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Abstract--This paper presents an effective control 
method, including system-level control and Multi Carrier 
based pulse width modulation for quasi-Z-source cascade 
multilevel inverter (qZS-CMI) based grid-tie 
photovoltaic (PV) power system. A new method of 
multi-carrier PWM strategies is also proposed and 
compared with different conventional multi-carrier PWM 
techniques. Reduction of total harmonics distortion 
(THD) and improvement of the harmonic spectrum of 
inverter output voltage are some advantages of the 
proposed control method. The simulation results based 
on the MATLAB/SIMULINK software are presented to 
validate the capabilities of the proposed modulation 
method. 
 
Keywords: Cascade multilevel inverter (CMI), 
photovoltaic (PV) power system, quasi-Z-source inverter, 
space vector modulation (SVM). Multilevel inverter; 
multi-carrier PWM techniques; PD PWM; POD PWM; 
APODPWM. 
 
1.  Introduction 
 
A recent upsurge in the study of photovoltaic (PV) power 
generation emerges, since they directly convert the solar 
radiation into electric power without hampering the 
environment. However, the stochastic fluctuation of solar 
power is inconsistent with the desired stable power 
injected to the grid, owing to variations of solar 
irradiation and temperature. To fully exploit the solar 
energy, extracting the PV panels’ maximum power and 
feeding them into grids at unity power factor become the 
most important. They possess the advantages of both 
traditional CMI and Z-source topologies. For example, 
the ZS/qZS-CMI: 1)has high-quality staircase output 
voltage waveforms with lower harmonic distortions, and 
reduces/eliminates output filter requirements for the 
compliance of grid harmonic standards;2) requires power 
semiconductors with a lower rating, and greatly saves the 
costs; 3) shows modular topology that each inverter has 
the same circuit topology, structure and modulation [1], 
[2]; 4) most important of all, has independent dc-link 
voltage compensation with the special voltage step-
up/down function in a single-stage power conversion of 
Z-source/quasi-Z-source network, which allows an 
independent control of the power delivery with high 
reliability and5) can fulfill the distributed MPPT [6], 
[8].In order to properly operate the ZS/qZS-CMI, the 
power injection, independent control of dc-link 
voltages, and the pulse width modulation (PWM) are 

necessary. The PS-SPWM consumes more resources to 
achieve the shoot-through states because two more 
references are compared with the carrier waveform. 
Additionally, the ZS/qZS-CMI based grid-tie PV system 
has never been modeled in detail to design the 
controllers. The main contributions of this paper include: 
1) a novel multilevel space vector modulation (SVM) 
technique for the single phase qZS-CMI is proposed, 
which is implemented without additional resources; 2) a 
grid-connected control for the qZS-CMI based PV 
system is proposed, where the all PV panel 
voltage references from their independent MPPTs are 
used to control the grid-tie current; the dual-loop dc-link 
peak voltage control is employed in every qZS-HBI 
module to balance the dc-link voltages; 3) the design 
process of regulators is completely presented to achieve 
fast response and good stability; and 4) simulation and 
experimental results verify the proposed PWM algorithm 
and control scheme. The H-bridge topology was followed 
by the diode-clamped converter which utilized a bank of 
series capacitors [6]. Another fundamental multilevel 
topology, the flying capacitor, involves series connection 
of clamped switching cells [7]. This topology has several 
unique and attractive features when compared to the 
diode-clamped inverter. One feature is that added 
clamping diodes are not needed. Furthermore, the flying 
capacitor inverter has switching redundancy within the 
phase which can be used to balance the flying capacitors 
so that only one dc source is needed [2]. Different 
modulation strategies have been used in multilevel power 
applications within the technical literature. They can 
generally be classified into three categories: fundamental 
frequency switching, space vector PWM (SVPWM) and 
multi-carrier PWM techniques. This paper focused on the 
multi-carrier PWM technique which has been extended 
using multiple references Multi-carrier PWM techniques 
can be categorized into three groups: phase disposition 
PWM (PD-PWM), phase opposition disposition PWM 
(POD-PWM) and alternate phase opposition disposition 
PWM (APOD-PWM) techniques. In these modulation 
strategies, the reference waveform is sampled through a 
number of carrier waveforms displayed by contiguous of 
the reference waveform amplitude [8-11].The different 
multi-carrier PWM modulation strategies for multilevel 
inverters will be reviewed in this paper. 
 
2. DESCRIPTION OF QZS-CMI-BASED 
GRID-TIE PV POWER SYSTEM 
 
Fig. 1 shows the discussed qZS-CMI-based grid-tie PV 
power system. The total output voltage of the inverter is 
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a series summation of qZS-HBI cell voltages. Each cell is 
fed by an independent PV panel. The individual PV 
power source is an array composed of identical PV 
panels in parallel and series. A typical PV model in [12] 
is performed by considering both the solar irradiation and 
the PV panel temperature. 
 
2.1 qZS-CMI 
 
The qZS-CMI combines the qZS network into each HBI 
module. When the Kth qZS-HBI is in non shoot-through 
states, it will work as a traditional HBI. There are  

 
While in shoot-through states, the qZS-HBI module does 
not contribute voltage. There are 

 
For the qZS-CMI, the synthesized voltage is 

 
Where vPVk is the output voltage of the th PV array; 
vDCk is the dc-link voltage of the th qZS-HBI module; 
Dk and Bk represent the shoot-through duty ratio and 
boost factor of the Kth qZS-HBI, respectively, vHk is the 
output voltage of the Kth module, and Sk belongs to {-
1,0,1} is the switching function of the Kth qZS-HBI. 
 
2.2 Control Strategy 
 
The control objectives of the qZS-CMI based grid-tie PV 
system are: 1) the distributed MPPT to ensure the 
maximum power extraction from each PV array; 2) the 
power injection to the grid at unity power factor with low 
harmonic distortion; 3) The same dc-link peak voltage 
for all qZS-HBI modules. The overall control scheme of 
Fig. 1 is proposed to fulfil these purposes. For achieving 
the first two goals, the n+ 1 closed loop is employed, as 
Fig. 1(a) shows. 

 
Fig. 1 (a) qZS-CMI based grid-tie PV power 
system. (b) DC-link peak voltage control 

1) Total PV array voltage loop adjusts the sum of PV 
array voltages tracking the sum of PV array voltage 
references by using a proportional and integral (PI) 
regulator PIt. Each PV array voltage reference is from its 
MPPT control independently. 
2) Grid-tie current loop ensures a sinusoidal grid-injected 
current in phase with the grid voltage. The total PV array 
voltage loop outputs the desired amplitude of grid-
injected current. A Proportional + Resonant (PR) 
regulator enforces the actual grid current to track the 
desired grid-injected reference. The current loop output’s 
total modulation signal subtracts the modulation signal 
sum of the second, third… and nth qZS-HBI modules to 
get the first qZS-HBI module’s modulation signal. 

 
Fig. 2 Block diagram of the proposed grid-tie 
control with the model for the qZS-CMI based 
PV system 
3) The n-1 separate PV array voltage loops regulate the 
other n-1 PV array voltages to achieve their own MPPTs 
through the n-1 PI regulators, such as PI2 to PIn, 
respectively. With the total PV array voltage loop 
control, the PV arrays fulfil the distributed MPPT. In 
addition, the voltage feed forward control is used to 
generate each qZS-HBI module’s modulation signal, 
which will reduce the n regulators’ burden, achieve the 
fast dynamic response, and minimize the grid voltage’s 
impact on the grid-tie current. For the third goal, the dc-
link peak voltage is adjusted in terms of its shoot-through 
duty ratio for each qZS-HBI module, as Fig. 1(b) shows. 
A proportional ( ) regulator is employed in the inductor 
L2 current loop to improve the dynamic response, and a 
PI regulator of the dc-link voltage loop ensures the dc-
link peak voltage tracking the reference. Finally, the 
independent modulation signals vmk and shoot through 
duty ratios Dk of the qZS-CMI, k belongs to {1,2,…n}, 
are combined into the proposed multilevel SVM to 
achieve the desired purposes. 
 
3. SYSTEM MODELING AND CONTROL 
 
Fig. 2 shows block diagram of the proposed grid-tie 
control with the system model for the qZS-CMI based 
PV power system. The details will be explained as 
follows. 
 

• Grid-Tie Current Loop 
 
After that the current loop of Fig. 2 is simplified to Fig. 3 

 
Fig. 3 Simplified block diagram of the grid-
current closed loop 
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• PV Voltage Loop 
 
The block diagrams of total and separate PV voltage 
loops can be obtained in Figs. 4 and 5. 

 
Fig. 4 Block diagram of total PV voltage loop 

 
Fig. 5 Block diagram of separate PV voltage 
loop 
 

• DC-Link Voltage Control 
 
The independent dc-link peak voltage control based on 
the inductor-L2 current and the capacitor-C1 voltage is 
performed for each qZS-HBI module, as Fig. 1(b) shows. 
With the employed proportional regulator at the 
coefficient for the inductor current loop, as the block 
diagram of KdPk Fig. 6 

 
Fig. 6 Block diagram of the Kth module’s dc-
link peak voltage control 
 
A PI regulator with the transfer function of 
GviPIk(s)=KVdPk+(KVdIk/s) is cascaded to the inductor 
current loop for controlling the dc-link peak voltage, as 
shown in Fig. 6. 

 
Fig. 7 Proposed multilevel SVM for the single-
phase qZS-CMI. (a) Switching pattern of one 
qZS-HBI module. (b) Synthetization of voltage 
vectors for the qZS-CMI 
 
4. MULTILEVEL SVM FOR QZS-CMI 
 
Here a delay of the switching times for upper switches or 
a lead of the switching times for lower switches are 
employed at the transition moments, as Fig. 7(a) shows. 
To generate the step-like ac output voltage waveform 
from the qZS-CMI, a 2pi/(nK) phase difference, in which 
K is the number of reference voltage vectors in each 

cycle, is employed between any two adjacent voltage 
vectors, as Fig. 7(b) shows. 
 
4.1 CONTROL PARAMETER DESIGN 
 
The prototype specifications of qZS-CMI based PV 
power system are shown in Table I. The design results 
are shown in Table II, and all of the Bode plots are 
shown in Figs. 8–10. Fig. 8 shows the Bode plots of the 
grid-tie current loop transfer functions Gio(s) and 
Gicom(s), which are before and after compensation, 
respectively. 

 

 
 
Fig. 9(a) shows the Bode plots of total PV voltage 
control loop transfer functions Gvot(s) and –Gvcomt(s), 
which correspond to before and after compensation, 
respectively. Similarly, the Bode plots of separate PV 
voltage control are shown in Fig. 9(b). From Fig. 9(b) 
and (25), we know that the Gvok(s) is not stable. 
Compensated by the PI regulator GPIk(s), an 87.5 phase 
margin is shown in –Gvcomk(s). The closed-loop 
transfer function Gvck(s) also confirms its stable feature. 
Fig. 10 shows the Bode plots of transfer functions for 
each module’s dc-link peak voltage control loop. When 
using a proportional gain KdPk, the inductor L2 current 
shows a faster response without loss of the stability, as 
shown in Fig. 10(a). From Fig. 10(b), the dc-link peak 
voltage closed-loop’s stability is greatly improved by 
decreasing the crossover frequency. As a result, the 
closed-loop transfer function GVdck(s) presents a fast 
and robust characteristic. 
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4.2 CONVENTIONALCARRIER-BASED PWM 
METHODS 
 
Multicarrier PWM techniques entail the natural sampling 
of a single modulating or reference waveform typically 
being sinusoidal, through several carrier signals typically 
being triangular waveforms [9].In order to describe the 
different multi-carrier PWM methods the following 
definitions should be considered:  
• The frequency modulation index is defined as mf = fc / 
fr, where fc is the frequency of carrier signals and fr is 
the frequency of the reference signal.  
• The amplitude modulation index is defined as ma = Ar 
/ Ac, where Ar is the amplitude of reference signals and 
Ac is the peak to peak value of the carrier signal [8]. 
 
The methods are 

• PD-PWM method 
• POD-PWM method 
• APOD-PWM method 

 
4.3 PROPOSED MODULATION METHOD 
 
For reducing the number of carrier signals and also 
improvement of the THD and harmonic spectrum of 
inverter output voltage, a new modulation strategy is 
proposed in this paper. The proposed multi-carrier PWM 
method uses (N -1) / 2 carrier signals to generate the N - 
level at output voltage. The carrier signals have the same 
amplitude, Ac and the same frequency, fc, and are in 
phase. The sinusoidal reference wave has a frequency fr 
and an amplitude Ar. In the proposed method, the 
sinusoidal reference and its inverse are used for 
generating the required gate signals. The frequency of the 
output voltage is determined by the frequency of the 
sinusoidal reference waveform. The amplitude of the 
fundamental component of the output voltage is 
determined by the amplitude modulation index, ma .Fig. 
1 shows the proposed multicarrier PWM method for a 
single-phase 5-level inverter. As this figure shows, the 
proposed method uses two reference signals and two 
carrier signals. This method is based on a comparison of 
the sinusoidal reference waveforms with carrier 
waveforms. For even and odd values of frequency 
modulation index, mf, the significant harmonics are 
located in two sidebands around the frequency, 2 fc. As a 
result, the frequency spectrum of the output voltage is 
improved. So, the size of the required filter will be small. 
It is important to note that the design of filter is not the 
objective of this work. Reduction of the THD of the 
output voltage is other important advantage of the 
proposed method. It is noticeable that the conventional 
modulation methods generate the significant harmonics 
in two sidebands around the carrier frequency, fc. 

 
Fig. 11 Proposed multi-carrier PWM method 
for a single-phase 7-level inverter 
 
5. SIMULATION RESULTS 
 

 
Fig. 12 Simulation of the qZS-CMI 

 

 
Fig. 13 Simulation of the proposed multi-carrier 

PWM 
 

549 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 12, December 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

 
Fig. 14 Proposed multi carriers 
 

 
Fig. 15 7-level output voltage of the qZI 

6. CONCLUSION 
 
In this paper, a new method of multi-carrier PWM 
method is proposed. This paper proposed a control 
method for qZS-CMI based single-phase grid-tie PV 
system. The grid-injected power was fulfilled at unity 
power factor, all qZS-HBI modules separately achieved 
their own maximum power points tracking even if some 
modules’ PV panels had different conditions. The 
significant harmonics in conventional methods are 
located in two sidebands around mf and it's multiple. But 
in the proposed method, the significant harmonics are 
located in two sidebands around 2mf and it’s multiple. 
As a result, the size of the required filter will be small. 
Reduction of the THD of the output voltage is other 
important advantage of the proposed method in 
comparison with other conventional multi-carrier PWM 
methods.  
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