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1 Controls

Before starting the demo please edit ShadowSettings.cfg to re�ect your screen res-
olution. You also need to install the redistributable for Visual Studio 2015 Update
1 (bundled as VC_redist.x64.exe). In the demo use:

� Arrow keys to move horizontally (right shift moves faster, right control slower),

� Page up/down to move vertically,

� Mouse to look,

� Left mouse button to orient the directional light parallel to the viewing direc-
tion,

� Hold a letter key and press a digit key to change a setting (as shown in the
text-based HUD),

� Press F3 to save the current camera and light, press F4 to restore the saved
state.
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2 Settings

The demo relies on a text-based head-up display (HUD) to show available and
active options. In each line the name of a setting is followed by the key used to edit
the setting. Hold this letter key and press a digit key shown next to an option to
activate this option. The active option is marked with •#, others with #. Note that
changed settings often necessitate compilation of shaders and therefore the demo
may freeze for several seconds.

Submenu (M+digit): To keep the HUD clear, settings for di�erent aspects of
the demo are part of di�erent submenus. This setting allows you to switch
between these submenus or to display all settings at once. Settings which are
not displayed can still be changed.

HUD (H+digit): Allows you to specify the amount of information shown in the
HUD.

Environment (E+digit): The demo ships with a variety of di�erent environments
providing di�erent challenges for the presented techniques. For more details
about the used assets please refer to Section 5.

Hard shadow preset (S+digit): Presets for di�erent techniques implementing �l-
tered hard shadows. When changed presets override several options at once to
demonstrate a particular technique with the recommended parameters. You
can still change the individual settings, which makes the preset jump back to
�Custom�.

Soft shadow preset (F+digit): Presets for soft shadowing techniques. All of
them approximate the result of percentage closer soft shadows in some way.

Shadow technique (T+digit): Available shadow mapping techniques for hard and
soft shadows.

Translucent occluders (O+digit): If this option is enabled, surfaces are rendered
to the shadow map with alpha blending. This provides an approximation
to shadows for translucent occluders. Otherwise the shadow map is created
from a depth bu�er. Note that this option is only available for some kinds of
�lterable shadow maps.

Shadow map resolution (R+digit): The resolution of the used shadow maps in
texels. This option applies to the shadow maps used for surface shadows and
single scattering.

Shadow map quantization (Q+digit): The number of bits per channel per texel
to be used for shadow maps. For some soft shadow mapping techniques
both �oating point and integer formats are available. Otherwise the adequate
format is chosen automatically.
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Shadow map antialiasing (A+digit): The quality of shadows can be improved by
rendering the shadow map with multisample antialiasing. The option de�nes
the number of samples. This setting is only available for �lterable shadow
maps.

Kernel size (K+digit): For �ltered hard shadows this setting de�nes the radius
(and standard deviation) of the Gaussian �lter applied to the shadows. For
soft shadows it de�nes the size of the search region for the blocker search
and the largest possible �lter size. Either way greater values lead to softer
shadows but for �ltered hard shadows the hard-coded upper limit is 15 · 15.

Soft shadow interpolation (J+digit): For some soft shadow techniques bilinear
interpolation imposes a signi�cant performance hit. For comparison this set-
ting allows you to switch between nearest-neighbor interpolation and bilinear
interpolation.

Depth bias (D+digit): The demo uses a very primitive depth bias to avoid surface
acne. It simply subtracts the constant de�ned by this setting from the depth
of each fragment before entering shadow computations. Depth values are in
the range from zero to one. Large values introduce detached shadows known
as Peter-Panning.

Moment bias (V+digit): For four moment shadow mapping a bias is needed to
compensate for quantization artifacts in the moment shadow map. The
strength is de�ned by this setting. For 16-bit quantization the recommended
value is 3 · 10−5, for 32-bit quantization it is 5 · 10−6.

Single scattering preset (P+digit): Besides surface shadows the demo provides
various techniques to integrate volumetric shadows, i.e. to render single scat-
tering. Presets for the available techniques are provided by this setting.

Scattering technique (C+digit): Allows you to select particular scattering tech-
niques directly rather than using the presets.

Scattering quantization (B+digit): Like shadow map quantization but for the
resampled shadow maps which are generated speci�cally for single scattering.
Only available if extra shadow maps are required by the technique.

Shadow map sampling (X+digit): For single scattering a linear recti�cation can
be applied to shadow maps [1] to avoid resampling. However, this solution
breaks together if the light direction is in the �eld of view and often distributes
shadow map resolution unevenly.

Scattering moment bias (N+digit): Like Moment bias but only for single scat-
tering techniques based on moment shadow maps. For moment shadow map-
ping with six moments the recommended value is 4 · 10−3.

Scattering overestimation weight (W+digit): Single scattering based on mo-
ment shadow maps can guarantee that single scattering is always underes-
timated (too dark) or always overestimated (too bright). Alternatively, you
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can interpolate linearly between these two extremes using the intermediate
options.

Thread group size (G+digit): Single scattering techniques and soft shadow tech-
niques both use compute shaders generating pre�x sums of rows or columns.
The number of threads per group used for dispatch of these shaders is de-
�ned by this setting. The results are independent of the choice, so the option
providing the shortest frame time should be chosen.

Animation mode (I+digit): De�nes which parts of the environment should be
animated. You can animate the �ying dragon (seaport environment only), let
the sunlight follow a path much like that of the sun, both or nothing.

Light size (L+digit): For soft shadows it is assumed that the directional light
spans a particular angle within two planes de�ned by the view space of the
shadow map. This option de�nes the size of this angle. Larger values produce
softer shadows.

Shader output (U+digit): By default the demo shows a shaded environment. Al-
ternatively, you can visualize the shadow intensity or disable shading. The
latter option is useful if you want to look at single scattering results without
getting distracted by surface shading.

Some combinations of options are not reasonable or not implemented. In these
cases the selected option is marked with 9# and the truly used option is marked
as active. Other combinations can be tested but will not give good results (e.g.
moment shadow mapping with an inadequate bias). Therefore, it is recommended
to stick to the presets.

3 Recommended Experiments

The demo allows you to reproduce all results presented in the paper and more. Here
are some hints on what you may do to see these results.

Single scattering: Hold M+3 to go to the submenu for single scattering. Presets
for the novel methods can be enabled by holding P and pressing 4 (lowest
quality), 5 or 6 (highest quality). Activating animations (I+4) helps to high-
light aliasing artifacts. Recommended environments are the Seaport (E+1),
Foliage (E+3) and Escher (E+7).

Soft shadows: Hold M+2 to go to the submenu for surface shadows. Single scat-
tering should be disabled (P+2) because many scattering techniques require
speci�c kinds of shadow maps. You can try moment soft shadow mapping with
interpolation (F+6) or without (F+5, faster but blocky). Recommended envi-
ronments are the Seaport (E+1), Columns (E+4), Sintel (E+5) and Quadbot
(E+6). Try enabling animations (I+4) to get a feeling for aliasing artifacts.
For percentage-closer soft shadows (F+3) they will be a lot stronger because
multisample antialiasing cannot be used for the shadow map.
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Translucent occluders: There is only one environment with properly sorted, trans-
parent geometry, namely Smoke and Pipes. Note that the particles for the
smoke are not automatically oriented towards the camera. Hold E+2 to go
to this environment and hold M+2 to go the submenu for surface shadows.
Then enable a shadow mapping technique based on moment shadow maps,
e.g. Hamburger 4 moment shadow mapping with 16-bit quantization (S+8).
Hold O+2 to enable support for translucent occluders. You should now see
partial shadow being cast by the smoke. Hold the left mouse button to change
the light direction or enable animations (I+4) to see these shadows interact
with shadows of opaque occluders in di�erent con�gurations.

4 Notes

System requirements: Some features in the demo use compute shaders and can-
not function properly if your graphics device does not support them. Direct3D
feature level 11.0 is required. If your hardware does not provide this, you can
still run the demo but a message informs you about the issue and you cannot
use some features. In some cases updating graphics device drivers may help.
The demo is provided as Windows executable and should work on Windows 7
SP 1 and above. Other platforms such as OS X or Linux are not supported.

Exponential variance shadow mapping: Among other techniques the demo fea-
tures an implementation of exponential variance shadow maps. This imple-
mentation is more or less equivalent to the implementation in Matt Petti-
neo's shadow sample. The used exponents are hard-coded at two locations
in Shaders/Shadow.fx to be 5.544 which is the maximal meaningful value for
16-bit quantization. For 32-bit quantization the exponents may be changed
in the code (press F8 to reload shaders).

Variance soft shadow mapping: The implementation of variance soft shadow map-
ping is not a full implementation of the work by Yang et al. [5]. It uses neither
kernel subdivision nor hierarchical shadow maps. Adding these features would
improve the quality but increase the frame time (in most cases). Our imple-
mentation may be viewed as implementation of summed-area variance shadow
maps [2] with the addition of the heuristic blocker search proposed by Yang
et al. [5].

Reuse of shadow maps: No matter which options you activate, the demo will
always render the scene to a shadow map exactly once per frame. In particular,
all single scattering techniques use shadow maps derived from the shadow map
created for surface shadows. This means that the selection of shadow mapping
techniques is heavily limited when single scattering is enabled. For most
techniques a common shadow map is needed and percentage-closer �ltering
is used. For �ltered and pre�ltered single scattering with moment shadow
maps a four moment shadow map is required. Besides, surface shadows will
exhibit strong aliasing if you use the non-linear recti�cation.
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Shadow map sampling: If you do not use the linear recti�cation proposed by
Klehm et al. [1], the shadow map is simply �tted to a bounding box around
the important parts of the environment. Of course the arising parametrization
is subpar and techniques such as trapezoidal shadow maps [4], parallel-split
shadow maps [6] or sample distribution shadow maps [3] would provide an
advantage. These are not implemented for several reasons:

� The presented work deals with problems that are mostly orthogonal to
the chosen parametrization of the shadow map,

� Having a parametrization that is independent of the camera helps to
analyze artifacts up close,

� Moment shadow maps can cope with undersampling well.

Finding shader code: The demo itself is closed source but its shaders are not.
All shaders used by the application are copied to the folder CreatedShaders.
They use includes from ShaderIncludes and are automatically generated using
functions de�ned in Shaders. The �les Shaders/Shadow.fx and Shaders/
ParticipatingMedia.fx are of particular interest. The other �les often contain
unused rudiments. A package including all the code and documentation is
available on the project webpage. You may use graphics debugging to �nd
out more about the use of these shaders.

Bugs: The number of available options and settings leads to an immense number
of di�erent con�gurations. Not all of them are supposed to give good results
but the demo should not crash. It is recommended to stick to the presets. If
you encounter something that should be working but does not, bug reports
can be sent to peters (at) cs (dot) uni (minus) bonn (dot) de. Please include
LogFile.txt in all bug reports.

5 Credits

The demo includes models by third parties published under copyleft licenses. Most of
them were obtained from blendswap.com and we would like to express our gratitude
to the operators of this platform. Here are credits per scene:

Seaport: The scene itself has been created by Enrico Ste�en. The animated dragon
is courtesy of Zoltan Miklosi.

Foliage: The whole scene has been created by Eugene Kiver.

Sintel: Sintel is the main character in the open movie Sintel. The model is a
slightly modi�ed version of the Sintel lite model. It is licensed under Creative
Commons Attribution 3.0 Unported.
© copyright Blender Foundation | www.sintel.org
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Quadbot: The quadbot comes from the open movie Tears of Steel and was obtained
from blendswap.com. It is licensed under Creative Commons Attribution 3.0
Unported.
© copyright Blender Foundation | www.tearsofsteel.org

Escher: This scene has been created by Cedrick Münstermann and is inspired by
the painting �Convex and Concave� by M. C. Escher.

Smoke and pipes, columns, planes: Modeled by Christoph Peters in Blender.
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