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Abstract: Energy-saving lighting environment can be constructed by locally illuminating a specific location
using digitally controllable LED lightings. Smart user interactions should be supplied for flexible dimming
depending on the various conditions of a room, but traditional controllers require complicated adjustments
to obtain optimal states for many light sources of many dimming levels.

This research proposes a method of simultaneously controlling many LEDs using minimal manipulations on
photographed images of a real room. This method decomposes the images taken for each lights into the
components of illumination and albedo, and introduces L1-norm minimization for optimizing their dimming
levels so as to meet an energy-saving criterion.
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WYSIWYG-type optimal controls of lighting with real images

Optimization for Energy Saving
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Fig. 1 Experimental room using digitally-controllable LEDs.
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Fig. 2 Direct manipulations of brighter region on an image.
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Fig. 3 Color images generated from target light vector.
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Fig. 4 Images generated after energy-saving optimization.
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Table 1 Error in brightness after optimization.

OO0 | oooxo oooo oooo ooo
0.1 | 1.4,1.7,15.0 0.0,0.1,26 | 1.5, 1.5, 1.4 | 3,3, 2
1.0 | 3.6,10.4,13.1 | 0.0,0.4,03 | 1.4,1.3,1.3 | 3,2, 2
5.0 | 14.7,24.3,20.8 | 0.0,0.1,0.0 | 0.9,0.8,0.7 | 2, 1,2
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Table 2 Optimization error for various targeting brightness.

00 | oooo oooo oooo ooo
0.5 | 3.6,6.9,64 | 0.0,0.1,00 | 0.6, 0.6, 0.6 | 3,2, 2
1.5 | 3.6,87,20.2 | 0.0,0.3,08 | 2.1,2.1,2.0 | 3,4,2
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