
'"

N (>") [5] Jayasuriya, S., and Tomizuka, M., 1992, "Generalized Feedforward Control-
K (>") = K I lers, Perfect Tracking and Zero Phase Error," JapanlUSA Symp. on Flexible

I I +0.7548>" Automation, I, pp. 511-514.

[6] Tomizuka, M., 1993, "On the Design of Digital Tracking Controllers," ASME
; NKI(>") = l2.82z4-15.57z3-4.59Iz2+ 301.0z -27.68- 64.54>" J. Dyn. Syst., Meas., Control, lIS, pp. 412-418.

[7] Tsao, T.-C., 1994, "Optimal Feed-Forward Digital Tracking Controller De-
I -4,726>" 2+ 18.18>" 3+ 1.468>" 4- 6.142>" 5 -1.791>" 6 sign," ASME J. Dyn. Syst., Meas., Control, 116, pp. 583-692.

, [8] Xin, X., Guo, L., and Feng, C., 1996, "Reduced-Order Controllers for Con-

i + 12.03>" 700-6,343>" 8 tinuous ~d Discrete-Time Singular 1t~ Control Problems Based on LMI,"

Automatica, 32, pp. 1581-1585.
The simulation results (Fig. 4) show that, for the nominal plant, [9] Oh~ama, Y., She, J.-H., and Wal.8na~, K,;' 1999, "A Prototype Internet Ex-

the tracking error is very low when the reference is input, and the penment Syst~m for Control Englneenng, IEEE Int. Coni on Systems, Man,.ed I d . th .. d I and Cybernetics, I, pp. 894-898.
appll vo tage unng e transient response 1S mo erate y re- [10] Sivashankar, N., and Khargonekar, P. P., 1993, "Robust Stability and Perfor-

stricted. For the heaviest inertial load, the system still remains mance Analysis of Sampled-Data Systems," IEEE Trans. Autom. Control, 38,

stable and its output tracks the reference input without steady- pp. 58-69.

state error [II] G8hinet, P., and Apkarian, P., 1994, "A Linear Matrix Inequality Approach to

1t~ Control," Int. J. Robust Non]inear Control, 4, pp. 421-448.
Theexpenmental system is shown In Fig. 5. FIgure 6 shows the

results for the heaviest load. Just as for the simulation results, the

control system is stable even when the load is changed; and dur-

ing the transient response, the tracking error is very low. On the ...

other hand, since the experimental system was originally designed A Comment on StabIlity of Telerobotlc

for student practice, the precision is not very high (optical ~n- Manipulations

coder: 16 cycles per turn; gear box: 64:8:1). The voltage applied

to the motor reached saturation (:t5 V), and the influence of the

dead zone was marked. For these reasons, the response was not as H. Kazerooni

good as the simulations; but the features of the design method, U .. f C 1.& .
t B k I 5125 Et hDIversIty a a IJomia a er e ey, c everry

Hall, Berkeley, CA 94720

namely, the robust stability resulting from the sampled-data ?too e-mail: kazerooni@me.berkeley.edu

control and the quick response due to the preview, were demon-

strated by the experimental results.

.Appendix A in [1] describes a condition for stability of a tel-6 Conclusions erobotic system using the multi variable Nyquist criteria derived in

This paper describes a design method for digital tracking con- [2]. In order to guarantee the stability of the closed loop system,

trol systems for a continuous plant with structured uncertainties. A Eq. (AI) in Appendix A of Ref. [1] must be guaranteed as written

illF tracking control system configuration is employed. Regard- below:

ing the feedback controller, in order to robustly stabilize a plant 1

with structured uncertainties, the design problem is first fonnu- det(I+RQ+eRGH)*O VC1)e[O,~] and Vee[O, ] 1

Iated as a sampled-data ?too control problem, and then transfonned ( )

into an equivalent discrete-time ?too control problem. A reduced- The condition Ve e [0, I] is missing in Appendix A of Ref. [1]

order output feedback controller with an order less than that of the and is added here. This condition states that as det(I + RQ) is con-

plant has been designed. The feedforward controller is param- tinuously defonned to become det(I+RQ+eRGH), the magnitude

etrized based on the feedback controller, with the free parameter of det(I+RQ+eRGH) should not pass through the origin of the

being chosen to achieve the desired transient response using a s-plane for all frequencies. This condition alternatively indicates

preview strategy. The design method was applied to the control of that the complete area of the frequency plot does not include the

an arm robot, and the results of both simulations and experiments origin of the s-plane. Obviously condition Ve e [0,1] should be

demonstrate that the integration of a illF control system configu- incorporated into all equations derived after Eq. (AI) including

ration, sampled-data ?too control, and preview control is a power- Eqs. (27) and (28). The author thanks Dr. Wen-Hong Zhu of the

ful tool for the control of mechatronic systems. Canadian Space Agency who noticed this missing condition.
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