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Swarm Robots Using Lévy Flight for Targets Exploration

-Computer Simulation for Performance on Minimum Movement And Distribution of Targets-

O 00O 0O(@oo)
Yoshiaki KATADA, Setsunan University, katada @ ele.setsunan.ac.jp

This study tackles the task for swarm robotics where robots explore the environment to detect
many targets. When a robot detects a target, the robot must be connected with a base station via
intermediate relay robots for wireless communication. In our previous results, we confirmed that Lévy
flight outperformed the usual random walk for exploration strategy in real robot experiments. This
paper investigated the performance of Lévy flight varying minimum movement in navigation through
a series of computer simulations. The results suggest that the search efficiency of Lévy flight has an
optimal value for minimum movement and the overall target detection rate was not significantly different
between environments with uniformly and non-uniformly distributed targets.
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Fig.1 Lévy distributions
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Fig.2 Differential wheeled robots in an ODE simulation

Fig.3 Ray of the distance sensers and the target detection
sensers

3 0O0O00OO0O0O0O00OOo

oooooooo e 1000000000000 0oooo
O000000o0o0oO0o0oooooOoo oObEOOOOOOO
000 (0 2000000000000 170mm000 75mm 0
000000000 (oo 40: 0 3000)D0DOoOUOO
000 (@0oO020: 030 1000)00000000000
U.0oooboooboocoboon soommbO0oooooogd
ooooooooo 200mnm000O0oooooooOogon 20
000000000000 ZigheeDOOOOOODODOOOOO
gobooooobooooboooboooooooooboooooooon

4 0OO0O0O00O0O

4.1 0OO0O0OO0OO0OOCOOOOOOO0OO0

0 40000000000000000000000000
0D0O00(SSA)[14 000000 [10)000000000000
0SSAO0DDOODOODO0OO00D00D0 000000000
00000000000 300000000000000100
00000000000000000000000000000
0000000000 [1400000000000000000
aflafalulalufaln

00D0000000000000000000000000
00000000000000000000000000000
00000000000000000000000000000
0000D0D000000D0000000000000 3000
0000000000000D000000000000000
000D00000000000000000000. 0000
00D0000000000000000000 3000000
00000000000000000000000000000
00000000000000000000000000000
0000000000000 SROOOOOOOO00O00000
000000000000000

4.2 00000000000
doooooooooboboooooooooboooobooon

oooooooooooboooooboooooooooooboo

oooooboobooooobooooooboooooooboobooo

transmission layer

9 detect transmit
g target | ' messages

detecting

sensor
base station

target

s obstacle avoidance layer_m

il target exploration layer, m
30 o |

distance sensor
motors

v Yy v ov¥ v

Fig.4 Layer structure of SSA
M
O—@—0O-0—0 o
O move forward . turn

Fig.5 Transition between move phase and rotate phase

in navigation

oooooboooooobooooooooooooboobooooo
0ooooo0ooo (0 s)obooooooooooooooo
00000 (D0)oooOooUoOooOoDoUOooOOooDO (O 40
000o0o00o0oo)ooo (121000000000 0ooo
lgooobooooooooobooooobooouobooobooo
eooooooOoobooooooooOoboOooooboooOooDoboo
goooboooboooboobooooooooooooobooboooo
obobooooOoooooooOooboo0ooDOboobOo00n we
gooooobooocoooooboooooobooobobooooooo
ooboobooooooo20000000000000000
gboobooobotow OOOODOOOOODOODOOOOOOO
{45,90,135}[° |0 0000000000000 OO0OOOOOO
gooooobooooooooooooooooooooooo
00000000 (0D 4000000000000 O)O

5 OU000OO0O0oOOobOOooocooooboo

5.1 0O0O0OO

00000000000000000 (0 6(e)000000
00000000 (D0o00oO0)looDooDooooooooo
0o0oo00o0o0ooo0o0o0o0oo0ooo0oOoDooosSkr
gooooooooooooooboooboboobooooooobooo
oboooooooboobooobooooobooobobooboobobo
00000000000 [12J000000oUoooooooo
0000000000000 (0 6(e)00000D0)0 T0O0
00 (0o 7smm) 000000000O0OOOOOOOOOO
gooooooooooooooooooooooobooooo
0000000000000 O0OT ={84,168,336} 00000
0000000000000 (84,168,336, uniform: O 6(a), O
6(c), 0 6(e)) DO0DODODOOODOO (84,168, non-uniform: O
6(b), 0 6(d)) 000000

5.2 00O0OO
gooooooooooooooooooooooooooboo
ooooooooooooooooobOOoboOoOoOooooooboo
oooooboooooboobooooooooooooobooboOooo
oooooboooooooobooOoOoOObOOoOobObOObObOObObObo
gooooooooboooocoooooboooOooooboooooono
gobooooooooooooooo
oobo0o0o0boobO0ob0D400000000000O0C0O0DO
OSSAO00000O0O0O0O0O0OOUoOOO2mOOooOQg
doddododo 2omboooooooooooooooooo
20mO0000000000000D000000O0000 (6,7, 8]0
100000000000 LO0ooooDLOooDO 780000

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
1P2-H06(2)



a) T = 84, uniform (b) T = 84, non-uniform

c) T =168, uniform (d) T = 168, non-uniform
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Fig.6 Set up for computer simulation: distribution of tar-
gets
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(e) T = 336, uniform
Fig.7 Average detection rate for each time step with N =
20
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