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Figure A. ELE Configuration in Figure A. ELE Configuration in UnrealEDUnrealED

Figure B. ELE in Unreal Tournament Figure B. ELE in Unreal Tournament –– Increasing TensionIncreasing Tension

Results From Interfacing ELE with Unreal TournamentResults From Interfacing ELE with Unreal Tournament

Conclusion & Summary of Contributions Conclusion & Summary of Contributions 
Contributions of ELE can be summarized as follows:
An automatic lighting design system for interactive entertainment 
that : 
a. in real-time modulates tension, sets pace, and evoke emotions. 

b. in real-time directs players’ attention to important areas in an 
interactive scene
c. expedites the design process and allows designers to override
and control lighting decisions at a high-level 

Limitations of the approach: 
• ELE introduces a new lighting design model 

which will need to be accepted and learned by 
designers

• ELE relies on dynamic lights, thus is more 
costly than current techniques. However, ELE 
was integrated in Unreal tournament with no 
noticeable delay in rendering speed.  

Light Allocation System – Determines number of lights allocated to 
each area in the scene

Where Where V(pV(p) is the percentage of objects/characters that are visible in th) is the percentage of objects/characters that are visible in the e 
scene, scene, D(pD(p) is depth, which is calculated as is the difference between the) is depth, which is calculated as is the difference between the
number of lights assigned to the background and foreground areasnumber of lights assigned to the background and foreground areas, M(p) is 
modeling which is defined as the average number of lights assigned to 
character areas, and VC(p) is visual continuity which is calculated as the 
difference between the configuration being evaluated and the one used in 
the previous frame.

1. Calculate visible area 
2. Divide the visible area into several, differentiating among focus, 

non-focus, character, foreground, and background areas.
3. Allocate lights dynamically according to lighting design goals and 

their importance minimizing cost for the following formula:
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Color Selection System – Determines colors for each light 
The color system uses constraintThe color system uses constraint--based optimization to select best based optimization to select best 
colors in RGB color space for lights in each area type: focus, colors in RGB color space for lights in each area type: focus, 
background, and foreground areas accommodating the design background, and foreground areas accommodating the design 
goals: establishing depth, paralleling plotgoals: establishing depth, paralleling plot’’s dramatic intensity, s dramatic intensity, 
providing visual focus, and abiding by designerproviding visual focus, and abiding by designer--suggested color suggested color 
constraints, while maintaining visual continuityconstraints, while maintaining visual continuity

Gradient descent is used optimizing the following cost function:
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Angle Selection System – Determines angles for each lights in the 
scene
The angle system uses hill climbing to find best angles minimizing the 
following cost function:

Where kWhere k is the key light angle, is the key light angle, kk-- is angle previous frame, is angle previous frame, mm is the mood is the mood 
angle desired, V is visibility, angle desired, V is visibility, λλvv is the cost of deviation from best visibility is the cost of deviation from best visibility 
angle, angle, λλ-- is the cost of visual continuity, is the cost of visual continuity, λλll is the cost of deviation fromis the cost of deviation from

cost( , , , ) (1 ( , )) minv m l ii
k s k m V k s k k k m k lλ λ λ λ− −

−= − + − + − + −
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ELE (Expressive Lighting Engine)ELE (Expressive Lighting Engine)
Angle Selection System (cont’d) 
realistic direction,realistic direction, λλmm is the cost of deviation from ideal mood is the cost of deviation from ideal mood 
angle, V is visibility and modeling, which is defined based on angle, V is visibility and modeling, which is defined based on 
cinematic theory as:cinematic theory as:

( ) sin( )cos( )V k k c k s= − −
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