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Contribution of the dissertation 

 

The main contribution of this dissertation is a complex solution for the robust 

control of dynamically demanding multidimensional problem (vector oriented control of 

induction motor) using the state variables aggregation method. 

The complexity of the work includes 

- a detailed description of the mathematical ground of state variables aggregation 

method 

- evaluation of the proposed algorithms 

- design of vector oriented control of induction motor including verification by 

simulation using two types of mathematical models of the induction motor 

- analysis of the robustness of the proposed algorithms 

- modification of proposed algorithms eliminating windup effect 

- design and implementation of the experiment for practical verification of the 

proposed robust control algorithms on a physical model. 

Although the state variables aggregation method allows easy design of a robust and 

non-robust control, it is not widely used, especially in applications similar to the vector 

oriented control of induction motor. Hence, this dissertation could be a guide defining a 

new direction in the development and implementation of modern and advanced 

applications of robust control in practice, using the state variables aggregation method. 
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Conclusion 

 

The dissertation deals with design of robust control algorithms operated in sliding 

mode control for multidimensional systems using non-linear control synthesis called the 

state variables aggregation method. In order to verify proposed algorithms, the induction 

motor operated in the vector oriented control mode as a controlled nonlinear dynamical 

system was chosen. 

Introduction of the work provides an overview of the current state, where the basic 

approach of robust control is summarized. Based on that, the design robust control 

algorithms operated in sliding modes using the state variables aggregation method, was 

chosen as the main research direction. Also, the current state of development of method 

including the analysis of robustness of algorithms designed using this approach, was 

presented. 

The dissertation continues by providing elaborated analysis of selected controlled 

subsystem, i.e. induction motor. This chapter also describes transformation of coordinated 

systems used with induction motors as well. These transformations are necessary for the 

modern control approach. 

During the research experimental machine including technical resources necessary 

for the recording of stator currents and voltages of free acceleration test, was compiled. 

The offline identification of rotor speed and position of space vector of the rotor magnetic 

flux was carried out on experimental machine, also including the identification of 

parameters of originally proposed induction motor using the Extended Kalman Filter. For 

the verification purposes the experimentally obtained results were compared with 

analytical assessment of the magnetic flux using the voltage model of induction motor. 

Identification of parameters was carried out in MATLAB – Simulink environment. 

In next chapter the control synthesis procedure by the state variable aggregation 

method in the general vector form was performed. For the chosen example (feedback 

speed control of a DC motor) four modifications of robust control algorithms operated in 

sliding mode control were designed. Based on the simulations results the decision on the 

priority of use of modifications with continuous approximation of sign function was taken. 

The main reason was to achieve greater flexibility and possibility of easy approximation 

of other proposed control algorithms by resizing of small positive constant. 
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The crucial part of the dissertation was the design of robust control algorithms 

operating in sliding mode for vector oriented control of induction motor. At the beginning 

of this chapter a brief summary of the control methods of induction motors is presented. 

For realization of this advanced control method the multi-dimensional structure of a 

closed loop control systém have been proposed. Control algorithms were designed using 

the state variables aggregation method, which minimizes a quadratic objective functional. 

The proposed algorithms were verified by computer simulation in MATLAB - Simulink. 

An essential part of the control synthesis of induction motors was the design of the 

algorithm eliminating the windup effect resulting from the saturation of the actuators. 

The most important part of the dissertation is the experimental section. This can be 

intuitively divided into three sub-parts. The first one deals with the very substantial 

modification in the experiment, which was the change of the entire experimental machine, 

from the reason of need of fundamental reduction of the power of the induction motor. 

Subsequently new simulations with a voltage-controlled model of induction motor have 

been performed. The new parameters of induction motor were obtained by analytical 

computation. 

The second experimental part describes the technical realization of the experiment, 

including a elaborated description of technical resources used for the verification of the 

designed robust control algorithms in real time on a physical model. Description of 

technical resources contains the design of voltage inverter, the choice of voltage and 

current sensors, circuits customization and detailed description of the experimental 

machine. As a control computer the development package from National Instruments 

LabVIEW RIO Evaluation kit sbRIO-9636 containing the development and application 

software LabVIEW, including FPGA and RealTime modules was chosen. 

The third and final part describes the setup of experiment parameters and necessarily 

received modifications and simplifications, and especially obtained results. By evaluation 

of experimental results the robustness of the proposed control algorithms, which is evident 

from the almost complete elimination of the influence of disturbances, while keeping 

variables at required values, was confirmed. Based on these results, the experimental 

verification of robust control algorithms proposed using the state variables aggregation 

method can be considered as a successful. 


