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1. Mohammad Mehdi Fateh, Saeed Khorashadizadeh, < Optimal Control of
Electrically Driven Robots Using Particle Swarm Optimization”, Accepted in:
International Review of Electrical Engineering
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! Uncertainty

? Feedback linearization
3 Sliding mode control

* Back stepping design
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! Multi-input multi-output
2 Coupling
3 Computed torque
* Inverse dynamics
> Rigid
6 Passivity
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Inertia matrix
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! Adaptation law
2 .
Tracking error
* Prediction error
¢ Persistency of excitation
> Robust nonlinear control
6 .
Nominal model
7 Un-modeled dynamics
® External disturbance
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! Fuzzy Logic

% Indirect adaptive fuzzy control

? Direct adaptive fuzzy control

4 Supervisory control

> Adaptive fuzzy sliding mode controller
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! Overshoot
? Rise time
3 Settling time
4
Impedance control
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! Voltage control strategy
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! Electrically driven robot manipulators
2 s .
Stability analysis
3 Task-space
4., .
Joint-space
5 .
Jacobian
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Do
For each particle
Calculate fitness value
If the fitness value is better than the best fitness value (pbest) in history
set current value as the new pbest
End
Choose the particle with the best fitness value of all the particles as the gBest
For each particl
Update particle position
End

While maximum iterations or minimum error criteria is not attained
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Abstract This thesis is concerned with the robust nonlinear control of
electrically driven robot manipulators and presents a novel method based on
voltage control strategy to compensate the tracking error caused by
uncertainties including parametric uncertainty, external disturbances and un-
modeled dynamics. The voltage control strategy is superior than the
conventional torque control strategy since it is free of manipulator dynamics.
Consequently, the computational load of the controller is less in comparison
with the torque control strategy. The most important novelty of this thesis is
using the particle swarm optimization algorithm (PSO) to minimize the
tracking error in the joint-space. The stability of the system is guaranteed
through the Lyapanov direct method and the PSO is employed to enhance the
control system performance. The case study is a spherical robot manipulator
driven by permanent magnet dc motors. Simulation results illustrate the
capability of the PSO algorithm in reducing the tracking error. Moreover, the
comparison of the voltage control strategy and the torque control strategy
reveals the superiority of the voltage control strategy.

Keywords: robot manipulator, torque control strategy, voltage control strategy,
nonlinear robust control, particle swarm optimization.
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