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A Feedback Design Method of Freeform Reflector for Uniform
Illumination with Extended Sources

LI Deng-gao, YIN Song-feng, LING Yong-shun, YANG Hua, XIE Zhen, WU Xiao-di

(Key Laboratory of Infrared and Low Temperature Plasma of Anhui Province, State Key Laboratory of Pulsed
Power Laser Technology ., Electronic Engineering Institute , Hefei 230037, China)

Abstract: To overcome the disadvantage of the system uniformity reduction when a freeform surface
constructed on the point source assumption is applied to the extended sources systems, a new feedback
optimization algorithm based on the partial differential equation was proposed. Based on the point
approximation, the initial surface structure were obtained through the numerical solution of the partial
differential equation under the establishment of the radiation model of the extended light source. Then the
shortcoming of the initial surface structure was analyzed when used for uniform illumination with
extended sources under the circumstance that the rays transmission direction and the optical axis
intersect. Therefore the proposed algorithm re-optimized the reflector to improve the uniformity by
renewing the distribution of the target region, with the illuminance distribution in last simulation
experiment as feedback. To illustrate the effectiveness of the proposed method, simulation experiments
were carried out with TracePro. An extended light source with the size of 3 cm in diameter was used in
experiments, in which total five million rays were computed. The light tracing experiments show that the
uniformity of the object region increases from 60% to more than 90%, which demonstrates that the
feedback design method can improve the illumination uniformity of the target surface effectively and
provide some theoretical guidance for the improvement of the realistic lighting systems.
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Fig. 1 Geometry of reflection for extended sources
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The illumination profile of the point light source
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Fig. 7 The illumination profile of the extended source

with the size of 3 cm in diameter
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after feedback optimization
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