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Non-Model-Based Control Law for a Wheeled Robot Towing a
Trailer

Ali Keymasi, Seyed Ali Akbar Moosavian

Abstract: Tractor-trailer wheeled robot (TTWR) is a modular robotic system that consists of a
tractor module towing a trailer. Trajectory tracking is one of the challenging problems focused in
the context of wheeled mobile robots (WMRs) that has been discussed in this paper. First, kinematic
equations of TTWR are obtained. Then, reference trajectories for tracking problem are produced.
Subsequently, a non-model-based control based on Modified Transpose Jacobian (MTJ) method is
designed for the TTWR. The proposed controller steer the TTWR asymptotically follow reference
trajectories. Finally, experimental results for implementation of the designed controller on an
experimental setup in comparison with model-based algorithm are presented. Obtained results show
the effectiveness of the proposed controller.

Keywords: Wheeled mobile robot, Nonholonomic systems, Trajectory Tracking, Modified
Transpose Jacobian.
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Stabilization of Switched Homogeneous Systems using Common
Lyapunov Function

Khatereh Sokhanvar Mahani, Ali Karimpour, Naser Pariz

Abstract: In this paper, a new method is introduced to study the stabilization and design of
stabilizing switching law for switched homogeneous systems as a class of switched nonlinear
systems. The considered switched system has a number of homogeneous subsystems with desired
degree and similar dilation coefficients. In this method, there is not any limitation about system
dimension, homogeneous degree and dilation coefficients. The proposed method is based on
existence of homogeneous common Lyapunov function for subsystems and using that, the
stabilizing switching law is specified. In this method, a combined system of subsystems is
introduced and in a theorem it is shown that the stability of combined system results in the stability
of switched system with defined switching law. Thus the Lyapunov function of combined system is
introduced as common Lyapunov function for switched system.

Keywords: stability, common Lyapunov function, switched nonlinear system, homogeneous
system, stabilizing switching law.
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Identification of Sensor Runout in Active Magnetic Bearing System
Seyed Mahdi Darbandi, Mehdi Behzad, Hamid Mehdigholi, Hassan Salarieh

Abstract: The identification of sensor runout in non-contact proximity sensors of an active
magnetic bearing test rig is presented in this paper. First, the dynamic equations of the magnetic
bearing together with the power amplifiers are derived and parameters of the experimental test rig
are identified. Then, to stabilize the system, the LQR controller and a proportional observer are
utilized. Experimental results show that the conventional proportional observer amplifies the sensor
runout and deviates the system from origin. Therefore, a proportional integral observer is used to
identify the sensor runout and implemented on the laboratory model of the active magnetic bearing.
The experimental results show that the proportional integral observer can effectively identify the
sensor runout and eliminate its effect on the system response.

Keywords: Sensor runout, Proportional integral observer, Magnetic Bearing.
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Modeling of the Electric Arc Furnaces using Chaos Theory and Control
of Power Quality Parameters

Mohammad Ataei, Hajar Ghotb, Ghazanfar Shahgholian, Arash Kiyoumarsi

Abstract: : Chaos-Based modeling of Electric Arc Furnaces (EAF)in order to control the power
quality parameters is the purpose of this paper. Electric arc furnaces represent one of the major
sources of perturbations for the feeding system. For modeling the electric arc furnace, at first, the
arc is modeling using current-voltage characteristic of time-domain, then the random characteristic
has been taken into account by modulating the arc voltage by a chaotic attractor. This paper deals
with the problem of the arc modeling using three well-known chaotic attractors (Rossler, Chua, and
Lorenz) attractors. A new tuning procedure is carried out to determine the most adequate
parameters of the attractors to model the arc furnace by imperialist competitive algorithm (ICA).
Finally two methods (time delay feedback controller (TDFC), adaptive controller) for controlling
electrode in electric arc furnaces are proposed. Then, the power quality indices before and after
applying controller are compared to show the effectiveness of the proposed idea.

Keywords: Electric Arc Furnaces, Chaos Theory, Voltage Flicker, Harmonics, Control of Chaos

¥ Imperialist Competitive Algorithm (ICA)
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Multi-Objective Optimization of 6-Degree-of-Freedom Cable-
Driven Parallel Robot Using Kinematic Indices

Seyed Ahmad Khalilpour, Hamidreza Taghirad, Mahdi Tale Masouleh,
Mahdi Aliyari Shoorehdeli

Abstract: This paper investigates the multi objective optimization of 6-degree of freedom cable-driven parallel
robots by using the evolutionary optimization algorithm. In this regard, the determination of cable-driven parallel
robots workspace is reviewed as the most important challenge in the design of space cable-driven parallel robots
and among various definitions, controllable workspace is selected as a general definition of the cable-driven
parallel robots workspace, in which the robot cables remain in tension for any applied forces and wrenches to the
end-effector. In order to evaluate the dexterity of the under study robot, the condition number index is used as an
effective criterion to measure the distance from singularity. Moreover, the worst kinematic sensitivity is
introduced as a presentable accuracy index. Furthermore, by taking the advantages of multi-objective optimization
methods such as the non-sorting genetic algorithm, the optimal pareto front for the design parameters of the robot
is obtained such that simultaneously, all of the robot design’s objectives are satisfied.

Keywords: Planar cable robot, Multi-objective optimization, Kinematic sensitivity, Condition number,
Controllable workspace.
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Function:R= Compute Radius of Sphere(.)
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while ¢
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Break
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Synchronization of Two Lur’e Differential Inclusions with Sector
Input Nonlinearity and Unknown Parameters

Ali Abooee, Mohammad Haeri

Abstract: This paper deals with the synchronization of two Lur’e differential inclusions
containing sector nonlinearity. Lyapunov stability theorem is employed to design the control inputs.
The controllers are designed considering three important practical features in physical systems.
First, differential equation part of the Lur’e differential inclusion is assumed to be convex. Second,
it is presumed that parameters of the Lur’e differential inclusion are not completely known. Third,
sector nonlinearities are considered on control inputs applied to the Lur’e differential inclusions. To
assess performance and effectiveness of the proposed controllers a numerical example and a rotor
dynamic system are simulated.

Keywords: Lur'e differential inclusion, Sector nonlinearity, Master and slave Lur'e systems,
Synchronization.
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