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Abstract. In the grid-connected photovoltaic (PV) system, the array forms DC power. This generated 
power, a two-way grid process is called DC – DC – AC as a two-stage power conversion and, secondly, a 
DC-AC with a reduced circuit is called a single Stage Grid – Connected PV (SSGCPV) system. SSGCPV is 
more advantageous for reduced complexity, reliability and efficiency, in order to reduce the number of step-
up transformer power with conventional inverter (or transformer) with less high PV voltage. This paper 
proposes a detailed review of the few configurations of the SSGCPV inverter system and also discusses its 
control strategy for tracking maximum power and generating pulses to obtain the required output power. 

1 Introduction  

In recent years, with increase in population and 
industrial sector the utilization of fossil fuels are 
increases drastically, but it would become global 
warming and air pollution. Therefore, all countries in the 
world concentrate on substitutes to fossil fuels and 
looking towards for renewable energy sources.  The 
most abundantly available renewable sources are solar 
and wind, the wind-based power generation is not 
possible everywhere because of a constant of wind is not 
guaranteed[1]-[2]. Therefore, with day to day growth of 
technology the leading promising renewable source in 
power generation is photovoltaic (PV) system[3]. 

The PV system mainly used in stand-alone PV system 
and grid-connected PV system, in the past, the PV 
module cost is higher due to less productivity but 
nowadays increasing of productivity the cost becomes 
drop-down. Therefore, the grid-connected PV systems 
are widely preferred over than stand-alone systems[4]. 
In grid-connected PV system, an inverter is used to 
interface in between PV system and grid. An inverter 
generates required AC output voltage from DC input 
received from PV system while conventional inverter 
produces two-level of the output voltage and have few 
issues while in conversion processes such as higher 
harmonic distortion, switching frequency, dv/dtstress and 
filter requirement is more significant at output side due 
to which cost is increased[5]-[6].Multilevel Inverter 
(MLI) plays a vital role in  
renewable energy applications to produce the desired 
output ac voltage which increases efficiency, decreasing 
harmonics, and reduced losses. However, in basic MLIs 
number of components and switches required are more 

but due to the advancement of technology MLIs are 
developed with reduced components[7] and switches 
which decreases filter requirement at output side and 
switching harmonics as compared with a two-level 
inverter[8]–[10]. 
In general, grid-connected PV inverters mainly classified 
as (according to PV module configuration) the central 
inverter, string inverter, multi-string and module-
integrated inverter as shown[11] in Fig.1. The central 
inverter connected to three phase interconnection with 
large power application such as power plants and 
commercial, i.e. more than 10 kW while other inverters 
called string and multi strings are connected with single 
or three phase and used in residential and commercial 
applications. Finally, module inverter is used small 
power applications less than 300W and interconnected 
with single-phase systems[12], [13]. 

 
Fig.1. Grid-connected PV Inverters[11] 
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The power processing in between PV system and a grid 
plays a key role, conventionally multi stage power 
processing, i.e. DC-DC-AC is widely used in grid-
connected PV system. Therefore, with the addition of the 
power converter in power processing, increases cost and 
low efficiency. This paper describes the different single-
stage power processing configurations with its control 
strategies in grid-connected PV system[14], [15].  

2. Single Stage Configurations 
The sunlight into DC with the help of PV array and is 
then convert into AC, and it injects into the grid, the 
output of the PV system depends on temperature and 
solar irradiation. Based on the power processing stages 
PV inverters are classified into two types as multi-stage 
inverters and single-stage inverter[16]–[19]. In grid-
connected PV system, conventional multi-stage inverters 
employ more than one power processing stages, in which 
the task of one or many stages performs boosting the DC 
output from PV system and final stage being conversion 
of the boosted DC into desired AC output. Nevertheless, 
most of the PV inverters interfaced with a two-stage 
power conversion process as shown in Fig.2.During the 
first stage, the output of the PV array has amplified the 
voltage to a higher level by using a boost converter while 
tracking the maximum power[20]. Such two-stage PV 
inverters are working well, but due to the increase of 
many power conversions have drawbacks as a bigger 
size, higher cost, low reliability and lower efficiency.  
The help of single-stage PV inverter overcomes the 
drawbacks as mentioned earlier[21]. 
 

Fig.2. Two-Stage grid connected PV Inverter   

  
In Single-stage PV Inversion, the numbers of power 
processing stages are deduced and are direct converts 
DC to AC and integrate into the grid system. This in turn 
provides less size, less cost and complexity. It is also 
easy to incorporate the maximum power tracking 
technique (MPPT) to track the maximum power from the 
all environmental conditions. The schematic structure of 
the single-stage grid-connected PV system (SSGCPV) as 
shown in Fig.3, it includes PV array to convert sunlight 
into DC, MPPT to track the maximum power from PV 
system and dc link capacitor that connect in between PV 
array and three phase VSI inverter. Also the control 
scheme of an inverter, RL filter connected the grid[22]–
[24].  
Fig.3. is a structure of SSGCPV, in which voltage 
amplification not included. According to voltage 
amplification, SSGCPV inverter systems are categorized 
into three types as a step up transformer, PV array, and 
Inherent Boost inverter systems[21]. 

 

 
Fig.3. Schematic structure of SSGCPV inverter 

A.  Step-up Transformer SSGCPV invertert system 
Step-up Transformer SSGCPV inverter as shown in 
Fig.4, in this configuration step-up transformer placed at 
the output terminals of the three-phase inverter, the 
voltage amplification is obtained after inverting DC into 
AC, after amplification of voltage secondary of 
transformer fed to the grid. This type of configuration 
suffers with drawback by addition of transformer, will 
add the bulk and cost of the complete 
system.

 
Fig.4. Step-up Transformer SSGCPV inverter system 

B. PV-ARRAY SSGCPV inverter system 
The voltage amplification, the number of PV modules 
increases and connected in series to frame as a PV array, 
as shown in Fig.5, at the input it generates the DC 
power, as per the requirement of the grid, and is directly 
fed to an inverter through the DC-link capacitor. The 
merit of this type of configuration is no need to use the 
step-up transformer. Therefore, it avoids synchronization 
problem at the output of an inverter. It suffers from the 
following demerits such as hot spots during the partial 
shading, leakage current probability increases, and 
reduced safety.  

Fig.5. PV-Array SSGCPV inverter system 

C. Inherent boost SSGCPV inverter systems 
This system with single power electronic stage attains 
the following functions, namely, it tracks the maximum 
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power from MPPT, voltage amplification, and inversion 
as shown in Fig.6. The principal advantages of this 
configuration are compact in size, high reliability, more 
performance, and lesser weight and cost. If the number 
power stages are lesser, it is easy to integrate with 
modules. The main drawback of this system is the design 
of the control circuit is somewhat complicated if MLIs 
with boosting is incorporated in the single stage 
conversion[25]–[27]. 
 

 
Fig.6. Inherent boost SSGCPV inverter systems 

3. Control Strategy of Single Stage 
Inverter 
The equivalent circuit, output voltage and current 
relationship of PV module is expressed in[28]. The 
essential device in SSGCPV system is an inverter. The 
single stage inverter control strategy is depicted in the 
Fig.7. The control circuit is divided into two control 
loops named as an inner current loop for controlling duty 
ratio and outer voltage loop to track the maximum power 
point[29], [30] (MPP) to stabilize the dc-link voltage.  
Two currents are involved in inner loop control one is 
active current (Id) and reactive current (Iq). In normal 
operation, the output of the voltage loop (active current 
(Idr)) used as a reference while reference of reactive 
current (Iqr=0) makes it as zero. Therefore, SSGCPV 
inverter operates at a nearly unity power factor.  To 
control the grid current and dc-link voltage typical PI 
controllers are utilized. The feedforward control strategy 
is adopted for easy control of active and reactive 
currents[31]. 
The design of the phased locked loop (PLL) is essential 
for synchronizing phase angle and grid voltage, which is 
based on synchronous (d-q) reference frame. For the 
generation of inverter switching pulses, it is necessary to 
produce active reference and the reactive reference 
voltage are from the inner loop, and these are 
transformed into Vdq to Vabc.  The obtained Vabc is 
applied to PWM generator to produce required switching 
pulses to an inverter[32]. 

The mathematical modeling of three phase grid 
connected PV system as follows for conventional 
inverter model 

 

 

 
Where “Vai,Vbi, Vci”,“ iai, ibi, ici”, and “ ega, egb, egc” are 
the inverter voltages, inverter currents and grid voltages. 
The equation (1) can be written in state space form as, 

 

 

 
Equation (2) is a time-varying model and is converted 
into time-invariant by the rotational transformation. The 
mathematical model at the line frequency can be 
obtained as: 

 
 
The active and reactive power calculations at the grid 
side in state space form as: 

 
 

 
 
Where, “Egd, Id” and “Edq , Id” are the voltages and 
currents along with d axis and q axis in d-q synchronous 
frame. In normal operating mode the power factor 
become unity, then the voltage Edq is zero. Therefore, the 
active and reactive power as[32], [33],  
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Fig.7. Control strategy of SSGCPV inverter system 
 
In Fig.7, the inner loop control plays a key role in a 
control strategy of an inverter to deliver the maximum 
power to the grid. If linear controllers are used in an 
inner current loop, however, these linear controllers have 
some boundary limitations. Therefore these are not 
delivering the desired power to the grid because PV 
system is non linear unit and the input is completely 
depending upon environmental conditions. The best 
choice for controlling the nonlinear systems is the 
nonlinear controller named as robust controllers. The 
design of robust controllers is also possible for SSGCPV 
systems to generate the required control singles for 

controlling and delivering maximum power to the grid 
even though at any uncertainties[34]. 
 

4. Conclusion 
A brief review in SSGCPV systems is discussed in this 
paper. Nowadays grid-connected PV systems are plays a 
vital role in the generation of power while the demand is 
increasing, in these systems, an inverter is a heart of the 
system and is divided into multi-stage with and Single-
Stage Systems (SSS). In the first chapter discussed with 
advantages of the solar energy, basic idea about the 
generalized grid-connected types of an inverter and 
briefly about single stage system is introduced. The 
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second section has discussed the merits of SSS, and their 
different configurations also discussed the advantages 
and disadvantages of each configuration which uses to 
researchers to select kind of layout as per their 
requirements. The third section is considered as a control 
strategy of SSGCPV inverter, given a clarity over this 
strategy how to track the maximum power and how to 
deliver the maximum power to the grid. In the future, 
MLI is come into the SSS to improve the reliability, 
efficiency and reduced filter utilization. 
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