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Abstract - This paper presents simulation and 

implementation of maximum power point tracking 

algortim for single stage three-phase grid-connected 

PV system by using incremental conductance 

method.The maximum efficiency is realized when PV 

works at its maximum power point, which is contingent 

on irradiation and temperature. Since the irradiation 

and temperature always change with time, a PV 

system which is able to track the maximum power 

point needs to be established to produce more 

energy. The INC method shows a superior 

performance, lower oscillation and it took three 

seconds to match MPP best time to give stability to 

the system. The control strategy is supported out 

using MATLAB/Simulink and experimentally validated 

with a dSPACE MicroLabBox  controller. 
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I. INTRODUCTION 

 

In the present development, rapid innovation with 

advance technology has enlarged the demand for 

modern resourses of electric power [1]. Installation of 

additional power sources pose challenges due to the 

exhaustion of conventional fossil fuels in addition to 

environmental pollution and global roasting. This 

necessitated the exploitation of renewable sources of 

energy, such as identical solar and wind energy by 

carefully accommodating their seasonal variations [2]. 

Wide spread custom of renewable energy sources in 

dispersed power generation and a great saturation 

level is expected in the near future. PV generators 

are exclusively becoming increasingly popular to 

supply remote loads [3]  and grid connected 

schemes. There are two events for photovoItaic 

systems: 1)  standalone systems and 2) grid-

connected systems. Standalone  systems  are used 

in  low-power  application  and  use many  battery 

banks  for  power  registration [4]. Grid­connected 

applications are used for low and high power 

applications to feed the utility grid with renewable 

energy [5]. PV  power  is  converted  to AC and 

directly injected into utility grid. Grid-connected 

systems may be single-stage or two-stage systems 

as shown in Fig. 1. In two-stage systems,  the  first  

stage  is  a  dc-dc  boost  converter  for boosting  the  

PV  voltage  and  realizing  MPPT,  where  the 

second  stage  is  a  DC-AC  inverter  that  

synchronizes  the injected power with  the  utility grid 

power and transfers the collected power from the PV 

array to the AC grid [6]. However, two-stage systems 

have  drawbacks, such  as lower  reliability,  

complication  in  control, larger  size, higher  cost, 

more power loss and lower  efficiency. On  the  other  

hand,  single-stage  grid-connected  systems offerd  

many  advantages  such  as more efficiency, simple  

topology and economical than the two-stage system 

[7]. For PV systems, the  PV  power-voltage and 

voltage-current curves have  a non-linear  

relationship. To maximize the output power from the 

PV system and to maximize its efficiency,  it  is  

indispensable  to  operate  it  at the maximum  power  

point (MPP).  MPPs are dependent  on  

environmental  variables  such as sun insolation and 

module surface temperature. So that to achieve  

operation at MPP while  conditioning  the  output  

power in harmony  with  the  power  grid  is  

considered  a large significant  task  in such systems. 

MPP position  changes in with  changes  of  weather  

conditions [8] . Many MPPT techniques have been 

developed such as perturb and observe method [9] 

and the incremental conductance method [10]. MPPT 

algorithm is done and controlled by many controllers 

as fuzzy logic controller [11] and neural network 

controller [12]. With a goal to match MPPT, this paper 

presents an implementation and expermental results 

to have it  from PV as well as to increase the efficieny 
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and performance of a single stage three-phase 

system connected to grid, where incremental 

conductance algorithm used in that this research. In  

the  incremental  conductance method, the controller 

must  measure  the  incremental  changes  in  array  

current  and voltage  to  predict  the  effect  of  a  

voltage  change.  This method requires  more 

computation in  the  controller,  but it  can track  

changing  conditions  more  rapidly  than  the perturb  

and observe  method  (P&O)  [13].  Like  the  P&O  

algorithm,  it  can produce  oscillations  in  the power  

output.  This  method  utilizes the  incremental  

conductance  (dI/  dV)  of  the  photovoltaic array  to  

compute  the  sign  of  the  change  in  power  with 

respect to voltage (dP/dV). The inverter  model  and  

control  algorithm  of MPPT   are  developed  and  

simulated in  the Matlab/Simulink  SimPowerSystem 

blockset  environment  and  then  linked  to the  

prototype  inverter  by  utilyzing  the  dSPACE  

MicroLabBox  controller board. This paper is 

organized as follows: section 2 describes the  

system description; section 3  presents  the 

mathematical model of PV; section 4 describes the 

control system of three-phase Grid-Connected PV 

System; section 5 shows the simulation followed by 

the corresponding discussion; section 6 shows the 

expermintal  results; and finally, the conclusions are 

given in section 7 . 

 

 
 

Fig .1. PV grid tied classification according to number of stages 

(a) single stage system                 (b) two stages system 

 

II. SYSTEM DESCRIPTION 

 

Single-stage structure is used to remove the DC/DC 

converter, increase the efficiency, and reduce the 

overall system cost. Fig. 2 shows the block diagram 

of the suggested system. The system contains PV 

arrays, DC link capacitor, a three- phase voltage  

source inverter, three- phase inductance, three- 

phase  step up transformer and utilty grid. Three 

control loops are implemented concerning MPPT 

controller, voltage control loop and current control 

loop. 

 

 
 

Fig .2. Block graph of single stage three -phase inverter 

 

1. Photovoltaic generator Model 

Fig. 3 shows equivalent circuit of one photovoltaic 

array [14]. Features of PV system is described as 

follows: 
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Where, 

I: the output current. 

V: the output voltage. 

Ipv:is the generated current under a given insolation. 

Id: diode current. 

IRP: the shunt leakage current. 

I0: the diode reverse saturation current. 

N: the ideality factor (1.36) for a p-n junction. 

Rs: the series loss resistance (.1 Ω). 

 RP: the shunt loss resistance (161.34 Ω).  

Vth: the thermal voltage. 

Q: the electron charge (1.60217646×10−19C). 

K:the Boltzmann constant (1.3806503×10−23J/K). 

T: ( in Kelvin) is the temperature of the p-n junction. 

Eg: the band gap energy of the semiconductor (Eg ≈ 
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1.1eV for the polycrystalline Si at 25oC) . 

 I0,n : the nominal saturation current. 

 T: the cell temperature. 

 Tn: is cell temperature at reference conditions. 
 

 
 

Fig. 3. Equivalent circuit of photovoltaic array 

 

The following electrical characteristics of PV modules 

that were used  are shown in Table 1, the array 

specifications at 1000w/m2-25oc are shown in Table 

2. The attendant power - voltage (P-V) characteristics 

under changing climatic conditions (temperature and 

radiation) are shown in Figs. 4a and 4b 

 
Table 1. Electrical Specifications for the Solar Module Trina Solar TSM 

(295) 

 

Parameter Sympol Value 

Maximum Power Pm 295W 

Short circuit current Isc 8.6A 

Open circuit voltage Voc 45V 

Maximum power voltage Vmp 36.5V 

Maximum power current Imp 8.08A 

Number of parallel cell Np 1 

Number of series cells Ns 72 

 

Table 2 Array Specifications 

 

Parameter Symbol Value 

Total peak power Ptm 2655W 

Number of PV panels  N 9 

Voltage input 

maximum power 

Vm 360V 

 

 

 

Fig. 4.a  P-V characteristics of PV generator at varying radiation 
 

 
Fig. 4b P-V characteristics of PV generator at varying temperature 

 

2. Mathematical Model of Three-phase Grid-

Connected Inverter 

The circuit topology of the grid-connected voltage 

source inverter (VSI) is shown in Fig. 5. 

 

 
 

Fig. 5. Model of three- phase grid connected inverter 
 

The assumption of symmetrical and balanced state of 

the grid voltage and zero grid impedance are 

presented; therefore, it can be expressed as, 
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The relation between VSI output voltages and line 

currents in the stationary reference frame is as 

follows: 
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                        (6) 

The stationary reference frame can be transformed 

into the dq rotating reference frame using parks 

transformation as: [14] 
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Equation (7) can be communicated in the state space 

form as: [16] 
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Where the state vector [X], the input vector [U], the 

state matrix [A], and the input matrix [B] are defined 

as follows: 
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The advantages of operation in d-q synchronous 

reference frame is to deliver a method to control the 

active and reactive power independently. The active 

and reactive power are given by: 
 

3
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2
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3
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2
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3. MPPT Control Algorithms 

Incremental-conductance  (INC) method 

is  found  on  the circumstance  that  the  slope  of  

the  PV  array  power  curve  against voltage  is  zero  

at  the  MPP.  The    MPPT  algorithm, which uses the 

INC method usually  and has  a  fixed  iteration  step  

size  determined  by  the INC, tries to develop the 

tracking time and to produce more energy on a vast 

irradiation changes environment. The MPP can be 

calculated by using the relative between dI/dV and –

I/V. If dP/dV that is negative, then the MPPT is 

located on the right side of the current position and if 

it is positive, the MPPT is on left side [17]. The 

equation of INC method is: 
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MPP is reached when dP/dV=0and 
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If the maximum power point (MPP) during operation  

lies on the right side, dI/dV< -I/V and then the PV 

voltage must be decreased to reach the MPP [17]. 

INC method can be used to determine the MPP, 

improve the PV efficiency, and decrease power loss 

and system cost. INC algorithm  can be seen in Fig. 

6. 

 

The oscillation around MPP area can also be 

suppressed in trade of with its implementation 

complexity.  
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Fig.6.  Flow chart of MPPT algorithm 

 

4. Control of DC Link Voltage 

DC link voltage is controlled via the voltage controller 

block as shown in Fig. 2. The controller regulates the 

dc-link capacitor voltage according to the reference 

voltage (vdcref =VPVref), decided by the MPPT 

scheme. The dc-link voltage regulation is achieved 

through the control of direct axis current, which in 

consequence, controls the real power injection into 

the grid. The main advantage  of the single-stage 

construction is the operation at a variable dc-link 

voltage. The dc-link voltage has to track the PV 

array’s MPP, which is controlled by the MPPT 

algorithm out of changing the dc-link reference 

voltage [18]. The estimated dc-link voltage reference 

(Vref) is processed through a voltage limiter and 

feeds a PI controller to establish a current command 

(current controller). Alternatively, the dc link voltage 

controller may be achieved by regulating the energy 

flow in and out of the dc-link capacitor. 

 

5. Current Controller 

MPPT algorithm  for  single-stage  system  is  

based  on dc-link control capability  of the  inverter. 

Voltage control loop outs d-axis reference current 

(Id-ref) that is used as reference current to the 

current controller. By controlling the Id, the active 

power injected to the grid can be controlled, 

whereas the q-axis reference is set to zero for unity 

power factor operation [19]. In  this paper,  PI 

current controller is  used due to its inherent 

simplicity as it gives good results.  

III. SIMULATION AND EXPERIMENTAL 

RESULTS 

 

1. Simulation Results 

To investigate the performance of the proposed 

schemes using the INC method, a simulation model 

is developed for the overall system in 

Matlab/Simulink. The parameters of the simulated 

model are as follows: the output filter inductance is 

5mH per phase, the line resistance is 0.01Ω, 

switching frequency is 10 kHz, nominal grid 

frequency is 50 Hz, dc-link capacitance value is 3300 

µF, and the three phase peak line voltage of the grid 

is 156 V. Fig. 7 shows the theoretical results of the 

MPPT algorithm, where the PV voltage, current and 

input power are illustrated in the figure. In this figure, 

the starting point is at the open circuit of the PV 

string, where the voltage is maximum, the current is 

zero and the power is zero. Application of the 

algorithm pushs the system towards maximum power 

where the voltage is reduced to Vmp, the current is 

increased,  and the power  reaches its maximum 

value corresponding to the environmintal condition. 

That value of maximum power is 1000 watt 

depending on irradiance (600w/m2) and temperature 

(350c). Fig. 8 shows the corresponding 3-phase 

injected current to the grid. The current waveforms 

are pure sinewave and free of fluctuations which 

means stability of the proposed controller.  

 

 
 

Fig.7 .Vpv, Ipv, Ppv waveforms during tracking. 
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Fig. 8. 3-phase AC current injected to the grid. 

 

2. Experimental Laboratory 

The developed MPPT controller is designed and 

implemented using dSPACE MicroLabBox controller. 

Fig. 9 shows the experimental setup circuit that 

consists of PV array, step up transformer, three-

phase inverter, dspace MicroLabBox, card of voltage 

and current sensor and filter by using solar irradiance 

and solar temperature instruments whose values are 

(600w/m2 and 350c). 

 

 
 

Fig.9. Expermental setup circuit 

 

3. Experimental Results 

Fig. 10 shows the experimental  results of  MPPT 

algorithms applied to the proposed system. The 

figure shows the PV voltage, current and PV output 

power, where the voltage of the PV decreases from 

open circuit (360V) and reaches the MPP value 

(320V), the output current increases from (0A) to 

(2.2A), and the output power increases to (1000 watt) 

maximum power point. The system moving towards 

the maximum power steady without oscillation or 

fluctuation and it matches the MPP at 3 seconds. Fig. 

11 illustrates the expermental results of three phase 

current injected to grid by MPPT algorithm. The 

simulation and experimental results indicated that the 

system can achieve MPPT by sensing voltage and 

current of PV that is the input of  MPPT algorthim. 

This figure also proves the stability of the output 

current and power from the system and illustrates the 

stability of the controller applied to the proposed 

system. 

 

 
 

Fig. 10 .PV voltage, current, and input power [70V/div, 5A/div, 

700W/div, 2s/div]. 
 

 
 

Fig. 11. three phase current injected to the grid [5A/div, 5ms/div]. 
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IV. CONCULSION 

 

Implementation of single stage three phase grid 

connected PV system  is presented in this paper. In 

order to check the theoretical results, an experimental 

prototype was built. The developed MPPT algorithm 

was validated through the experimental results, Based 

on the simulated and the experimental results, the 

developed algorithm can track the PV MPP with a 

high degree of accuracy and stability, it can reach the 

MPPT at 3 seconds. Due to the simplicity and the low 

cost productivity of the developed algorithm, it is 

attractive for single-stage three phase grid connected 

PV systems.  
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