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ABSTRACT 
Objective: As wind power is not always constant and is continuously fluctuating, it cannot be directly interfaced with the grid. The 

wind energy system requires a power electronic AC/AC converter to be interfaced with the grid. In this paper a matrix converter is 

used for interfacing a Doubly Fed Induction Generator (DFIG) based wind energy conversion system (WECS) with the grid. 

Method: The matrix converter switching with venturini and optimum venturini algorithm is discussed in this paper. These two 

algorithms are preferred because of their computational simplicity. The switching frequency and the modulation frequency of the 

modulating signal is varied in order to vary the duty cycle which in turn varies the output voltage of the matrix converter. The 

simulation and analysis of both the techniques are carried out using MATLAB/SIMULINK and appropriate waveforms are 

obtained. Findings: It is observed that when venturini algorithm is used for switching the total harmonic distortions of the output 

voltage of matrix converter is more and the voltage transfer ratio is less than 0.5. When optimum venturini algorithm is used the 

voltage transfer ratio is improved from 0.5-0.866 and the total harmonic distortions are reduced. Conclusion: As the total 

harmonic distortions must be less for a system for better performance it is concluded that optimum venturini algorithm is more 

appropriate for a matrix converter fed grid from DFIG based wind energy conversion system. 
 

KEYWORDS: Venturini algorithm, Optimum venturini algorithm, DFIG, transfer ratio, WECS, THD, Space Vector modulation. 
 

INTRODUCTION 
 

A matrix converter consists of nine bidirectional switches which are controlled and are force commutated 
properly in order to provide quality output waveforms. The switches of the matrix converter are arranged in the 
form of a matrix so that any input can be connected to the output phase at any instant of time[1]. The matrix 
converters has the following advantages such as generation of the output voltage with the desired amplitude and 
frequency, possibility of bidirectional power flow, controllable input power factor, absence of DC link energy 
storage which removes the usage of bulky capacitor, by controlling the switches both the output voltage and 
input current can be sinusoidal, displacement factor can be considerably reduced by appropriate modulation 
technique. 
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Fig. 1: Block diagram. 
 
Modulation Strategy: 

The control of the switches of the matrix converter can be achieved by certain modulation strategies. The 
modulation strategy proposed by Alesina and Venturini in the year 1976 is known as Venturini method[2]. This 
method is also known as direct transfer function strategy. In this the driving signals for the switches are 
calculated to obtain the variable frequency and variable amplitude sine output from the fixed frequency fixed 
amplitude sine input.  

In this paper matrix converter is modeled and controlled by both Venturini and optimum Venturini 
modulation algorithm. These algorithms have computational simplicity and unity displacement factor and can be 
easily implemented in closed loop system[3]. The matrix converter switching functions are modeled using the 
equations with the help of adders and comparators or coding as an m-file in MATLAB tool box. The input to the 
matrix converter is given from the WECS and the output of the matrix converter is connected to the grid[4]. The 
figure 1 shows the block diagram of the matrix converter fed grid from DFIG based wind energy conversion 
system where the switching functions are designed using venturini and optimum venturini modulation 
algorithms. 
 
Matrix Converter Control Algorithm and Constraints: 

The output control of the matrix converter is done by modulating the duty cycles of the semiconductor 
switches in order to obtain near sinusoidal currents in load and thereby improve the power factor[3]. The 
algorithm of Venturini provides unity displacement factor in the input and the constraints for implementation are 
given as follows.    

 
 
Fig. 2: Matrix converter circuit 

 
The schematic of a three phase matrix converter is shown in the Figure 2. The system has three input phase 

voltages VA,VB,VC. The output voltages of the matrix converter are Va,Vb,Vc. The converter has the entities 
SAa,SBa,…SCc which represents the nine bidirectional switches. These switches have the capability of 
blocking and conduction of voltages in both the directions and switching the converter without any delay. These 
switches are assumed to be ideal switches for computation simplicity. 

The matrix converter inputs have constant amplitude and frequency fin=ωin/2π. The output terminals are 
connected to the input terminals through switches with some predefined switching angle. Thus by varying the 
switching angle and by modulating the duty cycles of the switches the output voltage with variable amplitude 
and frequency is obtained[5]. In the case of matrix converter the duty cycle is calculated usually using two 
algorithms, Venturini algorithm and space vector modulation strategy. Space Vector Modulation (SVM) is also 
called as indirect transfer function approach. In the case of space vector modulation switching times of the 
desired input phase currents and the output phase voltages are calculated and these switching times are 
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converted to switching angles for converter switches[6]. The application of SVM to the matrix converter is 
conceptually the same but it involves complex calculations particularly in closed loop operations. Venturini and 
optimum Venturini on the other hand has the major advantage of computational simplicity in closed loop 
operations. In the case of matrix converter with Venturini algorithm, the voltage transfer ratio is limited to 0.5. 
Hence in order to improve the voltage transfer ratio optimum Venturini algorithm is realized. In this paper the 
switching functions of the matrix converter for both the algorithms are realized using mathematical equations. 
The equations relating the input and output are given below. 

Let us assume a three phase matrix converter, the input voltages to the matrix converter is given by  

[V in]=    
��� cos ��	


��� cos���	
 + 120�
��� cos���	
 + 240�

           (1) 

 
 
The desired output voltage can be obtained for the above set of input voltages as 

[V out]=    
���� cos ��	


���� cos���	
 + 120�
���� cos���	
 + 240�

           (2) 

 
Where=voltage transfer ratio. It is inferred from the equation 2 that the input and output voltages have 

different frequencies, voltage amplitudes and phase angles. Thus the relationship between input and output is 
given by 
 
[V out(t)]=[S(t)]*[Vin(t)]             (3) 

 
S(t) determines the relationship between input and output. It forms the basis to find the solution to the 

modulation problem defined above. The switches are represented using the following matrix 
The modulation duty cycle for a matrix converter when the voltage transfer ratio q=0.5 is obtained using the 

Venturing algorithm as 
 
Mkj=tkj/Ts=1/3((1+2VkV j)/Vim2)            (4) 

 
For k=[A,B,C];j=[a,b,c] 
 
When the voltage transfer gain q is greater than 0.5 and less than 0.866 the modulation duty cycle is 

 
Mkj=1/3[1+((2VkV j)/ Vim2)+4q/3√3*sin(ωint+Ѳ)*sin(3ωint)].          (5) 

 
For k= [A, B, C]; j= [a, b, c] 
The voltage ratio of 0.866 can be obtained by adding the common mode voltages to the target output 

voltages.  
 
Modeling of Switching Circuit for Venturini Algorithm: 

The transfer ratio (q), frequency input (f1), required frequency output (f0), input voltage (Vin) are the inputs 
required for the converter. The duty cycle calculations are computed either using m-file of mat lab or by the 
usage of comparators, adders from mat lab tool box. 

SAa=1/3(1+2qcos(ωmt+Ѳ) 
SBa=1/3(1+2qcos (ωmt+Ѳ-120˚) 
SCa=1/3(1+2qcos (ωmt+Ѳ+120˚) 
The power circuit output voltage equations of circuit is given by 
Va (t) =SAaVA(t)+ SBaVB(t)+ SCaVC(t) 
Vb(t)=SAbVA(t)+ SBbVB(t)+ SCbVC(t) 
Vc(t)=SAcVA(t)+ SBcVB(t)+ SCcVC(t) 

 
Optimum Venturini Algorithm: 

In order to improve the voltage transfer  ratio the common mode voltage components are added to the target 
output voltage in the case of optimum Venturini algorithm[7] The common-mode voltages have no effect on the 
output line-to-line voltages, but allow the target outputs to fit within the input voltage envelope with a value of 
up to 87%. It should be noted that a voltage ratio of 87%is the intrinsic maximum for any modulation method 
where the target output voltage equals the mean output voltage during each switching sequence. The addition of 
common mode components to target output voltages is done by injecting third harmonics of the input and output 
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frequencies into the output waveform. The injection of third harmonic does not affect the operation of load since 
there is no neutral connection between the supply and load[8]. The optimum Venturini algorithm realization is 
shown in Figure 3.  
 

 
 
Fig. 3: Addition of common mode voltages. 

 
The output of the matrix converter is given b 

 

[V out(t)]=   

cos���
� − 1
6� cos�3��
� + 1

2√3� cos �3��	
�

cos���
 + 120� − 1
6� cos�3��
� + 1

2√3� cos �3��	
�

cos���
 + 240� − 1
6� cos�3��
� + 1

2√3� cos �3��	
�

       (6) 

 
The switching pulses are obtained using a comparator and comparing a saw tooth waveform with the 

modulating waveform. The frequency of the output waveform depends on the frequency of the modulating 
waveform. Usually a DFIG based system provides satisfactory results with variable speed[9]. The pulses 
generation for the voltage transfer ratio less than or equal to o.5 is shown in Figure 4. 

 

 
 
Fig. 4: Pulse generation for Venturini method 

 
The switching pulse generation for voltage ratio higher than 0.5 is shown in Figure5. 
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Fig. 5: Pulse Generation for optimum Venturini method 
 
Simulation of the Matrix Converter Fed Grid From a DFIG Based WECS: 

 

 
Fig. 6: Simulink diagram.  
 
Simulink Results: 

The simulink diagram of the matrix converter fed grid from DFIG based wind energy conversion system 
using venturini and optimum venturini algorithm is shown in figure 6. The simulation results for the matrix 
converter fed grid from DFIG based wind energy conversion system using venturini and optimum venturini 
algorithm are shown below. The switches are assumed to be ideal and the outputs are obtained. The results show 
the solutions of a direct matrix converter for an output frequency of 100 Hz and a switching frequency of 5 
KHz. Harmonic spectrum of the waveforms are also obtained for both the techniques and compared. The 
harmonic analysis was carried out using Fast Fourier Transform. Here the input voltage and input current to the 
matrix converter from the DFIG based wind energy system are represented by figure 7 and figure 8  
respectively. 
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Fig. 7: Matrix converter input voltage    
 

 
Fig. 8: Matrix converter input current 

 
The output voltage and current of the matrix converter with venturini algorithm as the modulation technique 

are represented with the figures 9 and figure 10 respectively. The harmonic analysis for the matrix converter 
with venturini algorithm using Fast Fourier Transform is represented using the figure 11. 

 

 
 
Fig. 9: Output voltage of Matrix Converter - Venturini algorithm for fm =100Hz 
 

 
Fig. 10: Output current of Matrix Converter - Venturini algorithm for fm =100Hz 



181              D. Rajalakshmi, et al., 2015/ Advances in Natural and Applied Sciences. 9(17) Special 2015, Pages: 175-182 

 

 
 
Fig. 11: FFT analysis of output voltage of Matrix Converter - Venturini algorithm for  fm=100Hz  

 
The output voltage and current of the matrix converter with optimum venturini algorithm as the modulation 

technique are represented with the figures 12 and figure 13 respectively. The harmonic analysis for the matrix 
converter with optimum venturini algorithm using Fast Fourier Transform is represented using the figure 14. 

 

 
 
Fig. 12: Output voltage of Matrix Converter  - optimum Venturini modulation algorithm for fm=100Hz 

 

 
 
Fig. 13: Output current of MC - optimum Venturini modulation algorithm for fm=100Hz 

 

 
Fig. 14: FFT analysis of output voltage of Matrix Converter by optimum Venturini algorithm for fm =100Hz 
 
Comparison of Venturini and Optimum Venturini Modulation Algorithms: 
 
Table 1: 

S. 
NO 

ALGORITHM INPUT VOLTAGE 
IN RMS  

OUTPUT VOLTAGE  
IN RMS 

THD 
IN % 

TRANSFER RATIO 

1 VENTURINI 125.3V 61.2V 84.18 0.48 
2 OPTIMUM VENTURINI 319.8V 239.6V 8.89 0.74 

 
The simulation results of the matrix converter fed grid from DFIG based wind energy system with venturini 

and optimum venturini algorithm are tabulated using table 1. The parameters such as total harmonic distortion 
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and voltage transfer ratio are compared. From the above results it is inferred that optimum Venturini algorithm 
has better performance in terms of voltage transfer ratio and reduced total harmonic distortion. 
 
Discussion of Results: 

The model of the three phase matrix converter is developed using venturini and optimum venturini 
modulation algorithm in MATLAB/SIMULINK. The duty cycles of the switches for venturini and optimum 
venturini algorithms are calculated using the equations 5 and 6. The simulation study is performed with the 
input parameters given above and the results are tabulated. From the above results it is clear that the optimum 
venturini algorithm reduces the harmonics present in the output of the system when compared to venturini 
algorithm. Harmonic levels are high in the fundamental frequency and are reduced as the frequency increases. It 
is also inferred from the above experiments that the voltage transfer ratio is also improved in the case of 
optimum venturini algorithm when it is compared with venturini algorithm. 
 
Conclusion: 

This paper reviews and compares the harmonics generated in matrix converter fed grid from DFIG based 
wind energy conversion system using venturini and optimum venturini modulation algorithm. These algorithms 
are preferred because of its computational simplicity. It is concluded from the results that the harmonics 
distortions of the output voltage are reduced in the case of optimum venturini modulation algorithm compared to 
the venturini algorithm and the voltage transfer ratio of the system is also improved when optimum venturini 
modulation algorithm is used for switching the converter. 
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