CRIECAE EF e G TR Vol. 24 No.9
2016 4F 9 H Optics and Precision Engineering Sept. 2016

XEHS 1004-924X(2016)09-2109-08

HTERKRAERTEME @MINES LR

kZI]~

TN 9@%/ T ?gl\\"gﬁ%[.l%’ ﬁ'@%mé
(Fﬁﬂﬁf(% MeETREEER,ME K 410073)

FEE O T AR A4 R I OGAE B RS AE W PROC AL IE, B F T AR L5 (G B &R . A28 T BE T U AE AL 14 i
P AW o0 A B2 S bR 7k S T ORI B F Im IR 1 ds /N Z Al 1580k . 30 1 A T — B i R S AR R A R A Ol
P AR AR, o B A BH 7 100 4% et 114 de DI Ay T 170 780 4 A g SRS R I 10 AR A 1) i 180, 3 S HE T 3 T R A ol i B AR =X 1 A 1l
Bk, mJERIT T RS SR S S S0 WIS I A R BEAT T I, SEIR A A W 0 A Y SR A O A i 5 2 S )
PO AR — 30, I P A sl D B O B 1) it . @RS S0 I & 0 K FHOR T0UA I e KRR 22 2950 0. 47 IR B R ifE 22 R
0. 14%; 3 F 1 h X 28 M 4 ot i WL DU B0 5 SE B AY 7 7 1R 250 68. 6 km, % Bl S I8 Ci 3l W D 19 21 9 35 K8 1) R 25 29
0.5°, RERNEZ R 0. 28°, WSS RAE 7R T A8 YR Fl A 4% 0 2 f0 0 AL 38, Ry 05 A= i 41 ' 5 0 10 1o P 42 48E T 330 4K 4
X 8 HREAECERE G AEREINRERFRBEX ;AL E G

FE 52K 5:V249.32;0436. 3 XEkERIRFS A doi: 10. 3788/OPE. 20162409. 2109

Mechanisms of bionic positioning and orientation based
on polarization vision and corresponding experiments
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Abstract: To make effectively use of the polarized light information of the whole horizon and to
explore the mechanism of bionic polarized light navigation, a polarization vision sensor was designed.
The polarization vision sensor based on four cameras was introduced and its calibration method was
given. Then, the optimal estimation of the polarization state was derived based on least square
algorithm. The skylight polarization pattern was analyzed based on the first order Rayleigh scattering
model, the estimation of sun direction vector was translated into an optimization problem of finding the
minimum eigenvector, and the positioning and orientation algorithm was derived. Finally, the
theoretical analysis was verified by a static experiment and a rotation experiment. The results show
that the measured skylight polarization pattern is consistent with the Rayleigh scattering model and
the solar vector can be extracted successfully from it. In the static experiment, the maximum error of
the solar zenith angle is about 0. 4 °with the standard deviation of 0. 14 °and the positioning error is

about 68. 6 km based on the observation data within one hour. In rotation experiment, the maximum
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orientation error is about 0. 5° with the standard deviation of 0. 28 °. This study reveals the mechanism

of bionic navigation based on polarized light, and provides a theoretical basis for its applications to the

bionic polarized light navigation.

Key words: polarization vision sensor; bionic polarization navigation; skylight polarization pattern;

positioning and orientation
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Fig. 1 Polarization vision measurement system
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Fig. 2 Description of single scattering Rayleigh model
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Fig. 3 Schematic of celestial fixing
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