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A Magic Carpet - Object Conveyance Experiment by 64 Linear Actuators -

Hichirousai Oyobe,

Yoichi Hori (University of Tokyo)

abstract: The attempt to realize magic carpet driven by autonomous decentralized type control algorithm is pro-

posed. The proposed system is manufactured as trial erperimental setup and an experiment is done by itself. At

last, a control algorithm for autonomous decentralized system is proposed. Due to the recent development of micro-

machine technology, we can integrate a lot of very small decentralized modules, each of which consists of sensor,

actuator and electronic circuit. However, control algorithm of such systems have not yet been developed enough.

To avoid complicated wiring problem of communication network, it is assumed that the module should exchange

information only with neighboring several modules. The proposed system is manufactured for developing control

algorithm of such system.

Key words: 0000000000000 OODOOOOOCOOO

1 000od
1.10000000000000

00000000000000000SFO000000
0000000000000000000SFO00000
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000 1o

0000000000 [2]0,(1)00000 (2)000
(3) 000000000000 000000000000
0000000000000 00000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000D000000D00000000 [3] [4] [5]0

0000000000000000D000000000
000000000000000000000000000
000000000000000000000000000
00000D0000000000000000000000
00000000000000000000000

1.20000000000000000¢0
o000 ooUoo
gobooooooocoboooooboooboooooboooon

1.00

ebO0O0OOoOoOOOODOOOODOOOO
goboooobooooboooooobocoooo
gboooooooooboobooobooooooon
gobooooobooooooooboooobooboooo

2.00

e0OO0O0OODOOOOOOOODOOOOO
ooboooooboooobooobooocoooon
gobooooobooooboooboobcoooon
gobooooobooooooooobooooo
oooboooooobobooooooobooooo
dddoooooooooooooooooooo

2 Magic Carpet 10O

0000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000D0000000D0000 [6), [7]0
ooooo
Figl OO0 2000000000000000000
0000000000000000 Magic Carpet 0000
uflal
0000000000000

(wim',yim) = (-’Ec;yc)

20000 (Zmin € 2 < Zmax,Ymin < Y < Ymax) 0 00
Om0O00y0OO0nnO000D0000OCO0O00OODOOOODOOO
goooooooobooooooooboooooooooo
0000000000000 o000o0o0ooooobooooa
go00o0d0oo0oobooobooooooooooa

e JODODOO

e JO0OOOODOOODOODOOOOOOODOOO
goooooboboooooooooooooooo

e JODOUDODODO

e :0000000000D0O0ONDNDNONOOODOO
0000000000000000000000
000000000000000000000
(onO off0000 20000000

e O0OODOOOODO

e JOUOOOOOOLODLODOOOOOOLODLDODOOO
oooooooooooooooooooobooD
gobooooooooocoood

O

ooooooooooooooooooooobooooo
goboocoooooon

1.0000000O00O00b0bo0oobooooo
2.0000000000000C00DOOOODOOO



Fig. 1. Conceptual configuration of magic carpet. We try to
realize this magic carpet in our real world.
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Fig. 2. Fundamental concep- Fig. 3-a: Overview of experi-
tual figure of experimental setup mental setup including 64 con-
consisting of 64 variable struc- trollers and main power supply.
ture controllers, 64 linear drive

actuators and "one” PC.
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Fig. 3:

A part of experimen-
tal setup, arrayed many actua-
tors on 2-dimensional plane

Fig. 4. The real world actuator
module consisting of solenoid
plunger. We can easily see at-
tached position sensor. This po-
sition sensor is putted to use
position signal in feedback con-
troller.
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Fig. 5. Configuration of the
solenoid plunger. This instru-
ment has very simple structure.
When we pass electric current
on a coil inside solenoid plunger,

Fig. 6. Electromagnetic model
of the solenoid plunger. Electro-
magnetic force generated in this
solenoid plunger is calculated by
using this simple model.

A plunger gets sucked in the
coil.
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Fig. 7: Block diagram of
solenoid plunger including vari-
able structure controller and
high pass filter.

Fig. 8. Analog circuit of a vari-
able structure controller. This
variable structure controller ac-
tually used in the experiment.
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Fig. 9. Position response with variable structure controller. We
can see a good agreement between the command and actual posi-
tion.
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By appling a“field" , we can freely design the
interference between neighboring modules.
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Fig. 10: Combined control of central / autonomous decentralized
algorithms.
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Table 1: Param-
eters.Simulation was dane
with those parameters.

iw 0.1 Ooooo000000n0
Y 0.1 000000000Fig12-
num. of module 11

a 00 02100000
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along x-direction

num. of module 11

along y-direction

(Tmin, Ymin) (0,0) 0000000 O0oo00oon
(#max, Ymax) 1) 0o0o00o0oO0O0oooog
(Tini, Yini) (0.6,0.6) | TFig.12-b 00 3.15[s] O O
(zc,ye) (0404) | OOODOOOOFIg12-bO

a 5 0000000 oo0noon
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Fig. 11: Simulated time response of the object transfer along
az-direction. The ball converges to the desired position with vibra-
tion. This algorithm moves the ball to the hall by using gravity.
‘Whereby ball locus with vibration is very natural. Here, the hall
digs in desired position.

Fig. 12-a: Surface curve at Fig. 12-b:
0.21[s]. 3.15[s].

Surface curve at

Fig. 12! Interpolation curves between each actuator top.
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Fig. 13-a: Experimetal picture Fig. 13-b: Experimental pic-
(1). This picture is appearance ture (2). This picture is appear-
before the experiment. ance during the experiment.
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Fig. 13-C: Experimental pic-
ture (2). This picture is appear-
ance after the experiment.

Fig. 13: Experimental results. These are static pictures before
the experiment, during that and after that. We can easily see the
movement of a ping-pong ball.
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