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Moving Path Following of Autonomous Mobile Robot
using Fuzzy

EUN-SEOK KIM*, KI-SEE JOO**

ABSTRACT

Recently, the progress of industrialization has been taken concern of material handling automation. So far, the
conveyor belt has been popular for material handling. However, this system has many disadvantages such as the
space, cost, etc.

In this paper, a new navigation algorithm using fuzzy is introduced. The mobile robot follows a line
installed on the roads. These informations are inputted with three approximate sensors. These obtained
informations are analyzed with fuzzy control technique for autonomous steering. Therefore, unlike existing
systems, high reliability is guaranteed under bad environment conditions. The installation and maintenance of a
line is easily made at lower cost.

This developed mobile robot can be applied to material handling automation in manufacturing system,
hospital, inter-office document delivery.

Key Words : Material handling automation(E 2+ 3}), Navigation algorithm(F 3¢ L2]%), Approximate

sensor( 3 A A1), Fuzzy control technique(3H X} A1 7] H), Autonomous steering(XH-5 X ),
Environment condition(5$} £-73)
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Fig. 1 The structure of mobile robot system
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Fig. 3 Hardware structure of robot
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Fig. 7 Membership function of robot position

Fig. 8 Membership function of robot move variation
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Table 1 Range of value and fuzzy variables

Variable /O |Min|Max H 9
29 9%
@Ml A linput | 0 | 6 SL, SM, SR
L3z
25 o5ty NH, NM, NS
. input | -60 | 60 ’ ’ '
Wl gek 70, PS, PM, PH
NH, NM, NS,
2H 9 £X(3) output| 0 | 100 ’
70, PS, PM, PH
NH, NM, NS,
EE9 £%(%)|output| 0 |100

Z0, PS, PM, PH
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Table 2 fuzzy rule

T IF THEN | THEN
# Robot Robot Left Right
Angle | Position | Length | Length
1 | 20 SM PH PH
2 | PH SM NH PH
3 [ p™m SM NM | PM
4 PS SM NS PS
5 [ NS SM PS NS
6 | NM SM PM_ | NM |
7 | NH SM PH NH
(& [ PH | SL_| NH | PH%
9 | PM SL NM PM
10| pS | SL NS PS
11 | NS SR PS | NS
12 | NM SR PM NM
13 | NH SR PH NH
14 | 70 | 70 70|
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Fig. 12 Simulation result of left motor
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Fig. 13 Simulation result of right motor
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Table 3 Change value of robot moving

Ayt 2R o]F W3l dF)
N . = ol
gsA(") 50| 40| -30 |20 -10 | O 10 | 20 | 30 | 40 | 50 % 44 o] 5 AIZHZ)
P 9
1 0 1 2 2 8 14 9 4 4 2 0 46 24.06
2 g 4 5 5 9 12 6 4 2 1 0 48 25.02
3 0 1 4 4 8 13 8 4 4 2 0 48 24.85
4 0 2 5 5 7 12 6 7 4 2 0 50 2543
5 0 2 4 9 10 | 14 8 2 3 1 0 53 23.30
6 0 2 5 4 6 17 6 4 4 2 0 50 24.82
7 0 2 5 5 4 12 9 2 4 1 0 44 25.80
8 0 1 2 2 8 14 7 4 3 2 0 43 24,50
3 22% 59% 19% 100% 24.72
B2 289 olF KA 3F)
1 0 0 0 3 11 | 19 | 10 1 0 0 0 44 21.72
2 0 0 0 3 10 | 24 | 10 2 0 1 0 50 20.51
3 0 0 2 1 1 | 17 | 10 4 1 0 0 46 2243
4 0 0 0 3 8 23 8 2 2 0 0 46 21.92
5 0 1 0 3 12 | 18 8 3 0 0 0 45 2207
6 0 0 1 3 11 | 20 7 2 0 1 0 45 21.87
7 0 0 0 5 10 14 10 6 2 0 0 47 23.25
8 0 1 1 1 11 | 25 7 0 0 0 0 46 21.06
PEs 8% 85% 7% 100% 21.85
Table 4 Comparison of PID control robot & fuzzy control robot
PID Ao 2% = Ao} 2H 1
« B8 G
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c =Y AFE o) F
< B A2
@4 A Aoy Ao E7te « Aojv) 74 B
<ol A W A%
3 7 A 7H20mo) 5 A)) 24.72% 21.85% 2872 ©&
71Ed3 | 50 ~-20° 22% 8% 14% #4
L2 |10 ~ 10° 59% 85% 26% 4
(3R | 20 ~50° 19% 7% 12% #&
Zuongd Approach for Position Estimation and Navigation

Jiuseppe Borghi, Vincenzo Caglioti, "Minimum
Uncertainty Explorations in the Self-Localization of
Mobile Robots,” IEEE TRANSACTIONS ON
ROBOTICS AND AUTOMATION, Vol. 14, No. 6,
LECEMBER 1998.

i.oulin Huang and Jagannathan Kanniah, “"An

91

. M. Oussalah, C. Barret, H. Maaref,

of a Electronics and

Mobile Robot,"
Communications Department
Polytechnic, 500 Dover Road, Singapore 139651

REPUBLIC OF SINGAPORE, 1996.

Singapore

"Absolute
Position Estimation of Mobile Robot," CE 1455,
40 rue du Pelvoux 91020 Evry cedex France,



ALY F7)A - FFFYIGHA A7 Az

1996.

4. Hans-Joachim von der Hardt, Didier Wolf Rene
Husson, "Localization of a Wheeled Moibile Robot
using Incremental Odometry, a Gyroscope and a
Magnetic Compass," Centre de Recherche en
Automatique de Nancy (CNRS URA 821) 2,
avenue de la Foret de Haye, 54516 Vandoeuvre,
France, 1996.

5. Pervozvanski, AA and Freidovich, LB, "Robust
stabilization of robotic manipulators by PID
controllers," Dynamics and Control, Vol. 9, No. 3,
pp. 203-222, 1999.

6. Seraji, H, "A new class of nonlinear PID
controllers with robotic applications,” Journal of
Robotic Systems, Vol. 15, No. 3, pp. 161-181,
1998.

7. Jetto, L , Longhi, S , and Vitali, D, "Localization
of a wheeled mobile robot by sensor data fusion
based on a fuzzy logic adapted Kalman filter,"
Control Engineering Practice, Vol. 7, No. 6, pp.
763-771, 1999.

8. 8. Ishikawa, "A method of autonomous mobile
robot navigation by using fuzzy control,” Advanced
Robotics, Vol. 9, No. 1, pp. 29-52, 1995.

9. Wong, CC and Chen, CC, "A clustering-based
method for fuzzy modeling,” IEICE Transactions
on Information and Systems, Vol. E82D, No. 6,
pp. 1058-1065, 1999,

10. Helmut Thiele, "On the Concept of Qualitative
Fuzzy Set,"” Proceedings of the Twenty Ninth IEEE
International Symposium on Multi-Valued Logic,
1998.

11. Mori, Y., and Nyudo, S., "Steering and Speed of
a Car by Fuzzy-Neural Control," Proceedings of
1993 International Joint Conference on Neural
Networks, pp. 1753-1756, 1993,

12. Jason A. Janet, Ricardo Gutierrez, Troy A. Chase,
Mark W. White, John C. Sutton, III, "Autonomous
Mobile Robot Global Self-Localization Using
Kohonen and Region-Feature Neural Networks,"
Center for Robotics and Intelligent Machines
Department  of  Electrical and  Computer
Engineering, North Carolina State University,
Raleigh, NC 27695-7911, October 29, 1996.



