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Development of hierarchically structured control algorithm of
a mobile robot

Ay el sta R ol M
(Jeong Won Choi, Chan Gyu Park, and Suk Gyu Lee)

Abstract : We propose a hierarchically structured navigation algorithm for multiple mobile robots under unknown dynamic
environment based on fussy-neural algorithm. The proposed algorithm consists of two basic layers. The lower layer consists of
two parts such as fuzzy algorithm for goal approach and fuzzy-neural algorithm for obstacle avoidance. The upper layer which
is basically fuzzy algorithm adjusts the magnitude of the weighting factor depending on the environmental situation. In
addition, The proposed algorithm provides an efficient method to escape local mimimum points as shown in the simulation
result. The efficacy of the proposed method is demonstrated via some simulations.

Keywords : unknown dynamic environment, multiple mobile robots
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Fig. 1. Structure of the proposed algorithm.
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Fig. 2. Membership function of angle between the goal and
the moving direction of the robot.
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Fig. 3. Membership function of distance between the goal
and the robot.

0 %0 - 0 0 & o Ahee
Y 4 23o) BEYoR F2e] s s ¢ 2
T 9 Asn g
Fig. 4. Membership function of the rotating angle of robot
for goal approach.
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Table 1. Fuzzy rulesl for goal approach.

Dist
Angls ZE | PS | PM [ PB

NB LB | LB | LB ['LM
NM LB | LM | LM | LS

NS LM | LM | LS | LS
ZE ST | ST | ST | ST
PS RM | RM | RS | RS
PM RB | RM | RM | RS
PB RB | RB | RB | RM
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Fig. 5. Membership function of the angle between the moving
direction of the robot and the goal.
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Fig. 6. Membership functions of distance between the current
position of the robot and the goal.
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Fig. 7. Membership functions of the distance between throbote
and the goal.
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Table 2. Fuzzy rules 2 for goal approach.

Dist
ZE PS | PM | PB
Angle
ZE PS | PM | PB | PB
PS PS | PM | PB | PB

PM ZE | PS | PS | PS
PB ZE | PS | PS | ZE
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Fig. 8. Membership function of the distance between the

obstacle and the closest obstacles from it.
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Fig. 9. Membership function of the angle between the sensor
with the smallest distance value and the goal.
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Fig. 10. Membership function of moving distance of the robot
for obstacle avoidance.
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Table 3. Fuzzy rule 3 for obstacle avoidance.

Dist
ZE PS PM PB
Angle
ZE ZE PS PS PM
PS ZE PS PM PM

PM ZE PM | PM PB
PB PS PM PB PB .
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Fig. 11. Membership functions of the difference between the
distance to the goal point and the closest distance to
the obstacle.
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Fig. 12. Membership functions of the closest distance to the

obstacle.
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Fig. 13. Membership functions of the adjustment variable for
robot's moving distance to the goal.
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Table 4. Weight factor of fuzzy rule.
Dist

Distl
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PS ZE|PS|PS|PM|PM| PB | PB
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NBI{NM}| NS [ ZE | PS [ PM | PB

4. Neural Net 2

Neural Net 2= Z5-0] )} o] 59} AE7A9 A
S HRE o5l 71EA HA HH ] K &% F
g A% 259 A 01%‘* o]
27} AttH 2L FfEE 39
2R o|FHgke] By Wk viLslH 2RL EXF
O 2 o]F3tA Utk ZRo| FHES I U1, A=
A AB7F 714tk Neural Net 2 7152 B4 73] &
g A& o] £E 243 U o AHE 9 ¢
gl FFERE Bol] RS ) vHiE 2Ro] &
B Weko g o) B3P FlE7iale Ay} dHoiH A
NET FH3R g ARolnz BxF HE g
7FEAE US o go] Fogth Neural Net2ox ARE-3H
Neural Networki= Q5 G313 Whal& ARE-a15] o, gl
4= 2170, S5-8-& 0.03, BAAS < 0.82 Ao,
2217} 0.050]817) HH Sgyo] SR FETE SGAIZ2 HE]
A42Gigaol| A oF 527} Ak

1. 2olalsl

£ =ElA AR AlBE ol Z2ae CAolE A
stplen 258 27 10949 98 FeE A Bl
& "Ashs AR AMe iﬁ— 73& met 1504 ks 7h
AR F 24707} AFE ] ' Aew 7Sk 2 #HA A



388

a9 14 A FolEel] g AEE el A L
Fig. 14. The simulation result among static obstacles I
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Fig. 15. The simulation result for static obstacle II.
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Fig. 16. The simulation result of mobile robots.
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Fig. 17. The simulation result of several mobile robots to

escape local minimum.
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Fig. 18. The simulation result of mobile robots and static
obstacles.
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