
1 

HILITE 

Christian Bauer 
Zumtobel Lighting GmbH 
A-6851 Dornbirn Schweizer Str. 30 
Christian.Bauer@zumtobel.com 

Simulation of lighting in complex 
architecture is very challenging when it 
comes to the modelling the scene, but also 
due to the complexity of the calculation: 
Besides the light distribution of the 
luminaires, reflectance and absorbance of 
the materials have to be considered as well 
as daylight, which is usually influenced by 
external objects like buildings or trees. 

HILITE is a research project by VrVis 
Forschungs GmbH in Vienna (A), Zumtobel 
Lighting GmbH in Dornbirn (A) and Hefel 
Wohnbau AG in Lauterach (A).  

Main focus of the HILITE Project is 
research into interactive real time 
simulation of lighting solutions using new 
rendering and virtual reality technologies 
(please refer to references). 

While the simulation of complex lighting 
scenes with current lighting design tools will 
often require a calculation time of several 
hours, HILITE provides high quality 
simulations within seconds. 

Using this technology interactive 
modification of the luminaires well as the 
scene geometry is possible.  
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Hilite is a simulation technology using 
optimized calculation methods for 
shadowmaps with GPU hardware that were 
developed for gaming and virtual reality to 
show lighting designers an interactive 
preview of their lighting design. The direct 
fraction is displayed in real time, the diffuse 
bounces are calculated and displayed after 
a short interval. 

Shadow mapping means that images are 
projected into a room. The process can be 
compared to a photopraph projected with a 
slide projector. The projected image 
illuminates room surfaces and objects. 
These images are called “intensity maps” 

Intensitymaps: 
To generate the maps for specific 
luminaires, photometric data files (LDT, 
IES) are converted into high dynamic range 
intensitymaps (EXR). These are projected 
into the room using shadow mapping in 
order to calculate the direct fraction of the 
lighting.  

Due to the high dynamic range of these 
intensity maps it is possible to save 
complex light distributions in relatively small 
files (64px * 64px). 

 
Fig 1.  
Intensitymap showing luminance for 
different distances from the light emitting 
surface. 
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A single intensitymap is sufficient for 
spotlights. Luminaires with more complex 
light distributions require cubemaps are 
also optimized to be processed by the 
GPU. 

 
Fig 2. 
Cubemap 

Virtual point lights: 
Hilite uses virtual point lights (VPL) to 
define the position of a light source. The 
light emitting surface is defined by 
polygons. 

It is possible to define any quantity of VPLs  
for each luminaire. As LED luminaires start 
to replace conventional lighting technology 
this feature becomes more important: Every 
LED within a luminaire can be defined by a 
separate VPL with a specific light 
distribution and light colour. The accuracy 
of the simulation results is surpassing 
current lighting simulation software, 
especially when RGB luminaires are 
considered.   

 
Fig 3. 
Separate VPLs for each LED within a 
luminaire  

The simulation is very detailed, shadows 
and colour mixing for RGB luminaires can 
be analysed considering location, light 
distribution and colour of each LED within 
the luminaire. 

 
Fig 4. 
Detailed simulation of shadows for a RGB 
Spot. 

 

Simulation: 
There are different simulation methods for 
direct illumination and for the diffuse 
bounces. 

The shadowmaps that were assigned to the 
virtual point lights are projected into the 
room to simulate the direct fraction of the 
lighting.  
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Photons are emittied from the VPLs to 
simulate diffuse bounces. After the first 
contact with room surface or an object in 
the room, areas receiving equal numbers of 
photons are defined. 

For the first diffuse bounce a virtual point 
light will be created for each of these areas. 
This VPL will be projected into the room 
using shadow mapping.  

 
Fig 5. 
Photonen and resulting VPLs 

The method is flexible and adapts to the 
complexity of the geometry. The process 
will be repeated for the required quantity of 
diffuse bounces. 

 
Fig 6. 
VPLs for the first and second diffuse 
bounce. 

 

Lightmaps: 
Hilite generates groups of luminaires that 
can be controlled together. The calculation 
results will be saved as an individual 
lightmap for each group of luminaires. 

 
Fig 7. 
Lightmap 

Intensity and light colour for each luminaire 
group can be adapted without repeating the 
calculation. In this way it is similar to the 
VIVALDI functionality for interactive lighting 
design. 

Using the fast simulation and the optimized 
handling for luminaire groups lighting 
concepts for rooms or architectural scenes 
can be designed in very fast, efficient and 
interactive way.  

 

Material and Shader: 
The material properties in Hilite are based 
on the Ward Shader Model that enables the 
simulation of anisotropic reflexions.  

The shader was optimized for viewport 
rendering and the possibility of BSDF fitting 
was added. 

Semiautomatic BSDF fitting enables the 
conversion of measured BSDF Date into 
Hilite shaders and will be available from 
December 2013. 

The material editor allows to generate 
complex materials (reflection fallof, fresnel, 
flat mirror, roughness etc.) and is already 
implemented. 
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Fig 8. 
Different diffuse reflection on the foor 

Depending on the shape of the object 
reflections can be calculated as flat 
reflections or as cube reflection maps. The 
cube maps are generated separately for 
each object considering the illumination of 
the scene. 

  
Fig 9. 
The analysis of reflection on complex 
surfaces is possible in real time.  

 

 

 

 

 

 

 

 

 

False Colour: 
The false colour mode in Hilite shows the 
intensity of illumination. 

It enables the designer to optimize the 
luminaire positions in order to avoid 
unwanted shadows and to review the light 
distribution and light output of the selected 
luminaires. 

 

 
Fig 10. 
Comparison of a luminaire with 28W, 49W 
and 35W. 

It is also possible to evaluate the uniformity 
of a lighting solution or to set focal points as 
it might be desirable in exhibitions or 
cultural institutions. 

 
Fig 11. 
Interaktive positioning of luminiares in real 
time. 
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Recessed Luminaires: 
Hilite is using intelligent masking to 
visualise recesses in ceilings where 
luminares can be located. 

As this technology is faster and less 
complex than Boolean operations, it is ideal 
for larger quantities of recessed luminaires.  

 
Fig. 12 
Typical recessed luminaire with geometry.
  

 
Fig 13. 
Visualisation of the recessed luminaire in 
Hilite. 

 

 

 

 

 

 

 

References: 

LUKSCH, C., TOBLER, R.F., HABEL, R., 
SCHWÄRZLER, M., WIMMER, M., 2013 
Fast Light-Map Computation with Virtual 
Polygonal Lights. In ACM SIGGRAPH 
Symposion 2013 Paper 

ANNEN, T., DONG, Z., MERTENS, T., 
BEKAERT, P., SEIDEL, H.-P., AND 
KAUTZ, J. 2008. Real-time, All-Frequency 
Shadows in Dynamic Scenes. ACM Trans. 
Graph. 27, 3, 1–8. 

BAUM, D. R., RUSHMEIER, H.E., AND 
WINGET, J. M. 1989.Improving Radiosity 
Solutions Through the Use of Analytically 
Determined Form-Factors. In Proceedings 
of the 16th annualconference on Computer 
graphics and interactive techniques, 
ACM, New York, USA, 325–334. 

COHEN, M. F., WALLACE, J., AND 
HANRAHAN, P. 1993. Radiosity and 
Realistic Image Synthesis. Academic Press 
Professional, 
Inc., San Diego, CA, USA. 

CRASSIN, C., NEYRET, F., SAINZ, M., 
GREEN, S., AND  
EISEMANN, E. 2011. Interactive Indirect 
Illumination using Voxel Cone Tracing. In 
Symposium on Interactive 3D Graphics and 
Games, ACM, New York, USA, 207–207. 

DACHSBACHER, C., AND STAMMINGER, 
M. 2005. Reflective Shadow Maps. 
Proceedings of the 2005 symposium on 
Interac-tive 3D graphics and games SI3D 
05, 203. 

DONG, Z., GROSCH, T., RITSCHEL, T., 
KAUTZ, J., AND SEIDEL,H.-P. 2009. Real-
time Indirect Illumination with Clustered Vis-
ibility. In Vision, Modeling, and Visualization 
Workshop.  



6 

FABIANOWSKI, B., AND DINGLIANA , J. 
2009. Interactive Global Photon Mapping. 
Computer Graphics Forum 28, 4, 1151–
1159. 

FERNANDO, R. 2005. Percentage-closer 
Soft Shadows. In ACM SIGGRAPH 2005 
Sketches, ACM, New York, USA, 35. 

HACHISUKA, T., AND JENSEN, H. W. 
2010. Parallel Progressive Photon Mapping 
on GPUs. In ACM SIGGRAPH ASIA 2010 
Sketches, ACM, New York, USA, 54:1–
54:1. 

HASAN, M., PELLACINI, F., AND BALA, K. 
2007. Matrix Row-Column Sampling for the 
Many-Light Problem. ACM Transactions on 
Graphics (TOG) 26, 3, 26–es. 

HASSELGREN, J., A KENINE-MÖLLER, 
T., AND OHLSSON, L. 2005. Conservative 
Rasterization. In GPU Gems 2, M. Pharr 
and R. Fernando, Eds. Addison-Wesley 
Professional. 

HASAN, M., KRIVANEK, J., W ALTER, B., 
AND BALA, K. 2009. Virtual Spherical 
Lights for Many-Light Rendering of Glossy 
Scenes. In ACM SIGGRAPH Asia 2009 
Papers, ACM, New York, USA, 143:1–
143:6. 

HERMES, J., HENRICH, N., GROSCH, T., 
AND MUELLER, S. 2010. Global 
Illumination using Parallel Global Ray 
Bundles. In VMV 2010: Vision, Modeling 
and Visualization 2010, 65–72. 

JENSEN, H. 1996. Global Illumination using 
Photon Maps. Rendering Techniques 96, 
21–30.  

KAJIYA, J. T. 1986. The Rendering 
Equation. In Computer Graphics (ACM 
SIGGRAPH ’86 Proceedings), vol. 20, 143–
150. 

KELLER, A. 1997. Instant Radiosity. In 
Proceedings of the 24th annual conference 

on Computer graphics and interactive 
techniques, ACM Press/Addison-Wesley 
Publishing Co., New York, USA, 49–56. 

LAFORTUNE, E. P., AND WILLEMS , Y. D. 
1993. Bi-directional Path Tracing. In 
Proceedings of Third International 
Conference on Computational Graphics 
and Visualization Techniques 
(Compugraphics ’93), H. P. Santo, Ed., 
145–153. 

LAINE, S., SARANSAARI, H., 
KONTKANEN, J., LEHTINEN, J., AND 
AILA , T. 2007. Incremental Instant 
Radiosity for Real-Time Indirect 
Illumination. In Proceedings of 
Eurographics Symposium on Rendering, 
Citeseer, 277–286. 

MCGUIRE, M., AND LUEBKE, D. 2009. 
Hardware-Accelerated Global Illumination 
by Image Space Photon Mapping. In 
Proceedings of the 2009 ACM 
SIGGRAPH/EuroGraphics conference on 
High Performance Graphics, ACM, New 
York, USA. 

NOVAK, J., ENGELHARDT, T., AND 
DACHSBACHER, C. 2011. Screen-space 
bias compensation for interactive high-
quality global illumination with virtual point 
lights. In Symposium on Interactive 3D 
Graphics and Games, ACM, New York, 
USA. 

PRUTKIN, R., KAPLANYAN, A., AND 
DACHSBACHER, C. 2012. Reflective 
Shadow Map Clustering for Real-Time 
Global Illumination. Eurographics Short 
Papers, 9–12. 

RITSCHEL, T., G ROSCH, T., K IM , M. H., 
S EIDEL, H.-P., DACHSBACHER, C., AND 
KAUTZ, J. 2008. Imperfect Shadow Maps 
for Efficient Computation of Indirect 
Illumination. In ACM SIGGRAPH Asia 2008 
Papers, ACM, New York, USA. RITSCHEL, 
T., E NGELHARDT, T., G ROSCH, T., S 
EIDEL, H.-P., KAUTZ, J., AND 



7 

DACHSBACHER, C. 2009. Micro-
Rendering for Scalable, Parallel Final 
Gathering. In ACM SIGGRAPH Asia 2009 
Papers, ACM, New York, USA, 132:1–
132:8. 

RITSCHEL, T., EISEMANN, E., HA, I., KIM 
, J. D., AND SEIDEL, H.-P. 2011. Making 
Imperfect Shadow Maps View-Adaptive: 
High-Quality Global Illumination in Large 
Dynamic Scenes. Computer Graphics 
Forum (presented at EGSR 2011). 

SCHNABEL, R., WAHL, R., AND KLEIN, R. 
2007. Efficient RANSAC for Point-Cloud 
Shape Detection. Computer Graphics 
Forum 26, 2 (June), 214–226. 

THIEDEMANN, S., HENRICH, N., 
GROSCH, T., AND M ÜLLER, S. 2011. 
Voxel-based Global Illumination. In 
Symposium on Interactive 3D Graphics and 
Games, ACM, New York, USA, 103–110. 

TOKUYOSHI, Y., S EKINE, T., AND 
OGAKI, S. 2011. Fast Global Illumination 
Baking via Ray-Bundles. In SIGGRAPH 
Asia 2011 Sketches, ACM, New York, USA, 
25:1–25:2.  

WALLACE, J. R., ELMQUIST, K. A., AND 
HAINES, E. A. 1989. A Ray Tracing 
Algorithm for Progressive Radiosity. 
SIGGRAPH Comput. Graph. 23, 3 (July), 
315–324. 

WALTER, B., FERNANDEZ, S., ARBREE, 
A., BALA, K., DONIKIAN, M., AND 
GREENBERG, D. P. 2005. Lightcuts: A 
Scalable Approach to Illumination. In ACM 
SIGGRAPH 2005 Papers, ACM, New York, 
USA, 1098–1107. 

WANG, R., WANG, R., ZHOU, K., PAN, M., 
AND BAO, H. 2009. An Efficient GPU-
based Approach for Interactive Global Illu-
mination. In ACM SIGGRAPH 2009 Papers, 
ACM, New York, USA, 91:1–91:8. 

WILLIAMS , L. 1978. Casting Curved 
Shadows on Curved Sur-faces. Computer 
Graphics (SIGGRAPH ’78 Proceedings) 12, 
3 (Aug.), 270–274 

 

 

 

 


