Dorsey’s tone reproduction operator which is
based on bilateral filtering [5]. It includes the speed-up mechanism 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 results, but if this
value is chosen too high, artifacts may start to appear.

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

8 Trilateral filtering, tm trilateral

Trilateral filtering is an extension to the bilateral filter [3]. This implementation does
not include the optimizations proposed by Durand and Dorsey[5]. It carries out the
convolution in the spatial domain and is therefore much slower than 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. Set to1 to keep
saturation unchanged.
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9 Ashikhmin’s operator, tm ashikhmin

This operator is similar to the photographic operator, although 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 before applying the
operator. This may be used to create input in real-world units if the input is given
in arbitrary units.

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

10 Tumblin-Rushmeier operator,tm tr

This implementation is for the revised operator [22] of the classic operator [23]. This
operator includes its own method for correcting for displaygamma, and the default
-gamma <val> is therefore not supported on the command line. The command line
options are:

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

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

11 Ward’s contrast-based scale factor,tm ward

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

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

-ldmax <val> Maximum luminance of the target display device. The defaultvalue is
100cd/m2.

12 Ferwerda’s scale factor,tm ferwerda

This linear scale factor also includes a simulation of scotopic lighting conditions [10].
The implementation given here is partial, because the loss of visual acuity modeled in
the original operator, is omitted here. The command line options are:
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-factor <val> Prescale factor. The input is scaled by this factor before applying the
operator. This may be used to create input in real-world units if the input is given
in arbitrary units.

-ldmax <val> Maximum luminance of the target display device. The defaultvalue is
100cd/m2.

13 Ferschin’s exponential mapping,tm ferschin

The exponential mapping implemented here [9], does not haveuser controls. By default
this operator is anchored to the average of the scene. This may be overridden, and the
maximum luminance in the scene may be used instead by specifying:

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

14 Pattanaik’s multi-scale observer model,tm mom

This is a partial implementation of the multi-scale observer model [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 before applying the
operator. This may be used to create input in real-world units if the input is given
in arbitrary units.

15 iCAM, tm icam

The iCAM color appearance model [7, 6] takes the following user parameters:

-variance<val> Variance of the low-pass filter used in the first step of the model.

-variance2<val> Variance of the low-pass filter used in the second step of the model.

-D <val> Degree of adaptation.

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

-percentile<val> Clamp a percentage of<val> luminance values after mapping.
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16 Chiu’s spatially variant operator, tm chiu

This spatially variant operator divides the input by a Gaussian blurred 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 the tone reproduc-
tion operator.

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

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

17 Logarithmic mapping, tm log

Logarithmic mapping with the following user parameters:

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

-shift <val> Constant added in logarithmic domain.

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

18 Drago’s logarithmic mapping,tm drago

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

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

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

19 Schlick’s uniform rational quantization, tm schlick

Schlick’s uniform rational quantization requires two userparameters [21]:

-M <val> Just noticeable difference in quantized display luminancesteps.

-ck <val> User parameterk, should be between0 and1.
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20 Retinex,tm retinex

An interpretation of Rahman and Jobson’s retinex simulation [16]. Note that this imple-
mentation may be incomplete due to a lack of sufficient details in the 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. Set to1 to keep
saturation unchanged.

21 Horn’s lightness computation,tm horn

A rendition of Horn’s lightness computations [11]. User parameters are as follows:

-threshold <val> Gradient threshold

-lightness<> Normally, gradients larger than the threshold value are clamped to0.
The-lightness flag reverses this so that gradients smaller than the threshold
are clamped to0.

22 Gradient domain compression,tm gdc

Gradient domain compression [8] with the following user parameters:

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

-beta<val> The parameterβ 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. Set to1 to keep
saturation unchanged.
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23 Oppenheim’s frequency domain operator,tm oppenheim

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

-k <val> The shape of the compressive function is sigmoidal, and controlled byk.

-comp<val> Interpolation factor controlling the weight of the sigmoidal compres-
sion function relative to linear scaling. This parameter should be between0 and
1.

-saturation <val> Saturation may be adjusted with this parameter. Set to1 to keep
saturation unchanged.

24 Yee’s segmentation-based technique,tm yee

This is a partial implementation of Yee’s segmentation-based operator [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 version is called if this
flag is specified.

-layers<val> Number of layers to use.

25 Pattanaik’s visual adaptation for time-dependent dis-
play, tm pattanaik

This is a partial implementation of the visual adaptation operator for time-dependent
display [15]. The time-dependent component is not implemented, making 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, tm miller

Miller’s operator is suitable for indoor scenes [12]. The user parameters are:

-max <val> Clamp all values larger than<val>.

-factor <val> After clamping, scale the input according this this factor.
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27 Linear scaling,tm linear

Linear scaling is included for comparison. It can also be used for 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 it in adifferent
file format.
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