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 This paper suggested a new contribution of three phase AC to AC matrix 

converter MC via fuzzy logic controller FLC to enhance the whole system. 

However, the weakness of matrix converter is that the input- output voltage 

transfer is control to 87% for input and output waveform. Also, matrix 

converter is more sensitive to the trouble of input voltage which deteriorates 

the system performance. To overcome these problems, and to improve the 

efficiency of system, FLC with matrix converter is proposed to minimize the 

sensitivity to the load, and to increase voltage transfer. In this paper the 

currents a,b,c are converted  to alpha and beta current via Clarke 

transformation . In this method two FLC are used.  The error (between alpha 

current and reference current) (e) and the change of this error (de) will apply 

to first FLC. The output of FLC is actual alpha current. In the other hand, the 

error of beta current and the change of error are also passes through the 

second FLC to produce the actual beta current. The actual alpha and beta 

current is converted to direct and quadrature d-q current by park 

transformation.  The d-q current is converted to (a, b, c) out currents by 

inverse park  transformation, the results of this method express that the 

matrix converter with FLC is more capable, high accuracy with better 

efficiency  as compared with conventional matrix converter system. 
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1. INTRODUCTION 

The three phase matrix converter is the most exciting associates of the power system that converted 

the AC to AC converter. MC presented in 1976 and   continuing to enhance after widespread high-frequency 

switching approach in 1980 [1-2]. Matrix converters have conventional significant devotion in the current 

years.  MC develops a good substitute and more better than the classical pulse width modulation [3-4]. 

Additionally, the MC permits a compacted design because of the absence of dc-link for storage of energy [5]. 

Many authors proposed methods to minimize the fluctuating of the input voltages distortion [7-10]. The 

control systems is applied to matrix converter to enhance the system and to diminution the current distortion 

based on space vector modulation [11-15]. In [16] proposed FLC with MC to decrease total harmonic 

distortion of current and voltage. 
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2. PROPOSED METHOD BASED ON FUZZY LOGIC CONTROLLER 

This proposed method is executed by using Simulink Matlab with Toolbox and Simpower system. 

In order to improve the system dynamic, two FLC are used. The types of membership are Gaussian 

membership function. In this method, the main reason for using FLC is the mathematical model of matrix 

converter is very complicated and the FLC no need mathematical model. Furthermore, the rules of FLC 

depend on human experts. In this proposed method the three phase currents a, b, c are converted to alpha (α) 

and beta ( β) current by Clarke transformation in order to mitigate the complexity of system. The Simulink of 

proposed FLC with whole system and Simulink of matrix converter MC are shown in figures 1, and 2 

respectively. 

 

 

 
 

Figure 1. The Simulink of proposed FLC with MC 

 

 

 
 

Figure 2. The Simulink of matrix converter 

 

 

The diagram of fuzzy logic control with its membership function is shown in figure 3. The 

Gaussians membership functions are used for inputs of FLC but the triangular membership function is used 

for output of FLC.  

 

 



Int J Appl Power Eng ISSN: 2252-8792  

 

Optimization of efficiency for power system using three phase AC to AC … (Hassan Farahan Rashag) 

131 

 
 

Figure 3. The scheme of FLC with its membership function 

 

 

3. SIMULATION RESULTS AND DISCUSSION 

In Figure 4, the output voltage of matrix converter MC based on FLC is 400V which is equal to 

input voltage. In contrast, the output voltage of  conventional MC is 200V which decrease the performance of 

system. The output current with conventional MC is distorted from peak to peak while the current with FLC 

is more smooth and free of distortion as shown in Figure 5. 

 

 

 
Figure 4. Output voltage comparison 

 

 

 
 

Figure 5. Comparison of output current 
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Figure 6 shows the voltage at the output of IGBT transistors of MC which is almost 400V and 

approximately has low distortion because of switching losses. In Figure 7, the output voltage at RLC load 

based on FLC is more sequence and smooth which is free of harmonics. 

 

 

 
 

Figure 6. Voltage at IGBT transistor 

 

 

 
 

Figure 7. Output voltage of RLC load based on proposed FLC 

 

 

4. CONCLUSION 

In this paper, to improve the power system techniques, it is important to investigation a new 

innovative solution. Here, this proposed method having three phase AC to AC matrix converter MC with 

FLC to improve system performance. In addition, the waveform of current and voltage are free of distortion 

which lead to decrease the harmonics through FLC as results the efficiency of system is optimized. The 

results of this new approach based on fuzzy control strategy with MC exhibits that the system is more robust 

and improved the efficiency by reducing the fluctuating of current and voltage waveform. 
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