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ARTICLE INFORMATION ABSTRACT

In this article, the linear quadratic regulator method (LQR) for voltage control of a linear time-varying
model of a robot is used to design an online adaptive optimal stable controller to trace the robot arm
path. Normally, offline solving of Riccati differential equations in backward with final conditions for
linear time-varying system or converting the Riccati differential equation to an algebraic one in linear
time-invariant system is inevitable in LQR. However, in this paper, the differential Riccati equations are
considered as the adaptation laws along with a voltage control strategy to be solved online in forward
method with initial conditions. Choosing a proper Lyapunov function guarantees the asymptotic
stability of the tracking. Furthermore, parametric model uncertainties such as mass parameter variation
and external disturbances which affect the dynamics of the model are also taken into account.
Simulation results show the energy used by dc motors of the voltage optimal control strategy is less than
that of the torque control strategy and as good as the classical PID one. The superior performance of the
voltage optimal control over torque control strategy is also shown in presence of disturbance.
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Fig. 6 Comparison of the tracking performance of the applied voltage and torque strategies to robot motors (a) Trajectory tracking of the link 1,

(b) Trajectory tracking of the link 2, (c) Trajectory tracking of the link 3

w593l e 213, (@) 199 G932 (9) S 53l s o () By sloygige 552 5 5y 1 (e (SlooaisS J5S s 0 Shas duylia 6 JSCb

40 40 40
—Voltage-based Optimal Control — Voltage-based Optimal Control : —Voltage-based Optimal Control

30 = Torque-based Optimal Control [7] | 30¢ == Torque-based Optimal Control [7] | 30 - Torque-based Optimal Control [7] |
= 20 1 = 20f {1 =20
E E s
- 10 < 107 =
3 o~~~ 2 2
= = £
S -10 5 5
z s z
& -20 8§ -20f 8 -20

-30 -30+ -30

& L L s ' -40 L L L & L L L L

- 2 4 6 8 10 0 2 6 8 10 40O 2 4 6 8 10

Time [ sec ] Time [ sec ] Time [ sec ]
@ ) ()

Fig. 7 Comparison of the applied voltage to produce the control signal to track the reference path by the voltage and torque strategy to robot motors
(a) The optimal control voltage of the link 1, (b) The optimal control voltage of the link 2, (c) The optimal control voltage of the link 3
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Fig. 9 Comparison of the tracking performance of the applied voltage and torque strategy to robot motors in the presence of disturbance
d; (a) Trajectory tracking of the link 1, (b) Trajectory tracking of the link 2, (c) Trajectory tracking of the link 3
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Fig. 10 Comparison of the generated voltage signal to track the reference path by the applied voltage and torque strategy to robot motors
in the presence of disturbance d; (a) The voltage of the link 1, (b) The voltage of the link 2, (c) The voltage of the link 3
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Fig. 11 Comparison of norm 2 characteristic of the generated
voltage of the control signal (J|u]|,) by the applied voltage and
torque strategy to robot motors in the presence of disturbance d;
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Fig. 12 Comparison of the tracking performance of the applied voltage and torque strategy to robot motors in the presence of
disturbance d,, (a) Trajectory tracking of the link 1, (b) Trajectory tracking of the link 2, (c) Trajectory tracking of the link 3
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Fig. 13 Comparison of the generated control signal to track the reference path by the applied voltage and torque stratergy to robot
motors in the presence of disturbance d,, (a) The voltage of the link 1, (b) The voltage of the link 2, (c) The voltage of the link 3
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Fig. 14 Comparison of the norm 2 characteristic of the generated
voltage of the control signal (||u||,) by the applied voltage and
torque strategy to robot motors in the presence of disturbance d,,
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Fig. 15 Comparison of tracking performance of the applied voltage and torque strategy to robot motors in the presence of uncertainty in
the system model parameter (a) Trajectory tracking of the link 1, (b) Trajectory tracking of the link 2, (c) Trajectory tracking of the link 3
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Fig. 16 Comparison of the generated voltage of the control signal to track the reference path by the applied voltage and torque strategy
to robot motors in the presence of uncertainty in the system model parameter (a) The voltage of the link 1, (b) The voltage of the link 2,
(c) The voltage of the link 3
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Fig. 17 Comparison of the norm 2 characteristic of the
generated voltage of the control signal (||u||,) by the applied
voltage and torque strategy to robot motors in the presence of
uncertainty in the system model parameter
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