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(¢) Deformable Object Manipulation (d) Indirect simultaneous positioning

Fig. 1.1: Dynamic object manipulation through soft interface
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Fig. 1.2: Indirect simultaneous positioning of a deformable object
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Table 1.1: Nomenclature of Chapter 2

Symbol Explanation
P The 7-th mass point
m; Mass value of the ¢-th mass points
ki Elastic coefficient between the i-th and j-th mass points
bi; Viscous coefficient between the :-th and j-th mass points
L Natural length between the :-th and j-th mass points
X Position of the i-th mass point
v; Velocity of the i-th mass point
zd Desired point for the i-th positioned point
frive Driving force for the :-th manipulated point
K5 Proportional gain for the i-th manipulated point
K Derivative gain for the :-th manipulated point
K Integral gain for the i-th manipulated point
m', M, M Mass value of soft interface
kK k Elastic coefficient of soft interface
bbb Viscous coefficient of soft interface
Kp Proportional gain
K‘// Derivative gain
K; Integral gain
S Integral element
X, Y; State variables
A B Coefficient matrix
w;, U Constant vectors
I Unit matrix
K Fraction of elastic coefficient and mass value
B Fraction of viscous coefficient and mass value
Kp Fraction of proportion gain and mass value
Ky Fraction of derivative gain and mass value
K; Fraction of integral gain and mass value
A Eigenvalue

Piy4q;

Positive constant
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Table 1.2: Nomenclature of Chapter 3

Symbol Explanation
m Mass value of mass points
x Position of mass point
v Velocity of mass point

Force generated by deformation of soft interface

Driving force for manipulated point

Fy Desired force in force control
Ky Force feedback gain
f(t) Measured force at time ¢ by sensor
T Sampling time of system
n Sampling number
K Fraction of elastic coefficient and mass value
B Fraction of viscous coefficient and mass value
F Fraction of desired force and mass value
Ty Position of mass point at time nT’
U, Velocity of mass point at time nT’
X State variables
., State variables at time n1'
A Coeflicient matrix
1 Unit matrix
u Constant vector
P State transition matrix
T. Steady points
A Eigenvalue
p Spectrum radius
T Maximum sampling time stabilizing system
QW Matrix
R Transfer function
Myvpr Mass value of variable dynamics fingertip
Wy Natural frequency of variable dynamics fingertip

Attenuation coefficient of variable dynamics fingertip

g1 oOd
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Table 1.3: Nomenclature of Chapter 4

Symbol

Explanation

Ah

Capturing time of CCD camera

Ae

Image processing time

Ac

Sampling time of actuator

Av

Sampling time of feedback signal

d

Number of delay

State variables

Sampling number

Sampling time

State variables at time n'T'

Constant vector

Coeflicient matrix

Constant vector

Steady points

State transition matrix

Matrix

Unit matrix

Maximum sampling time stabilizing system

Matrix

Mass value of mass points

Position of mass point

Velocity of mass point

Desired force in force control

Force feedback gain

f)

Measured force at time ¢ by sensor

Fraction of elastic coefficient and mass value

Fraction of viscous coefficient and mass value

Eigenvalue

13
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movo = koi(x1 — 20 — L) + bo1(v1 — vo) + fdrwe

myv; = —k01(51?1 — Ty — L) - 501(7)1 - Uo)
+kis(xs — a1 — L) + bys(vs — vy)
Mmsvs = —k13(51?3 — T — L) - 513(U3 - U1)

+ksa(xy — x5 — L) + bag(vy — v3)

mQU‘Q - _k32($2 — T3 — L) — b32(1}2 _ US) + fdrwe

(2.1)
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Table 2.1: Positionability depending on manipulated objects, boundary conditions, and control

laws

Rigid | Viscoelastic
(a) [ ()] (c)](d)

P-only X Al x| X

D-only | A AN A A

[-only X O | x| x

PD AN AN O A

PID O 10100

Table 2.1 000000000000 0000000POO0ODOOOIOO0O0PDOOOPIDO
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Table 2.2: Convergence conditions
Rigid Viscoelastic

(a) (b) | (c) | (d)
D—only 0< Ky | 0< Ky p1 < Ky < q1 | p3 < Ky < gs
PD 0< Ky | 0< Ky P2 < Ky < g2 | pa < Ky < qa

gobooobboogugobogobbuoobbuogbboubbooboboboooon
gboooboogbobboobobuooobooobooobobotrheg27booboboon
gbooboobuobobuoobuoobuoobuooboobopbo0b0O0bDOOKp =5000
Ub0ooobose < Ky <3795 0000000000 buopbobobobobooboood
gboobduobuoobdioreg2800booboboboobooboboooopbooboon
gboogbooodbobgobooboboobuoobboobbobboobbooboobod
Fig27000000000O0OOFig2.8-(a)d(b)0 000000 Ky =5000.10000000
gobobbogbboogbbobbbbooobboobboboooboooboaobod
gooobboogboubogbobogobooobooobooobooobboobod
gobbobouooogood



26

Position

Position

20 0o00dobobooooobo

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

-0.05
-0.1

0 0.2 0.4 0.6 0.8 1
Time

(a) High gain (Kp = 500, Ky = 50)

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

-0.05

Time

(b) Low gain (Kp = 500, Ky = 0.1)

Fig. 2.8: Divergence in PD control
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Table 2.3: Positionability depending on mapping between positioned points and manipulated

points

‘ ‘ Nearest | Non-nearest

P-only X X
D-only A A
I-only X X
PD JAN JAN
PID O X
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Table 3.1: Viscosity and sampling time of a peak
k[N /m] (6[Ns/m], T'[ms])
Runge-Kutta | Modified

method z-transform

2000 | (4.29,4.74) | (4.32,4.76)
20000 | (13.54, 1.50) | (13.65,1.50)
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Table 3.2: VDF dynamics

| | empty | #500 | #1000 |
Myprlg] | 52.7 | 52.7 | 58.2
b[Ns/m] || 7.3 9.9 13.5
k[N/m] || 2000 | 2000 | 2000
w,[Hz] | 31.0 | 31.0 | 295
¢ 0.128 [ 0.0231 | 0.39
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