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A Current Controlled Electrostimulation Device for the Motion Control of Paramecia
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In this Paper, we propose a current controlled electrostimulation device to control and predict the shape of electric potential

gradient in the liquid. We aim at controlling the motion of paramecia by using paramecia’s galvanotaxis. By using this device,

we can predict the shape of electric potential gradient in the liquid, and control paramecia more precisely.

1. 0000

0000000000000 D0O00DoOooooon
0000000000000 D0000ooooooon
0000000000000 000000000 (0000
0000)0D00000000000000000000on
00000000000000D0000D0000Dooon
00000000000000000 OBM)0OOOO0OO
000000000000 Y0000000ooooooonon
00000000000 0Dooooo
OBMOOOO0OO0O000O0OODOO0DOOOODOOOOOOOO
0000000000000 000000000000o0oo
000000000000 000000o0oooooooon
0000000oDoooooo0o?00000000000
00000000000 0000000ooooooooon
0000000000000 00000o0ooooooon
000000000000 00D0000DoOoooooon
ooooOoo®000000000oooooooooon
000000000000 000000D0000onooon
000000000000 000000D0000onooon
0ooooooo*o

00000000000 00D00000000O0oOon
00000000000000000000000000n
0000000000000000000000000000
00000000000000000000000000n
0000000000000000000O
0000000000000 D0OO00DoOoOooooon
0000000000000 000000O00o0oooon
000000000000 00D000D0O0OO0oDooon
0000000000000 0D0OO00DoOoOooooon
0000000000000 0DDoDooo00o0ooononon
0000000000000 000oOooon

2. 000O00OOO0OOOooooo
gbbooooooooooooooooooooooood

cooooooooooon
gobooooboooooobooboooobooooobooooooboooon

gbogooooboobooboboooobooboobooooobon

000000 [No.04-4)000000000ODOUOOOOOD40D00O0ODO

00000 (@O0000000000O0)00oooooon
0000000000000 00000000000000
000000000000000000000000000
00000000000000000000000000 Y0
000000000000000000000000000
00o0o0000O0ooooo
00000000000000000000000000
000000000000000000000000000D
0000000000000 0000000000000D0
000000000000 000D0D000000oooooon
000000000000000000O0oooooooon
000000000000 00000000000
0000000000000000000000D0000
0000000000000 00000000000oon
00000 (1vOD)OODOOOOODOOOOOOOOO
0000000000000 00000000ooonooon
00000000000 0000000>®00000000
0000000 (@OO0000o0o00D)0000ooooon
0000000000000 000000000000o0n
0000000000000O0ooooooooooooon
oooooooog
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
0000000000000 000000000000000
00000000000000000000000O0O0OOn
000000000000000
00000000000000000000000000
0000000000000 00000000000000
ooo

3. 000O00OOoooo

3-1 000000000 OOO0o0oOooOooOoOoooooono
gobooooboooooboooobboooobooooono
gboooooooooooooooooboooobboooobo
gboooobooogoboboooboboooooboooo

1A1-H-28(1)

2004.6.18020 0000



oooooooooooboo

0oooooon)
(0ooo)

mDDDDDDD)z( (1)
00000Y0000000000000000000000
000000000000000000D000000000
0000000000000000000000000
0000 D000000000000000000000
000000000000000000000000000
000000000000000000D000000000
0000000000000000000000000000
0000000000000
00000000000000000000000000
0000000000000000000D0D0000000
000000000000000000D0D0D0000000
0000000000000000000000000000
000000000000000000D0D00000000
000000000000000000D0D00000000
0ooo

000000000000000000000

. 00booooobooooooooobooobooooog
gbobobooobobooooboooobooobo
gbobooboooboobobobobobooobooobo
gboboobooboooooboboooboooboo

2.0000000000C000DO0COO0O0OO0ODDOODOO
gboooboooooooboboooooobo

j.000oocoooobobobooboocobooooobooboOooon
coooooboooboobooooboboobooooobooooon
oooooo

_ me
@ R I @ E Riiq E

Bl
=

S

!

N

V("

Fig.31 0OO0O00O0O0OO0OO0OOOOOCOO0O0OO0

3-2 00000000O0ODO0OU0O0 ODOOooDOoOoOoon
gbooooobooboobobooobooboboobobooobon
pAOOO0DOO0O0DODOOOOOODOOOOOOOO0OOOOn
gbogooooboobgooooooboboboobooobon
oobooo40000000000000O000O00O0DO0OO
gbogooooboobogoobooboboobobooboboobogon
gboboooobooboooboooboobuoboooboboobon
000000000 00DOO000DbOO00DbOO0OFg3.1000
gboooooboboooboobobooobobooogoo

coOooooOO0oooboo bAOOOOOO0OO0 (oo
VpalVIOOO)OOODOODOODOOOODOOD RQOOODODO
O000000000000000 (@O0 RO000)0
gooooooooboooobboooobooo A/bDOOoOOO
U0 Fig3.1000200000000000 (OO VaplVl
goo)ooobDADOOOOOODDOOOOOOO0OO0OA/D
oooooooooboooooooboooooobooboono

oooobooooooobooooobooon ITA10

_ Vpa —Vap

I
R

2)
0000Vpa—Vap0OODDOOODDODOOODOOOOO
000000000000 ROOOODOOOOO0OODO D/A
0000000000000000000

4. 0000 20000000000

gbobOooboobobobooooboobobooobooobo
oobOooooO0o0oobOoOo200000000000000
gboooobooboooboobooooboooog

SASIPOOOOO0OODOOODOOOOOODOO0 ANSYSO
gbobooboooobooooboooooboboboboonoooono
gbobooooobboobooooooobbooobooooobo
gbooobooboboooooooboboooobobon
gobooboooboooobooooobboooooboon
gbooooboboooboobooooboooog

W2 W3 W4
T 14 ®HE:5
Y
\0
R X @7 B 6
®HE8

Fig.41 00000O0O0OOCOOODOOOOOODO

coooooooobooooooono s8mmbOd0 44mm 00
oooooooooooooooooooooooooon 8
ubooboboobobooobooboboboooboobOobon
gboobooboobooboooobooboooobooboooo
gboobobooboboobboobobooboobOobooobooon
gooo20000000000000O0Fig4100000
ooboooooooooooooooooooono 20000
ubobxOOyoobOoboooboooooobooobooo x
0000000 §(—180°<A<180° 000D 0OOLO)OO
gooooobooboooooooooo1osooooogno
uoad

4-1 OO0O0O0ODOO0OOO ANSYSOOOO Fig420000
gbobooobooogoboboooboboooobooboooo
0000000000000 0O0O0OgeA=0°060=45°00
gobooooboooboooboooboooobboooobo
goooo

1A1-H-28(2)



voltage

position position

(@f=000000000 b)y¢=45°0000000
Fig.42 00000000O0O0O0O0COO0OO0O0: (@0 XO
oooooooooooooobOooOoOOOOOO0O0OO00O
@o:vJooooooomwmb e=-4°00000000
oooooboooooboobob@uoboobooboooo

4Ch, 16bit

D/A R—F
X2

16Ch, 12bit
=== | ADHK—F

Fig.43 0O000O0O0O0OO0OOCOO0OOOCOOO0O0OO0
4-2 0D0O0O0O0O0O0O0 0OOO0OOOOOOOODOOOOO
0000000 Fig43000D00O0O0O00O0O0OO Fig3.100d
o000 ROCOOOO R=100kQ000)000D0ODOO
O0O00oo0oooooDoo 1030 Feg3.100 10300040
OO0OD/ADO0OO Interface 00 PCI-3310 0 0A/DOOOO
Interface 0 O PCI-3166 0000 OO

gboboooboobooooobobooboobooooona

gbooooobooooboooboobooboooooobann
gboobobooooboobooboooboboooboooboooboon

OoooooodBoOoOSsSmmOO0O00000000O0 80000

Fig3.100O0O00O0OO0OOO0OO0OO0O0OOO00oo0oo0o0o0o0oa
gbooooooooboooo
goooooocooocooobocooboooboooobooooog

000 @oo0o0o0opooopooopoooooowwooog

oo0l1gboboogono)yoooboooo

gobooooooooboooobooooooooobooooo
ood

gbooooboobooboooobobooboooboboooboooo
OOOO0OANSYSOOOOOOooooooobDooobooooo
gbooooooboooooboooo

oooooooooooboboOo0OO0O0OnOANSYSOOOd
oobooooooobooboooboooboboobooboooog
ooooooooooobo

4-3 00O0O00O00OOODOO0 OOOOOOoOO0O0Oo
ooboooobobooooooooobo3oooobooooog
"d030000000Fg4400000003000000
coooooooooboi1ooooobooooooboooo

goooooo0ooOoOooboooooooooobooodg
ooooooooooo-opbooooooboooooboog
ooooooooooobooOooooooooobo-0oOg
ooooooo

®
(V)
onuma  PARE-AV) 5 v
q ;mt«i\B s A [V
i ._._J..A....:ZZZ:ZZ::ZZZ:‘:‘Z‘Z‘Z‘Z‘Z’:‘Z‘:A """"
Fig.44 30000 Fig.45 DO0O0OO0O0ODO

gobooobo0n0 RgdsO0D0OOO0OOOOODOO ADO
gooo-0oooooooooowOooooooobooooo
goooboooooboBOOOOOO-00DOO0OO0DOOO
O0Vwooooooooooooooooooooooooo
gobo-oooobooboboooobooboboboobooboooon
g0 AOBOOOOOOOODOOOOODOOOOODOODO
goboooboooboooboooooboooooboooDboo
ooo

OoooooooooooooooaxOo9nog1iooooo
gbobodoboooooooooobboooooooobooboonn
gbooooboobooooooaobao

5 7 8 o 1 2z 3 5 6 7 8

posﬁion posi:ion
(0000000000 ()O0O0Ooooooooo
Fig.46 60=0°0000000000

09

’ 0T 7 3T 7 5 5 7 80 T 2
position position

(0000000000 (OOOO00o0o00o
Fig.47 6=45°0000000000

T s 8 T s

4-4 0000 Figd6O00=0°0000000000 Figd.7
060=45°00000000000000000O0O (:000
oooDOD0O@G:0D00D00D0000000D00DOFig460
Fig42(a) 00 00O0Fig470 Figd2b) DO OOODOOO
O00O0OFg4.20 Fig4.60Fig470 00000000000
gboooooo

0000000 6¢=4°000000000000O0DODO
gboobobodobobooobooboboooobooboOobOoobooon
gboobooobobooooooobobooooobobon
gbooocoodoooo

O000O0O0OO0O0OOoOoOOoOoODoe=0°,45°00000000
goboooobooooooooobooboooooboooooono

1A1-H-28(3)



cobobooobooooooooooobooooboobooooog

oooooooooooOOODOOOOObOObOOobOOOO00O

oooooooooooboooboobooo
goooocooooobooooooooooooboo

5. 00O
goooooocooocooobooboooboooooooog
ooboooooooooooooooooboobooboooog
ooooooboooooboooooobooooooobooooon
coboooooooboobOooboooboboobooboooog
ooooobooboboooooooobooobboboobobooooooo
ooooooooooooooobooog
gooooooobooooobobobobooobooooood
ooooooooooboooooobooobooooboobooooon

0ooo

1) 0000,000,0000,0000.00000000
000000000000000000000000.0
0000000000000000000000°0300
00O, pp. 2P2-3F-E3, 2003.

2y 000.00000000 -000b000obo.boboo
0ooo, 1990.

3) Naoko Ogawa, Hiromasa Oku, Koichi Hashimoto, and
Masatoshi Ishikawa. Motile Cell Galvanotaxis Control using
High-Speed Tracking System. To appear in Proceedings of
the IEEE International Conference on Robotics & Automa-
tion, 2004.

4) Akitoshi Itoh. Motion Control of Protozoa for Bio MEMS.
IEEE/ASME Transactions on Mechatronics, Vol. 5, No. 2, pp.
181-188, 2000.

5 5 00000.0000o0oobo oobo0o0.og,2o01.
6) 00,00.0000000.00000,1983.
7Hyooooo.obooooboooo.ooooo,198s.

) bboOOOoOoUoo.obooooooobo booobo.oo,
2002.

1A1-H-28(4)





