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Abstract

This paper presents to study the sensor fusion of positioning sensors using UKF(unscented Kalman filter) for
positioning accuracy improvement of AGV(automatic guided vehicle). The major guidance systems for AGV are wired
guidance and magnetic guidance system. Because they have high accuracy and fast response time, they are used in
most of the FMS(flexible manufacturing system). However, they had weaknesses that are high maintenance cost and
difficult of existing path modification. they are being changed to the laser navigation in recent years because of those
problems. The laser navigation is global positioning sensor using reflecters on the wall, and it have high accuracy and
easy to modify the path. However, its response time is slow and it is influenced easily by disturbance. In this paper,
we propose the sensor fusion method of the laser navigation and local sensors using UKF. The proposed method is
improvement method of accuracy through error analysis of sensors. For experiments, we used the axle-driven forklift
AGV and compared the positioning results of the proposed method with positioning results of the laser navigation. In
experimental result, we verified that the proposed method can improve positioning accuracy about 16%.

Key Words : AGV, localization, sense fusion, laser navigation, UKF
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Table 1. Major specifications

Item Specification

power supply: 24 V
field of view: 360°
scanning frequency: 8 Hz

Laser navigation

(NAV200) ;
operating range: 1.2 - 285 m
angular resolution: 0.1°
Encoder power supply: 5 V

(Insider forklift) | resolution: 64 pulse
power supply: 5 V

Gyro sensitive: =300 - +300 °/s

(myGyro300SPD) | noise: 0.1 °/s/g
temperature: -40 - +85 °/C
power supply: 5V

(ATlr\n/IeC 2128) clock: 16 MI1z
g RAM: 35 kbyte
DA
(USB-6008) |~ oot 1O 22 D1

sampling time: 10 kS/s
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Table 2. RMSE and variance according to speed

(unit: mm)
" speed ) )
(cm/s) | RMSE | variance | RMSE | variance
1 12 13.2497 176.0837 8.8979 79.2447
2 16 15.4527 239.8331 10.3287 | 105.5021
3 20 19.0328 | 317.7305 13.9669 | 156.5077
4 24 20.6258 | 413.4871 16.1481 | 233.4338
5 28 245145 | 575.2661 21.0632 | 421.8435
6 32 26.0100 | 613.2459 231765 | 419.1357
7 36 30.3140 | 821.1629 27.0919 | 650.6005
8 40 30.3484 | 853.2760 276818 | T719.7574
9 44 344541 | 959.3002 | 305575 | 759.3094
average 22.44 501.26 1854 348.25
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Fig. 4. Comparison result of the driving trajectory
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Table 3. RMSE and variance according to steering

(unit: mm)
4 steering @ @)
(°) RMSE | variance | RMSE | variance
1 3H 179798 | 323.1121 159602 | 255.9971
2 40 19.4683 | 365.4732 156023 | 229.4908
3 45 24.4551 627.7915 22.1381 521.9972
4 50 244965 | 575.2670 21.0456 | 421.8445
5 55 26,1740 | 494.0550 24.8197 | 320.8542
6 60 26.6826 560.5426 21.8747 291.9845
average 23.21 491.04 20.24 340.36
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