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Teleoperation Controller Design for an Underwater Manipulator
Using an H., Control Scheme Based on Disturbance Observer

7 A8 AE
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(Jee-Hwan Ryu, Dong-Soo Kwon, Pan-Mook Lee, and Seok-Won Hong)

Abstract : This paper presents a robust and systematie bilateral controller design method for a teleoperation
of an underwater manipulator. Disturbance observer is used as a local controller of the master and underwater
slave manipulator to set up the teleoperation system as a nominal model by compensating coupled nonlinear
terms, model uncertainties and external disturbances in the water. Using the linearized master/slave model, a
H_, optimal control scheme is applied to systematically construct a force reflecting bilateral controller,

Keywords : teleoperation, underwater manipulator, disturbance observer, A, control, bilateral control
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Fig. 1. Schematic diagram of master/slave system
for an underwater manipulation.
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Fig. 2. Structure of the disturbance observer.
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Fig. 6. Simulation without disturbance cbserver.
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Fig. 7. Simulation with disturbance observer.

MO - Xs3h - AILBIZS =2A H6 A H735 2000 7

VL e B

B e £3 AUS A% nhAEG 23 &
Gu 2R AW PYT AAAGNE A B3]
S H_AHA oIEE AHgstel B YRS wF
o H79) 952 4 5 =% UANAL, 9 na
1% AHgstd o AR vhaES £3 Feloln )
UEdolee] Fl A E Felds FAl dnYe
$% 292 ZASth H_HAA o8& ALgsto]
Aage] dE nAE wgoz HA 45 4 5
RE PLF Aol712 BASRGY 1952, £F4
A742F Axd9 9344 ARE FAN D A94
5% F4NR 7 A9

HIoE2H

[1] R. J. Bickel and M. Tomizuka, “Design of robust
tracking controller in the discrete time domain,”
In Proc. of the 3 International Workshop on
Advanced Motion Controf, Berkeley, CA, March,
1994,

[2] M. W. Dunnigan, D. M, Lane, A, C. Clegg, and L
Edwards, “Hybrid position/force control of a hy—
draulic underwater manipulator,” [EE Proc—
Control Theory Appl, vol. 143, no. 2, pp. 145—
151, March, 1996.

[3] B. A. Francis, A Course in H_Control Theory,
New York: Springer—Verlag, 1987.

4] B. Hannaford, “A design framework for teleop—
erators with kinethetic feedback,” /EEFE Trans,
on Robotics and Automation, vol. 5, no. 4, pp
426—434, August, 1989.

[5] Y. Horri, K. Shimura, and M. Tomizuka, “Posi—
tion/force control of multi—axis robot controller
for each joint,” In Proc. of the ACC, 1992,

[6] H. Kazerconi and C. L. Moore, “An approach to
telerobotic manipulations,” Trans. of the ASME
Journal of Dynamic systems, Measurement, and
Control, vol. 119, pp. 431—438. September, 1997.

[7] H. Kazerooni, T. 1. Tsay, and K. Hollerbach, “A
controller design framework for telerobotic sys—
tem,” JEEE Trans. on Control Systems Technol—
ogy, vol. 1, no. 1, pp. 5062, March, 1993.

[8] S. Komada, K. Onishi, and T. Hori, “Hybrid posi—
tion/force control of robot manipulators based on
acceleration controller,” in Proc. of the IEEE Int.
Conf, On Robotics and Automation, Sacramento,
California, 1991.

[S] E. Liceaga—C, H. Qiao, and J. Liceaga—Castro,
“Modelling and control of a marine robot arm,” In
Proc. of the 30th Conf. on Decision and Control,
pp. 704-705, Brington, England, December,
1991,

[10]W. M. Timothy and M. R. Stephen, “Development
and experimental validation of an underwater



Journal of Control, Automation and System Engineering, Vol. 6, No. 7, July, 2000 585

manipulator hydrodynamic model,” The Interna—
tional Journal of Robotics Research, vol. 17, no.
7, pp. 748-756, July, 1998,

[11]J. Yan and S. E. Salcudean, “Teleoperation
controller design using H_ optimization with
application to motion—scaling,” /EEE Trans. on
Control Systems Technology, vol. 4, no. 3, pp.
244258, May, 1996.

[12]Y. Yokokohji and T. Yoshikawa, “Bilateral con—
trol of master—slave manipulators for ideal
kinesthetic coupling—formulation and experi—

LRI -

19729 94 1844, 1995 sl
sta JIAFER(FRAD. 19979
KAIST 7|AF&3 (3844 1997
WA ~8A KAIST 714 3& 3 etabz
A AT F. @iFoleE 473Z2FA

29} bg Ao], AR o] o|&. Haptic Interface %

of & &

1960d 64 1724 1983d siet
e 71 AF & (FEAD. 1985
=7 led AT H(FEY
Ab. 19989 #5874 7AT
= &7(Ph.D.). 19859 3HU%E A
7t FFHFATL Qe g eEa dYddrdes
A2 5. ddRoks £FRE (ROV, AUV Y Ao)7]
N, DSPE ©]8% 3 237 AFA, &elo|g
EE A, 3 Y dxnEF 7% BN A28,

ment,” IEEE Trans. on Robotics and Automa—
tion, vol. 10, no. 5, pp. 605—620, October, 1994,

[13]R. I. Anderson and M. W. Spong, “Bilateral
control of teleperators with time—delay,” /EEE
Trans. on Automatic Control, vol, 34, pp. 494—
501, May, 1989.

[14]1D. A. Lawrence, “Designing teleoperator archi—
tectures for transparency,” In Proc. of the [EEE
Int, Conf. On Robotics and Automation, pp.
1406—1411, Nice, France, 1992.

AEF

1980¢ M2distm 7|Algea 9.
19829 #=H4sried 71AFET
AL 1991 Georgia Institute of
Technology 717458} g4} 19914
~199593 Qak Ridge National
Laboratory research staff. 19953 ~dA #=381714¢
ZIAEE T 29 AdFoks 97 24 2RAAH Hu—
man—robot haptic interface, &4 T8 A0 5.

&4 A

19543 129 1994, 1977d A
g Izt gy (FE
AD. 19799 Agdign I
ZAF ST (FHHAD. 19884
University of Michigan 7|A|Z&
F(Ph.D.). 1979¢ ~ A FF kAL Mutaorget
L YA d BARks FFEEY A" A,
ETA 2 w88 &Y, g N L A o]
3 s ES] 5.




