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 Since induction motors are preferred over direct current machines in the view 
of cost and simplicity, they have widely been used in industry. In this paper, 
the speed of the three-phase induction motor has been controlled using an 
indirect z-source matrix converter. The method used for this purpose is flux 
control keeping the V/f ratio and regulating slippage. The effect of flux 
changes and reference velocity in this method has been taken into 
consideration and various electric break methods on the motor have been 
studied accordingly. Coefficients of PI controllers have been obtained in the 
proposed system for desirable response by PSO Algorithm. The proposed 
system with the respective converter has been simulated in SIMULINK 
environment using the information of an induction machine by MATLAB 
Software. The results show to using the proposed system and indirect z-
source matrix converter, appropriate velocity and desirable torque are 
obtained in a short time.  
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1. INTRODUCTION 
Among the families of power converters, because of its ability of direct power conversion (AC/AC), 

Matrix Converter has been of great interest. This kind of converter was presented by Venturini in 1980 [1] 
and subsequently, in 1989, it was analyzed in detail by Venturini and Alesina [2] accordingly. Due to such 
advantages as sinusoidal input-output current, no need of bulky reactive power conserving elements, its 
ability of regulating input power factor per each load, its monolithic and simplicity design and great ability of 
recovery, Matrix Converter has been of great interest in the recent years as a desirable replacement of 
traditional converters of indirect power converter [3-6]. Complicated switching strategy and a huge number 
of switches used in the converter have caused that the same has found no trading utilization yet [2-8]. One of 
the methods for overcoming the inherent disadvantage of the matrix converter, i.e. low voltage transfer ratio 
is to use a z-source converter in the matrix converter. The idea of z-source matrix converter was first put 
forward in 2008 by Zhong and Song introducing two direct and indirect z-source matrix converters [10]. 
When the matrix converter is used for feeding induction motor, there is a possibility for passage of 
bidirectional current, using bi-directional switches.  Thus, changes of velocity-torque may be done in four 
quadrants [11]. From among control methods for speed control of the induction motor using the matrix 
converter, one can point out field oriented control with Venturini pulses and modulation with a voltage 
transfer ratio less than 0.866, in harmonic with the signals of the converter [12], direct vector control and 
vector space control using modulation technique [13] creating errors in calculations at low velocities due to 
slow changes in parameters [14].  
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In Active state: 
 

 
    –  

        –  

         (5) 

                              
                                              (a)                                                                                      (b) 

 
Figure 4. Operational states of z-source converter: a) Shoot-through b) Active state 

    
 

Regarding the period of Shoot-Through state as T1 and the period of Active State as T2 and 
concerning the average of inductor voltage is zero during a period, we shall have: 
 

〈 〉   .   –  0       (6) 
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   2     .        (8) 

 

B            (9) 

 
Where: 
 

 
 

 
 .  

               (10) 

 
Where m is modulation index. 

On the other hand, since Simple Boost Control method is used in the inverter part, the relation 
between D0 and m is written as follows: 
 

 1           (11) 
 
When equation (11) is replaced in equations (8) and (10): 
 

 
  

         (12) 

 
 
3.  The proposed system 

Figure (5) shows the proposed system for speed control of induction motor. In a closed loop system, 
the signal of the velocity taken from the motor is compared to the reference velocity and the signal of 
velocity error is applied to the proportional-integral controller. The controller’s output will be applied to the 
regulator of slippage velocity so that slippage velocity ((w)sl) will be obtained. Synchronous velocity (Wms), 
the first harmonic frequency and the output voltage converter and working frequency of the motor are 
determined. Moreover, using (Wms), required voltage of the motor is determined by flux control block. In this 
state, if V is less than maximum output voltage of the matrix converter in without z-source impedance 
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converter state, Modulation index is used at Block 1 in order to regulate desirable voltage in converter output.  
In fact, Block 1 is taken from Equation (9) irrespective of B coefficient. Otherwise, since the required voltage 
range exceeds maximum output voltage of the converter, generated by Block 1.from Block 2, which is 
associated with application of the z-source converter, is issued in order to obtain the required voltage range. 
These conditions are provided using a Selector.  The structure of Block 1 has been obtained from Equation 
13, and Block 2, from Equation (14). Considering Equation 14, due to dependency of D0 on the quantity of 
m, the equation has been written based on m. Use of the proposed system leads into decrease of voltage stress 
and losses in converter switchers since it doesn’t use the z-source converter and Shoot-through state at low 
frequencies. 
 

⟹ V         (13) 

 
As: 
 

 
 

Where Vcon is control voltage and Vtri is triangular voltage in Sinusoidal Pulse Wide Modulation, Vd 
is output voltage of the rectifier part and Vac is the first harmonic range and output voltage of the converter. 

 
 

 
 

Figure 5. The proposed system 
 
 

          (14) 

    
Consequently, output voltage changes at flux control block are converted to modulation coefficient 

and then to Vtri. 
 
3.1.  PSO-PI controller 

Pso is a novel population based optimization method that was introduced by Kennedy and Eberhart 
in 1995 for stimulating bird flock and fish school [13]. It uses a number of particles that constitute a swarm. 
That swarm continuously updates the knowledge of given searching space. Each particle in the swarm 
involves a position array and a velocity array. The position array is a possible solution to the problem. Let x 
and v denote a particle coordinates and its corresponding flight velocity in a search space, respectively. The 
particle updates their velocities and positions as: 
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     Where k is current iteration. 1c  and 2c  are two positive factors called acceleration coefficients. 1r  and 2r  

are two random number in range of [0,1] with uniform distribution. bestP is the best previous position of 

particle and bestG is the best particle among all the particles. kW is inertia weight suitable selection of W 

provides a balance between global and local explorations. 
   X is constriction factor to ensure convergence is a function of 1c , 2c  as below: 

 

c4cc2

2
x




         (18) 
 

Where 21 ccc   and 4c  
In the proposed system (Fig.5), three PI controllers have been used. Each has two variables of P and 

I and six variables are defined for the system totally. In order to achieve improved quantities for the system, a 
primary population consisting of 10 particles was defined. Each comprises all six variables. Consequently, a 
matrix of 10 × 6 is defined. After repetition for three times and according to the target function, which is 
minimization of the velocity and torque error, the improved quantity of controllers has been obtained. 
 
3.2.  Attainment of break state 

When a step change in velocity command signal occurs in a system for less than that of a working 
motor speed, due to negative slippage, the motor will be in generator’s state, current direction in the 
induction motor is reversed, blocking its direction through reverse parallel diodes of the inverter part of the 
matrix converter toward z-source converter and causes the capacitors of the converter to be charged. If the 
generated energy is not employed properly, the voltage of the capacitors will be increased and it may damage 
semi-conducting components. During dynamic break state, considering figure 6, one of the methods is to 
discharge the energy of the capacitor in a resistance and to lose the said energy in form of heat. 

Another method is to use bi-directional switches in the rectifier part. For this purpose, it is possible 
to return the power back to the network by maintaining the switches that make transmission of power of the 
source impedance toward the feeding source of the network in “on” state. Moreover, this point must be taken 
into consideration that during generator’s state, the power delivered by the motor to the source may exceed 
its power for absorption of the same and causes explosion of the capacitors of the z-source converter. Thus, 
attainment of break state is desirable using a combination of both methods described earlier. If we consider 
the said converter considering another aspect, dynamic break method is cost-effective for the system 
considering other aspects. Because of the capacitors of the z-source converter have been used as dynamic 
break capacitors and the switches of the rectifier part for return the power back to the network and 
eventually, there is no need to use extra circuits, which noticeably decreases costs and losses of energy in the 
circuit. 

 

 
 

Figure 6. Attainment of break state 
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(e) 

 

Figure 9. System parameter response to load torque changes a) line voltage b) three-phase motor current c) 
motor velocity d) electromagnetic torque e) load torque. 

 
 

Figure (10) shows Command signal indicates the velocity, induced to the system. Respective results 
of changes of motor parameters and converter are shown in figures (10-12). 
 
 

 
 

Figure10. Command signal induced to the system 
 
 

Figure (11) shows velocity changes, torque, single-phase current of the motor, output voltage of 
matrix converter and output voltage of z-source for changes of command signal of velocity (as per figure 9) 
through resistive break method.  

 
 

 
         (a) 

 
     (b) 

 
(c) 

 
(d) 
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(e) 

 

Figure11. Parameter changes compared to command signal changes at resistive break state a) velocity b) 
torque c) single-phase current of the motor d) output voltage of matrix converter e) output voltage of Z-

source converter. 
 
 

 
(a) 

 
(b) 

 
(c) 

 
(e) 

 
(f) 

 

Figure 12. Parameter changes compared to command signal changes at generator’s break state a) velocity b) 
torque c) single-phase current of the motor d) output voltage of matrix converter e) output voltage of Z-

source converter. 
 
 

Figure 13 shows variation in motor parameter such as 11, 12 figures, compared to command signal 
changes. In this condition, method breaking is resistive- generator. In this state damping time of velocity and 
torque fluctuations are better than two mentioned methods. Also fluctuations amplitude in velocity is less 
than breaking resistive state and fluctuations amplitude in torque is less than generation breaking method. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 

Figure 13.Changes in motor parameters and converter, compared to command signal changes in resistive- 
generator breaking state a) velocity b) torque c) three-phase current of the motor d) output voltage of the 

converter e) output voltage of Z-source converter. 
 

 
5. CONCLUSION  

In this paper, simulation of z-source indirect matrix converter for speed control of the induction 
motor has been studied. In order to study the improvement of characteristics, corresponding results have been 
compared to PI results. Respective characteristics of z-source converter have been used for increase voltage 
transfer ratio in the matrix converter. With respect to study of various break methods and in consideration of 
the results obtained in this regard, it has been revealed that innate characteristic of the converter can be used 
in order to establish various break states and extra circuits can be discarded accordingly. Moreover, use of the 
offered system has led to increase and decrease of voltage in the converter by Shoot-through coefficient and 
that of modulation index for various frequencies of management resulting in decrease of voltage stress and 
losses in the switches of the converter. Considering number of PI controllers in the system, PSO Algorithm 
has been used for improvement. Corresponding results have shown that this method enjoys more desirable 
reactions compared to common PI.  
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