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Polarized Light/binocular Vision Bionic Integrated Navigation Method

CHU Jinkui, CHEN Jianhua, LI Jinshan, TONG Kun, LI Jin, HU Hanpei
(Microsystem Research Center, School of Mechanical Engineering, Dalian University of Technology, Dalian,
Liaoning 116024, China)

Abstract: A bionic integrated navigation method of polarized light/binocular vision is proposed to realize
the low—cost, high—precision, strong robustness and completely autonomous navigation for intelligent
mobile robot under complicated disturbing environment. Firstly, based on graph-based optimization, a
tightly—coupled navigation algorithm is designed. By constructing the optimization function, the data of
polarization sensor and binocular vision sensor are fused. Then, the experimental platform of the bionic
integrated navigation method is built. Finally, the performance of the bionic integrated navigation method is
tested through the outdoor vehicle carrying experiment, and compared with the traditional vision algorithm.
The results show that the heading angle accuracy is improved by 38.9% and the position accuracy is
improved by 8.9% compared with the traditional vision algorithm. The proposed method can reduce the
heading angle error of vision algorithm and improve the robustness. Moreover, the bionic polarization
sensor has the advantages of good real-time performance and strong anti—interference ability, which can
meet the accuracy and reliability requirements of outdoor ground carrier navigation. The proposed method
uses two kinds of bionic navigation methods, which make comprehensive use of the advantages of
biological navigation.
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Fig. 1 Schematic diagram of polarized light orientation principle
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Fig. 2 Bionic combination navigation system
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Fig. 4 Bionic combined navigation system platform building
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Table 1 Sensor parameters

Picture Type of sensor Model Accuracy Sample frequency
) ) Indoor 0.1°
Polarized light sensor Independent development 20 Hz
Outdoor<C2°
. . <0.2m
[co =] Binocular visual sensor ZED—Stereolabs 15~60 Hz
Scope 0~20 m
Pitch 0.015°
. ’ _ GNSS-+INS SPAN-CPT Roll 0.015° 100 Hz
Yaw 0.05°
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Table 2 Result of two type integrated navigation system
Error SLAM yaw angle Polarized light angle
Angle offset /(°) 4.28 1.59
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Table 3 Comparison of angle error in two navigation modes

Angle error Maximum error/(°) Mean error/(°) RMSE/(°) Std/(°)
SLAM 21.58 0.54 1.48 1.38
Bionic integrated navigation 8.11 0.33 0.67 0.58
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Table 4 Comparison of position error in two navigation modes

Position error Maximum error/m Mean error/m RMSE/m Std/m
SLAM 5.12 0.91 0.99 0.42
Bionic integrated navigation 3.55 0.83 0.93 0.40

e RS T, L ST PR B 58 25 O B ] R
4 Zie

AR SCHE T — B A e R AL IR AR 5 SLAM R G rh AL AR Al G 1 R R T TR ARG/ U H
WAL RER A G AL B T HS R E 6 EESN AT T EREE I 5ES N SLAM ST
AT TX . SER g R Y] AL G SLAM SR G- B 07 B R 25 15 M BE DR 22 73 51 0 0.91 m . 0.54°, i i
6/ RHE AL R A H S AR G A R 22 5 A R 25 3 5 0.83 m ., 0.33°. it 1] A B AR 4
SLAM St RGe 4 & 1 38.9% , o B A 28 1 8.9% , v LLUIE B 42 ' / AU H M b A& s AL & L R G4
FAL gL ol 58 SLAM FTHS 1 .

A SCHE P A S0 T Tl DU T A s ) A o o R TR AR O /0 W GE AL RS 1Y A A
&G SLAM AUA H, 7T DL S5 S SO B, — e R AR R T e SLAM % 2 % A iR 25 KR4l
JIE % N e ) s A 7 TR) AL ol P O 4R O A% SR S R R B SRR A P TR AR Ty s AR LA R B B R AL R
GeAdi 4l 2 00, S BT A AU, 05 AR SR L T — 2 S H s R S5 A O R R 1) AR R AR
EH TG & IR T D i 2 5 MR A W52 AN Ko 40 55 H & 70 A% S8 1 X K BH Y B

SR TEB R 22 5 RSN S AFAE R, Jo 82 T AR 9% 2 85 1 0 otk 19 58 A1 0t B IR 06 1% =X 0 R '
B IR DA S 25 25 5035 DI 9 , LA 394 55 i 415 't 1% 8% 118 4ol FH 9 1]
S % ik
(1] Zskoo Ak S A LM ] Lot Bk AL, 2006.
[2] WEI Wei, WU Yunyun. Status and prospect of INS/CNS/GNSS integrated navigation technology [J]. Modern
Navigation, 2014, 5(1): 62-65.
B R a o W/ RS/ BEAE R EAR M ICR S RELT] A T, 2014,5(1) :62-65.
[3] QUAN W, L1J, GONG X, etal. INS/CNS/GNSS integrated navigation technology[ M |. Heidelberg : Springer, 2015.
[4] ZHOU Jun, GE Zhilei, SHI Guiguo, et al. Key technique and development for geomagnetic navigation [J]. Journal of

Astronautics, 2008, 29(5): 1467-1472.

JRAE B B R I, A MR AR R S OGS BOR [T, 2= 41, 2008, 29(5) « 1467-1472.

[5] LIU Yanliang, ZHENG Haiping, XU Yantian, et al. Development status and trend of global navigation satellite system[J].

Journal of Navigation and Positioning, 2019,7 (1):18-21.

XUHESE BRI PR E L, 2R DR S ASEWBUR S IR S MW, 2019,7 (1):18-21.

[6] ZHAO Yunxiu, QUAN Wei, HAN Cheng, et al. Perceptive distance estimating basedon comfort information for stereo

images[ J]. Acta Photonica Sinica, 2020, 49(2): 0215001.

BT, B, WAL, 5 . BT S RET IS 0 ST AR UGB EE B AT T]. 6224, 2020, 49(2):0215001.

[7] CADENA C. Past, present, and future of simultaneous localization and mapping: Toward the robust—perception age[J].

IEEE Transactions on Robotics, 2016, 32(6): 1309-1332.

[8] XU Yunxi. Stereo visual localization based on generalized orthogonal iterative algorithem[J]. Acta Photonica Sinica, 2011,

40(8): 1225-1230.

VFRE . BT SCE A REE I S e s A2 [ T]. 6724, 2011, 40(8) :1225-1230.

[9] SHEN S J. Multi-sensor fusion for robust autonomous flight in indoor and outdoor environments with a rotorcraft MAV

[C]. 2014 IEEE International Conference on Robotics and Automation (ICRA), 2014.

[10] LEETIJ, KIM C H, CHO D D, A monocular vision sensor-based efficient SLAM method for indoor service robots[J].
IEEE Transactions on Industrial Electronics, 2018, 66(1): 318-328.

[11] SAEEDI S. Navigating the landscape for real-time localization and mapping for robotics and virtual and augmented reality
[C]. Proceedings of the IEEE, 2018, 106(11): 2020-2039.

[12] DAVISON A J. Mono SLAM: Real-time single camera SLAM[J]. IEEE Transactions on Pattern Analysis & Machine
Intelligence, 2007(6): 1052-1067.

[13] LINY, GAOF, QIN T, et al. Autonomous aerial navigation using monocular visual-inertial fusion[J]. Journal of Field

0528001-9



[25]

[26]

Robotics, 2017,34(12):21732.

MUR-ARTAL R, TARDOS J D. ORB-SLAM2: an open-source SLAM system for monocular, stereo and RGB-D
Cameras| J|. IEEE Transactions on Robotics, 2016, 33(5):1255-1262.

YOUSIF K, TAGUCHI Y, RAMALINGAM S. MonoRGBD-SLAM: Simultaneous localization and mapping using
both monocular and RGBD cameras[ C]. IEEE, 2017.

DISSANAYAKE G, NEWMAN P, CLARK S, et al. A solution to the simultaneous localization and map building
(SLLAM) problem[J].IEEE Robotics &. Automation Magazine, 2013, 17(3) :229-241.

OSKIPER T, SAMARASEKERA S, KUMAR R, Multi-sensor navigation algorithm using monocular camera, IMU
and GPS for large scale augmented reality [C]. 2012 IEEE international symposium on mixed and augmented reality
(ISMAR), 2012.

ZHANG Xiao, HU Xiaoping, ZHANG Lilian, et al. An improved bionic navigation algorithm based on RatSLAM [J].
Navigation and Control, 2015, 14(5):73-79,47.

SR, WA, SRALIE A — R B9 RatSLAM 5 A S UL [T]. FALSHEH], 2015, 14(5):73-79,47.

WEHNER R, GALLIZZI K, FREI C, et al. Calibration processes in desert ant navigation: vector courses and systematic
search[J]. Journal of Comparative Physiology A : Sensory, Neural, and Behavioral Physiology, 2002, 188(9): 683-693.
MULLER M, WEHNER R, Path integration in desert ants, fortiscataglyphis[ C]. Proceedings of the National Academy
of Sciences of the United States of America, 1988, 85(14): 5287-5290.

REPPERT S M, ZHU H, WHITE R H . Polarized light helps monarch butterflies navigate[ J]. Current Biology, 2004,
14(2): 155-158.

DACKE M, DOAN T A, O'CARROLL D C. Polarized light detection in spiders[J]. Journal of Experimental Biology,
2001, 204(14) :2481-2490

WANG Guanghui, GUO Zhengdong, ZHU Hai, et al. Capability analysis of polarized light celestial positioning[J]. Acta
Photonica Sinica, 2012, 41(1):11-14.

FOOHE, FIEAR, R AR IR RSO WE CLRE S 0 [T 061274l 2012, 41(1):11-14.

CHU Jinkui, WU Jin, LI Jinshan, et al. Application of polarization sensor in quadrotor helicopter [J]. Acta Electronica
Sinica, 2020, 48(1): 198-203

Wae, Wt 40, RRODC IR SR AR DU BE SR AT SR YR L], BT 2R, 2020,48(1) : 198-203.

WANG Daobin. The research of SLAM algorithm based on the sky polarized light[D]. Hefei: University of Science and
Technology of China, 2014.

TR . B TR RO SLAM 7 i 985 (D] A0 : b AL R K%, 2014,

ZHAO Kaichun, CHU jinkui, YAO Hongyi, et al. Simulation and prediction for rayleigh skylight polarization distribution
[J]. Advanced Engineering Sciences, 2007,59(s1):287-291.

TP AR A 4 4, kA% 45 . Rayleigh RAUK 2 e IR 7070 05 B S T [T ], DU K27 240 TREARL 2L, 2007, 59(s1)
287-291.

ZHAO Kaichun, CHU jinkui. Study of angle measurement optoelectronic model on emulating polarization—sensitive
compound eye of insect[ J]. Micronanoelectronic Technology, 2005, (12): 541-545

W B IT AR . B U IR i fi ORI A D BRI [T . A T EOR L 2005, (12) 2 541-545.

CHU Jinkui, ZHAO Kaichun, WANG Tichang, et al. Research on a novel polarization sensor for navigation[ C ]. IEEE,
2007.

ZHI W, CHU J K, L1J S, et al. A novel attitude determination system aided by polarization sensor[J]. Sensors, 2018,
18 (1):158.

MUR-ARTAL R, TARDOS J D. ORB-SLAMZ2: an open-source SLAM system for monocular, stereo and RGB-D
cameras[ J]. IEEE Transactions on Robotics, 2016, 33(5):1255-1262

AL TR L SLAMIA PRSI S B ( M ] db 5t B Tolk i Rt

ANDRAS B, GABOR H. Why is it advantageous for animals to detect celestial polarization in the ultraviolet? Skylight
polarization under clouds and canopies is strongest in the UV [J]. Journal of Theoretical Biology, 2004, 226(4) :429-437.

Foundation item: National Natural Science Foundation of China (No. 51675076) , The Fundamental Research Funds for the Central
Universities (Nos. DUT17GF109, DUT20LLAB303)

0528001-10



