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Adaptive Visual Servoing Controller with Feedforward Compensator

without Knowledge of True Jacobian

Koh HOSODA* and Minoru ASADA*

This paper describes an adaptive visual servoing controller consisting of an on-line estimator and a feed-

back/feedforward controller for uncalibrated camera-manipulator systems. The estimator does not need a priori

knowledge on the kinematic structure nor parameters of the camera-manipulator system, such as camera and link

parameters. The controller consists of feedforward and feedback terms to make the image features converge to the de-

sired trajectories, by using the estimated results. Some experimental results demonstrate the validity of the proposed

estimator and controller.

Key Words: adaptive visual servoing, uncalibrated camera-manipulator systems, on-line estimator, feedforward

compensator
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Fig.1 A Robot system equipped with visual sensors.
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Fig.2 The block diagram of the proposed estimator and visual
servoing scheme.

0000000000000000000000000000
00000000D00000000000200000000
0000000000k.-00000000000000000
0000000030000000000000000000
000000000000000000000300J(k) 00
0000000000000000000000000000
0Jk) DDODODODOODODDOOOO (800000000
0000000000000000000000000000
00000000000 J(k)00000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000

000000000 (7)0000000000000000
000000 ((3)0000000J000000000000
000000000000000000 (8)000000 (3)0
0000000000000000000000000000
0000000000000000000000

000000000000000000000000000
00000000 Fig.20000

3. O O

goooobooboooboboobooobobobooobo
goooooobooobooooooboobooboobooooog
0000000 PTP(Point To Point) 0000000000
gobooooooobooooobobooboobooboooog
gboooooooooo

3.1 000000
Fig3d0OODOUODOODOOODOOOOOO200CCDOO
0 (UN401, ELMO)0 00000000000 DO0O0OOODO
0000 MV200(DataCube) 0000 (000 0O 512[pixel]
x 480[pixel)D 000 00 0O 0O 1/20 00 0O O (256[pixel]
x 480[pixe])J0 000D O00 000D O (512[pixel] x
480[pixel )0 0000 O0ODOOO0ODO0OOOOOOOOOO
ogpopoobboobobboobobboobobbooogoo
goooooOooOoOoobooooooooooboboboooo
goobooooobooooooboooobobooooobooo
oo0o0ooo0ooooooooOg2Iooooooooo
goooooooooboobooooboobooobooooo

19960 30



162 oo o

Kawasaki Js-5
robot controller
VME-VME
bus adapter Q
y —_188
Lt ‘
host computer L cameras
Sun Sparc 2 et e e
MVME167 Fujitsu image processor

(68040,33MHz) trackingmodule  MV200
Fig.3 Experimental equipments

MVME167(CPU:68040,33MHz, motorola) 00000000
00060000000 Js-5(0000)0D0DOODOODOODO
goooooooooooVvVME-VMEOOOOOOOQOOOO
gooooboboobooboooboobobobooboobooo
goobooooooobobbooboooobooboobooo
goooooooooo3bobooooooooooooobooo
goooboooooboooooboboobooboobooooboo
VxWorks 00 COOOOOOOODOOOOOOOOOOOO
33ms|0 0000

0000000 ()00OOUOO00DODO0ODOOOODOOO
0020000000000 «0y00006A00000000O
0000000000D00200000000000 1.5[m]0
000000o00ooo0oooooOos3mD0oOoOoOooO
gooo

3.2 PTP O g

goobooooboobobOoooboboobobboooo
gooooooooooooboobooboobooboooboog
00000000000 PTP(Point To Point) D0 0000
000000¢+=000000000000000 (teaching
by showing) 0000000000000 OOOOOOOOO
000000000000 0PTPOOOOODODO (8)DDODOO
gbooboooooobooobi1boob200o00b0OO

pii = 1,---,4)00000000000000DDOOO
pi=08(=1,---,40000000000000 Wi(k) =
Is(i=1,---,40000000000000 (800000
000000 K [m/pixel]0

K =diag[ 15x10™* 1.5x10*
15x107" 1.5x107* |
oooo
002000000000000000000000000

0000o0ooo0ooooo (Fig4)DDDOODOO0ODOOO0OO0ODODO
gooooooooooooooooooooooboooo

JRSJ Vol. 14 No. 2

image of camera 1

image of camera 2

Fig.5 Initial and final positions of prememorized image pat-
tern. The eye and arm system is in the initial posture.
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Fig.6 Step responses of the eye and arm system with and with-
out on-line estimation.

Fig.7 An eye in arm system used for experiments.
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Fig.9 Step responses of the eye in arm system with and without
on-line estimation.
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Fig.10 Desired trajectories on the image planes.
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Fig.11 Realized trajectories with and without feedforward
terms

goooooooooboOoooooocooooooobooboooo

JRSJ Vol. 14 No. 2

oo o
100 . :
with feedforward ——
without feedforward -
80 |
T
X
2
£
o
c
s
5
0 2 4 6 8 10 12
time [s]
(a) Error norm in image plane 1
100 . .
with feedforward ——
without feedforward -
80 |

T
X
=
£
o
c
s
@

time [s]

(b) Error norm in image plane 2

Fig.12 Error norms of trajectory tracking by the eye and arm
system with and without feedforward terms.
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