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Abstract - The multi-array grid connected photovoltaic (PV) 

system studied in the paper includes parallel arrays and power 

electronic units, each with their own DC-DC and a common 

DC/AC converter. The proposed configuration can not only 

boost the usually low photovoltaic (PV) array voltage, but can 

also convert the solar dc power into high quality ac power for 

feeding into the grid, while tracking the maximum power from 

the PV array. Grid voltage-oriented control is employed for 

VSI inverters and a battery is incorporated for energy storage 

and performance improvement. Modeling is performed with 

the MATLAB / Simulink software, such that both the power 

electronics components, controls and subsystem aspects, and 

the electric grid power system issues, can be studied during 

steady-state and transient operation. 

 

Keywords: Photovoltaic systems; power converters; transformer-

less; multi-phase inverters 

 
I. INTRODUCTION 

          Renewable energy generation is friendly power option 

and which is quick creating and sunlight based photovoltaic 

(PV) frameworks have outperformed record establishments 

lately. Writing on PV related themes covers procedures for 

most extreme force point following (MPPT), which were as 

of late surveyed for instance in, power quality upgrades and 

explicit regulators and explicit force electronic circuit 

geographies for DC-DC converters, DC-AC inverters, and 

single stage power converters [1]-[2]. As the irradiance 

disparity between PV boards associated in arrangement may 

restrict the force yield, the focal point of a portion of the 

distributed exploration is on exhibit reconfiguration to adjust 

impacts. Different papers propose module incorporated 

converters, to such an extent that the MPP for every module 

can be followed, yielding most extreme energy extraction. 

Module coordinated DC/DC converters associated with a 

focal DC-AC converter were proposed [3]. 

These days, sustainable power has been increasingly 

more alluring because of the extreme ecological assurance 

guidelines and the deficiency of regular fuel sources. 

Photovoltaic CPV) age is the strategy which utilizes 

photovoltaic cell to change sun-oriented energy over to 

electric energy [4]. Photovoltaic energy is expecting 

progressively significant as an environmentally friendly 

power source due for its unmistakable potential benefits, 

like basic arrangement, simple assignment, liberated from 

contamination, low support cost, and so forth Nonetheless, 

the detriment is that photovoltaic age is discontinuous, 

contingent on climate conditions. Hence, energy stockpiling 

component is important to help get steady and dependable 

force from PV framework for burdens or utility lattice, and 

along these lines improve both consistent and dynamic 

practices of the entire age framework [5]-[6]. On account of 

it develop innovation, minimal expense and high 

productivity, battery energy stockpiling framework (BESS) 

is utilized broadly in conveyance age innovation. BESS can 

be coordinated into PV age framework to shape a half breed 

PV/Battery age framework, which can be steadier and more 

dependable. A basic network associated PV/Battery age 

framework is made out of PV exhibit, battery, power 

electronic converters, channels, regulators, nearby loads and 

utility lattice [7]. 

The current paper talks about a topology of a multi-

array associated sun energy-based PV installations in 

coordinated battery energy stockpiling. The PV framework 

under examination is isolated into a few areas, and each part 

has its own DC-DC converter and a two-level DC-AC 

inverter with matrix arranged voltage control as found in 

continuing segments. In the proposed plan, the two-level 

inverters are fell to acquire a voltage waveform practically 

identical with that would be accessible from a staggered 

converter [8]-[9]. The framework and its controls are 

recreated on a two individual PV power framework utilizing 

the MATLAB/Simulink programming. A battery energy 

stockpiling framework (BESS) is utilized to give capacity to 

the lattice if there should arise an occurrence of fractional or 

complete concealing after a proposed control plot as per 

which if the battery's condition of charge is lower than the 

base permitted the nearby coordinated generators will 

supply the force deficiency. 

 

II. PROPOSED SYSTEM CONFIGURATION 

In grid-connected inverters for PV applications, a 

number of different approaches have been developed and 

used over the last 20 years. An excellent review of such 

systems available in many Literature review [10]. Only the 

two or more common approaches used in smaller residential 

scale installations. 

For high power applications, it is common to divide 

the PV plant into several sections as seen in in Fig.1. In each 

section, the PV array is connected to a buck converter, 

which is used to maintain the PV voltage at its maximum 

power point. It is reported that a buck converter has an 

advantage over other DC-DC converters when there are 

multiple strings connected in the array. The output of the 

buck converter is connected to a central inverter, which is 

typically a two-level inverter. The power circuit diagram of 

one unit is shown in Fig. 1. The battery energy storage 
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system (BESS) is interfaced with the system such that the 

battery supplies power to the grid through its own inverter 

when there is loss of power due to shading of the PV panels 

[11]-[12]. 
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Fig. 1 Proposed multi-array PV connected grid system. 

 
A. PV Array 

Photovoltaic cell is the most basic generation part 

in PV system. Single-diode mathematic model is applicable 

to simulate silicon photovoltaic cells, which consists of a 

photocurrent source Iph a nonlinear diode, internal 

resistances Rs and Rsh. as shown in below fig.2. 

Iph D Rsh

Rs

I

Vpv

 
 

Fig. 2 Single-diode mathematical PV model 
 

The mathematic relationship for the current and voltage in 

the single-diode equivalent circuit can be described as: 
 

𝐼 =  𝐼𝑝ℎ −  𝐼𝑠 (𝑒
𝑞(𝑉+𝐼𝑅𝑠)

𝐴𝑘𝑇 − 1) − 
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
                                (1)                        

 

where, Iph is photocurrent; I, is diode saturation current; q is 

coulomb constant (1.602e·19C); k is Boltzman's constant 

(1.38Ie-23 J/K); T is cell temperature (K); A is P-N junction 

ideality factor; R and Rsh are intrinsic series and shunt 

resistances [13]. 
 

Photocurrent is the function of solar radiation and cell 

temperature, described as: 
 

𝐼𝑝ℎ =  (
𝑆

𝑆𝑟𝑒𝑓
) [𝐼𝑝ℎ,𝑟𝑒𝑓 +  𝐶𝑇(𝑇 −  𝑇𝑟𝑒𝑓)]                             (2)                       

 

where, S is the real solar radiation (W/m2); Sref ,Tref , Iph,ref is 

the solar radiation, cell absolute temperature, photo current 

in  standard test conditions respectively; CT is the 

temperature coefficient (A/K). 
 

Diode saturation current varies with the cell temperature; 
 

𝐼𝑠 =  𝐼𝑠,𝑟𝑒𝑓 (
𝑇

𝑇𝑟𝑒𝑓
)

3

𝑒
[

𝑞𝐸𝑔

𝐴𝑘
(

1

𝑇𝑟𝑒𝑓
− 

1

𝑇
)]

                                       (3)                               

 

where Is,ref is the diode saturation current in standard test 

conditions; Eg is the band-gap energy of the cell 

semiconductor (eV), depending on the cell material[14]-[15]. 

 
TABLE I: PARAMETERS OF A SINGLE PV MODEL 

 

 

Parameters 
 

Value 

Solar Irradiance; Gref 1000 W/m2 

Cell temperature; Tref 25ºC 

Cell per each module 36 

No. of modules connected in Parallel 10 

No. of modules connected in Series 10 

Open circuit voltage; Voc 64.8 volts 

Short circuit current; Isc 5.96 Amps 

Maximum voltage; Vm 54.7 volts 

Maximum current; Im 5.58 Amps 

Temperature co-efficient 6.175% 

 

With different temperatures and solar radiations, output 

characteristics of PV array are simulated as fig. 3 and fig. 4 

 
Fig. 3 Characteristics curves of a single PV module with different 

temperature 
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Fig. 4 Characteristics curves of a single PV module with different solar 

irradiation 

 

As shown in figure 3 and 4, PV array  has nonlinear 

voltage-current characteristics, and there is only one unique 

operating point for a PV generation system with a maximum 

output power under a particular environmental condition. 

        
B. MPPT Algorithm – P&O 

The variation of the irradiance level, panel temperature 

and I–V characteristic of a PV array, led to variation in 

MPP, (as it is the function of the irradiance level, ambient 

temperature, efficiency of the heat exchange process and 

operating point of the panels). It makes necessary to track 

continuously the MPP to maximize the power output from a 

PV system, for a given set of operating conditions [16]. The 

maximum power point tracking (MPPT) can be achieved by 

different approaches like fuzzy logic, neural networks, pilot 

cells and DSP based implementations which have been 

proposed in [17].  

 

A regular solar PV panel has an efficiency of 30 to 

40 percent conversion of the incident solar radiation into 

electrical energy. Hence MPPT techniques are used to 

improve the PV panel efficiency. In accordance to 

Maximum Power Transfer theorem, the power output of a 

circuit is maximum when the source impedance of the 

circuit matches with the load impedance so by this concept 

the maximum power point reduces to an impedance 

matching problem. Hence, MPPT algorithms are used in PV 

system to maximize power extraction under all atmospheric 

conditions because of its ease of implementation. 

In P&O method, the MPPT algorithm is based on 

output power the calculation of the PV and change in power 

by sampling both the PV Array current and voltage. The 

tracker observes change in voltage (∆V) and the voltage is 

incremented or decremented periodically of the PV panel. If 

the perturbation leads to an increase (decrease) in 

differential change in power (∆P) of PV, then the subsequent 

perturbation is generated in the same (opposite) direction 

[18]. The variation of duty cycle fed to dc chopper is varied 

until the maximum power point has been achieved. This 

variation produces oscillation in system which can be 

minimized by reducing the step size of perturbation. The 

various values of irradiance and cell temperatures, the PV 

array exhibit different characteristic PV curves having 

different maximum power point. The voltage value at point 

where maximum power corresponds maximum voltage in 

the curve is supplied to the DC-DC converter for its 

operation. The below figure depicts the P&O MPPT 

algorithm. 

 

Start

P&O Algorithm

Measure V(k), I(k)

∆P > 0

V(k) - V(k-1) > 0 V(k) - V(k-1) > 0

Increase PV Voltage Increase PV Voltage Decrease PV Voltage Decrease PV Voltage 

Update

V(k-1) = V(k)

P(k-1) = P(k)

P(k) = V(k)*I(k)

∆P = P(k) – P(k-1)

Yes

YesYes No

No

No

 
Fig. 5 Flowchart of P&O MPPT algorithm 

 

C. Grid-connected Inverter 

Grid-connected PV generation system is mainly 

composed of the PV array, the inverter device with the 

function of maximum power tracking and the control 

system. The inverter device with the function of maximum 

power point tracking can inverse the electric power into 

sinusoidal current, and connect to the grid [19]. The control 

system mainly controls the maximum power point tracking 

of photovoltaic, current waveform and power of the output 

of grid-connected inverter, which makes the output to the 

grid correspond with the export by PV array. 
 

Voltage Source Inverter control method 
 

The PV array's working voltage is set to Vo, the 

standard voltage Vref should be matched with the working 

voltage Vo when the PV array is in the maximum power 

output state. The standard current Iref should be kept to 

sinusoidal while the power factor should be kept to one 

which can be realized by PWM control method. Sw is a 

switch which mainly protects the inverter, and cuts the 

inverter from the system when the system power off [20]. 

The voltage source inverter and its control method are 

shown in below fig. 6. 
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Fig. 6 Voltage source inverter and its control method 

 

From Fig. 6, the process of inverter control system is 

rather complex which used the former class system voltage 

fluctuations and waveform distortion signal to control the 

next class system. To ensure power supply, the switch or 

reenter of inverter output will make frequency management 

control complex and difficult. It will increase the complexity 

of the control system of the main circuit if setting another 

AC switch, meanwhile the system will have a big power 

fluctuation. 
 

III. BATTERY STORAGE SYSTEMS 
 

The battery is connected to the grid through its own 

inverter as shown in Fig. 7. The battery is controlled in such 

a way that it discharges only when the PV panel is unable to 

supply the required power. At other times, it charges from 

the grid if its state of charge is lower than the maximum 

[21]. The battery side inverter is also controlled by a grid 

voltage-oriented control similar to that of the PV. The active 

current reference (I∗
q) is derived as the sum of the charging 

current component (I∗
q,charge) and discharging current 

component (I∗
q,discharge) as given in equation 6. 

 

 𝐼𝑞,𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒
∗ =  [𝑃𝑟𝑒𝑓 − (𝑃𝑝𝑣 +  𝑃𝑏𝑎𝑡𝑡𝑒𝑟𝑦)] ∗ (𝐾𝑝 +  

1

𝐾𝑖
)      

(4)                                                                                               
 
When Vb > Vb, minimum; 

 

𝐼𝑞,𝑐ℎ𝑎𝑟𝑔𝑒
∗ =  [𝑃𝑟𝑒𝑓 −  (𝑉𝑏,𝑚𝑎𝑥 +  𝑉𝑏𝑎𝑡𝑡𝑒𝑟𝑦)] ∗ (𝐾𝑝 + 

1

𝐾𝑖
)      

(5)                                                   

 
When Vb < Vb, minimum; 

 
𝐼𝑞,𝑐ℎ𝑎𝑟𝑔𝑒

∗ =  𝐼𝑞,𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒
∗ +  𝐼𝑞,𝑐ℎ𝑎𝑟𝑔𝑒

∗                               
(6)                                                  
 

 

As shown in Fig. 7, the PI controller for battery 

charging is used to ensure that the sum of the real power 

produced by the battery and PV is maintained at a specified 

reference value, such that the battery only supplies the 

amount of real power lost during shading of the PV 

panels[22]-[23]. Active power is supplied by the battery as 

long as the terminal voltage of the battery is above the 

battery voltage that represents the minimum state of charge. 

The charging current controller outputs a current component 

corresponding to the amount of power required to increase 

the battery terminal voltage to a value that represents the 

maximum state of charge. The net battery current is derived 

as the sum of discharging and charging currents. The 

reactive power component I∗
d for this design was maintained 

at zero so that the battery does not supply reactive power, 

this component can also be varied. 
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PI 

Controller

+
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+
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Vpv
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Fig. 7 Control diagram for the battery charging and 

discharging 
 

IV. SIMULATION RESULTS 
 

Detailed simulation studies are carried out on 

MATLAB/Simulink platform, and the results obtained for 

various operating conditions are presented in this section. 

The values of parameters used in the model for simulation 

are listed in Table I. The steady-state response of the system 

during the MPPT mode of operation is shown in Fig. 8 

during slow change in input to system.  
 

 
 

Fig. 8 Varying solar radiations input to the PV system 

 

The system response for ramp changes in the source 

insolation level while operating in the MPPT mode in 

conjunction with DC/DC boost converter is shown in Fig. 9. 

Here converter with conjunction two PV systems is able to 

maintain a constant voltage (i.e.,300V dc) across the inverter 

for its operation and supply it to grid. The waveform in 

figure states that the converter can handle the changes very 

efficiently when dynamics occurs during time interval 0.5 

sec to 2sec.  
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  Fig. 9 DC – Boost converter output for steady Inverter operation 

 

When the system is in steady state, solar irradiance is 

1000 W/m2, and temperature is 298K. From figure 10, it is 

known that at this condition, the maximum output power of 

PV system is 2000W but due to switching and operational 

losses the system produces an output of 1800 W before 0.5 

sec. As the insolation level goes down below the STC 

condition, there is slight fall in in output of the systems and 

generating output power of 1280W following the MPP 

region. As the insolation start gaining its level, the PV 

system with help of MPPT can track the radiations and 

regains its original MPP point at time 2 sec. This all 

observation can be seen in below figure which makes the 

system to rely on different changing environmental 

conditions without change in its voltage level which is 

shown in figure 9. 
 

 
 

Fig. 10 Power generated from Multi-array PV system with efficient MPP 

tracking 

 

In Fig. 11 it is shown that the converter three-phase 

output voltages are under uniform full insolation throughout 

the system. The powers processed by the cascaded cells are 

equal in this operating condition. The multi-array converter 

produces a smooth near-sinusoid output voltage which 

makes it a low distortion system. When the inverter cells are 

cascaded, the physical locations of those cells could be far 

from the output voltage vectors of individual inverter 

modules are in phase and equal in magnitude. 
 

 
Fig. 11 VSI converter output voltages in a multi-array PV system under 

varying insolation 

 

The zoomed view of out voltage waveform of VSI 

converter is shown in Fig. 12, where it can be noticed that it 

has high level of multilevel stepped structure making it a 

pure sine wave in nature. 

 
 

Fig. 11 Zoomed view of output of 3-ϕ VSI converter 

 

 
 

Fig. 13 Modulation Index for proper operation of 3-ϕ VSI converter 
 

The above waveform shown in figure 13 depicts the 

steady operation of voltage source inverter under various 

varying insolation conditions for proposed topology criteria.  

 

V. CONCLUSION 

The multi-array PV framework has been stimulated in 

this paper which incorporates a proposed equal association 

of two-level inverters to produce a staggered type yield. 

Thus, related to a grid voltage control for the active and 

reactive control, the waveforms show the quality has been 

improved and requirement are reduced. A battery energy 

storage system (BESS) is incorporated with a control 

algorithm to minimize the negative transient effects due to 

dynamics occurring in PV systems. The framework is 

illustrated through stimulation in the MATLAB. The 

proposed configuration is capable of supplying 

uninterruptible power to ac loads, and ensures evacuation of 

surplus photovoltaic power into the grid. 
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