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Abstract: In this paper, Fuzzy Logic controller is developed for ac/ac Matrix Converter.  Furthermore, 

Total Harmonic Distortion is reduced significantly. Space Vector Algorithm is a method to improve power 

quality of the converter output. But its quality is limited to 86.7%.We are introduced a Cross coupled DQ 

axis controller to improve power quality.  The Matrix Converter is an attractive topology for High voltage 

transformation ratio. A Matlab / Simulink simulation analysis of the Matrix Converter system is provided. 

The design and implementation of fuzzy controlled Matrix Converter is described. This AC-AC system is 

proposed as an effective replacement for the conventional AC-DC-AC system which employs a two-step 

power conversion. 
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1. INTRODUCTION 
Real development of matrix converters starts with the work of Venturini and Alesina published in 

1980. They presented the power circuit of the converter as a matrix of bi-directional power 

switches and they introduced the name “Matrix Converter.” One of their main contributions is the 

development of a rigorous mathematical analysis to describe the low-frequency behavior of the 

converter, introducing the “low frequency modulation matrix” concept. In their modulation 

method, also known as the direct transfer function approach, the output voltages are obtained by 

the multiplication of the modulation (also called transfer) matrix with the input voltages. A 

conceptually different control technique based on the “fictitious dc link” idea was introduced by 

Rodriguez in 1983.  

In this method the switching is arranged so that each output line is switched between the most 

positive and most negative input lines using a PWM technique, as conventionally used in 

standard voltage source inverters. This concept is also known as the “indirect transfer function” 

approach. In 1985/86, Ziogas et al published 2 papers which expanded on the fictitious dc link 

idea of Rodriguez and provided a rigorous mathematical explanation. In 1983 Braun and in 1985 

Kastner and Rodrigue introduced the use of space vectors in the analysis and control of matrix 

converters. In 1989, was published the first of a series of the papers in which principles of the 

Space Vector Modulation (SVM) were applied to the matrix converter with the modulation 
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problem. The modulation methods based on the Venturini approach, are known as “direct 

methods”, while those based on the fictitious dc link are known as “indirect methods” It was 

experimentally confirmed by Kastner and Rodriguez in 1985 and Neft and Schauder in 1992 that 

a matrix converter with only 9 switches can be effectively used in the vector control of an 

induction motor with high quality input and output currents. However, the simultaneous 

commutation of controlled bidirectional switches used in Matrix Converters is very difficult to 

achieve without generating over current or overvoltage spikes that can destroy the power 

semiconductors. This fact limited the practical implementation and negatively affected the 

interest in Matrix Converters. Fortunately, this major problem has been solved with the 

development of several multistep commutation strategies that allow safe operation of the 

switches. In 1989 Burany introduced the later named “semi-soft current commutation” technique. 

Other interesting commutation strategies were introduced by Ziegler et al and Clare and Wheeler 

in 1998. 

Total Harmonic Distortion (THD) is the most common power quality index to describe the 

quality of power electronic converter. In general, all the output voltage of power electronic 

converters is not purely sinusoidal. The THD of the output voltage can be defined as: 

THD=

1

22

4

2

3

2

2

V

VVVV n+−−−−−+++                                                  (1) 

Where n denotes the harmonic order and 1 is the fundamental quantity. For inverter application, 

THD represents how close the ac output waveform with pure sinusoidal waveform. A High 

quality matrix converter system should have low THD. Various study has been made on 

harmonic losses at electrical machine, it reveals that, presence of harmonic current in winding 

causes an increased copper loss [1]. The stator copper loss on a non sinusoidal supply is 

proportional to the square of the total rms current [2]. The core loss in the machine is increased 

by the presence of harmonics in the supply voltage and current. Magnitude of harmonic loss 

obviously depends upon the harmonic content of the motor voltage and current. Large harmonic 

voltage at low harmonic frequencies cause significantly increased machine loss and reduced 

efficiency [3]. The third harmonic injection scheme for the three phase diode rectifier for 

reducing the harmonic currents has drawn some promising results. A space vector based PWM 

strategy that closely approximates in the switching angles of the selective harmonic elimination 

PWM strategy [5]. While drawing sinusoidal input currents with unity power factor from the ac 

source, and having high power density and efficiency. In order to get pure sinusoidal wave either 

we have to design a filter or converter with different control techniques. Filter design for high 

rated machine includes weight and size of the total systems [6]. It affects the power processing 

capabilities. Matrix converter is a single stage converter and they need no energy storage 

components except small input ac filters for elimination of switching ripples [4]. However, a 

practical industrial application is still limited and the modulation method for the matrix converter 

is also understood to limited engineering people because of the high level of complexity and 

limited materials to explain its operating principle easily [7]. Meanwhile, the standard voltage 

source inverter (VSI) and its relevant space vector modulation (SVM) are well known to many 

engineering people due to the opposite reasons. Therefore, it would be a good approach to explain 

the operating principle of the matrix converter by adopting standard SVM concept. The first 

modulator was proposed by Venturini and he used a complicated scalar model that gave a 

maximum voltage transfer ratio of 0.5. An injection of a third harmonic of the input and output 

voltage was proposed in order to fit the reference output voltage in the input voltage system 

envelope, and the voltage transfer ratio reached the maximum value of 0.86. The objective of this 

research is to propose a PWM strategy to reduce THD, which is reported to R, RL and Motor 

load. The THD is investigated in the matrix converter fed ASD [9], [10]. Matrix converter 

controller is modified with the addition of a fuzzy controller and thereby a new fuzzy controller is 
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proposed together with Space Vector PWM strategy. These results are compared with various 

operating frequencies. 

 

2. MATRIX CONVERTER OPERATION 

 

The ac/ac converters are commonly classified into indirect converter which utilizes a dc link 

between the two ac systems and direct converter that provides direct conversion. Indirect 

converter consists of two converter stages and energy storage element, which convert input ac to 

dc and then reconverting dc back to output ac with variable amplitude and frequency. The 

operation of these converter stages is decoupled on an instantaneous basis by means of energy 

storage element and controlled independently, so long as the average energy flow is equal. 

Therefore, the instantaneous power flow does not have to equal the instantaneous power output. 

The difference between the instantaneous input and output power must be absorbed or delivered 

by an energy storage element within the converter. The energy storage element can be either a 

capacitor or an inductor. However, the energy storage element is not needed in direct converter. 

In General, direct converter can be identified as three distinct topological approaches. The first 

and simplest topology can be used to change the amplitude of an ac waveform. It is known as an 

ac controller and functions by simply chopping symmetric notches out of the input waveform. 

The second can be utilized if the output frequency is much lower than the input source frequency. 

This topology is called a Cycloconverter, and it approximates the desired output waveform by 

synthesizing it from pieces of the input waveform. The last is matrix converter and it is most 

versatile without any limits on the output frequency and amplitude. It replaces the multiple 

conversion stages and the intermediate energy storage element by a single power conversion 

stage, and uses a matrix of semiconductor bidirectional switches, with a switch connected 

between each input terminal to each output terminal as shown in Fig 1. With this general 

arrangement of switches, the power flow through the converter can reverse. Because of the 

absence of any energy storage element, the instantaneous power input must be equal to the power 

output, assuming idealized zero-loss switches. However, the reactive power input does not have 

to equal the reactive power output. It can be said again that the phase angle between the voltages 

and currents at the input can be controlled and does not have to be the same as at the output.  
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Fig. 1 Matrix converter with 3 phase AC load 

 

3. CONTROL PRINCIPLE 

 
A sinusoidal ac voltage source having an amplitude V1 and angular frequency w1 (2Πf1) is 

connected to the input terminal of matrix converter. This is applied sinusoidal voltage is 

converted into an output voltage with amplitude of V0 and angular frequency w0 (2Πf0), which is 

applied to the load. Upper limit of the range of variation of the output frequency lies at a point 

lower than the input frequency. 
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Where, 
Φ

i  = Input phase displacement,  
Φ

0 = Output phase displacement 

Maximum voltage transfer ratio 50% is possible in Venturini Algorithm. An improvement in the 

achievable voltage ratio to 
2

3 (for 87%) is possible by adding common mode voltage to the target 

output. We can investigate these voltage transformation ratio based on following theoretical 

analysis. There are different modulation techniques available from Venturini invention 

(1980).Implementation of venturini algorithm is difficult calculation. We are looking forward 

towards simple algorithm and improved voltage transformation ratio. Following switching 

equations will explain about output voltage relationship and various switching techniques. 

3.1 Venturini modulation method (Venturini first method) 
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Where, mkj = Modulation duty cycle                   

Voltage transformation ratio is 50% [12].From equation (5) second term q=1/2. 

 

A 

B 

C 

3 Phase 

Input 

U V W 

Bidirectional 

Switch 

AC Load 



International Journal of Artificial Intelligence & Applications (IJAIA), Vol.1, No.4, October 2010 

21 

 

3.2 Venturini Optimum method (Venturini Second method) 
Employs common mode addition and maximum transformation ratio is 87% [11]. This is also 

known as displacement factor control. Displacement factor control can be introduced by inserting 

a phase shift between the measure input voltages and inserted voltage (
kv ). 
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β k =0,2Π/3, 4Π/3 for k=A, B, C                                                              (6) 

Where, Vim= Maximum Input voltage 

 

 

3.3 Scalar Modulation method: 
Actuation signals are calculated directly from measurement of input voltages. Voltage 

transformation ratio is 87%.  
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This method yields virtually identical switch timings to the optimum Venturini method. The 

maximum output voltage (q=
2

3 ) are identical. Only the difference between the methods is that 

the right most term addition is taken pro rata with q in the Venturini method. 

3.4 SPVM 

Space vector pulse width modulation is applied to output voltage and input current control. This 

method is advantage because of increased flexibility in choice of switching vector for both input 

current and output voltage control can yield useful advantage under unbalanced conditions 

[9].The three phase variables are expressed in space vectors. For a sufficiently small time 

interval, the reference voltage vector can be approximated by a set of stationary vectors generated 

by a matrix converter. If this time interval is the sample time for converter control then, at the 

next sample instant when the reference voltage vector rotates to a new angular position, it may 

correspond to a new set of stationary voltage vectors. Carrying this process onwards by sampling 

the entire waveform of the desired voltage vector being synthesized in sequence, the average 

output voltage would closely emulate the reference voltage. Meanwhile, the selected stationary 

vectors can also give the desirable phase shift between input voltage and current. The modulation 

process thus required consists of two main parts: selection of the switching vectors and 

computation of the vector time intervals. From the above methods give the theoretical maximum 

voltage gain of 0.866 though they use different approaches. This is realized in Venturini method, 

by adding third harmonic components of both input and output voltages to the desired output 

waveform whereas in the SVM method. Modulation of line to line voltage naturally gives an 

extended output voltage capability. The computational procedure required by SVM method is less 

complex than that for Venturini method because of the reduced number of sine function 

computations. The number of switch commutations per switching cycle for SVM method is 20% 

less than that of Venturini method, having 7 switch commutations as opposed to 9 [8]. 

3.5 Indirect Modulation method 
This method aims to increase the maximum voltage ratio above 86.6%limit of other methods. 

                                                       (8) 

                  Voltage ratio q=3KA K B /2.Clearly A and B modulation steps are not continuous in 

time as shown above. 
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K B =2/ Π
  
                                                                                               (10) 

Then, q =6sqrt (3)/ Π
2
=105.3%                                                                     (11)     

The voltage output is greater than the previous method. For the values q>0.866, the mean output 

voltage no longer equals the target output voltage in each switching interval. This inevitably leads 

to low frequency distortion in the output voltage and /or the input current compared to other 

methods with q<0.866.For q<0.866, the indirect method yields very similar results to the direct 

methods. 

 

4.0 CROSS COUPLED FUZZY CONTROLLER 
 
Most widely used method of testing a fuzzy controller design is by simulation. In this research 

work Fuzzy Logic Toolbox in MATLAB Simulink is used to solve the problem shown in  

Figure 2. 

 
Fig. 2 Cross coupled fuzzy structure for matrix converter 

 

This toolbox can simulate in various states such as transient state response and steady state error, 

corresponding to each control goal. Different combination of input can easily be tested to observe 

the corresponding output. Fig 2 shows the flow of the typical design procedure used to develop a 

fuzzy structure. The simulation and testing are conducted several times until a satisfactory result 

is accomplished. The results are refined by parameter tunings that are based on intuitive 

experiences and the qualitative results obtained from time to time. Each universe of discourse for 

two inputs and an output is divided into seven fuzzy subsets that consists of negative 

logic(nl),negative medium(nm),negative small(ns), zero(z),positive small(ps),positive 

medium(pm)and positive large(pl). The membership function chosen are the classical triangular 

shape of 50% overlap. The portion of fuzzy subsets and shapes of Membership functions are 

shown in fig 3 and fig 4. Rule base is derived based on the characteristics of the RMS value of the 

output signal that is similar to the response for a second order system by applying step input. If 

rms value of the load voltage is less than the rms value of the reference voltage at point, then 

error signal is positive consequently, the control action has to be increased, thus giving positive 

‘ce’ to enable the load voltage to reach the set point. The combinations of inputs and control 

action are summarized in table1.The inference method of Mamdani is max-min composition is 

chosen in the work to simplify the programming algorithm. After several trials has been made to 

select membership function. And finally it is decided to select triangular membership function. 



International Journal of Artificial Intelligence & Applications (IJAIA), Vol.1, No.4, October 2010 

23 

 

 
Fig. 3.Input membership function 

 
Fig. 4.Input ce and Output variable u membership function 

 

 

Table 1 Rule base for Fuzzy controller 

 Change in error(ce) 

 NB NM NS ZE PS PM PB 

E 

R 

R 

O 

R 

(e) 

NB NB NB NM NM NS NS ZE 

NM NB NM NM NS NS ZE PS 

NS NM NM NS NS ZE PS PS 

ZE NM NS NS ZE PS PS PM 

PS NS NS ZE PS PS PM PM 

PM NS ZE PS PS PM PM PB 

PB ZE PS PS PM PM PB PB 

 

The voltage command is then compared to a triangular carrier at the desirable switching 

frequency. In this work voltage command is tracked by fuzzy controller and compared with 

current controller as shown in fig 2. 

Computations of d and q axis parameters are shown in equation 12 to equation 14. 

Computation of dq axis 
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Where w=rotation speed in rad/s 

Computation of dq to abc 
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Where w=rotation speed in rad/s 

Input contains vectorized signal of Vd, Vq and Vo components. 

 

4. RESULTS AND ANALYSIS 

 
In order to analyze the performance of the proposed cross coupled dq axis controller using fuzzy 

logic controller, a simulation mode of the Matrix converter was implemented in Sim power 

systems from Simulink using ideal switches.  

A three phase star connected RL load with R=10Ω and L=200µH were used in the simulation. 

The switching frequency of Matrix converter is 16 KHz and input voltage is 440V, 60    Hz. The 

Modulation index is dynamically corrected by the fuzzy controller and the output current is 

almost sinusoidal and balanced. 

From the fig 5 to fig 8 shows the difference between input parameters and output parameters for 

30Hz fixed frequency. Compare input voltage with output voltage to read about voltage 

transformation ratio. This can be possible by this proposed method. Here output parameters are 

measured without output filters. This parameter can be still shaped by using output filters. PQ 

settings are linearly varies each other as shown in fig 9 and fig 10. For same RL load different 

values of frequency settings are made and results were obtained for 30Hz and 60Hz. We proved 

that this measured value is high quality output. 

        
Fig. 5 Input Voltage (30Hz)        Fig. 6 output voltage (30Hz) 

         
Fig. 7 Input Current (30Hz, per phase)        Fig. 8 output current (30Hz) 

         

Fig. 9 Input PQ setting (30Hz)                 Fig.10.  Output PQ setting (30Hz) 
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Change in frequency normally makes lot of difference in output side. Here we have done 

simulation work for 30Hz and 60Hz. PQ setting for power system load was measured as shown in 

fig 15 and fig 16. From Fig 11 to Fig 14 shows variation of input and output voltage for 60Hz. 

           
Fig. 11 Input voltage (60Hz)  Fig. 12 Output Voltage (60Hz) 

          
Fig. 13 Input current (60Hz)  Fig. 14 Output Current (60Hz) 

                 

Fig. 15.  Input PQ Setting (60Hz)            Fig. 16.  Output PQ Setting (60Hz) 

 

Table 2 shows the open loop simulation of  matrix converter with different load conditions. THD 

are measured for open loop Space vector control method. Space Vector Modulation provides 

excellent output performance, optimized efficiency, and high reliability compared to similar 

inverters with conventional Pulse Width Modulation. 

 

Table 2 THD comparision R,RL and Motor load(Open loop simulation),without output 

filter(Parameters as shown in Appendix A ) 

 

Parameter R Load RL Load Motor 

Load 

Switching 

Frequency 

16KHz 16KHz 16KHz 

Output 

THD 

65.64% 22.05% 4.9% 

Input 

THD 

22.7% 22.59% 22.43% 

 

From the above analysis it seems that voltage transformation ratio of the matrix convertere is 

almost reaches to maximum level . Table 2 shows measured THD for different load conditions. 
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5. CONCLUSION 

 
In this paper a new and simple cross coupled dq axis controller for MC was proposed. Voltage 

control was implemented using fuzzy logic controller and space vector modulation .Two similar 

fuzzy controller is implemented to get cross coupled structure. This make synchronization of D 

and Q axis parameter not much complicated. Implementation in hardware is easy.  The fuzzy 

controller forces the amplitude of the output current space vector to be constant so that the output 

current is free of harmonic. The same algorithm can be implanted for different converter. 
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Appendix A 

Design Specifications of the proposed approach (Power system load) 

Parameter   Rating 

Load Resistance  10Ώ 

Line Inductance   200µH 

Device Switching Frequency 16KHz 

Design Specifications of Motor Load (Open loop configuration) 

Vll=220V,F=60Hz,Rs =0.435Ω, Ls=2mH, Rr=0.816 Ω, Lr=2mH, Lm=69.31mH 

Where, 

Vll=Line to Line voltage,  Rs =Stator Resistance, Ls= Stator Inductance, Rr=Rotor 

Resistance and Lr=Rotor Inductance 

 

Appendix B 

Input filter Design 

Input filter Capacitor: Cf 

  Cf=

imV

P

ω23

2×
, Where P=Power Rating, Vm=Peak of Input voltage and 

ωi=angular input Frequency. fL =

fc cf 2)2(

1

π
, Where fc=cut off frequency lower than the 

switching frequency 
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