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Multi-photodiode layout optimization based on quantum

genetic algorithm

Chu Lixiang, Fan Qiaoyun
(School of Instrument Science and Opto-electronic Engineering, Beihang University, Beijing 100191, China)

Abstract: As a small and low-cost photosensor, the photodiode can be used as low-precision sun sensor
alternatively for at least three photodiodes combined, to measure the full sun vector. To obtain the sun
vector anywhere providing the continus 360° filed-of-view, it was difficult to choose the number and
design the layout of the multiple photodiodes. This paper discretized the 360° field of view as equal
surface areas firstly, and transformed the infinite sensor layout optimization problem into a finite
combinatorial optimization (nondeterministic polynomial time). Then, the combinatorial optimization
problem was solved by establishing the multi-objective optimization function considering the coverage and
uniformity and combining the quantum genetic algorithm. The experiment gave the layout effect for the
various number and the different field of view of photodiodes, and provided theoretical basis for the
optimization of the layout of multiple photodiodes. The experimental results show that the 12 —14
photodiodes selected can achieve layout with no coverage and uniform risk nearly.
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Fig.1 Schematic diagram of photodiode mounting orientation
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Fig.2 Schematic diagram of unit sphere discrete method
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Fig.3 Unit sphere discretization plane development
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photodiodes
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Fig.5 Multi-photodiode field of view coverage plane
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Tab.2 Multi-photodiode layout parameter lookup table
Number Coverage risk  Uniform risk Recommended layout scheme (6/(°), ¢i/(°))
(149,-60) (-103,-47) (134,50) (-111,-13) (-85,32) (78,-40)
8 35%—-57% 34%—-60%
(106,4) (0,90)
(—68,48) (75,-31) (—41,-66) (-65,11) (103,-606) (126,41)
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(-69,-31) (96,19) (0,90)
(126,-27) (-69,-13) (=79,-38) (-126,-22) (149,-606) (148,48)
10 15%-50% 5%—-50%
(90,-41) (7,38) (-18,75) (0,90)
(-162,-11) (—43,38) (33,-13) (157,-14) (-62,-50) (95,-14)
11 6%—40% 2%—-40%
(=79,-11) (37,-57) (66,40) (-177,31) (0,90)
(7,11) (105,-31) (137,-29) (-33,-21) (-150,40) (-126,-22)
12 0-24% 0-17%
(101,38) (-18,75) (23,-31) (-162,-45) (=79,-11) (0,90)
(54,-63) (137,-29) (-105,-21) (167,-14) (84,19) (18,54)
13 0-17% 0-6% (-143,57) (-152,5) (-39,-31) (54,-11) (—62,-50) (-24,-19)
(0,90)
(79,29) (-60,19) (136,22) (-173,-11) (-132,19) (137,-38)
14 0-14% 0-5% (—42,-40) (70,-4) (-162,-45) (-18,58) (43,-29) (-101,-11)
(-18,-27) (0,90)
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