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ABSTRACT This paper proposes a new power-control strategy for grid-connected generation systems with versatile pow-
er transfer. Wind, Solar, Fuel cell and Battery systems are integrated in this work.  An adaptive Maximum pow-

er point tracking system (MPPT) algorithm along with standard perturbs and observes method has been implemented.  This 
system allows maximum utilization of freely available renewable energy sources like wind, fuel and photovoltaic energies.  
The objective of this work is to implement a novel five and seven level multi-string inverter topology for Distributed Energy 
resources (DER) based DC/AC conversion system. A high step-up converter is introduced as a front-end stage to improve 
the conversion efficiency of conventional boost converters and to stabilize the output DC voltage of various DERs.   The 
proposed multilevel inverter requires only six active switches instead of eight as required in the conventional cascaded H- 
Bridge (CCHB) inverter.  
The DC output from non-conventional energy source is converted into AC power for synchronizing with the grid.   This   hy-
brid system operates under normal and abnormal conditions with the support of the Battery Supply.   The simulation results 
are presented to illustrate the operating principle, feasibility, and reliability of this proposed system.

I. INTRODUCTION
Nowadays, photovoltaic (PV) energy appears quite attractive 
for electricity generation because of its noiseless, pollution-
free, scale flexibility, and little maintenance. The PV power gen-
eration depends on sun irradiation level, ambient temperature, 
and unpredictable shadows [1]. A PV-based power system 
should be supplemented by other alternative energy sources 
to ensure a reliable power supply. Fuel cells (FCs) are emerging 
as a promising supplementary power sources due to their mer-
its of cleanliness, high efficiency, and high reliability. Because 
of long startup period and slow dynamic response weak points 
of FCs [2], mismatch power between the load and the FC 
must be managed by an energy storage system. Batteries are 
usually taken as storage mechanisms for smoothing output 
power, improving startup transitions and dynamic characteris-
tics, and enhancing the peak power capacity [3,4]. Combining 
such energy sources introduces a PV/Wind/FC/battery hybrid 
power system. In comparison with single-sourced systems, 
the hybrid power systems have the potential to provide 
high quality, more reliable, and efficient power. 

In these systems with a storage element, the bidirectional pow-
er flow capability is a key feature at the storage port. Further 
input power sources should have the ability of supplying the 
load individually and simultaneously. Many hybrid power sys-
tems with various power electronic converters have been pro-
posed in the literature up to now. Traditional methods that 
integrate different power sources to form a hybrid power 
system can be classified into AC coupled systems [5,6]. 

However, the main shortcomings of these traditional integrat-
ing methods are complex system topology, high count of 
devices, high power losses, expensive cost, and large size. 
In recent years, several power conversion stages used in tra-
ditional hybrid systems are replaced by multi-input convert-
ers (MICs), which combine different power sources in a sin-
gle power structure. These converters have received more 
attention in the literature because of providing simple 
circuit topology, centralized control, bidirectional power flow 
for the storage element, high reliability, and low manufac-
turing cost and size. In general, the systematic approach of 

generating MICs is introduced in [7], in which the concept of 
the pulsating voltage source cells and the pulsating current 
source cells is proposed for deriving MICs. One of the sam-
ples of these MICs is utilized in [8] to hybridize PV and wind 
power sources in a unified structure.

A systematic method to synthesize MICs is proposed in [9]. 
Assumptions, restrictions, and conditions used in analyzing 
MICs are described in [10], and it lists some basic rules that 
allow feasible and un- feasible input cells that realize MICs 
from their single-input versions. Two multiple-input convert-
ers based on flux additivity in a multi winding transformer are 
reported in [11]. Because there was no possibility of bidirec-
tional operating of the converter in [11], and complexity of 
driving circuits and output power limitation [12], they are not 
suitable for hybrid systems. In [13], a three port bidirectional 
converter with three active full bridges, two series resonant 
tanks, and a three- winding high-frequency transformer are 
proposed. In comparison with three-port circuits with only 
inductors and Diode Bridge at the load side, it gives higher 
boost gain and reduced switching losses due to soft-switch-
ing operation. 

In this work, a power control strategy is designed to man-
age the charge balance of the battery in order to regulate 
the output voltage. In these systems, the PV and the wind 
sources are exploited in MPPT conditions. Moreover, control 
strategies of the both systems are designed based on small 
signal modeling of the converters.

A new four input DC-DC boost converter is proposed for 
hybrid power system applications. The proposed converter 
interfaces three unidirectional ports for input power sources, 
a bidirectional port for a storage element, and a port for out-
put load in a unified structure. The converter is current source 
type at all three input power ports and is able to step up 
the input voltages. The proposed structure utilizes only four 
power switches that are independently controlled with four 
different duty ratios. These duty ratios facilitate controlling 
of power flow from the input sources. Power from the input 
power sources can be delivered to the load individually or 
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simultaneously.

A novel five and seven level multistring inverter topology for 
DERs based DC/AC conversion system is implemented in this 
work. A high step-up converter is introduced as a front end 
stage to improve the conversion efficiency of conventional 
boost converters and to stabilize the output DC voltage of 
various DERs such as PV, Wind and fuel cell modules for use 
with the simplified newly constructed multilevel inverter. The 
proposed multilevel inverter requires only six active switches 
instead of the eight required in the conventional cascaded 
H- bridge (CCHB) multilevel inverter. Switches are controlled 
with SVM technique.

II. POWER CONTROL TECHNIQUES FOR CONVERTER 
STAGES

A. High Power Converter Stage
In this study, high Power converter topology is introduced to 
boost and stabilize the output DC voltage of various DERs 
such as PV, Wind and Fuel cell modules for employment of 
the proposed simplified multilevel inverter. 

Fig. 1 Single Phase Multi String Inverter Topology

The coupled inductor of the boost converter shown in Fig. 1 
can be modeled as an ideal transformer, a magnetizing in-
ductor, and a leakage inductor. According to the voltage 
balance condition of the magnetizing inductor the voltage of 
the primary winding can be derived as

 (1)

Where Vin represents each the low-voltage DC energy input 
sources, and voltage of the secondary winding is given by

 (2)

Similar to that of the boost converter, the voltage of the 
charge-pump capacitor Cpump and clamp capacitor Cc can be 
expressed as 

 (3)

Hence, the voltage conversion ratio of the high step-up con-
verter, named input voltage to bus voltage ratio, can be de-
rived as [14] 

 (4)

B. Simplified Multilevel Inverter Stage
It should be assumed that, in this configuration the three ca-
pacitors in the capacitive voltage divider are connected di-
rectly across the DC bus as shown in Fig. 2, and all switching 
combinations are activated in an output cycle. The capacitors 
are configured to maintain a constant voltage at the common 
DC Bus. Wind Generator along with rectifier is shown in a sin-
gle block. The dynamic voltage balance between the three 
capacitors is automatically controlled by the preceding high 

step-up converter stage. Then, we can assume Vs1=Vs2=Vs3 
=Vs.

Fig.2. Configuration of Multi String Inverter Topology

A new single-phase multi string topology is used whose basic 
circuit is presented in Fig.3 to solve problems associated with 
multiple power stages and complex control circuits. This to-
pology includes six power switches which are less than those 
of CCHB inverter with eight power switches. This reduces the 
complexity in power circuit and simplifies modulator circuit 
design and implementation. The Phase disposition Pulse 
Width Modulation (PDPWM) control scheme is introduced 
to generate switching signals and to produce five output-
voltage levels: zero, VS, 2VS, -VS, and - 2VS.

Fig.3. Basic five-level inverter circuitry.

This inverter topology uses two carrier signals and one refer-
ence to generate PWM signals for the switches. The modula-
tion strategy and its logic scheme implemented are shown in 
Fig.4. This is a widely used alternative technique for phase 
disposition modulation. With the exception of an offset value 
equivalent to the carrier signal amplitude, two comparators 
are used in this scheme with identical carrier signals Vtri1 and 
Vtri2 to provide high-frequency switching signals for switch-
es Sa1, Sb1, Sa3 and Sb3. Another comparator is used for zero 
crossing detection to provide line-frequency switching sig-
nals for switches Sa2 and Sb2. 

Fig. 4. Switching Scheme
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For convenient illustration, the switching function of the 
switch in Fig. 3 is defined as follows

Table I. lists switching combinations that generate the re-
quired five output levels. The corresponding operation 
modes of the multilevel inverter stage are described clearly 
as follows

Table-I Switching Combinations

Sa1 Sa2 Sa3 Sb1 Sb2 Sb3 VAB

0 1 0 1 0 1 2Vs

0 1 1 1 0 0 Vs

1 1 0 0 0 1 Vs

1 1 1 0 0 0 0

0 0 0 1 1 1 0

1 0 0 0 1 1 -Vs

0 0 1 1 1 0 -Vs

1 0 1 0 1 0 -2Vs

The control signal block is shown in Fig.4 m(t) is the sinusoi-
dal modulation signal. Both Vtri1 and Vtri2 are the two triangular 
carrier signals. The peak value and frequency of the sinusoi-
dal modulation signal are given as mpeak=0.7 and fm=60Hz, 
respectively. The peak-to-peak value of the triangular modu-
lation signal is equal to 1, and the switching frequency ftri1 
and ftri2 are both considered as 1.8 kHz. 

Fig. 5 Simulated waveforms for phase voltage VAB of in-
verter stage [Scale: 100V/div]

The three input voltage sources feeding from the high 
step-up converter is controlled at 100V on DC Bus, i.e. 
VS1=VS2=VS3=VS=100V. The simulated waveform of the phase 
voltage with five levels is shown in Fig. 5. The switch voltages 
of Sa1, Sa2, Sa3, Sb1, Sb2, and Sb3 are all shown in Fig. 6. It is 
evident that the voltage stresses of the switches Sa1, Sa3, Sb1, 
and Sb3 are all equal to 100V, and only the other two switches 
Sa2, Sb2 must be 200V voltage stress.

Fig.6 simulated waveforms of switch voltage for inverter 
stage with in a line period 

[Scale: 100V/div]

  (7)

VDS is the voltage across each switch; and Io is the entire cur-
rent which flows through the switch. 

Compared with the CCHB circuit topology as shown in Fig.7, 
the voltage stresses of the eight switches of the CCHB in-
verter are all equal to Vs. For simplification, both the pro-
posed circuit and CCHB inverter are operated at the same 
turn-on and turn-off crossover intervals and at the same load 
Io. Then, the average switching power loss Ps is proportional 
to VDS and fs as

Ps α VDS .fs   (8)

According to Eq. (8) and Table I the switching losses of the 
CCHB inverter from eight switches can be, obtained as

Ps, H-bridge α 8Vsfs   (9)

Similarly, the switching power loss of the proposed single-
phase five-level inverter due to six switches can also be ob-
tained as

Ps, proposed α 4Vs*fs+ 2(2Vs) fm α 4Vs (fs+fm).  (10) 

Because switches Sa2, Sb2 can only be activated twice in a line 
period (60Hz) and the switching frequency is larger than the 
line frequency (fs>>fm), the switching losses of the proposed 
circuit is approximated to 4Vs*fs. Obviously, the switching 
power loss is nearly half that of the CCHB inverter.

Fig.7 Five-level inverter topologies of CCHB inverter

Considering the harmonics in the inverter output voltage VAB, 
the amplitude of the fundamental and harmonic components 
in the output voltage VAB are calculated by PSIM software. 
The phase shift PWM technique is adopted for the CCHB 
Inverter. Both of the CCHB multilevel inverter and the stud-
ied multilevel inverter are operated in the same condition, 
including the same switching frequency 18kHz, the same 
modulation index ma ,the same input voltage VS=100V and 
output L-C filter, Lo= 420uH, Co= 4.7uF.The studied multilevel 
inverter have lower THD than the CCHB multilevel inverter. 
It implies that the output waveform is improved and smaller 
filter size can be used. 

C. DC-AC Power converter space vector modulation Tech-
nique. 
6 power switches of inverter with 8 possible combinations 
shown in Figure. 3 are corresponding to effective voltage 
space vector U1 - U6 and 2 zero vectors U0, U7. The phase 
angle between one effective voltage space vector and adja-
cent one is 60 degrees. They constitute 6 uniform segments. 
The three digits in brackets express the linking state between 
three-phase output A,B,C and the input DC, such as M=101 
which represents the switching of the switches SPA ,SNB and 
SPC The output voltage space vectors and the corresponding 
switching states are represented in “Fig. 8”.
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Fig. 8 the composition of output voltage vector and 
switching stages

Any expected output voltage space vector UJ is formed by 
adjacent two basic output voltage vectors UM,UN and zero 
output voltage Uo or U7. Suppose the angle between UJ and 
UM is θJ

UJ=dMUM+dNUN+dOUO  (11)

Where dM, dN and d0 are the ratio cycles of UM, UN and U0 
respectively. And 

Where TM, TN is the switching time of vectors UM and UN re-
spectively. Tg is the switching period of PWM.mv is the modu-
lation index of output voltage. And

 (15)

Where U0m and Uim are the amplitudes of output and input 
voltages, mc is the input current modulation index, generally 
set mc =1. Ø is the input power factor angle. When the rotat-
ing space vector Uj locates in a segment, the local average of 
output voltage can be formed by two adjacent basic voltage 
space vectors constituting this segment and one zero voltage 
space vector.

D. S PWM Techniques 
A different approach to SPWM is based on the space vector 
representation of voltages in the d, q plane. The d, q compo-
nents are found by Park’s transform, where the total power, as 
well as the impedance, remains unchanged. 

Fig. 9 shows space vector modulation in accordance with 8 
switching positions of inverter, V* is the phase-to-center volt-
age which is obtained by proper selection of adjacent vectors 
V1 and V2.

Fig. 9 Space Vector Modulation

The reference space vector V* is given by Equation (16), 
where T1, T2 are the intervals of application of vector V1 and 
V2 respectively, and zero vectors V0 and V7 are selected for T0. 

V* Tz = V1 *T1 + V2 *T2 + V0 *(T0/2) + V7 *(T0/2)  (16)

Fig. 10. Inverter output voltage space vector

Fig. 11 Determination of Switching times

The amplitude of u0 and u7 equals to zero. The other vec-
tors, u1, u2……u6 have the same amplitude and are shifted. 
By varying the relative switching on time of the different vec-
tors, the space vector u* and also the output voltages Ua, Ub 
and Uc can be varied and is defined as 

Ua= Real (U*),

Ub= Real (U*. a-1)

Uc= Real (U*. a-2)    (17)

During a switching period, Tc, and considering the example 
of first vector, the vectors u0, u1 and u2 were switched on 
alternatively. 

Fig. 12 Definition of the Space Vector

Depending on the switching times, t0, t1 and t2, the space 
vector u* can be defined as, 

U* = 1/Tc.( t0.u0 + t1.u1 + t2. u2) (18)

It can be simplified as, 

U* = (t0.u0 + t1.u1 + t2. u2) 

This is equal to 
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U* = t1.u1 + t2. u2

where,     

t0 + t1 + t2 = Tc and 

t0 + t1 + t2 =1

t0, t1 and t2 are the relative values of the on switching times. 
They are defined as:

t1 = m *cos (a + p/6)

t2 = m *sin a t0 = 1 - t1 - t2

Their values are implemented in a table for a modulation 
factor m = 1. Then it will be easy to calculate the space 
vector U* and the output voltages Ua, Ub and U c .The volt-
age vector U* can be provided directly by the optimal vector 
control laws w1, VSa and VSb. In order to generate the phase 
voltages Ua, Ub and Uc corresponding to the desired voltage 
vector U* the above SVM strategy is proposed.

III Simulation Results:

Fig13.Out put Voltage and Current with Unity Power fac-
tor

Fig14.Five Level Inverter out Put Voltage

Fig15.Five line Voltage of Inverter

Fig16.Seven Level Voltage of Inverter

IV CONCLUSIONS:
This work reports a newly-constructed single & three -phase 
multi string Five and seven level inverter topology that pro-
duces a significant reduction in the number of power devices 
required to implement multilevel output for DERs. The pro-
posed inverter topology offers strong advantages such as im-
proved output waveforms, smaller filter size, and lower EMI 
and THD. Simulation results show the effectiveness of the 
proposed solution.

In this work, a high step-up converter is introduced as a 
front-end stage to improve the conversion efficiency of con-
ventional boost converters and to stabilize the output DC 
voltage of various DERs such as PV, Wind and fuel cell mod-
ules for use with the simplified newly constructed multilevel 
inverter. The proposed multilevel inverter requires only six 
active switches instead of the eight required in the conven-
tional cascaded H- bridge (CCHB) multilevel inverter, control 
with SVM technique.

The inverter converts the DC output from non-conventional 
energy into useful AC power for the connected load. This 
hybrid system operates under normal conditions which in-
clude conventional and proposed cases of solar energy, fuel 
and wind energy. The simulation results are presented to il-
lustrate the operating principle, feasibility and reliability of 
this proposed system for Renewable resources.
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