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Abstract- Solar energy is abundant renewable energy resource that has astonishing capabilities to fulfill ever increasing future 
demands if utilized properly. Changing radiation intensity is a major inherent drawback associated with it and MPPT 
(Maximum Power Point Tracking) is one of the techniques used to overcome it. The Z source DC-DC converter with MPPT 
has significant drawback of rippled source current and requires source filter. This paper deals with reducing ripple in current 
and improving gain of the system without increasing the number of components. Moreover, the proposed topology can be 
extended to form MISO (Multiple Input Single Output) system having capability to handle voltage sources with different 
magnitude as well as characteristics. The proposed integration system also has an advantage of flexibility of using any type of 
multilevel inverter for grid integration. The proposed system provides satisfactory results in terms of harmonics reduction than 
earlier Z source based inverter systems having integrated control strategy. These systems are simulated in MATLAB software 
environment and results are obtained.   
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I. INTRODUCTION   
 
Z-source converter (ZSC) is a new promising power 
conversion topology perfectly suitable for interfacing 
of renewable energy sources (i.e. photovoltaic, wind 
turbines etc.). It has the ability to provide single stage 
buck-boost conversion.  
 
The Z source inverters for PV applications are 
proposed in. They contains a source side diode to 
protect     the source in shoot through period. Due to 
this the source current is dropped to zero after regular 
intervals. Therefore there is high stress on the input 
voltage source and in rush current increases. To avoid 
aforementioned problem, an input filter is needed to 
smooth the source side current ripple. It can minimize 
ripple with extra hardware circuitry but does no 
contribution to the gain of the system. Also the control 
technique is integrated to boost the DC link voltage 
and hence more harmonics are injected in the output. 
The DC-DC converters based on z source are proposed 
in. The problem of integrated control is solved here but 
it contains source side diode and source current ripples 
are present.  
 
Solar-Wind based Dual-Input Converter is proposed 
for telecom applications in. A three-input DC-DC 
boost converter with bidirectional battery interface is 
proposed in. However, topologies in are not 
extendable to more number of input sources. MISO 
systems based on flux addition concept are proposed 
in. As the number of sources increases, system 
becomes bulky and cost inefficient. MISO system for 
PV applications is proposed in. It fails to operate 
satisfactorily when each photovoltaic module attempts 
to achieve its own maximum power point at the same 
time. A MISO DC-DC converter and its control 
scheme is proposed and analyzed in. It requires large 

number of passive elements. In this paper, we propose 
a modified Z- source converter topology to reduce the 
source current ripple and improve the gain of the 
existing system without additional passive and active 
components i.e. number of control switches and 
passive elements are remained same. The central 
theme of the proposed system is to place control 
switch and filter inductance in such a way that it can 
reduce the input current ripple and also improve the 
gain of the system. The modified Z- source converter 
(MZSC) topology is analyzed for its suitability 
towards PV applications. MZSC is also extended to 
form MISO system. It has ability to interface any 
number of sources having different characteristics 
with reduced number of passive elements. Both 
topologies reduce ripples in output voltage and current 
due to filtering characteristics of Z source.  
 
This paper is organized as follows.  Section II 
describes brief idea of PV system and MPPT method 
used. Section III discusses working of modified Z 
source based DC-DC converter. Section IV gives 
mathematical analysis of the proposed converter. 
Section V discusses MISO MZSC. Section VI 
contains simulation results.  Section VII gives 
conclusion of the proposed system. 

 

 
Fig 1: Existing ZSC based DC-DC converter topology along 

with source filter 
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Fig 2: Proposed MZSC DC-DC converter topology 

 
II. PV SYSTEMS 
 
A. Proposed System 
 

 
Fig 3: Proposed PV System for Grid Integration 

 
Fig. 3 shows the proposed PV system. The DC-DC 
converter is the backbone of the above system. The 
gain of the converter is controlled by the MPPT 
algorithm and PWM (Pulse Width Modulation). The 
gain is adjusted so that the output power is maximum 
for any available solar insolation. The multilevel 
inverter is used to convert DC to AC for grid 
integration. 
 
A. PV Cell and role of MPPT 
A prime attraction of PV systems is that it produce 
electrical energy by directly transforming a free 
renewable source of energy into electricity.   The 
dependence of power generated by a PV array and its 
MPOP (Maximum power operating point) on 
atmospheric conditions can readily be seen in the 
current-voltage (I-V) and the power-voltage (P-V) 
characteristics of PV arrays as shown in Fig. 4 (a) and 
(b). 
 

 
Fig 4(a): (I-V) Characteristics of Solar Cell 

 
Fig 4(b):(P-V) Characteristics of Solar Cell 

 
The efficiency of solar cells depends on many factors 
such as temperature, insolation, spectral 
characteristics of sunlight, dirt, shadow, and so on. All 
MPPT methods follow the same goal which is 
maximizing the PV array output power by tracking the 
maximum power in every operating condition. 
 
A. MPPT Methods 
There are many methods used for maximum power 
point tracking, a few are listed below: 
• Perturb and Observe method 
• Incremental Conductance method 
• Parasitic Capacitance method 
• Constant Voltage method 
• Constant Current method 
1. Incremental Conductance method 
 
This method uses the PV array's incremental 
conductance 푑퐼/푑푉 to compute the sign of 푑푃/푑푉. 
When 푑퐼/푑푉 is equal and opposite to the value of I/V 
(where 푑푃/푑푉=0) the algorithm knows that the 
maximum power point is reached and thus it 
terminates and returns the corresponding value of 
operating voltage for MPP. This method tracks rapidly 
changing insolation conditions accurately. Fig. 5 
shows algorithm for incremental conductance method. 
One complexity in this method is that it requires many 
sensors to function and hence is economically less 
effective. 

P = V ∗ I                                                     
 

    
 dP
dV =

d(V ∗ I)
dV                                                

 

  
  dP
dV = I ∗

dV
dV + V ∗

dI
dV                             

 

 
 dP
dV = I + V ∗

dI
dV                                     

 
When the maximum power point is reached, the slope 
becomes zero. This condition is given by equation (1).  
 

I + V ∗
dI
dV = 0                                                
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dI
dV = −

I
V                                                           (1) 

                                                 
 

 
Fig 5: Algorithm for Incremental Conductance Method 

 
III. MODIFIED Z-SOURCE CONVERTER 
 
Fig. 2 shows the basic topology of proposed converter. 
It has single controlled switch and two operational 
stages. They are called shoot through and non shoot 
through stages (Fig 6 (a) & (b) resp.)  The output stage 
capacitor is charged during both the stages and 
supplies load power. When the switch is closed, shoot 
though stage begins. The diode D1 is reverse biased by 
Capacitor C1 as well as alternate path provided to 
source side inductor current. As shown in fig 6(a), the 
Ls is charged by PV source and C1 and C2 discharge in 
output stage capacitor. When the switch is opened, non 
shoot through stage begins. Both the diode D1 and D2 
turn on due to current forced by inductor Ls. The 
energy stored in Ls, L1 and L2 is dumped in output 
stage capacitor and C1, C2 are charged by PV source.  
Hence DC link voltage is boosted as shown in fig. 
6(b). 
 

 
Fig 6(a): Modified Z-source Converter operational stages 

(Shoot through stage) 

 
Fig 6(b): Modified Z-source Converter operational stages (Non 

shoot through stage) 
 

IV. ANALYSIS OF THE PROPOSED 
CONVERTER 
 
Analysis of the proposed converter is done as cascade 
connection of boost converter and Z source based 
DC-DC converter. Hence the resultant gain will be 
product of individual gains of both the converters. The 
inductors L1 and L2 and capacitors C1 and C2 have the 
same inductance (L) and capacitance (C), respectively. 
Hence the Z-network of the Z-source dc-dc converter 
is symmetrical. From the symmetry and the equivalent 
circuits, we write that 
 

     V = V = V       and   V = V = V  
 
In non shoot through stage, the switch is turned off. 
The dc source (boosted source voltage in this case) 
charges the Z-network capacitors, while the inductors 
discharge and transfer energy to the load. The interval 
of the converter operating in this stage is (1-D).T, 
where D is the operating duty ratio of switch and T is 
the total time period of one cycle as shown in Fig.6 (b). 
We write that, 
 

        V = V − V   
and       V = V − 2V                           (2) 

 
In shoot through stage, the switch is turned on. The 
Z-network capacitors discharge, while the inductors 
charge and store energy to release and transfer to the 
load. The interval of the converter operating in this 
stage is D.T, shown in Fig.6 (a).  We write that, 
 

   V = V    and   V = 0                      (3) 
 
Where, 
V  is the value of the dc voltage source input to Z 
bridge and V  is average output voltage of the MZSC. 
By applying volt-second balance theory across any of 
the inductors, we write that, (4) 
         

=                                                                     (4) 
 
Applying volt-second balance theory for source side 
inductor 

   
V

V

=
1

1− D                                                                     (5) 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-4, April-2015 

Modified Z- Source DC-DC Converter with MISO for PV Applications 
 

66 

Where, 
V  is the output voltage of the solar panel. So the 
resultant gain of the proposed system will be, 
 
 =                                                                      (6) 
 
V. MISO MZSC 
 
Fig. 7 shows the basic topology of MISO MZSC. The 
source side boosting inductor, switch and diode are 
individual to each source where as output stage Z 
source is common to all. Practically, any number of 
sources can be connected to form an integrated 
topology. Due to this topology, the number of passive 
elements required to interface multiple sources is 
reduced.  
 
There are two ways to operate this topology. If we 
consider practical situation, insolation intensity and 
temperature of the PV panels erected near to each 
other are almost same. So there can be only one MPPT 
controller and output of which can be given to 
controlling switch of all sources.  
 
Even if we consider that the solar intensity and 
operating temperature are different, there exists close 
matching between them. So each source will have its 
MPPT controller. As the MPOP of all sources will be 
close to each other, operating duty ratios will also be 
close to each other. Under both the above practical 
conditions, the topology works satisfactorily. 
 
To understand working clearly, we consider operating 
duty ratio of Sw1 and Sw2 are exactly the same. The 
topology has two operating stages that are defined by 
switching state of Sw1 and Sw2. 
 
When Sw1 and Sw2 are on, the source charges 
inductor. E.g. Source 1 charges L3. C1, C2 reverse bias 
D2, D3 and transfer their energy to L1, L2, CO and load. 
It is shown by Fig.8 (a). 
 
When Sw1 and Sw2 are off, the source along with 
source side inductor discharge and transfer energy to 
C1, C2, CO and load. It is shown by Fig.8 (b). 
 

 
Fig 7: MISO MZSC 

 
Fig 8(a): MISO MZSC (shoot through stage) 

 

 
Fig 8(b): MISO MZSC (non shoot through stage) 

 
VI. SIMULATION RESULTS 
 
A. Modified Z source based System 
The values of the passive components used for 
simulation are as follows: L1=L2=0.1uH; 
C1=C2=10uF; Ls=0.1mH; Co=1mF; RL (load) = 2 
Ohm; switching frequency=1 KHz. Fig. 9 shows the 
simulated results of input current ripple of Z converter 
due to diode switching. Fig. 10 shows the output 
voltage of conventional Z converter and proposed 
converter having improved gain. Fig. 11 shows input 
insolation for case 1 and case 2. Fig. 12 shows input 
temperature for case 1 and case 2. In Fig. 13 (a) and 
(b), the output current, voltage and power for case 1 
and case 2 are shown respectively.  
 

 
Fig 9: MATLAB results for input current ripple 

 

 
Fig 10: MATLAB results for improved gain of the system with 

load resistance of 2 Ohm (VIN =10V) 
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Fig11: Insolation input to the system 

 

 
Fig 12: Temperature input to the system 

 

 
Fig 13(a): MATLAB results for output of the system in case 1(a) 

current (b) voltage (c) Power 
 

 
Fig 13(b): MATLAB results for output of the system in case 2(a) 

current (b) voltage (c) Power 
 

B. MISO MZSC 
The circuit is simulated for three sources. The values 
of simulation parameters remain same (LS=L3=L4…). 
Fig. 14 shows the solar insolation input given to the 
system. Fig. 15 shows the temperature input given to 
the system.  

Fig. 16 shows the simulated results of individual 
current of each PV source. Fig. 17 shows the simulated 
results of each PV source tracking its own MPOP in 
the operating region. Fig. 18 shows the simulated 
results of output voltage and current of MISO system. 
Fig. 19 shows the simulated results of output power of 
MISO system.  
 

 
Fig14: Input insolation changes to the MISO system 

 

 
Fig15: Input temperature changes to the MISO system 

 

 
Fig16: MATLAB results for individual source current of MISO 

system 
 

 
Fig17: MATLAB results for individual source MPOP tracking 

of MISO system 
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Fig18: MATLAB results for output voltage and current of 

MISO system 
 

 
Fig19: MATLAB results for output power of MISO system 

 
CONCLUSION 
 
It is concluded that the proposed system has improved 
the power extraction capability of PV systems for grid 
integration. The proposed MISO system works 
satisfactorily for all practical conditions. Probable 
future work in this arena is making system tolerant to 
handle voltage sources with large magnitude 
difference and for handling system where solar energy 
input varies over wide range. 
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