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Abstract—This paper presents Model Predictive Control 

(MPC) of impedance-source (commonly known as Z-source) 

inverter in a three phase network. The Z-source converter 

employs a unique impedance circuitry to couple the converter 

main circuit to the power source, thus employing unique 

features that cannot be obtained in the traditional voltage-

source and current-source inverters where a capacitor and 

inductor are used respectively. A typical model for a three 

phase ZSI using balanced load is developed, where MPC due to 

its feedback control algorithm, predicted the future output 

current across the load and solved an optimization problem 

with a view to selecting the optimal control. The quality of 

output waveform has been analysed by maintaining the total 

harmonic distortion (THD) at an optimum level. Moreover, an 

inverse relationship between THD and Switching frequency is 

also noted. In addition, inductor current & capacitor voltage 

has also been tracked and effect on THD is analyzed by 

changing values in source side inductor & resistor. 

Index Terms—Model Predictive Control, Z-Source Inverter 

I. INTRODUCTION 

Control techniques associated to power converters has 

been developed since the middle of 20
th

 century. Since then 
it became a very active topic for research in the field of 
power electronics. Adapted with discrete time digital 
implementation, linear control, modulation scheme and 
nonlinear control based on hysteresis control are widely used 
in power electronics applications. On the contrary, more 
complex control strategies are implemented along with 
incorporation of digital signal processing technique, amongst 
them MPC is one of the most prominent ones. The main 
purpose of MPC is to precalculate the behavior of a specific 
model and thus to choose an optimal value of a control 
variable. Based on the implementation steps of MPC, firstly 
the reference (load voltage or current of power converters) is 
set by the designer; secondly the predicted variables are to be 
generated by a modulation stage; finally the predicted 
variables are used to be compared with reference variable, 
and the one closest to the reference will be chosen. MPC 
control therefore, allows multivariable system subjecting to 
constraints by formulating a control model of the object due 
to which MPC has been established as a widespread and 
systematic control approach. MPC control scheme has been 
applied for current control of converters, active filter, 
rectifiers, and uninterruptible power supplies. 

The ZSI, on the other hand, advantageously utilizes the 
shoot through states to boost the dc bus voltage by gating on 
both the upper and lower switches of a phase leg unlike 
traditional VSI and CSI. Therefore, ZSI can buck or boost 
voltage to a desired output voltage that is greater than 
available dc bus voltage. So, ZSI provides low cost, reliable 
and highly efficient single stage structure for buck and boost 

power conversion whereas, VSI and CSI operate in either 
boost mode (CSI) or buck mode (VSI), not in buck–boost 
mode. Also, the gate driver needs to be carefully designed so 
that electromagnetic interference resulting in misgating can 
be avoided, else may cause ST in a VSI or may cause an 
open inductor circuit in CSI, which can destroy the switches 
because of high current or voltage stresses. They are both 
vulnerable to EMI noise. While, ZSI overcomes all barriers 
of CSI and VSI as the equivalent switching frequency is six 
times greater than the switching frequency of the main 
inverter, which greatly reduces the required inductance of the 
Z-source network. 

 
Fig. 1. Depiction of Model Predictive Control design using flowchart 

Moreover, switches used in the converter can be a 
combination of switching devices and diodes, such as 
antiparallel, series and other combinations. 

II. DESCRIPTION OF CONTROL STRATEGY 

Although traditional modulation strategies such as pulse 
width modulation of Z- source inverter provides good output 
voltage waveform with specified modulation index and 
shoot-though ratio, there exists few feedback control 
methodology for Z-source inverter. Besides, with the 
presence of right half plane zero, non-minimal phase 
problem exists when transient response occurs due to which 
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complex modulation scheme has to be developed in order to 
make the transient process to be smooth. While, on the other 
hand, MPC provides quick reference tracking capability with 
simple feedback control method, and can help to reduce the 
non-phase minimal effect during transient process. 

 

Fig. 2. Model Predictive Control of a typical Z Source Converter 

Starting from time tk, first step of MPC is to get current 

sys-tem variable xk and reference variable x ; next get 

predictive variables xp1(k+1) , xp2(k+1). . . xpn(k+1) by using 

predictive action P1, P2. . . Pn; then compare these predictive 

variables with next sampling time reference value xk+1, 
choose the one which is closest to the reference value; lastly, 
set k = k + 1 and repeat the process from the first step. The 
MPC control action is used as switching signals to control 
the 6 switches for a two-level three-phase Z- source inverter. 

Here, at first the system variable of Z-source inverter xk, load 

current or voltage is measured. Then the predictive values is 
calculated by the predictive model. Next, by comparing the 
reference value with predictive values, the one which is 
closest to the reference value is chosen, and the 
corresponding control action will be used as switch signal to 
drive Z-source inverter. Then set k = k + 1 and repeat the 
steps. 

III. INVERTER CONFIGURATION 

A Z-source inverter is a type of power inverter, a circuit 
that converts direct current to alternating current. It functions 
as a buck-boost inverter without making use of DC-DC 
converter bridge due to its unique circuit topology. 
Impedance Z-Source networks provide an efficient means of 
power conversion between source and load in a wide range 
of electric power conversion applications. As capacitor and 
inductor is used in the d.c link, it acts as a constant high 
impedance voltage source. Z-source inverter basically 
operates in three modes. They are Normal Mode, Zero-state 
mode, Shoot-through mode. 

In the first two mode that is normal & zero-state mode, 
ZSI operates as a traditional Pulse-width modulation (PWM) 
inverter. Due to the presence of last mode, Z-source greatly 
boost the dc source voltage with the help of conducting both 
switches of a phase leg. It should be noted that Z-source do 
not destroy the circuit while performing this operation due to 
its unique circuitry condition. 

 

Fig. 3. Z-source inverter circuit configuration 

TABLE I.  SWITCHING STATES OF ZSI 

 

In this above Table !Sx indicates complements of Sx 
where x = 1,2,3. 

A. Switching circuit construction 

 

Fig. 4. Logic circuit to perform switching states 
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Switching States of ZSI indicates that ZSI performs total 
of 64 states 26 = 64. To perform the switching states a logic  
circuit has constructed which is not similar to VSI. Each of 
the leg consists of one Shoot-through(St) signal. This signal 
paves the way of further output of this leg. If this Shoot- 
through signal sends binary 1, the output of the 
corresponding leg is such that both the switch conducts in the 
same leg which is not permissible in VSI. If this Shoot-
though signal send binary 0, switching states will perform 
conventional VSI for the corresponding leg such as only one 
switch will conduct from each leg. So, a logic circuit has 
built in order to perform these 64 switching states. 

B. Working Principle 

 

Fig. 5. Shoot-through states of ZSI 

 

Fig. 6. Non Shoot-through states of ZSI 

The above two figures represented two basic modes i.e. 
Normal mode and boost mode. The normal operation mode    
is not different from traditional inverter. The output voltage 
is solely depended on dc source voltage. However, in the 
later mode, Z-source increases the voltage at inverter bridge 
thus known as boost mode. The capacitor voltage plays the 
vital role to this network during Shoot-through states. In Fig. 

5, it represents shoot through switching state. Z-source 
inverter simultaneously turned on two switches of one leg or 
two legs. During this state, diode D at input side turned off 
due to reverse bias. The capacitors play the role to charge the 
inductor and simultaneous operation can be performed. 

Fig. 6 represents non shoot through states of ZSI. Diode 
D at input side conducts, The two capacitors do not involve 
in  the operation as discharging occurs. During this state, 
only one switch in each leg is permissible to open like 
traditional VSI. The switching states of Z-source inverter can 
be determined by gating signals Sa, Sb and Sc as follows 

                                 (1) 

                                (2) 

                                (3) 

C.  Output Load Current Prediction 

The load current dynamics can be described by the vector 
differential equation 

                                                    (4) 

where v is the voltage vector generated by the inverter, i 
is the load current vector, and e the load back-emf vector. 
Note that for simulation and experimental results, the load 
back-emf is assumed to be sinusoidal with constant 
amplitude and constant frequency. 

A discrete time form of load current with sampling time 
TS can be used to predict the future value of the load current      
by utilizing the measured current at kth sampling instance. 

Finally, The required derivative 
   

  
 can be expressed as: 

                                                (5) 

By substituting the value, future load current is 

          (6) 

The future load current can be determined by shifting the 
discreet time equation: 

       (7) 

D. Inductor current constraint 

For a balanced network we can write, 

                                     (8) 

Here, iinds can be estimated as: 
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Moreover iinds(k+1) can be expressed as two parts: 

1) Nonshoot through state: 

 

2) Shoot through state: 

 

E. Capacitor voltage constraint 

Similar to the inductor current constraint we will get: 

                                      (9) 

Here Vcaps is the next step capacitor voltage reference 
value which can be estimated as: 

 

Vcaps(k+1) is given as: 

 (10) 

F. Cost Function & Weighting factor 

Minimization of the error between the measured currents 
and the reference values is the principal subject matter. This 
requirement can be written in the form of cost function 
which is expressed in orthogonal coordinates and measures 
the error between the references and the predicted controlled 
variables: 

                        (11) 

Where xp(k + 1) is predicted controlled vector and 
x

∗(k + 1) represents reference vector. In the model predictive 
control, as the future value of the reference is unknown, it is 
considered that the future value of the reference is 
approximately equal to the present value x∗(k + 1) ≈ 
x

∗(k). 

Weighting factor put an importance to the control targets. 
With a higher weighting factor of a specific control target, 
the system will try to minimize the cost function for this 
particular control target. So, this factor should be designed 
carefully to achieve desired output from the system. But 
there is no procedure to measure the most favourable 
weighting factor while working with several control targets. 
Cost function incorporating weighting factor is: 

 

                                                                                      (12) 

where, λ depicts the weighing factor of the cost 

function. If λa > λb, system  will give priority to  minimize  

the error of x. On the other hand, if λa < λb, system will 

give priority to minimize the error of y 

G. Cost Function Minimization 

The formulated cost functions for load current, inductor 
current constraint & capacitor voltage constraint are given 
below: 

                                (13) 

                              (14) 

                             (15) 

Summing up all the constraints we get: 

                 (16) 

where w1, w2, w3 are the weighting factors designed under 
different operating conditions. 

H. Total Harmonic Distortion (THD) & Switching 

Frequency 

Total Harmonic Distortion (THD) is defined as the ratio 
of the summation of all harmonic components to the 
fundamental frequency. It is a measurement of the presence 
of distortion in a signal. It is also known as distortion factor. 

                     (17) 

where Vn is the RMS voltage of the nth harmonic and n 

= 1 is the fundamental frequency. 

In power electronics, switching frequency (S.F.) refers to 
the rate at which a switching device turns ON and OFF. 
Switching frequency is evaluated by counting the number of 
on states in a time interval and by dividing this number by 
the inverters length. If we consider 12 active switches, then 
the average switching frequency per semiconductor will be: 

      (18) 

where denotes the 1-norm and u denotes 
switching transition. 

IV. SIMULATION RESULT 

In this Z-source inverter model, few constant data set 
were selected by performing numerous possibilities. The best 
value has been selected and the model gives best output 
when it is performing under these conditions. These variables 
are given below & presented in a table : 

From this model, output load current has been tracked. 
Analysis has been made for different weighting factor. The 
relationship between THD & Switching frequency has also 
been established. 

TABLE II.  MANIPULATED VARIABLES TO PERFORM 

SIMULATION 

Variables Representation Values 

vdc DC link Voltage 600(V ) 

Rload Load resistant 10(Ω) 

Lload Load inductance 10(mH) 

Ls Source inductance 5(mH) 

Cs Source capacitor 1000(uF ) 

fref frequency reference 50(Hz) 

Ts Sample Time 20(µs) 
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A. Current Control 

 
Fig. 7. Load current tracking 

 
Fig. 8. Three phase load current 

By taking the suitable data from Table 6.1, Load current 
has been tracked. The weighting factor is selected as 1 for 
load current. As from the figure below, it can be said that the 
current is not purely sinusoidal. Distortion is visible and 
THD is calculated from the figure. To observe the condition 
in all three legs, Three-phase load current has been evaluated 
in figure 8. The weighting factor is remain unchanged for the 
following observation. 

B. Analysis of THD and Switching Frequency 

 
Fig. 9. % of THD & Switching frequency 

From the above figures, it can be said that the current 
remain sinusoidal for most of the part. Little distortion can be 
seen from those figures. As the figures contain distortion, the 
total % of THD and switching frequency can be calculated 
from the above figures. Taking the weighting factor 1 for 
load current tracking the % of THD & Switching Frequency 
is evaluated. The first large bar represents fundamental 
component of load current which is 10A. From that above 
figure, The total % of THD is 2.77 and corresponding 
switching frequency for this THD is 9KHz. As the value of 
% of THD is less than 5% so this data represents 
appropriateness for practical applications. The THD can be 
varied widely by changing numerous parameters. 

C.  Effect of W.F. on THD & S.F. 
 

At first, weighting factor 1 was selected and evaluated 
THD% Switching frequency for that value. Now a 
relationship between different weighting factor and THD has 
been estab-lished. The relationship between THD & 
Switching frequency has also been established. From the 
figure below, it can conclude that the lower the weighting 
factor the higher the % of THD. So, Z-source inverter model 
gives best output when weighting factor is selected high. The 
relationship between % of THD and switching frequency 
such that the higher the THD the lower the value of 
switching frequency. So to say, THD% switching frequency 
gives inverse relationship. Weighting Factor 0.1, 0.5 & 0.9 
has been selected and the corresponding figure is given 
below : 

 
Fig. 10. THD & S.F. for different W.F. 

D. Inductor Current Tracking 

Taking L = 5mH, C = 1000uF & weighting factor 0.85, 
inductor current has been tracked. This current bears signifi-
cant amount of distortion due to internal property of 
inductor. There is also a solid reason for choosing the 
weighting factor 0.85. It gives lowest ripple for weighting 
factor 0.85. Inductor current contains high ripple so the effect 
of weighting factor in inductor current is appreciable. The 
figure is given below: 

 
Fig. 11. Inductor Current Tracking 

E. Capacitor Voltage Tracking 

Finally, we evaluated the capacitor voltage in source side. 
During the Shoot-through state, capacitor voltage plays the 
main role to boost voltage. It actually helps to permit the 
shoot through state. This voltage is higher than the source 
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voltage. Capacitor voltage has been tracked & effect of 
selecting different weighting factor has also been presented 
in the figure below :. 

 
Fig. 12. Capacitor voltage tracking 

As from the above figure, the capacitor voltage output is 
almost same as reference voltage after the transient part. The 
effect of weighting factor is very less for the distortion in this 
figure. By taking L = 5mH, C = 1000uF & weighting factor 
0.60, capacitor voltage has also been tracked. This voltage 
contains very less distortion & almost linear after the 
transient part of this model. 

Effect of Inductor (Ls) & Resistor (Rs) in Source Side on 
THD Z-source inverter model contains inductor and resistor 
in source side. For different combination, % ofTHD varies 
dif-ferently. By testing different values for Ls and Rs, system 
gives best output when Ls = 1mH and Rs = 0:01 . This has 
been evaluated perfectly in the figure below. From this 
figure, for increasing the value of Ls & Rs, there is a 
significance change in THD. Ls = 1mH and Rs = 0:01  it 
gives the best THD of 2.77%, as higher the value of Ls and 
Rs such that when Ls = 50mH and Rs = 0:05 , it crosses the 
THD value above 5% which is not suitable for a model. 
When Ls = 90mH and Rs 1 , THD increases even higher and 
it crosses above 10%. By analyzing this figure, the best 
output happens when Ls = 1mH and Rs = 0:01  so this value 
is taken for this model. 

 

Fig. 13. Analysis of THD for different Ls & Rs 

F. G. Effect of Inductor (Ls) & Resistor (Rs) in Source Side 

on Switching Frequency 

 

Fig. 14. Analysis of Switching frequency for different Ls & Rs 

Switching frequency also varies for changing the value of 
Ls & Rs. The inverse relationship between THD and 
switching frequency has been established earlier. This has 
been widely evaluated in the figure given below. This figure 
represents switching frequency for different Ls & Rs. For Ls 
= 1mH and Rs = 0:01  it gives the maximum switching 
frequency which is 9 KHz. THD is minimum for this 
switching frequency which has been represented in the 
previous figure. As the higher value for THD, this model 
gives lower switching frequency. As from the figure, for Ls 
= 90mH and Rs = 1  the system model gives switching 
frequency of 3.3 KHz which is the minimum for this model 
and THD is maximum during this value. 

V. CONCLUSION 

Model predictive control of Z-source inverter has been 
evaluated in this paper. It consists of 64 states and the logic 
is different from conventional Voltage source inverter. 
However, it also represents how an inverter can work both 
on Shoot through and Non-Shoot through states by not 
damaging the model. This application is strictly prohibited in 
conventional VSI. Current control of Z-source inverter is 
analyzed and implemented. 

After that, few regulations in source side has also been 
analyzed such as Inductor current and capacitor voltage. 
These are also tracked and the effect of changing these 
values has been plotted. These are nonlinear constraints and 
these can easily be included in this control method. Finally, 
absent of linear controller has confirmed that this MPC 
method doesn’t require it. This ensures high speed tracking 
capability, reliable and stable on given circumstances. This 
thesis also evaluated Total harmonic distortion of load 
current and the corresponding switching frequency for that. 
The lower value of THD has also ensured the reliability of 
this model. 
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