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Artificial Potential for Human Behavior and Robot Congestion
o Satoshi HOSHINO (Utsunomiya Univ.), and Koichiro MAKI (Utsunomiya Univ.)

Abstract: Service robots for cleaning, guiding, and transporting are, in these days, being used in our living environment.
In order for the robots to exist together with human, therefore, it is necessary to ensure the human safety. On the other
hand, ensuring the safety might decrease the working efficiency of robots. Namely, this is a trade-off problem between
the safety and efficiency for the human-robot interaction. For this problem, we describe a novel a coordination technique
for multiple mobile robots. Two artificial potentials are presented in this paper. First potential field is provided with the
use of Von-Mises distribution for the human behavior, such as moving direction and velocity, in addition to the relative
distance. Second potential field is provided on the basis of kernel density estimation for robot congestion. Through
simulation experiments, finally, the effectiveness of the presented potentials for robots motion planning is shown.

Keywords: Multi-robot systems, Coordination, Motion planning, Artificial potential method, Human-robot interaction
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Fig. 1 Trade-off Problem between Safety and Efficiency
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Congested robots!

Potential field

Fig. 2 Robot Congestion Caused by Repulsive Potential
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Fig. 3 Repulsive Potential Field for Movable Obstacle
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Fig. 5 Environment: Three Humans and Two/Six Robots

0000000000000U,, 00000 (6)00
0000000000000000000000000
000000000000 00000Social Force OO
0000 [12]0000000000000000000
00vU, 000000000000000000000
0000000000000000000000000
0(9)00000000000000000

0000000008 [m/s)00000000000
00004 [m/s)] 0000000000 (6)00 (9) 0
00000000000u=ov/|v|0k=5.000 = 1.50
ap, = 100000 8 = 1.00 o, = 20000 b =4.0 00 0 O

6.2 0000

godoooduoooosobbobouooooooboo
0o 1o0o000ooooooooooooooooo
0000000000000 0000000 Table 1O
Table 20 0000 0 ONP O Normal Potentiald SFP
O Social Force Potentiald BP O Behavior Potential(l

Table. 1 Result for environment shown in Fig.5(a)

U U, NP SFP BP NP
° U, NP CP
Time [s] 736.7 417.3 476.6 586.7

Collisions 202.4 181 18.4 187.4
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Table. 2 Result for environment shown in Fig.5(b)

U U,, NP SFP BP NP
° U, NP CP
Time [s] 228.5 128.2 154.0 230.6

Collisions 71.8 60.4 6.1 67.4
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Table. 3 Concentration of robots’ direction
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