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Bio-inspired Polarization Detection Technology and Navigation Sensor Applications
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(School of Mechanical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract ;. Long-term bionics research has found that a variety of organisms can perceive polarized light in the environment, which could as-
sist individuals to achieve behaviors such as foraging, migration, and environmental perception. Among them, the peculiar ability of insects,
which use the polarized skylight field to navigate, has the advantages of complete autonomy, resisting active interference, and no cumulative er-
ror over time. It has drawn the attention of researchers to bio-inspired polarized skylight navigation technology. Focusing on the polarization detec-
tion mechanism of insects, the polarized skylight distribution patterns in various weather environment are analyzed, bio-inspired polarized skylight

navigation sensors are developed, and polarized skylight navigation methods for complex situations are researched, which may provide new re-

search ideas for long-distance autonomous navigation and combined navigation applications in complex conditions.
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Fig. 1 Compound eye morphology of various insects
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Fig. 3 DRA ommatidium structure of mantis shrimps
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Fig. 4 Schematic diagram of POL neurons and

polarization response of crickets
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Fig. 5 Rayleigh scattering model and atmospheric

polarization pattern
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Fig. 6 Interface of visual atmospheric polarization information

measurement system developed by Dalian University of Technology
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Fig. 7 Vector radiation transmission model and

simulation test proposed by Buras et al
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Fig. 8 Flow chart of atmospheric polarization modeling based on

Monte Carlo method developed by Dalian University of Technology
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Fig. 9  Experimental device for observation of polarized

skylight designed by Tsinghua University
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model under water cloud conditions proposed by

Dalian University of Technology
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Bionic polarized skylight detection device and

Fig. 11
schematic diagram designed by Labhart et al
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by Dalian University of Technology
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array integrated device designed by Dalian University of Technology
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Fig. 15 Camera-based polarization navigation sensor prototype

designed by National University of Defense Technology

rem—
TS |, )
wur €[

Fig. 16 Camera-based polarization detection integrated unit and

sensor prototype developed by Dalian University of Technology

FUR, Mot S s iR sl 1 i Al . S mifk
R R TE R H b AR T 2OtiENE, £
R A . PRSI RET L PR BT — AU RO



- 30 - Tl BFENERAKMNHA

2021 5% 41 A% 5 B

WU R G, BRI RNz R
3.2 RIRAXSMAENEA

PEBER IR G T AL RS H R P &k R, 3T
AENLERR IR AR S v, B0 ) SE PR S AL
o 1999 4F, Labhart 2 A4 1610 07 V0 80 HR fi
PRCAL s 5 PR AL AR 2B TE Sahabot 2 F2 BN ML 4R
AL, HUSMAESMEE, RS5Ot i it 25 50 il %
BBV, SCELT EANEREE T LA (4 1R 8 S AT
%, WK 17 FR,

T

R i
(a) SahaboRBSFIHLEE A (b) =SB RL LR

(a) Sahabot2 mobile robot (b) Polarized skylight
detection device

Bl 17 Labhart 4 AJF 49 Sahabot 2 $8itLak A S
PR i PO 1L 12
Fig. 17 Sahabot 2 mobile robot and its polarized skylight
detection device developed by Labhart et al
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