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(Traded
Control) (Hybrid Control) (Shared Control)

(Learning Control)
(Parallel Control)



6.2

FIT

g

c(t) 3

PID
controller

Sensor

F

Vision

PID

6.3

System

(9@ |

6.1
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6.4

Ak)QI(K) +1) I Tk)Q [x(k)-x Tk +1), Ix[Lk)-x(K)[[>
G, (F (k)= (k). [Ix(k) - x(k)i| <8

XD

(Guarded Move)

(Diagonal Selection Matrix)
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6.5

79

(k) =-SVEIVKIQI(K) L) T (K)QX(K) - XO(k + 1+ Srxr +SpGp (Fr(K) -F m(k))

sv,Sr  SF 0 1
SV +Sr+ SF=| XT



6.6

(Artificial Intelligent)

(Neural Network)



Taylor 9C

F(OC+AOc)=F(6c)+g'lA0L+ \OctHAOc+o]|alc|3)

F R R

Toofi g =

Gradient H X
Hessian Matrix

1 « *>1

Gradient
AOC= -cxkg -F

a a

Gradient

B9 B A
s 3



motion)

6.7

AOC=-a,J 1-F

(Hybrid Jacobian)

(Jerky

PC Pentium Il 266 MHz, 128 MB Ram:
DT3155

Articulated CRS Robotic Inc  A255
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. DT3155 Data Translation Inc:
CCD
PCI Bus
. CCD Camstar  CIC 741: 8
768 x 576
. 67M25A-140 JR3 Inc:
6 Piezoelectric
. aget+ Western Vision Software:
. Visual Studio 5.0 Microsoft Corporation:
. Matlab MathWork:

6.8

Slider

Camera

6.2

6.2
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Combined History storage [q |
Jacobian
Estimation  [§ History storage
- - Inverse A A
pgreg’rllg%?er combined 1K 2 » Robot zf
; —
- Jacobian Force
- e
Vision
control parameter vector v
f

6.3

Parameter Error as the robot move through time

[ Targel posion s al Force = 10 and Object is at Center of Image

ONhdbilawn~wo=

Image Coordinate (u)

1 51 101 151 201 251 301 351 401 451
Step Number

6.4

10 (

(Adaptive step Size)



6.5

6.9

Image Coordinate (u)

A255

0.01 (

100
6.4

Tracking Performance of Hybrid Controller

Aclual Force

Desired Farce

101 201 301 401 501 6501 701 801 901

Step Number
6.5
Matlab®

Articulated

CRS Robotics Inc



(RS232) Visual ¢++ MatLAB
HLImage

DSP Based
ISA Force Receivers

PCI Frame Grabber

HLImage orce Sensor
Matlab

Board
Software % CCD camera
Visual C++ [—
F

l Robot Controller

s e CRS Robot

Personal Computer

6.6

0.750
0.750

Hybrid Visual Servo/Force Control
On CRS Robot (3 DOF task)

0.000

0375

1125

-1.500

-1 875

Image Paremeter

-2.250

-2.625

-3.000

time (second)

6.7

67 68 6.8



A255

v -image parameter

-2p0 -

(Steepest Gradient)

Hybrid Force/Visual Servo Control
on CRS robot (3 DOF task)

15(

-200

250

u - image parameter

6.8

CRS Robotics Inc 6.1



Step No.

B w0 N e

o N o o

10

=

13
14
15
16
i
18
19
20
2
22

(pixel)
-197
-194
-195
-198
-189
-178
-168
-157
-147
-135
-124
-114
-103

02
81
-70
-60
-49
-39
-28
17

6.1

v (pixel)
163
154
153
153
149
137
131
120
113
104
9%
88
18
10
61
52
45
35
2
19
10

Force (N)
-0.83618
-0.88501
-1.95007
-0.57678
-0.61340
-0.67444
-0.63171
-0.72937
-0.65002
-0.70801
-0.73547
-0.72327
-0.77209
-0.79346
-0.81177
-0.84229
-0.83008
-0.82703
-0.87585
-0.88196
-0.87280
-0.85144
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Note

Iniial Movement to determine
combined Jacobian at the first
time.

Learning Control updated
joint angles of the robot to
reduce parameter error while
update combined Jacobian.

Goal position



6.10

Image Paremeter

6.9)

CRS Rabotic Inc

6.2 6.9

Parallel Visual and Force Control
On CRS Robot (3 DOF task)

150

1125

-1.500

-1875 1

-2.250

-2.625

-3.000

0
10

6.9

time (s-econd)
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6.10
5.7

v -image parameter

Parallel Visual and Force Control
on CRS robot (3 DOF task)

5.7)

=150 -100

250

150

200

6.10

u - image parameter




6.11

Step No.

[ NCYREN

ol B w

© ©o N o

10
1
12
13
14

(pixel)
-147
-128
-118

-90
-15
-65
-15
-60
-45
-25
-10
1
2

6.2
v (pixel)
114
97
94
13
b4
41
3
23
18
15
12
10

Force (N)
-1.8799
-1.8951
-1.8890
-1.9135
-1.9104
-1.8799
-2.0935
-1.8860
-1.8860
-1.8829
-1.8982
-1.8921
-2.3163
-2.1057

91

Note

Initial Movement to determine
combined Jacobian at the first
time.

Force and visual servoing are
run simultaneously.

Goal position
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