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Robust Manipulation of Deformable Objects By A Simple PID Feedback
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Abstract—We discuss on the manipulation of deformable objects. The mainpulation is a primitive task in
garment industry, food industry and so on. It is difficult to realize these tasks by mechanical systems due to
their complex deformation characteristics. In this paper, we will realize manipulation of deformable objects

utilizing a simple PID feedback controller.
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Fig.1 Manipulation of deformable objects
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Fig.2 Spring model of deformable objects
0000000 30000000 (Fig.3)O

xe/ Operation points

Robotic
fingers

Fig.3 Classification of mesh point
000 U0O0O0O0OooOoOoooooo (Figsd A)

gbooobO oobooboooboboobooboon
000000000000000oooood(Fig.3o

O)
oboo00 oboboooooooooboooaoon



00000000000000000000000 m,
p,n 000000000000 2,y 000000 2m
ooooooo r, 000000O0DO000O0OOCOO
0000000000000 7, r, 00000000
0000000000000000000000000
0oO000O0O00o0o0oooog o

AT, Tn, Tp)Tm + G("'m:""m"np)[".ﬂz: ".";1:]T (1)
ooooo ()oooooooo », 07,0000
ooooo ) .
TP = J(T’m, Tn, T'p)”’m (2)
0000J=-S,G™'4,S,=1[0,]]0000D0O

4. Jogoboogooon

00000000000000000000000
0000000000000000000000000
00000000000 (2)000000000000
000000000000000000000000

—rb—athn—jTK}/Uw

—J"Kp(r, —T‘g)dT

3

~

000000 JOo0O0O00000.Jo
000000000000000000
000000000000000000
000r,00000000000000000
00000000000000000000000
0000000000 (3)00Cheah® 000000
000000000000000000000

0 (3)000000000000000000000
0000000000000000000000

ooooogon
goooood
oooooog
goo
od
O

u=—-KpS {rp—rz}—Kvi’m—KIS/(r ﬁ)dr
A (4)

00o0oo0J=S00000000 SsOOooooooa
goooooooooooooooooooobooono
goooooooooooooooooooobooono
00000 SO00o0oooobo0oobobooooooa
goo0ooooooobooooboboooobooooooo
Joooooooooooooooooooooooo
goo00o0oooo0o JOoooooooooooooo
gooooooooooooooooooooooo
go0oooooooooooooooooboooooon
DDDI:II:I(4)DDDDDDDDDDDDDDDDDD
go0ooooooooooooocooooobocoooo
goooooooonoo
5 gooooogoog

gooooo (4)DDDDDDDDDDDDDDD
Joo0o0oobooo0ob0o0obDbOdO0dFig4Od OO
goooooooooooooooo

A Manipulation  @Positioned points
points N

Fig.4 Configurations of points

goboooooooooJoooooooooboooo
000000 0o0o0oooooUuOooOo @ooooo
UbobooobOooobOoooooboodd patternl,2,3
g3dobooooboooobooogd

Patternl: r
Pattern2: »

= [15.0,15.0, 45.0,15.0, 45.0,45.0]7
= [15.0,15.0, 56.8,,3.2, 45.0,45.0]"
[15.0,15.0, 57.1,3.0, 45.0,45.0]7

00000000000000000
(4)000000000000000
00o0000o0O0O0O0O0O000
DDDDDDD
1lkg], 00 10[Ns/m],0 000
050kg] 0000000000
00000000000000000000
Fig.50 Opattern1,2,3 00 000000000000
0000000000000000000000000
00000000000000000000OFig6d0
patternl 7 T T T T o T

T T

i —pattern 1

i == —pattern2 |
- - -pattern 3

d _
p
d_
p
Pattern3: ri =
gooogoooo
gooooooo
go0ooooooao

gooo
goooooooo

O
O
0.
700[N/m],0 00000

O
O
g

g

[
=]

|
\
1
\

error norm [mm]
S

=)

time [sec]

Fig.5 Error norm of control results

% positioned points
-l mampulauonpomts
A X desired positioned points

yeaxis
£

%A-"i | AA%

x-axis [mm]

Fig.6 Behavior of Manipulation and Positioned Points
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