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Method for Collision Avoidance Motion Coordination of Multiple Mobile Robots
Using Central Observation

BN RT
(Nak Yong Ko - Dong-Jin Seo)

Abstract — This paper presents a new method driving multiple robots to their goal position without collision. Each
robot adjusts its motion based on the information on the goal location, velocity, and position of the robot and the
velocity and-position of the other robots. To consider the movement of the robots in a work area, we adopt the concept
of avoidability measure. The avoidability measure figures the degree of how easily a robot can avoid other robots
considering the following factors: the distance from the robot to the other robots, velocity of the robot and the other
robots. To implement the concept in moving robot avoidance, relative distance between the robots is derived. Our method
combines the relative distance with an artificial potential field method. The proposed method is simulated for several
cases. The results show that the proposed method steers robots to open space anticipating the approach of other robots.
In contrast, the usual potential field method sometimes fails preventing collision or causes hasty motion, because it
initiates avoidance motion later than the proposed method. The proposed method can be used to move robots in a robot
soccer team to their appropriate position without collision as fast as possible.

Key Words : relative distance, avoidability measure, multiple robots, motion coordination, artificial potential field
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Table 1 Parameter value of the robots for the cases 1 and 2

e R
case 1 Robot1 100 100 | 250000 | 100 0.005
" Robot2 100 200 | 250000 | 100 0.005
case 2 Robotl 100 100 | 250000 | 100 0.005
Robot2 100 50 | 250000 | 100 0.005
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Table 2 Starting position and goal position of the robots for
the cases 1 and 2

of AEH 2(R|Q} SE (A

goal position
(200, 350)
(350, 200)

starting position
(200, 50)
(50, 200)

robot
robot 1
robot 2
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Fig. 3 Robot path for the case 1
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Fig. 4 Robot path for the case 2
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Table 3 Starting location of avoidance motion for the cases 1

and 2
cases case 1 case 2
. . Robotl || (200.0, 64.81) | (200.0, 64.81)
starting location
Robot2 | (92.30, 200.0) | (59.11, 200.0)
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Table 4 Parameter value of the robots for the cases 3 and 4

cases arameters Ca 8 ” €. ¢
Robotl | 100 | 100 |250000] 100 | 0.01
case 3 I pobot | 100 | 100 [250000] 100 | 0.005
4 | Robotl | 100 | 100 [250000] 100 | 001
Robot2 | 50 | 100 |250000| 100 | 0.005
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Table 5 Starting position and goal position of the robots for
the cases 3 and 4
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Fig. 5 Robot path for the simulation case 3
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Fig. 6 Robot path for the simulation case 4
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Table 6 Starting location of avoidance motion for the cases 3
and 4

cases case 1 case 2

starting location

Robotl

(152.11, 62.61)

(152.11, 62.61)

Robot2

(10529, 294.73)

(103.12, 296.89)

robot starting position goal position
robot 1 (150, 50) (200, 350)
robot 2 (100, 300) (350, 50)
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Table 7 Comparison of motion efficiency for the cases 3 and 4
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cases robot robotl robot2
Spatial efficiency 85.34 121.06
Time efficiency 2.65 2.65
case 3 AH AZ Zo) 281.64 v/ 58857
AA ol F. AZt 9.35 v/17.35
5 39 94§5= 46.29 46.29
) Spatial efficiency 33.39 123.85
Time efficiency 2.80 2.80
case 4 A AR ZHol v 276.70 600.38
AA olF AT V925 17.8
2= 339 44 = /4775 /4775
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Table 8 The parameter value used in the cases 5 and 6

\%eters a B 7 € g
cases
Robot 1
Robot 2
case 5 | Robot 3 AAAzE 250000 100 | 0.005
Robot 4
Robot 5
Robot 1| 180 120
Robot 2| 150 150
case 6 | Robot 3| 100 200 | 250000 | 100 0.005
Robot 4| 200 130
Robot 5| 160 100
3 9 22 52 60llAM 2R B2 AIE X9 51 X

Table 9 Starting position and goal position of the robots in
cases 5 and 6

Robot starting position goal position
Robot 1 (100, 50) (900, 400)
Robot 2 (900, 50) (100, 400)
Robot 3 (500, 400) (500, 50)
Robot 4 (100, 400) (900, 50)
Robot 5 (900, 400) (100, 50)
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Fig. 7 Robot motion trajectories
distance(case 5)

in case of using real
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Fig. 8 Robot motion trajectories in case of using relative
distance(case 6)
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Table 10 Comparison of motion efficiency for the cases of
’ using real distance and relative distance.
cases 100U ool | robot2 | robot3 | robotd | robot5
Spatial efficiency | 629076 | 8662 | Y608l | 6P9RB | 730408
Thre efficiency 107 123 V215 107 123
w:s A3 A2 o] | 124483 | 125019 | 687 | 121692 | 1266
) o) ARE || 2719 26.09 2125 .69 2149
FE 39 A/x| 37D 4064 B | V0 | D3
Spatial efficiency || 5849 | /521.168| 17497 | /4777 | /55815
Timre efficiercy | v766 V81 6.1 /166 /81
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Table 11 Starting position and goal position of the robots for
the cases 7 and 8

Robot starting position goal position
Robot 1 (100, 50) (900, 400)
Robot 2 (400, 100) (100, 400)
Robot 3 (100, 380) (700, 120)
Robot 4 (800, 350) (100, 80)
Robot 5 (800, 100) (400, 380)
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Table 12 Parameter value for the cases 7 and 8

parameters
cases a /3 7 3 rd §
case 7 and 8 100 | 100 | 250000 | 100 | 0.005
LY 9% 102 BT Bl A 2R ofF HAHT B
Zoh 7t A9elMe) 2R A &S E 136 vehdch

ag 9 2
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Fig. 9 Robot motion trajectories in cas
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Table 13 Motion efficiency for the cases 7 and 8
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Fig. 10 Robot motion trajectories in case with no motion
priority

cases Tobotl 1 ohotl | robot2 | robot3 | robotd | robot
Spatial efficiency | V49152 | Q3351 | 377968 | V3621 | /22629

case| Tire effidency | 535 15 5% /33 | /345

7 | WA A= o) | 108053 | vI60R | VEHFHT| V610 | /6731
A o5 AR | 245 | V169 | v01 | V193 | /172
Spatial efficiency | 4692 | /72048 | V364181| 35760 | 229123

case| Tire efficiency | v52 | v145 | /52 | 43 36

8 | AR A= Lo} | /1066]1| SR | 897251 | JO00 | 67480
A} o) A | V212 | 171 2045 206 175
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