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Abstract. In this paper, a method to optimize the power 

delivered by the Photovoltaic array (PV array) is presented by 

tracking the Maximum Average Current (MAC) passing through 

the diode of DC/DC boost converter. The main difference 

between the proposed method and the other Maximum Power 

Point Tracking (MPPT) methods is that instead of tracking 

maximum power point directly on PV array, this method enables 

to search the maximum power of PV array by tracking the 

maximum power output of the DC/DC converter with only one 

current sensor. An hybrid power system, which includes a PV 

array, a DC/DC boost converter, an ideal battery and a resistor, is 

built and simulated in MATLAB/Simulink. The comparison 

between analytical and simulated results has proven that this 

method could be applied under various irradiation and 

photovoltaic temperature conditions. 
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1. Introduction 

 
In recent years, the development on the installed capacity 

and the improvement on the efficiency of the renewable 

energy sources are implemented in many countries around 

the world due to the exhaustion and pollution of fossil 

fuels. One of the most attractive renewable energy sources 

is photovoltaic array, because PV is the most direct way to 

convert solar radiation into electricity and is based on the 

photovoltaic effect [2]. Otherwise, there is no mechanical 

moving parts, no noise, no pollution and PV panels have a 

long lifetime. Moreover, the energy source is the sun 

which is free, ubiquitous and inexhaustible. In some 

popular appliances, it is usually used in charging battery, 

hybrid vehicles, water pumping and connecting into 

Distributed Energy Resources (DER) systems. 

 

As a power source generated by solar array depending so 

much on the solar radiation, temperature and array voltage, 

it is essential to control the operating points to yield the 

maximum power from the PV array. In the last few 

decades, some methods have been proposed in [4]-[8] for 

tracking the maximum output power from the PV array in 

the last few decades. Once the PV array is connected to 

other elements in the hybrid system such as the battery 

and the load, it is required to investigate a method that 

could optimize the electric power delivered by the PV 

array. The voltage over the battery is assumed constant 

during the calculation period. 

 

 
 

Fig. 1. Overview circuit of the PV array system 

 

Due to the ability of keeping the voltage over the battery 

(and also the output voltage of DC/DC Boost Converter) 

constant during the simulation time, it is necessary to 

track the maximum current passes through the diode of 

DC/DC Boost Converter in order to optimize the electric 

power from PV array that supplies to the battery and the 

load. However, this current is not a continuous one which 

depends on the duty cycle of the switch of the Boost 

Converter. Hence the average current value through the 

diode is considered as a parameter to optimize the power 

from PV array. This is the main idea of the proposed 

method which is focused on tracking the MAC through 

diode.  

 

2. Photovoltaic array model 

 
The general current – voltage (I-V) characteristic of a 

solar cell is given by the following equation [2]: 
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Where IPH is the light-generated current or photocurrent, IS 

is the cell saturation of dark current, q is the electron 

charge (q=1.6×10
-19

 C), k is the Boltzmann’s constant 

(k=1.38×10
-23

 J/K), TC is the cell’s working temperature, A 

is an ideal factor, RSH is the shunt resistance and RS is the 

series resistance. 

 

For an array model, the series resistance has a large impact 

on the slope of the I-V curve near the open-circuit voltage 

and the shunt down resistances approaches infinity which 

is assumed to be open [3]. The mathematical equation 

model [2] to express the relation between current and 

voltage of the photovoltaic array is represented by the 

following equation: 
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Where NS is series number of cells of PV array and Np is 

series-parallel number of PV array. 

 

It is well known that the output current and power 

characteristics of PV array are non-linear and vitally 

affected by the solar radiation and the panel temperature. 

Each curve in the P-V characteristics has a maximum 

power point, which is the optimal operating point for the 

efficient use of the PV array. 

 

3. The proposed MAC method  

 
Most MPPT techniques attempt to track the PV voltage 

that results in the maximum power point VMPP, or to find 

the PV current IMPP corresponding to the maximum power 

point. The proposed method searches for the maximum 

average current value passing through the diode in the 

DC/DC Boost Converter by changing the value of duty 

cycle (       ) of switch IGBT from 0 to 1. Where T 

is the switching period (equal to the inverse of the 

switching frequency fS), generally lies in the range of 1 

kHz to 1 MHz [1], which depends on the switching speed 

of the semiconductor devices. 

 

 
 

Fig. 2. Detailed circuit of the proposed PV array system 

 

From the Fig.2 above, when the switch IGBT is “off”, the 

diode is connected to the inductor. Using the small-ripple 

approximation, the inductor current is equal to the output 

current of PV array, so the current through the diode iD(t) 

is obtained: 

 

 

Once the IGBT is “on”, the inductor connects parallel with 

the previous capacitor and the diode is blocked the current 

in the opposite direction known as the reverse direction, 

lead to: 

  0tiD
 (4) 

 

When the converter operates in steady-state, neglecting 

losses in these elements of the converter and assuming 

that the converter is perfectly efficient, the average 

current value or dc component through the diode is given 

by the equation below: 

 

 DIi PVD  1  (5) 

 

From the equations (2) and (5), this average current is 

defined in steady-state as: 
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(6) 

 

Otherwise, the relation between voltage output and 

voltage input of the DC/DC boost converter is expressed 

by the following equation:  

 

 DVV OUTIN  1  (7) 

 

From the Fig.2, in steady-state, VOUT = VBatt and VIN = 

VPV, and replacing these voltages into equation (7) 

yields:   

 

 DVV BattPV  1  (8) 

 

Introducing the equation (8) into equation (6), the current 

could be expressed as following: 
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(9) 

 

Thus the equation (9) gives the expression of the mean 

diode current as function of the duty cycle. For the sake 

of doing that, a proposed MAC model is designed by 

using MATLAB/Simulink and taking into account 

conducting losses in the IGBT, diode and inductor. From 

Fig. 4(a) and Fig. 4(b), it is noticed that there is always 

one value of the duty cycle for which the maximum of 

the average current through diode is achieved.  

 

In addition, a Tracking and Holding Maximum Value 

(THMV) model is built to detect the maximum current 

and the duty cycle value at this maximum point as shown 

in Fig. (3). 

 
Fig.3. Tracking and Holding Maximum Value
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Fig. 4(a).  Average current waveform through  

the diode with different solar radiations (λ) 

 
Fig. 4(b).  Average current waveform through  

the diode with different temperatures (Tc) 

 

4. Simulation model and results  

 
The detailed power circuit of the proposed solar array 

system is shown in Fig. 7. The system consists of a non-

linear power source (PV array), a transferring power unit 

(DC/DC boost converter), a storage energy unit (battery) 

and a consumption energy element (a resistor). This 

system has been simulated in MATLAB/Simulink to 

verify the proposed MAC method.  

 

The load are a resistor and a battery which is charged by 

the boost chopper. The Pulse Width Modulator (PWM) 

Generator block was used to control the IGBT with a 

switching frequency fs=1 kHz. A Repeating Sequence 

block was added with the triangular waveform to create 

the value of duty cycle of switch change from 0 to 1 and 

the amplitude of the waveform inside the block is set from 

-1 to 1 during a given period. Furthermore, this block acts 

as a reference modulating signal that is compared to the 

triangular carrier waveform inside the PWM generator. 

  

The current from the diode is sent to a Mean Value block 

in order to measure the average current through the diode. 

And then, this average current is led to the THMV block to 

find and then kept the maximum value during the given 

period.    

 

Under three different atmospheric conditions with solar 

radiations (λ = 300W/m
2
; 600W/m

2 
and 900W/m

2
) and 

ambiance temperatures (TC = 15
o
C; 35

o
C and 55

o
C). the 

reference modulating signal for controlling the switch 

IGBT and the average current through the diode are shown 

as the simulation results in Fig. 5(a) and Fig. 5(b).  

 
Fig. 5(a). Tracking and Holding the MAC 

value through the diode with different solar radiations 

 
 

Fig. 5(b). Tracking and Holding the MAC  

value through the diode with different temperatures 

 

Additionally, the results of tracking the maximum value 

are impacted by the period in Repeating Sequence block 

and the averaging period in Mean Value. Besides, it 

should be noted that in these figures, there are some 

ripples of the average current which are unavoidable 

when using the boost converter. 

 

The instantaneous value of PV array power is shown in 

Fig. 6 with λ = 900W/m
2
, it is obvious that the proposed 

MAC method could enable tracking the maximum power 

of PV array by tracking maximum average current 

through the diode.  

 
Fig. 6. Tracking and Holding maximum power of PV array by 

the proposed MAC method. 

 

Table I shows that there is a little difference between the 

simulation results and the MAC model results. The 

difference between two models is due to the given period 

in the Repeating Sequence and the Mean Value. 

However, this could be reduced by increasing the given 

period in these blocks. And another impacted factors are 
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the small ripples and the losses caused by the elements 

inside boost converter.  

 
Table I (a). Comparison results between MAC and Simulation 

modesl with different solar radiations 

 

Solar radiation 

(kW/m
2
) 

MAC Simulation 
Error  

(%) 

0.3 0.93 0.88 5.38 

0.6 1.91 1.82 4.71 

0.9 2.87 2.74 4.53 

 
Table I (b). Comparison results between MAC and Simulation 

models with different temperatures 

 

Temperature 

(
o
C) 

MAC Simulation 
Error 

 (%) 

15 2.87 2.74 4.53 

35 2.42 2.28 5.79 

55 1.95 1.84 5.64 

 

5. Conclusion  

 
The proposed MAC method allows optimizing the electric 

power which is generated from the PV array close to the 

maximum power point of the array under changing 

atmospheric conditions.  

 

In this paper, the difference between the MPPT methods 

and the proposed MAC method were proven by searching 

the maximum average current passing through the diode.  

 

Furthermore, the simulation model takes into account the 

conducting losses in the inductor, diode and switch IGBT. 

The losses generate the fluctuation during the first few 

seconds of the holding maximum value period. 
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Fig.7. The MAC simulation 
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