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Flexible navigation of swarms based on the cluster-wise strategy
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In this study, we propose and validate the effectiveness of a simple and
versatile method, what we call the cluster-wise strategy, for navigating swarm robots. Specifically,
we propose the introduction of two types of robots, namely the navigator robots and the worker
robots, and present a behavior model for the worker robots, as well as a controller for the
navigator robot, to indirectly navigate the worker robots to a predetermined destination. Through
simulations, we demonstrate the guidance of a group of worker robots to one or two destinations.



Cluster-wise Strategy

work area

Uright

Uright ~ Uleft



20 50 80
50
20 50
80
20 50 80
20 50
2,500
80
Og
By
By
Simulation time = 1/4000 Simulation time = 601/4000 Simulation time = 2169/4000
2
1 15
. oo ©
1 E% o 10
ooooc 0%
5 o @©°¢o %°°
Cp°9 ° °,
0 < ° o =
D) e
-5 -5
-1 -10
-1 -15
-2 -2 -2
-20-15-10 -5 0 5 10 15 20 -20-15-10 -5 0 5 10 15 20 -20-15-10 -5 0 5 10 15 20
x x x
=100 6—6—e—0—0—0—0—0—0—9 1400 10} oo oo oo e ee |wn 200} %=X % - X=X 56 -x- x- % {4000
= S S
£ 80 a o
g 0 2 g w0 § 3000 2
«~ 60 —e- Robots in work area s 2 e % LX T 2 60 s
2 - x-Navigationtime 7, |12000 5 o e e X 2000'195 5 zooo.%
g ERN . S B4 z
/ = £ T 7
§20 2= xm 2 mm x 6T X s x 1000 é20 —e-Roboisinwork area) | 0% @ §20 1000 5
E E -x-Navigationtime 7, E B
0 0 0 0 0 0
123456 78 910 1 2345678910 123456 78 910
Simulation number Simulation number Simulation number
20 50 80



Simulation time = 4000/4000 Simulation time = 4000/4000 " Simulation time = 4000/4000

2
1 9 /
2
1 10 V.t B
° 0Q o
5 5 %O . ° ;&Qg)
= 0 > 0 808 o 38
-5 -5
-1 -10
-1 -15
2 s 2 2
20-15-10 5 0 5 10 15 20 20-15-10 -5 0 5 10 15 20 20-15-10 -5 0 5 10 15 20
Navigator
Oy
Cluster-wise Strategy
1 2
Cluster-wise Strategy
/41 /41 (a)
AL

(b) Al A



20

AL A

Navigator

(a) Case A

Stmulation time = 1/8000

Simulation time = 2401/8000

15

10

-5 10 5 0 5 10 15 20

) 20 -15 -10 5 0 5 10 15 20

Cluster-wise Strategy

As

(b) Case B

Simulation time = 4014/8000

A>



2 2 0 1

Yuichiro Sueoka, Naoto Takebe, Yasuhiro Sugimoto, Koichi Osuka 35

Body Stiffness Control for Using Body-Environment Interaction with a Closed-Link Deformable 2023
Mobile Robot

Journal of Robotics and Mechatronics 362, 370

DOl
10.20965/jrm.2023.p0362

SUEOKA Yuichiro [ISHITANI Makihiko OKIMOTO Masataka SUGIMOTO Yasuhiro OSUKA Koichi 58

Emergent Mechanism of Swarms Based on Machine Learning Approach 2022

Transactions of the Society of Instrument and Control Engineers 73, 80
DOI

10.9746/sicetr.58.73

12 0 4

Yi Zhang, Yuichiro Sueoka, Yusuke Tsunoda, Hisashi Ishihara, Koichi Osuka

A Decentralized Approach to Gentle Cooperative Human Transportation with Mobile Robots Equipped with Flexible Tactile
Sensors

The 16th International Symposium on Distributed Autonomous Robotic Systems

2022

Yuichiro Sueoka

Biological-like swarm systems designed from a non-biological approach

The Twenty-Eighth International Symposium on Artificial Life and Robotics 2023

2023




Al -

35

2023

23

2022

, Yi Zhang,

23

2022

2022

2022




DUCKS-Children

40
2022
40
2022
Attention-based Neural Network
2022
2022
2022

2022




Yusuke Tsunoda, Mitsuki Okada, Yuichiro Sueoka, Koichi Osuka

Proposal of minimal approach on swarm navigation with heterogeneity

SWARM 2021: The 4th International Symposium on Swarm Behavior and Bio-Inspired Robotics

2021

Yuichiro Sueoka, Teppei Senda, Yusuke Tsunoda, Koichi Osuka

Design of an experimental platform to control simple swarm robots from environmental stimuli

SWARM 2021: The 4th International Symposium on Swarm Behavior and Bio-Inspired Robotics

2021




