31

CRS  Robot
(Fastrak®)

(Fastrak®)

Jacobian)

32

2
(Joint-based Control Scheme)
(Cartesian-based Control Scheme)

(Estimated  Online

(Trajectory Following Control) [19,20]

2
(Joint-based Control Scheme)
(Cartesian-based ~ Control ~ Scheme)
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321 : (Joint-based Control Scheme)

(Cartesian Space) (xd,xd,xd)

(Joint Space)
6d = Inversekine{xd) (3.1)
Od =J-10)xd (3.2)
9d =j-\9)xd+J-\0)xd (3.3)
Inversekim
J~X
xd,xd,xd
(Cartesian Space)
6d,6d,0d (Joint
Space)
(Joint Space)
(Cartesian Space) 3l
Trajectory 0d 00 T 0
of Gains | Amm
Conversion 0

31 (Joint-based Control Scheme)



3.2.2 (Cartesian-based Control
Scheme)

(Cartesian  Space)
(Coordinate Conversion)
(Forward
Kinematics) 3.2

Coordinate

Conversion — > Am
And Gains

X

Kin(0) |

3.2
(Cartesian-hased Control Scheme)

3.2 Coordinate Conversion and Gains
(Inverse
Jacobian) 3.3

+ T
2L FER LN Gains —»| Am L—*

=1 Kin(e) [«

3.3 Inverse Jacobian
Cartesian-based Control Scheme

3.3
(X) (0) (Gains)



(Transpose Jacobian) 3.4

Gains —» JT —¥» Amm

%1 Kin() ¢

34 Transpose Jacobian
Cartesian-based Control Scheme

34
3.3
03.1 (Explicit Force Control)
(Feed forward)
3.3.2 (Implicit Force Control)

(Impedance) (Stiffness)



3321

34

35

(Integral Control)

CRS Robot

(34)

= Kop(xe-x m+ KiJ(xe-xmydt+ Kv(xc-x m)+g (3.5)

17
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34 (Sensor-based Servoing Algorithm)
[20]
35
Sensor
+/S\5S 50 T da
J1' I Gains —» Am P

35 Inverse Jacobian
Sensor-hased Servoing

35 (Jacobian) [19]

Jacobian Multidimensional Form
3 3 36

W\ = 11x,x2,53)
y2 =1 2(*>*2,%3)
3= [3(+1>2,43) (36)

Y X 3.7

= & N 56 B aa s

0y2 =S x 1+ A - Sk Sx.
X

04 dx2 dxi
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&, =%(5x1 +a—f3(5x2 +—Z;Cf15x (37)

38

Sy=" -SX (3.8)

o o 5F i | - L g < o o.' 4 & o
Tnuayustion = ndhuwssndaun 3 x 3 file Jacobian tiuies Taedweidu

f1(x) X: Jacobian J(x)
Jacobian
36 (Online Estimation of Jacohian) [20]
Jacobian ( )
“Robot Jacobian' “Force Jacobian”
“Image Jacobian'
Robot Jacobian ~ Force Jacobian J.J.Craig,
[19]
Jacobian
Estimated  Online
Jacobian
Jacobian
Joint  Space Control
Space
Control Space Cartesian Space
Jacobian
“Estimated
Online Jacobian (EOJ)" Jacobian EQJ

[20.27]



A ! il

3.7 (Collision Avoidance Technique) [21,22]

Gradient
Projection Method .
Gradient Projection
2-Link Planar Am  Articulated Robot

371 (Gradient Projection Method) [20,22]

Gradient Projection  Method

3.6

//Waﬂ\////

\\ Predicted Position in Next Step

Added on Algorithm
\\ I Desired Amount

Projecteion Distance
Surface

Possible Next Position

[20,27]

ACurrent Position

Servo Path . - A

3.6 Gradient Projection Method
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