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Development of soft robot for the deep sea - using non-linear control for the
artificial muscles -
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We conducted research on the control of artificial muscles using nonlinear
synchronization. Various methods have been proposed to control artificial muscles because they are
simple in structure and can easily hold soft objects. However, control is highly nonlinear and
problematic. However, if it can be realized, it is expected to be applied to marine equipment and
marine robots. Therefore, we propose a method of creating several types of artificial muscles and
realizing periodic motion using nonlinear synchronization. This time, the Van del Pol method was
used for nonlinear synchronization. We investigated the method of synchronizing the muscles with
each method. The method using air cylinders was able to synchronize the muscles without any problem.

On the other hand, the artificial muscle method has not been realized due to sensor problems. The
research is still ongoing.

Van del Pol



0,1

VDP

ON OFF

- BETEDES ® Xy, ©Xp: -
ki =ky = 15,4y = dy = 10 ©SZ2L=53 ' §“
r=48) > @ On
T, =07,T,, =07 ! £,
©
O T
H X time
§ o e g xZ
3 V\Y \ N\
:gu
5
=%
B = _rﬂ >>>>> le
=
g
B‘u‘ Xp1 x‘j
S - r
>4
T " time

VDP

Qe @

SWARM

VDP

Van del Pol (VDP)

VDP

VDP

VDP

Simulation with single colony

Trajectory
Tiane: 61.00 see

4 \
! ® Rl '
! 1
+ O ;
'

! o el oo powe] |
e T |
' > food disappears _| |
: Dutline of the colony '
} “®=®- [same color for all the roboty !
\ nside a colony K
\\ 7

..............



~
[N 4

VDPHREN T

B RICHIL T AVDPIREI FORIEUT DL DTH S,

%y — e (1= %% )%n + 0 2%y + KMy, = 0
ZDRANBL LD AN Tup, & T2 E
| & LYY HOES(ER \
ttn = w1 ) (sen{Ta(0 = 78) - sgn{L() = 78) =HBE— F(p = 0)
=0

2
Uny =y ! 1Z(sgn4Ln(t) —L,E—1]) - Sgn{ELi(t) —LE-—ID))EEE-—F@p=1)
- =i UV X DEZ (BHE)
B,

CZTOZMHEEFEINEFNOIRFOEMOMH0IADL & 5 RREIHAAETH 5,
EERMICIEBERRD L ) BEZNFNOROMEHLIELLITNTWER LS HREEDZ & T
H5,

IR DHZEE., ZNETNDOIRBTFOERMOEN0ET DL L5 RREEAETH 5,

on ) Pt \ / \\ ¥ o8
ool \/ \ / \ oe
oal / \\\ / \ oa

Vi
/ /
V4

| SHp-0) ZfroME@A0  Eip-1) ZEOZE)H

VDP

3D



Way « )

IERT ‘ hEs: e

UYU—2)0LF

NO210RV falL{#R1/4 0.7MPa .. ARZBL=F

RUEPTI4 F 21— E6mm

Fa—-TmMmTISY

TP TLvY
25LACP-25SLA Smm3
N EIOT

4mmAl
AN=IIOLT

6mm
RUDLEYFa—T
(BLiPT)

REI_A RIE1TA L WE
ZbL—=t L=t

hnE#(0.2MPa)

[ 1 )
M.Koike, H.Ginya, F.Zhang, J.Tahara, Three-Axis Vibration Suppression Control Of

Pneumatic Isolation Table With Single Servo Valve Using Cyclic Control Input, Proc. of
The IASTED International Conference on Mechatronics and Control (MC2019),
2020/01 MC2019, DOl 10.2316/P.2019. 860-006
[ 1@ )
van der Pol
8
2021 3 3E2-3

Julie Fromager, Junichiro Tahara, Morito Makoto and Shun Fujii Simulation of swarm

robot synchronization using VDP oscillator AROB-1SBC-SWARM2023, 2023/1, pp.873-878

6.
(Tahara Junichiro)

Koike Masakazu



M.Koike, H.Ginya, F.Zhang, J.Tahara MC2019
Three-Axis Vibration Suppression Control Of Pneumatic Isolation Table With Single Servo Valve 2019
Using Cyclic Control Input

Proc. of The IASTED International Conference on Mechatronics and Control (MC2019) 1-8

DOl
10.2316/P.2019. 860-006

van der Pol

2021

Simulation of swarm robot synchronization using VDP oscillator

Julie Fromager, Junichiro Tahara, Morito Makoto and Shun Fujii

AROB-1SBC-SWARM2023

2023

(koike masakazu)

(70756337) (12614)







