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Multi-Robot Coordination Methodology for Jams Formed in Congested Systems
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Satoshi HOSHINO and Hiroya SEKI, Tokyo TECH, 4259 Nagatsuta, Midori-ku, Yokohama, Kanagawa, JAPAN

Abstract— In order for multiple autonomous mobile robots to solve jams, this paper describes a novel
methodology. In this methodology, first off, our previously-proposed cruise control technique is improved.
After that, a behavior rule in connection with the intelligent cruise control technique is designed and provided
on congested lanes where robots slowly move. Through simulation experiments, the influence of the improved
control technique and behavior rule on the robots’ movement in the system is evaluated. Finally, the
effectiveness of the methodology for solving the jams is shown.
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Fig.1 Forward Objective Area for Bang-Bang Control
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Fig.2 Control Scenario with Virtual Damper
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Fig.3 Problem of Our Previous Cruise Control Scenario

O0OO00D0O0D0O00O00000000000OFig.4
gboobooooboboooobooobobobobgon

oboboooboooooooboobOobobooooon
gbooooogoboo

Decelerating robots by
the damping force

Stopped
robot

R 4 (mode 2) R 3 (mode 2) R 1 (mode 2) R 2
vg, > 0.0 vy > 0.0  wp, >0.0 vg,=0.0

VRy >= URg >= VR

Fig.4 Damping Force Exerted against All the Robots
Behind Stopped Robot
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Fig.5 Improved Cruise Control Scenario

O00+t00000R3ODR1O0R20000000O
goddbooooboodoRrR30Obooooooooon
000 R2000000000000OCOOOR1IOR2
00000000000 ooooooooooonO At
goddoboooooooori1ORrR20000000
000 D(vgi(t) — vre(t)At O D(vga(t) — vgs(t))At
gooooooooood
2:3.2 OJOOOOOO

oboboboobooooooooobooboobon
Oo0000ooo0oOoooOoooooOopoooO AtOoOo
00000000000 (2)00000000e00OO
0000000000 ROOODDOUOOOR OOOODOO
o0pOoOoooOOoOoOoooDOooOoOoooOoOooooDn

vr(t + At) = vg(t) + aAt — D(vg(t) — v (t))At
(2)



0(2)000000000000000 vg(t)=0
0000000 (1)000000000000000
00000000000000D=1.0/000000
000000000000000000000000
0000000000000000000000

3. Oooon
31 00OO0OgoOooboooodg

Fig6OOOOODODOOOODOOOO2000P1
OpP200000000000O0DOOOOOOOOO
obooboooboooooooobobobooooon
obooooooooobooboboboboooooon
obobooobooooooooobboobooooobooo

Fig.6 Example of Jam of Robots Due to Bottlenecks
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(b) Behavior rule with novel cruise control technique

Fig.7 Different Damping Force Depending on Lanes
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Fig.8 Mixed System Layout Consisting of Three Circuits
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Fig.9 Velocity Distribution with Bang-Bang Control
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Table 1 Average Velocity with Bang-Bang Control

Lane # | 1 2 3 4 5 6 7 8
Velocity [0.42 0.32 0.31 0.35 0.38 1.18 1.13 1.04

Lane#| 9 10 11 12 13 14 15 16
Velocity [0.38 1.17 1.12 1.05 0.42 0.31 0.30 0.36

42,2 0000

Fig.100OOOOOOOoOoODoOOOOOoDODOOOO
gbooooooooboobobobooboooooon
oooooooooboobobobobooobooooon
oooooobooooo

gboooooobooboboobooo 200000
oboooooooooboobobobooooooon
oobooO20000000000000000000A0
gbobooooooooooboo1l1bobooooooon
oobobooooooooboobobobooobooooo

Intelligent
cruise
control

Time [h]
=
[6;]
Traveling time

Bang-bang control Our previous Novel
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