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1  Introduction 

      The Photovoltaic system is the most known of solar energy kinds. Solar energy is exploited by utilizing 

solar electric systems; the word photovoltaic is originated from the photo (light) and voltaic (voltage). The 

PV cell straightway converts the sunlight into electrical energy by the PV effect. Since a standard PV cell 

produces about 1 or 2 W of power. The PV cells are configured into arrays, and then the arrays are 

connected as panels to boost the output power of the PV cells. Where the output power of the PV system 

depends on the atmosphere factors such as solar irradiation and the temperature.  

For this reason, any increase in the temperature of the PV system, the voltage of the PV system decreases, 

while the current  increases slightly [1-3]. The resultant influence decreases the power of the PV  system. On 

other hand, when the solar irradiation is increased, the PV system current is more increased; which is 

proportional straightway to the solar irradiation, while the voltage of the PV system exposes little variation 

[4,5]. On the other hand, the voltage of the PV cell is between 0.5 V to 0.7 V while the cell current is about 

30 mA/cm2. For this reason, PV cells are connected in series to form a panel and boost the overall PV 

voltage. The PV cell is a time-variant power generator. This problem can be caused by solar radiation and 

 
 

           

 

Abstract: In this paper, a low cost and simple MPP tracker using flyback converter are proposed. First, 

MPP tracker is defined by a theoretical analysis approach of the relationship between the equivalent 

resistance, load resistance and duty cycle of the flyback converter. Secondly, based on this way the 

perturbation of the Photovoltaic (PV) power is determined and then the duty cycle of the flyback 

converter is adjusting to achieve the maximum power point (MPP) correctly. If the alteration in the 

power is less than zero, the duty cycle is incremented. On the other hand, the duty cycle is decremented if 

the alteration in the power is greater than zero until to reach the optimal working point. To verify the 

performance of this proposed MPP tracker, a PSIM software is utilized to investigate the results of the 

proposed technique with rapid change in both cell ambient temperature and solar irradiance. In addition, 

the sample algorithm is written directly using simple C-block code without the need the analogue devices 

that built the conventional MPP tracker. As present in simulation results, exhibit a fast response in high 

irradiance level is achieved with small oscillation value. Finally, the oscillation problem around the MPP 

is avoided using a small perturbation step. 

 

Keywords: low cost MPP tracker, simple MPP tracker, maximum power point tracking(MPPT), flyback 

converter.  
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variation in cell temperature. Therefore, the MPP of the PV module is always changing. For this reason, the 

MPPT technique is utilized to track the MPP of the power at different weather condition. Today, an 

assortment of MPPT techniques have been suggested and reviewed continuously [6,7]. Mainly, the choice of 

an MPPT technique is depended on many limitations such as cost, response speed, complexity, oscillation 

around the MPP, sensors. These techniques such as perturb and observe (P&O) [8,9], incremental 

conductance(IC) [10,11], fractional open-circuit voltage, fractional short-circuit current [12], Hill Climbing 

(HC) [13], fuzzy logic system, neural network, adaptive fuzzy-neural [14-17].  A P&O technique is vastly 

utilized due to its simplicity, low computation processes. In this technique, the PV voltage is perturbed by a 

small step value and the variation of the power is observed. This process continues in the same trend until 

the increment in power is stopped. If the changing in PV power is less than zero, the operating point will 

move far from the MPP, and then the trend of perturbation is inverted to returning toward the MPP. In this 

paper, a low cost and simple MPP tracker is proposed based on perturbation only of PV power and observed 

the duty cycle of the flyback converter. Power simulator software (PSIM) is considered as one of the major 

toolboxes for modelling, analyzing, solving dynamic system and real problems; therefore, it will be utilized 

for modelling and simulation the proposed overall PV system. Thus, the proposed algorithm code is written 

in simple C-block of PSIM software without the need of the analog model of P&O technique. 

 

2  Photovoltaic Cell Model  

      The equivalent circuit that is depicts in Fig. 1, represents a PV cell model. This model is also known as a 

one-diode model [18]. It is based on a supposition that the re-composition loss in the depletion region is 

negligible. One-diode model is widely utilized for the most PV applications due to its suitability and 

simplicity. Hence, from the principle of semiconductors, the basic equation which represents the I–V 

characteristic of the ideal PV cell the output current IPV can be expressed as [19]. 

 

       IPV    = IPH − I0 [exp (
q VPV

α K T
) − 1]                                                                                                            (1) 

       VPV is "the output voltage of PV cell" , IPH is "the source of photo–current", I0 is the diode saturation 

current of PV cell, α is the diode ideality constant (α =1.3) and q is "the charge of electron(1∙60217646 ×

10−19C)". K is "the Boltzmann constant, (1.3806503×10−23 J/°K)" and the temperature of the p-n junction 

in °K is "represented by T". The series and parallel resistances should be taken in account of the equivalent 

circuit of PV cell to observe a real PV cell. Therefore, the output current re-written as [19]: 

  IPV = IPH − I0 [exp (
q VPV

αVT
) − 1] −

VPV + RS IPV

RP
                                                                                                  (2) 

where VT(= NSK T/q) is the thermal voltage (25.7mV at 25°C) with NS number of cells connected in series. 

RP and RS  are the parallel and series resistances, respectively. 

 
Fig. 1. Equivalent circuit of one-diode PV cell model. 
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All PV panels are provided by datasheet that include standard test condition parameters as open–circuit 

voltage (Voc), short circuit current (Isc), the voltage at MPP (Vmp), the current at MPP (Imp), the temperature 

coefficient for the case of open circuit voltage (KV), the temperature coefficient for case short circuit current 

(Ki) and experimental maximum power (Pmp). These parameters are always given with indicate to typical 

test situation of temperature and solar irradiance. On the other hand, a series resistance (RS ) and a parallel 

(RP ) are not provided in the datasheet, it can be evaluated independently [20]. However, IPH depends 

linearly on the solar irradiance that falling on the surface of the PV panel and its influenced by the ambient 

temperature of PV panel as depicts below [20]. 

  IPH = (IPHn + Ki∆T)
G

Gn
                                                                                                                                                (3) 

where IPHn is "the photo-current at Standard Test Conditions (STC)", ∆T = T − Tn ( Tn = 25°C), G is the 

fallen of irradiation on the panel and Gn (1000W/m²) at STC. Ki is "the coefficient for temperature at case 

short circuit current".  In addition, the diode saturation current equation can be expressed as [21]: 

 I0 = I0n (
Tn

T
)

3

exp [
qEg

αK
(

1

Tn
−

1

T
)]                                                                                                                              (4) 

I0n is the reverse saturation current of diode at STC and Eg is the band gap energy (Eg = 1.12ev). Table 1 

shows the electrical parameters of PV panel that used in this work. 

Table  1 

 Electrical quantities of the PV panel under STC condition. 

Quantity Value Unit 

𝐕𝐦𝐩𝐩 17.1 V 

𝐈𝐦𝐩𝐩 3.5 A 

𝐏𝐦𝐩𝐩 60 W 

𝐕𝐨 21.1 V 

𝐈𝐬𝐜 3.8 A 

𝐊𝐢 0.065 𝑝𝑒𝑟𝑐𝑒𝑛𝑡/°𝐶 

𝐊𝐯 −0.38 𝑚𝑉/°𝐶 

𝐍𝐒 36 - 

 

3  Flyback Converter Analysis 

    Mostly, DC/DC converters are utilized to elicit the maximum output power from a PV panel for the 

purpose of MPPT technique [22-24]. A flyback converter is widely utilized as one type of DC/DC 

converters in low power applications. This converter has more advantages over other topologies with higher 

efficiency [25]. Figure 2 shows the flyback configuration circuit which used to acquire maximum output 

power from a PV panel. It represented an isolated DC/DC converter with higher frequency (HF) 

transformer, single MOSFET in the primary side, and a diode with output capacitor on the secondary side. 

The flyback converter is operated in both modes, continuous conduction mode(CCM) and discontinuous 

conduction mode(DCM). When the flyback converter operated in CCM with continuous magnetizing 

current, as indicates in Fig.3, the peak primary current is lower than that when the flyback is operating in 

DCM, so that converter turn OFF losses is lower as well and hence higher efficiency. The energy that 

transferred to output based on two states of the operation as follows: 
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ON state: When the main MOSFET, 𝑆𝑝𝑣 is turned ON as presented in Fig4-a, the DC input voltage of PV 

panel is impressed across the primary winding of the transformer, which causes stored energy in 

magnetizing inductance of the transformer and then the primary current slope up to reach its peak value. At 

the same time, the diode 𝐷𝑜 is turned OFF. Thus, the energy stored in magnetizing inductance at ON time 

interval only. In addition, the HF transformer has a magnetizing inductance, which guarantees not only 

isolation but also voltage conversion. 

OFF state: Here the main MOSFET 𝑆𝑝𝑣 is turned OFF, and the output diode, 𝐷𝑜 is turned ON as show 

Fig.4-b. Therefore, the energy stored is delivered to the output side.  

 

 
Fig. 2.  Flyback converter circuit. 

 

  

  
 Fig. 3.  Waveforms of magnetizing current, IM primary MOSFET current, Ip and the PWM signals.  
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Fig.4.  Flyback converter circuit: (a) during time interval one (b) during time interval second  

 

        Furthermore, with the supposition that the flyback converter operates with small ripple in the inductor 

current and small ripple in the capacitor voltage, then the inductor voltage, 𝑣𝐿 and capacitor current, 𝑖𝐶 are 

expressed as: 

   𝑣𝐿 = 𝑉𝑝𝑣                                                                                                                                                                            (5) 

 

 𝑖𝐶 = −
𝑉𝑜

𝑅𝐿
                                                                                                                                                                          (6) 

where 𝑉𝑝𝑣 is the PV panel voltage, 𝑉𝑜 is the flyback output voltage, 𝑅𝐿 is the load resistance. Then, the 

MOSFET, 𝑆𝑝𝑣 is trurned OFF during time interval second (𝑑𝑇𝑠 < 𝑡 < (1 − 𝑑)𝑇𝑠) when the PWM signal is 

low and the diode conducts. For this reason, the inductor voltage and capacitor current in this interval can be 

written as [26,27]: 

  𝑣𝐿 =
𝑉𝑜

𝑛
                                                                                                                                                                              (7) 

where 𝑛 is the transformer turns-ratio (𝑛 =
𝑁1

𝑁2
= 10). 

   𝑖𝐶 =
𝑖𝐿𝑀

𝑛
−

𝑉𝑜

𝑅𝐿
                                                                                                                                                                 (8) 

where 𝐼𝑀 is the dc component of magnetizing current. Furthermore, the fundamentals of volt-second balance 

situation and charge balance are utilized to the magnetizing inductance and the output capacitor, respectively 

[26]. 

〈𝑣𝐿〉 =  
1

𝑇𝑠
∫ 𝑣𝐿(𝑡) 𝑑𝑡

𝑇𝑠

0

= 𝑑 (𝑉𝑝𝑣) + (1 − 𝑑) (−
𝑉𝑜

𝑛
) = 0                                                                                         (9) 

 

Where 𝑇𝑠 is the total switching period and 𝑑 is the duty cycle.  

 

〈𝑖𝐶〉 =  
1

𝑇𝑠
∫ 𝑖𝐶(𝑡) 𝑑𝑡

𝑇𝑠

0

= 𝑑 (−
𝑉𝑜

𝑅𝐿
) + (1 − 𝑑) (

𝐼𝑀

𝑛
−

𝑉𝑜

𝑅𝐿
) = 0                                                                            (10) 

 

From equation (5), the relationship between the input voltage and output voltage can be expressed as [25]: 

 𝑉𝑜 = 𝑉𝑝𝑣  
𝑑

1 − 𝑑
 𝑛                                                                                                                                                           (11) 
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Equation (6) produces the dc component value of the magnetizing current as function of duty cycle, 𝑑 and 

turns ratio, 𝑛 as follows: 

 𝑖𝐿𝑀 =  
𝑛 𝑉𝑜

(1 − 𝑑) 𝑅𝐿
                                                                                                                                                         (12) 

 

      The magnetizing current increases linearly during the time interval one with slope of  
𝑉𝑝𝑣

𝐿𝑀
. In addition, 

this current decrease during the time interval second with a slope of (
−𝑉𝑜

𝑛 𝐿𝑀
), then this current drops to the 

same starting point at the end of the switching period. On the other hand, during the MOSFET, 𝑆𝑝𝑣 is ON, 

the dc input voltage across the primary winding is the same PV panel voltage, then the primary current, 𝐼𝑝 

can be expressed as follows: 

  𝑖𝑝 =
𝑉𝑝𝑣 𝑑 𝑇𝑠

 𝐿𝑀
                                                                                                                                                                  (13) 

        However, in the flyback converter the voltage conversion provide a wide range for input voltage, which 

is represented a desired condition for MPPT operation [25]. The input resistance  𝑅𝑖𝑛 or the resistance, 

which is seen by the PV panel, can be expressed by: 

  𝑅𝑖𝑛 = 𝑅𝐿 𝑛2  
(1 − 𝑑)2

𝑑2
                                                                                                                                                 (14) 

Table 2 shows the simulation parameters of flyback converter that used in this work. 

 

Table 2  

Simulation parameters of flyback converter circuit. 

Parameter Value Unit 

Output voltage 𝑽𝒐 60 V 

Output current 𝑰𝒐 0.98 A 

Max. Duty cycle 𝑫 0.8 - 

Load resistance 𝐑 60 Ω 

Switching frequency 𝐟𝐬 20 kHz 

Magnetizing inductance 

𝐋𝐌 

10 𝜇𝐻 

Output capacitor 𝐂 470 𝜇𝐹 

Transformer turns ratio 𝒏 10 - 

 

4   The Proposed MPP Tracker    

  The matching between a PV panel and the resistive load is necessary to raise the size of the PV panel 

requirements to ensure the supply of the power range of the load. This lead to raise the overall PV system 

cost. For this reason, to solve this problem and improve the performance of the PV panel, an MPPT 

algorithm is utilized to remain the operating point of the PV panel at MPP. The MPPT is utilized to adjusted 

the duty cycle ratio of the flyback converter.  Where the load resistance seen by the source (matching 

between the input resistance and the load resistance) is controlled by the duty cycle. Thus, by varying the 

duty cycle ratio for constant turns-ratio, the input resistance, 𝑅𝑖𝑛 can coincide with the optimal resistance at 

which the maximum power will be performed from the PV panel.  Thus, from equation (10), the input 

resistance depends on the load resistance 
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and duty cycle for constant turns-ratio(n=10), thus the operating point is setting by the intersection of the I-V 

load characteristic of the PV panel with the load line. When the load line intersects with the I-V curve at 

point MPP the maximum power is delivered to the load present in Fig.5.      

 

 
Fig. 5.  P-V and I-V panel characteristics under STC condition. 

 

    Furthermore, several criteria to select appropriate MPPT technique according to cost, sensors required 

response time or convergence speed, and complexity. So, a low cost and simple perturb and observe (P &O) 

algorithm is proposed in this paper. Figure 6 depicts the P-V characteristic of PV panel with proposed MPP 

tracker.  Depends on the variation in the PV power, the MPP is tracked correctly. If the variation in PV 

power is positive (in left side) for P-V characteristic, (Ppv(k) - Ppv (k-1) > 0), the PV power is increased until 

it reach to zero change (Ppv(k) - Ppv (k-1) = 0), then the MPP is achieved. On other hand, if the change is 

negative (in right side) for P-V characteristic, the PV power is decreased until it reach to zero change (Ppv(k) 

- Ppv (k-1) = 0), then the MPP is achieved. Depending on the flowchart of proposed MPP tracker that 

presented in Fig.7, by adjusting the duty cycle of the flyback converter, the MPP is accomplished correctly. 

If the variation in power is less than zero, the duty cycle is incremented. On the other hand, the duty cycle is 

decremented if the variation in power is greater than zero. When MPP has been achieved, the operation of 

the PV panel is retained at this point and the perturbation stopped unless a variation in PV power is 

observed. In this situation, the algorithm increments or decrements the duty cycle to track the new MPP. In 

addition, the perturbation step size determines how fast the MPP is tracked. In this work, the perturbation 

step size is chosen carefully (increment=0.01). 

   

 
Fig. 6.  P-V characteristic of PV power in proposed MPP tracker. 

 

5  Simulation Results and Discussion 

     The proposed MPP tracker simulation results are carried out using power simulation software (PSIM). 

Figure 8 shows the proposed system components PV panel model, proposed MPP tracker, and flyback 
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converter in PSIM. Firstly, the proposed MPP tracker is tested under constant weather condition of solar 

irradiance, G = 1000W/m²  and ambient temperature, T = 25C°. Figure 9 depicts the input and output 

voltage for the flyback converter under constant load condition (R = 60Ω). The input voltage represents the 

output voltage of the PV panel, that is raised by flyback converter based on turns-ratio and duty cycle. As 

present, small ripple in output voltage is occurred due to the ripple problem in PV voltage therefore, a 

capacitor with capacitance of 𝐶𝑖𝑛 = 1000𝜇𝐹  is putted in input side of converter as decoupling device.  

 

 
 

Fig. 7.  the flowchart of proposed MPP tracker. 

 

 
Fig. 8.  PV system components in PSIM. 
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Fig. 9.  Input and output voltage for flyback converter. 

 

 The flyback simulation results are shown in Fig.10 included PWM signal, Drain-Source voltage, and 

primary current.  

 

 
Fig. 10.  Simulation results of flyback converter at constant weather condition. Top to bottom: PWM signal, 

Drain-Source voltage, primary current. 

 

As result, the Drain-Source voltage of the MOSFET is limited to suitable value (20V) without spike voltage 

problem. Secondly, the system performance is assessed under rapid change of irradiance and constant 

temperature T = 25C° as indicated in Fig.11. When the solar irradiance is changed rapidly from G =

1000W/m2 to G = 500W/m², the output voltage is decreased to half from 𝑉𝑜 = 60V to 𝑉𝑜 = 30V and 

output current also is decreased from 𝐼𝑜 = 0.98A to 𝐼𝑜 = 0.48A. Thus, the output current and voltage of 

flyback converter are proportionally to the solar irradiance level, so that high output power is elicited from 

the PV panel at higher irradiance level. However, the solar irradiance is daily changed (not constant) for this 

reason, the PV power is changed continuously during all day. In order to acquire maximum power from this 

panel, MPP tracker is utilized to tracking the MPP of the PV panel at any weather condition and result 

increasing of PV panel efficiency. 

        The performance of the proposed MPP tracker is tested under both rapid change irradiance and rapid 

change temperature. Figure 12 shows the simulation results of PV power that tracked by proposed method 

according to ideal PV power (maximum power). As present, the proposed tracker is succeed correctly by 

getting the MPP from the PV panel under change of irradiance with small ripple resolution. The proposed 

tracker exhibit a fast response in high irradiance level depending on the proposed simple algorithm and 

acceptable response in low irradiance level but a large oscillation occurred after steady state condition. 
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Hence, oscillation problem in proposed tracker is avoided using small perturbation step size. In addition, the 

proposed algorithm is utilized to control the duty cycle of MOSFET based on the variance in the PV power 

as presented in Fig.13, where the increment or decrement in duty cycle depends on the power calculation. 

Thus, when the solar irradiance is changed rapidly, the proposed algorithm calculated the PV power, sense 

the difference, and then it can changed duty cycle correctly. Furthermore, the proposed tracker is tested with 

rapid change in temperature as presented in Fig.14, where the temperature  is reduced from T = 25C° to T =

−2C° at constant irradiance G = 1000W/m2. As result, the output current and voltage of flyback converter 

are not large sensitive to the change of temperature comparison to the change in irradiance level. This fact 

due to the mathematical equation for the terminal PV voltage and photo-current source. In addition, small 

increasing in PV power occurred due to the reduction in cell temperature. Figure 15 shows the tracking of 

PV power for proposed MPP tracker according to ideal PV power. A fast dynamic response for this change 

is obtained using proposed method, with small ripple and high power value. The duty cycle is corrected by 

calculation of the changing in PV power based on proposed algorithm as present in Fig.16. 

 
Fig. 11.  Simulation results at rapid change of irradiance and constant temperature T = 25C° . Top to 

bottom: irradiance, output voltage, output current. 

 

 
Fig. 12.  Tracking the PV power according to ideal PV power in rapid change in irradiance level. 
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Fig. 13.  Duty cycle of proposed MPP tracker under rapid change in irradiance level. 

 

 
Fig. 14.  Simulation results at rapid change of temperature and constant irradiance  G = 1000W/m2 . Top to 

bottom: temperature, output voltage, output current. 

 

 
Fig. 15.  Tracking the PV power according to ideal PV power in rapid change in temperature level. 
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Fig.16.  Duty cycle of proposed MPP tracker under rapid change in temperature level. 

 

6  Conclusion 

    The outcome of this paper is to designed and simulated a low cost and simple MPP tracker. The proposed 

method has designed based on the perturbation of the PV power to get the optimal MPP at any weather 

condition. The flyback converter is analyzed using the mathematical equations to obtain the relationship of 

the input resistance that seen by the PV panel, load resistance, and duty cycle. As a result, by changing the 

duty, the equivalent input resistance has adjusted and then the MPP has been accomplished. The duty cycle 

is changed according to the perturbation of PV power. The proposed method is modeled and simulated in 

PSIM software and that algorithm is written directly using simple C-block code to build the MPP tracker. 

Finally, the proposed tracker is succeed by obtaining the MPP under rapid change of weather condition with 

small ripple resolution.  
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