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Abstract – This paper gives a new nonlinear current control 
method for a single-phase grid-connected photovoltaic (PV) 
system. Partial feedback linearization is used for designing the 
controller, which linearizes the system partially and to make 
possible the controller design scheme for reduced-order PV 
systems. The reference current is calculated from the 
maximum power point tracking system (MPPT). The suggested 
current control approach introduces the internal dynamics 
and the stability of the internal dynamics is a key requirement 
for the implementation of the controller to analyze the 
stability of internal dynamics of a PV system. Based on the 
tracking of grid current to the reference current, the 
performance of the controller is evaluated by considering the 
changes in environmental conditions. A large system 
comparable to a practical system is simulated under different 
operating conditions such as at a standard atmospheric 
conditions, change in atmospheric condition  and faults on 
different parts of the system and compared with conventional 
controllers, which ensures the suitability of the proposed 
controller in a real system. The experimental validation of the 
proposed control scheme is also presented in this paper. 
 
Key Words:  Grid Connected PV (Photovoltaic) system, 
MPPT, Current Controller.  

1.INTRODUCTION  
 
In the field of power sector one of the major concerns in 
these days is day-by- day increase in power demand. But, the 
quantity and availability of conventional energy sources are 
not enough to meet up the current day’s power demand. 
While thinking about the future availability of conventional 
sources of power generation, it becomes very important that 
the renewable energy sources must be utilized along with 
source of conventional energy generation systems to fulfill 
the requirement of the energy demand. In order to overcome 
current day’s energy crisis, one renewable method is to 
extract power from the incoming sun radiation called Solar 
Energy, which is globally free for everyone. Solar radiation  
is widely available on the surface of earth as well as in space, 
so that we can harvest it and convert it into other form of 
energy and properly utilize it efficiently. Power generating 

unit may fed power into the grid or it may be used in isolated 
systems. Utility location, load center, available grid 
connectivity decides its energy usage. Thus, where the 
availability of grids connection is very difficult or costly, the 
solar energy can supply power to those areas. The most 
important two advantages of solar power are that its fuel 
cost is absolutely zero and solar power generation during its 
operation does not produce any greenhouse gases. Easy 
carry-in of the power generating unit is another advantage  
that is we can use it whenever wherever small power 
generation is required. In the last few years the power 
conversion mechanisms for solar energy has been 
significantly reduced to compact size. The new researches in 
the field of power electronics and material science have 
greatly helped engineers to develop such systems. So that 
very small but effective and powerful systems that have 
capability to meet high electric power demand has been 
developed. For every country, day by day power density 
demand is increasing. Photovoltaic power  generation is 
capable of mitigating voltage fluctuation very effectively by 
setting the system for the use of multiple input and 
converter units. But in solar power generation system, due 
to its high installation cost and the low efficiency of the solar 
cells, this power generating systems can hardly participate in 
the competitive power markets as a main renewable source 
of power generation. 
 

1.1 System Development 
 

The overall system consists of solar panel that generates 
power according to the irradiation levels. The MPPT 
algorithm calculates the duty cycle for the converter 
corresponding to the maximum power point.  There will be 
one maximum power point for a particular irradiation. Most 
of electrical power applications are based on using solar 
energy, as  it is  basically unlimited and generally on hand 
energy resource. However, the output power induced in the 
photovoltaic modules depends on solar irradiance and 
temperature of the solar cells. This makes the extraction of 
maximum power a complex task. The efficiency of the PV 
generation depends on maximum power extraction of PV 
system. Therefore, to maximize the efficiency of the 
renewable energy system, it is necessary to track the 
maximum power point of the PV array. The PV array has a 
single in service point that can supply maximum power to the 
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load. This point is called the maximum power point (MPP). 
The locus of this point has a nonlinear distinction with solar 
irradiance and the cell temperature. Thus, in order to operate 
the PV array at its MPP, the PV system must contain a 
maximum power point tracking (MPPT) controller 

 

1.2 MPPT  
 

Maximum power point tracking (MPPT) is the method of 
tracking maximum output power from a solar panel. Several 
MPPT algorithms are available nowadays. The MPPT 
algorithm used in this particular work is non linear current 
control. Pm is the maximum power that can be obtained from 
a particular panel. The aim of a MPPT algorithm is to track 
Pm by making Vpv to VM or Ipv to IM. 

 

1.3 PV System Module 
 

The schematic diagram of a single-phase grid-connected 
PV system, which is the main focus of this project, is shown in 
Figure 1. The PV system consists of a PV array, a dc-link 
capacitor C, a single-phase inverter, and a filter inductor 
connected to the grid with the voltage. In this project, the 
main target is to control the current injected into the grid by 
means of appropriate control signals through the switches of 
the inverter. 

 
Fig-1. Equivalent Circuit Diagram of Single-Phase Grid-
Connected PV System. 

2. CONTROLLER PERFORMANCE EVALUATION 

First, a simple single-phase grid-connected PV system and 
then a PV system, similar to the practical system, are 
considered to evaluate the performance of the designed 
controller. Finally, the designed control algorithm is validated 
through some experimental results. The implementation 
block diagram of a partial feedback linearizing controller for 
a single-phase grid-connected PV system is shown in Figure. 
2, in which it can be seen that the magnitude of the reference 
current for the linear controller is obtained from the MPPT 
and the angle is extracted from the grid current using a PLL. 
The controller is a combination of a linear and partial 
feedback linearizing controller. Finally, the control input is 
implemented through the inverter switches using a pulse 
width modulation (PWM) technique where the switching 
frequency of the inverter is considered as 10 kHz. 

 

2.1  Performance Evaluation on a Simple System 
 

In this section, the performance of the designed controller 
is evaluated on the simple system. To simulate the 
performance at this stage, a PV array consisting of ten PV 
cells, characterized by a rated current of 2.0 A, is connected in 
parallel. There are two bunch of PV cell, characterized by a 
rated voltage of 76.5 V, and connected in series. Thus, the 
total output voltage of the PV array is 153 V, the output 
current is 10 A, and the total power is 750 W. The value of the 
dc-link capacitor is 1000μf. The line resistance is 0.1 Ω and 
the inductance is 10 mH. The grid voltage is 240V and the 
frequency is 50 Hz. The performance of the designed 
controller is evaluated under standard and changing 
atmospheric conditions through the following case studies. 

 

 
 
Fig-2. Implementation Block Diagram Of Partial Feedback 
Linearizing Controller. 

Case 1: Controller Performance under Standard 
Atmospheric Conditions:  

At this stage, the system is simulated under standard 
atmospheric condition in which the solar irradiation is 
considered as and the temperature as 298 K. At this 
condition, the output power of the PV unit from which it can 
be seen that there are some fluctuations due to the nonlinear 
characteristics of the PV system. The main purpose of the 
control action is that the grid current will follow the 
reference current when the maximum power extraction from 
the MPPT is 700W. This can be performed by regulating the 
inverter switches through the proper control scheme when 
the MPPT is achieved. Here comparison is shown in this 
nonlinear grid current (violet) and hysteresis grid current 
(yellow line) are shown in Figure.3 and 4 from 0 to 0.5 s with 
the proposed control scheme. 
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Case 2: Controller Performance under Changing 

Atmospheric Conditions: 

 In a practical PV system, the atmospheric condition 
changes continuously for which there exists variations in the 
cell’s working temperature and solar irradiation. Due to the 
changes in atmospheric conditions, the output voltage, 
current, and power of the PV unit change significantly. For 
example, if a single module of a series string is partially 
shaded, its output current will be reduced which will indicate 
the operating point of the whole string. Figure. 6 and 7 shows 
the performance of the proposed current controller with 
changes in atmospheric conditions. From Figure 5 and 6, it 
can be seen that the PV system operates under standard 
atmospheric conditions from 0. to 0.5 s. But the irradiation 
changes from 1000 to 700 w/sq.m  at 0.2 s and the weather 
remains cloudy, i.e., the PV system is shaded until 0.2s to 
0.35s. At this stage, the amount of power delivered to the grid 
will be changed and the MPPT will select a different MPP, but 
the grid voltage will be the same. The change in the grid 
current is also shown in Figure 6 and 7. After 0.35 s, with the 
proposed controller, the non linear current controller grid 
current (violet line) is similar to its previous value as the 
system again operates at standard atmospheric conditions, 
but the hysteresis current controller (yellow line) is not 
capable to track the reference current accurately. 

Case 3: Controller Performance During Fault:  

A line-to-ground fault is considered at an instance at the 
terminal of  PV unit to evaluate the performance of the 
proposed current controller. When such faults are applied, PV 
units will not supply any power into the grid and load. Under 
this case study, the performance of the proposed controller is 
shown in Figure 5 from where it can be seen that the PV unit  
is not injecting any current into the grid from 0.25 to 0.35 s as 
the fault is applied for this period. In this case study, the pre-
fault and post-fault conditions are considered as standard 
atmospheric conditions. The proposed controller maintains 
the post-fault steady state as soon as the fault is cleared but 
with the hysteresis controller the system becomes unstable. 
The simulation results show the superiority of the proposed 
control scheme.  

5. Simulation Results: 

 
 

Fig-3. current comparison for hysteresis current and 
reference current at standard atmospheric condition. 

 

Fig- 4.Current comparison for Nonlinear current and 
reference current at standard atmospheric condition. 

 
 

 

Fig- 5. Current Comparison of Hysteresis and Non Linear 
current controller during fault condition. 

 

 

Fig- 6. Comparison of  Hysteresis Current And Reference 
Current At Change In Atmospheric Condition. 
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Fig- 7. Comparison of  Nonlinear Current And Reference 
Current At Change In Atmospheric Condition. 

 

3. CONCLUSIONS 
 
A partial feedback linearizing nonlinear current control 
scheme was presented to improve the dynamic performance 
of a single-phase grid-connected PV system with changes in 
atmospheric conditions, variations in load conditions, and 
faults on different parts of the system. All the possible 
nonlinearities are very well canceled by the proposed 
controller designed approach by transforming the PV system 
into a reduced order linear system with stable internal 
dynamics. The injected current into grid is controlled to 
ensure the operation of the PV system at the MPP. Future 
work will deal with the extension of the proposed method by 
considering some mismatches within the PV model and 
implementation on a laboratory-based system. A review on 
various current control techniques/schemes has been 
discussed here & it is found that nonlinear current control 
scheme, presented & validated using MATLAB simulation is 
more efficient compared to hysteresis current control and 
other controlling schemes under various conditions. The 
project work is supported with results obtained in MATLAB 
simulation through waveforms 
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