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The grid-connected PV system must be designed to operate at its maximum power point 
(MPP) at any temperature or solar radiation. Generally if the load is not directly coupled with 
the PV panel, the operating point and MPP do not coincide.  The direct connection of the load 
to the PV panel may result in the over sizing of the PV panel and thus increases the cost of the 
entire grid-connected PV system. The solution to this problem is to use the DC/AC converter 
(inverter) with an automatic trigger angle control which is usually inserted between the PV 
panel and the load. The current control method is used for modeling and simulating the MPP 
tracker for regulating the power flow originated from the PV panel-based on the grid-
connected DC/AC converter (inverter). Current- based maximum power point tracker (MPPT) 
is investigated as a means for controlling the trigger angle of the grid-connected inverter. The 
maximum efficiency is the main issue presented in this article. A strategy for tracking the MPP 
for several solar radiation intensities has been used in this article. The control loop circuit, the 
grid-connected DC/AC converter, operating as an inverter, is modeled to verify the proposed 
control strategy performance. This article shows that the maximum power supplied by the PV 
panel is reached  at any solar radiation intensity when the PV panel current is directly propor-
tional to photocurrent. This important property of the PV panel means that at the MPP the ratio 
of the output voltage to the output current for the PV panel is a constant, forming an adaptive 
matching of the panel to the load. Since the current-voltage characteristic of a PV panel de-
pends on  the solar cell temperature, the solar radiation, and the load, it is very difficult to 
achieve an optimum matching at all solar radiation intensities and at all temperature variations. 
It should be emphasized that this article, in addition to tracking the MPP efficiently, presents 
analytical solutions of the transcendental equation.   

Keywords: maximum power point (MPP), PI controller, PV panel, solar radiation, grid-
connected, trigger angle. 

 
Introduction. The use of new efficient photovoltaic solar cells has emerged as 

an important solution in energy conservation and demand-side management during the 
last decades. Owing to their initial high costs, PV solar cells have not yet been an at-
tractive alternative for electricity users who are able to buy cheaper electrical energy 
from the utility grid. However, they have been used extensively in grid-connected PV 
systems. Although solar cell prices have decreased considerably during the last years 
due to new developments in the film technology and manufacturing process [1], PV 
panels are still considered rather expensive compared with the utility fossil fuel gener-
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ated electricity prices. After building such an expensive grid-connected PV system, the 
user naturally wants to operate the PV panel at its highest conversion efficiency by 
continuously utilizing the maximum available output power of the panel.  

 Owing to changes in the solar radiation energy and the cell operating tempera-
ture, the output power of a PV panel is not constant at all times. Consequently, a max-
imum power point tracking controller is always needed in any scheme with PV panels 
[2-4] to ensure maximum utilization. Therefore, works to solve the problem on maxi-
mum power point tracker (MPPT) have always been a hot topic for PV panel utiliza-
tion systems. It is known that MPPT on the basis of DC/DC converter is mainly used 
for standalone PV system [5-7]. Since grid-connected PV systems are now much more 
popular than standalone PV systems, it becomes necessary to develop MPPT for them. 

 The aim of this article is the modelling and simulation of the MPPT on the basis 
of a DC/AC converter (inverter) for   a grid-connected PV system. The MPPT uses the 
current control method to seek the MPP to allow the power converter circuit to extract 
the maximum power from the PV panel. 

 1. Basic device model of MPPT. This current control maximum power point 
tracker is implemented based on the idea that the current of the PV panel, for which 
the power is maximum, is directly proportional to photocurrent if the temperature var-
iation is neglected [8].  

The power circuit (thyristor bridge), is designed in such a way that the I ripple is 
low. Tracking of the maximum power point is achieved by varying the dc reference 
voltage as the function of the insolation level as shown in Fig. 1. The proposed system 
transfer function is derived and the method of the current control is discussed. The 
regulation of the output current from the PV panel to get maximum power transfer is 
realized by controlling the voltage variation across the inductive reactance. According 
to the convention depicted in Fig. 1 if the dc voltage variation  at the output of the 
thyristor bridge exceeds the voltage variation   generated by the PV panel, the volt-
age variation across the inductive reactance is negative thus decreasing the I current. 
Conversely, if  is smaller than , by decreasing the trigger angle while the inso-
lation remains unchanged, the I current is increased. 

2. Modeling of the PV panel. For the current-voltage characteristic of a PV pan-
el, the voltage is approximately constant until it reaches a region called the knee of the 
characteristic curve [9]. From this region, the voltage falls quickly. Therefore, until the 
knee, the power is directly proportional to the current. Therefore, in controlling the 
power, the current is controlled too. 

Likewise, the PV panel current 
operation temperature. 
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            Fig. 1. Block diagram of the proposed system 
 

The equivalent circuit of the PV panel is shown in Fig. 2, where a constant cur-
rent source is parallel the junction. This circuit includes the series resistance from 
ohmic loss in the front surface and the shunt resistance from as shown in Fig. 2.  

 
 

                              
 

 
 
 

 
 
 

Fig. 2. Equivalent circuit of a PV panel 

 
From Fig. 2, one can write the equation: 

                                                            (1) 

Under the condition  : 

                                                                        (2) 

From (2) we obtain the output voltage of the PV panel: 

                                                                     (3) 

Expression (2) can represent the operation of a solar cell appropriately, but it pre-
sents some inconveniences in its practical use. The expression possesses an implicit 
character:  current  appears on both sides of the equation. The problem of the implicit 
characteristic of the expression for I as a function of V will be solved because the so-
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lution will be found analytically making I or V appear on only one side of the equa-
tion. The desired analytical solution for the generalized PV panel equation was found 
in terms of Lambert function [10, 11], by using symbolic MATLAB. Besides, the pa-
rameters , , ,  and  are not easy to find.  

The parameters of easy experimental determination, usually supplied by the man-
ufacturers are, basically, the open circuit voltage, the short circuit current,  and 
the voltage and current on maximum power point , , respectively.  

From (3), we obtain for the open-circuit voltage ( ):  

 may be written in terms of the open circuit voltage as: 

                                                  (5) 
From (5) and (2), the  characteristic can be written as: 

                                                                       (6)      

Combining (5) and (3) yields:                                                                                            

                                                                 (7) 

The panel consists of 182 cells in series, 3 parallel strings. ,       
, , , totaling a power of 1122 W.                                                                                                   

(8) is an explicit solution of (2): 

             ,                     (8) 

where  is the Lambert function defined from the following implicit equation 
ymbolic 

toolbox. The condition for maximum power point can be obtained when  

                                                                                      (9)                                                        

Substitution of (3) into (9) gives 

                                 ,              (10) 

where . The PV panel photocurrent can be obtained from (10):  
              

                 (11) 
 
This curve is a linear approach. That is,  is directly proportional to , where 

the proportionality constant is 0.9. Figure 3 shows the current-voltage characteristic of 
a solar cell, which is calculated by the formula (8). 
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Fig. 3. Current-voltage characteristic of a solar cell under illumination 

 
 3. Modeling of the plant and control. The PV panel, power circuit, transducer 

and controller form the PV system are basic functional elements (Fig. 4). The plant 
including the power circuit, PV panel and current transducer is modeled as a second-
order transfer function given by 

                                         .                                      (12)  

If, for example, the controller is the proportional plus integral controller: 

 

the closed-loop transfer function is 

                                       (13) 

We can select the controller gains in (13) to place the poles of  in the de-
sired locations to meet the desired performance specifications. For  and  we 
have: 

                           

                                           (14) 
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Fig. 4. A simplified block diagram of the proposed system. 

 
4. Experimental results and discussions. The transformer transformation rela-

tionship (not shown) (220/40 V) is calculated in such a way that the average voltage at 
dc side of the thyristor bridge ( ) when operating with selected trigger angle            

, equals the voltage across the PV panel, when operated in the maximum 
power at rated insolation level. It is worthwhile to note that although a large steady-
state trigger angle would increase the power factor, communication failures could oc-
cur. In fact, a limiter should be used in the current-based MPPT to prevent trigger an-
gle from exceeding   during transients. 

Inductor L is designed in order to limit the magnitude of the lowest order sixth 
current harmonic at less than 5% of rated dc current when  the thryristor bridge is trig-
gered with  and required for keeping the  dc ac converter operating in the con-
tinuous conduction mode so that power can flow from dc to ac side. It was calculated 
as 25 mH. The time  is the delay that takes into account the period of the modulat-
ing signal  where  is the frequency of the ac mains. It was calculated 
as 2.77 ms while the gain and time constant of the PI controller were calculated as 
0.217 and 11 ms, respectively. The carrier waveform is the saw tooth type with an am-
plitude , so that it can be easily implemented in practice with a dedicated 
IC such as TCA 785.  is the line to line voltage. Therefore, the gain of the 
dc ac converter is obtained by linearization around the rated steady-state operating 
point, .  

Fig. 5 shows a reference voltage and the PV panel current (voltage) in the error 
detector input in the function of time. Two insolation levels were used 11.2 V and 13.2 
V represented by a dashed line. The PV panel current presenting the low ripple (less 
5%) tracks the maximum power point under the steady state operation. When the  av-
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erage value of this current (voltage) matches to  the reference current , the PV 
panel power is maximum and the error voltage is zero.  

To calculate the MPPT, the MATLAB-Simulink program was used (Fig. 5). 

 
Fig. 5. Current of the PV panel and reference current 

in the input of the error detector in Fig. 1 
 

Figure 6 shows the Simulink-model of MPPT. The grid is represented by a sinus-
oidal voltage source (AC 220 V, 50 Hz) and the PV panel with an equivalent DC volt-
age whose value is 150 V. The thyristor bridge control pulses are formed by the Con-
trol System block, whose inputs are used for grid voltage (for synchronization) and the 
trigger angle calculated from the start of half-period. In this case, the selected trigger 
angle is equal to .  

 
Fig. 6. Simulink-model of MPPT on the basis of the grid-connected inverter  



37 
 

Figure 7 shows the dynamic switching characteristics of the grid-connected in-
verter during turn-on  with zero initial conditions. Figure 8 shows the same operational 
oscillograms as in Fig. 7 a, b and c, detailed for the stabilized mode. 

 
 
 

   
 
 
 

 
 
 
 
 
 
 

Fig. 7. Dynamic switching characteristics of the MPPT virtual model. (a) Grid current. 
(b)Choke current. (c) Output voltage of bridge 

 

 
 

 
 
 
 
 
 
 
 
 
 

  
 

Fig.8. The currents and voltage of the MPPT virtual model in the stabilized mode. (a) 
Grid current. (b)Choke current. (c) Output voltage of bridge 

 

b) 
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Conclusion. The new method of the MPPT on the basis of DC/AC converter (in-
verter) is developed. The proposed MPPT method has the following advantages: 

 online adaptive search of the trigger angle for the grid-connected inverter; 
 the current on MPP is directly proportional to photocurrent; 
 the ratio of the output voltage to the output current for  the PV panel is a    

constant. 
This work was made possible by a research grant from the Armenian National 

Science and Education Fund (ANSEF) based in New York, USA. 
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