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Mobile robot navigation tests with polarization sensors
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Abstract: A novel polarization sensor based on the mechanism of Sahara ant Cataglyphis was devel-
oped. To acquire the navigation performance of the sensor outside, several tests which used the output
navigation angle of the sensor to control the mobile robot to move along a designed map was conduc-
ted. First, the structure and function prototype of the polarization sensor was presented. To improve
the performance of polarization sensor, the optic integrating sphere was used as the polarized light
source to replace the sky light, and the precision rotating table was taken as the standard angle to
compensate the output angle of the sensor. After the compensation process, the angle output error of
polarization sensor is within =0. 2°, Then, the mobile robot and how to use the polarization sensor to
control the robot were briefly introduced. Finally, the process of navigation tests and the navigation
performance comparison of the optical encoder and the polarization sensor were given. Results show
that the latter method is better than the first one, and their average navigation position errors are 1. 17
em and 31. 6 cm,respectively. According to the tests, the error of the polarization sensor doesn’t ac-

cumulate with the time and can give the navigation message independently . In conclusion , it would

B H3:2010-08-16; 81T HH#F :2010-12-17.
BESTH:EHEK 973 | AR & BT % B (No. 2011CB302101,No. 2011CB302105) ; 5 4 35 7% 22 A B0 b 45
A WY 43 %7 B (No. DUT10ZD104)



2420 e KE IR

%19 %

play an important role in the automation navigation systems in further way.

Key words: bionic robot; mobile robot; polarized sky light; sensor; navigation
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Fig. 1 Polarization sensor

2.2 REFME

Db 4% I e S 09 B 41 7 1) 2 A 48 A 1 41 2
PN R REAT A5 H IR 25 A R AR IR AL AR 1Y 3 A
T 1 53 M s 5 e AR 14 207 1) e A 23l 02 0%
607N 120, 3k #1522 {ff £ Je e M B AIG, AN EAT
RIEAMEAIS LA AR AL I AR 2R £ 27 A A
W 2 fros . W TR % E ML A AHLARZSH4 F 2
R IEAF R WL AR S0 A2 1 HP R T A ) 4
il e G E B E 5 RV R & S U BE O 57 Ll
e 1 JE s i T 5 A R JBE 1O 2 B v A FE B A

T 1242 T SR DR 0k ) 2 % i i ) 1) A
FTiRZEAME

Angle error/( ° )

N
-0 50 100 150 200
Input polarization angle/( ° )

B2 AR 2 &

Fig. 2 Angle error of the sensor
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Tab.1 Output angles of polarization sensor

P ik 41
14 2 4 3 4 14 5 4 6 4 7 8 4 oq 104

0° 0.938 5 0.242 5 0. 607 0.465 —0.053 5 —0.416 —0.1755 —0.135 0.542 0.004 5
10° 9.718 5 9.748 5 9.701 9.753 9.094 5 8. 813 9.079 5 9.106 9.416 9.347 5
20° 18.9395 18.884 5 18.917 18.988 18.641 5 18.613 18.610 5 18.61 18.64 18.672 5
30° 28.658 28.654 3 28.6235 28.6816 28.3015 28.017 28.1515 28.114 28.2749 28.085 6
40° 38.2235 38.1445 38. 144 38.381 38.402 5 38.093 38.128 5 38.062 37.949 37.904 5
50° 48.1535 48.154 5 48.124 48.441 48.690 5 48.349 48.2955 48. 201 48.029 48.024 5
60° 58.173 5 58.164 5 58. 184 58.491 59.132 5 58.773 58.647 5 58.563 58.189 58.164 5
70° 68.3835 68.304 5 68. 424 68.671 69.548 5 69.207 69.058 5 68. 966 68.539 68.384 5
80° 78.663 5 78.5645 78.764 78.961 80.278 5 79.937 79.818 5 79.736 78.919 78.734 5
90° 89.3935 89.224 5 89. 504 89.661 90.688 5 90. 236 90. 298 90. 236 89.729 89.494 5
100° 99.823 5 99.634 5 99.974 100.071 101.138 5 101.026 101.088 101.026  100.229 100.004 5

110° 110.353 5 110.034
120° 121.002 5 120. 787
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121.776  121.496 121.261 5
130° 131.439 5 131. 256 131.559  131.671 131.718 131. 896 131.878 131.896  131.885 131.704 5
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150° 151.846 5 151.855 5 151.876 152.19 151.607 7 151.762 5 151.710 3 151.762 5 152.051 152.095 5
160° 161.601 5 161.672 5 161.582 161.97 161.438 5 161.501 161.457 5 161.501 161.617 161.768 5
170° 171.134 5 171.258 5 171.072  171.519 170.605 5 170.481 5 170.717  170.524 170.99 171.199 5
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Fig. 3 Angle error curves of sensor
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Tab. 2 Comparison of navigation error between

polarization sensor and optical encoder )
T SiEy sl BITHA B=HAl BB
1 1. 49 0.006 —0.43 0.75
ke 2 1. 34 0.12 —1.19 —3.97
3 3K 1.79 —1.13 —2.21 3.49
1 7.4 —0.1 —11.7 —7.9
i 2 4.2 5 —12.2 —8.4
# 3 6.8 —1.5 —9.1 —10.6
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Tab. 3 Position errors of mobile robot (cm)
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