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 Maximum power point tracking (MPPT) plays a vital role in 

photovoltaic (PV) systems to utilize PV energy efficiently given the 

high cost and low efficiency of a PV system, it must run at maximum 

power point (MPP), which varies with load fluctuations and weather 

conditions. This article describes the design comparison between the 

fuzzy logic controller and a non-linear backstepping controller for a 

DC-DC converter used to extract the greatest power from photovoltaic 

systems (PV). The converter's duty cycle regulation accomplishes this. 

The backstepping control is utilized to create the controller. The 

perturb and observe approach supplies the backstepping controller with 

the output reference voltage PV. The result confirms the robustness of 

the backstepping controller with good performance in decreasing 

oscillations in the solar panels, tracking maximum power under 

irradiance variations, and achieving MPPT. 
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I. Introduction  

 

 The energy consumption of every country is increasing in proportion to the growth of its population and its 

economy. Countries are increasingly relying on energy from renewable sources such as solar, wind, tidal, and 

biomass, to name but a few, due to the depletion of fossil fuels and their negative impact on the environment. 

Unlike other means, harnessing energy from the sun has become easier and more affordable [1]. For that purpose, 

solar photovoltaic (PV) technology has huge, proven potential [2].  

 Photovoltaic generation is becoming increasingly important as a renewable energy source due to advantages 

such as the absence of fuel costs, low maintenance, and the absence of noise and noise and wear due to the absence 

of moving parts [3]. However, two major factors limit the implementation of photovoltaic systems: high cost and 

low efficiency in energy conversion. energy conversion. In photovoltaic systems, the PV module accounts for 57% 

of the total cost of the system, and the storage system accounts for 30% of the cost. Other system components, 

such as inverters and MPP trackers contribute only 7% (Hua and Lin, 2003)[2],[4]. 

 To increase the power output, PV modules are therefore connected in series-parallel combinations. Here, power 

electronic interfaces or power optimizers such as DC-DC converters are used to increase the DC output voltage of 

PV arrays to voltage levels required for utility load applications [5]. Furthermore, DC output voltages vary due to 

factors such as varying solar irradiance, ambient temperature, shading, or even panel cleanliness [1], [3]. This 
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leads to the need for an efficient DC-DC boost converter that can efficiently regulate the low and unstable voltage 

output of the PV array [6]. Photovoltaic systems are designed to continually extract the maximum power from the 

modules, independent of load voltage or weather, to maximize the ratio between output power and installation 

cost. Systems called maximum power point trackers, or MPP-trackers for short, run PV modules to maximize 

power. An MPP tracker is an electronic system that modifies the electrical operating point of the modules so that 

they can provide maximum power, as opposed to a mechanical tracking system that "physically moves" the 

modules to point more directly at the sun. It is compatible with mechanical tracking systems; however, they work 

with whole separate systems, [4][7]. The main purpose of the utilization maximum power point trackers (MPPT) 

algorithm is to adjust the effective working point of PV panels on their maximum power [2]. 

 In previous studies [5],[6] have presented the mathematical modelling of a PV and its design. In the present 

scenario, A single-diode model of the solar cell is used, following the mathematical model implemented in Villalva 

et al. The literature has a variety of MPPT techniques for calculating the MPP of PV panels that use various dc/dc 

converter topologies coupled to PV modules as presented in [7] but it suffers from oscillation and decreases in 

term performance. 

 A sophisticated control circuit is required for a fuzzy logic technique this approaches have drawbacks, 

including high costs, complexity, and instability. In this research, we propose a novel controller called 

Backstepping Controller based on MPPT type perturb and observe for extracting the maximum power of solar 

panels and ensuring the efficient transfer of energy from the photovoltaic panels to the load under various scenarios 

of irradiation. In Section 2, a model of the solar PV system. The design of the DC-DC controller is depicted in 

Section 3. An overview of various MPPT tracking techniques are demonstrated in Section 4. An overall discussion 

about the discussed methods after reviewing them is also detailed in Section 4. Finally, the paper concludes in 

Section 5. 

 

II. System Description 

 

 Figure 1 shows the photovoltaic (PV) system distinguished by integrating a Maximum Power Point 

Tracking (MPPT) mechanism and a DC-DC converter type boost, which function together to improve energy 

conversion and usage efficiency. Photovoltaic panels are the major energy source, converting solar energy into 

direct current (DC). These panels generate voltage and current that change with solar intensity and environmental 

conditions. To ensure peak performance, an MPPT controller continually monitors the voltage and current outputs 

of the panels. The MPPT algorithm identifies the most economical operating point and creates a control signal, 

called the duty cycle, which is sent to the DC-DC converter to control it. This converter, a power electronic device, 

modifies the voltage and current output from the PV panels by the MPPT signal, thereby facilitating maximum 

power extraction and satisfying the load's need for power [6],[8]. 

 

Figure 1: schematic diagram of the stand-alone photovoltaic system [9]. 
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III. Modeling of Photovoltaic System  

 The existing literature presents various models for representing a photovoltaic (PV) cell, with the single-

diode model being the most widely utilized. This model is favoured for its balance of accuracy and simplicity; 

Figure 2 illustrates the equivalent circuit of the single diode model for the PV cell. In this representation, the PV 

cell is depicted as a current generator, which is analogous to a current source in parallel with a diode. Additionally, 

this diagram incorporates two resistors. These equations below can be used to display the PV panel's mathematical 

model 
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Figure 2 : The equivalent circuit of the PV panel [5]. 

 

 The Boost Converter is a DC-DC power converter that increases the input voltage to produce a greater 

output voltage and serves as an adapter between the source and the load [2]. It usually comprises a power switch 

(a transistor, MOSFET, or IGBT), an inductor, a diode, and a capacitor as depicted in Figure 3. The mathematical 

model of a Boost Converter includes equations describing the relationships between input voltage, output voltage, 

inductor current, and duty cycle (control signal). Boost converters operate in two phases based on their condition 

[8]. 

Figure 3: Design of boost converter [8]. 

 

 First period  

When the switch is closed as depicted in Figure 4, the current flowing through the inductor will rise, resulting in 

the storage of energy as magnetic energy. At this time, the diode is in a reverse-biased state. 
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Figure 4: Boost Converter (ON state). 

 

 Second period 

When the switch is opened, the diode becomes forward-biased, allowing the energy stored in the inductor to be 

transferred to the capacitor. 
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Figure 5: Boost Converter (Off state). 

 

 Determining the inductor specifications for a boost converter is a vital aspect of electronic design. While 

datasheets usually offer inductor values within a defined range, engineers often need to estimate these values when 

such information is lacking [8],[9]. This estimation process takes into account several critical parameters, including 

the target output voltage, switching frequency, duty cycle, and inductor current ripple. Precise estimation of the 

inductor is crucial for ensuring the converter's stability and efficiency, allowing it to function within the desired 

performance parameters [3],[9]. 

 

 The expression of the inductance [9]: 
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 The expression of the capacity: 
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the waveforms of voltage and  inductor current in the operation of boost converter shown in Figure 6 : 
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Figure  6: The inductor voltage and current waveform of the boost converter. 

 

IV. Maximum Power Point Tracker 

 

 A maximum power point (MPPT) is utilized for obtaining the maximum power from the solar panel and 

transferring maximum power from the PV module to the load. To transmit the greatest amount of power from the 

PV module to the load, a DC-to-DC converter acts as an interface between the load and the module. [1], [5],[10] 

In this paper we used two type of MPPT: 

 

 MPPT Fuzzy logic. 

 MPPT Perturb and Observe (P&O). 

 

IV.1     The Proposed MPPT Fuzzy Logic Base Method 

 There are several uses for fuzzy logic controllers in renewable energy applications. Over the past ten 

years, fuzzy logic controllers have become increasingly popular due to their ease of use, ability to manage 

nonlinearity, deal with imprecise inputs, and lack of necessity for a correct mathematical model [10]. The 

maximum power that the PV modules 

can produce in response to varying weather conditions may be obtained by using FLC as a controller. The process 

of FLC   

 

can be classified into three stages: Fuzzification, rule evaluation, and Defuzzification [3],[7] as shown in Figure 7. 

Figure 7. Block diagram of Fuzzy Logic Controller 
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 Fuzzification: Fuzzification aims to translate input signals to prescribed field values in a proportional 

manner, employ colloquial variation to express physical quantities and assess the relative attribution of 

language values. 

 Fuzzy inference: The fuzzy inference process is crucial to the fuzzy control method, simulating human 

fuzzy thinking [11]. Fuzzy logic and inference laws determine fuzzy control actions. Figure 9 depicts 

the fuzzy control rule for a signal with two inputs and one output.  

 De-fuzzification: This technique converts fuzzy outputs to crisp outputs based on specified fuzzy sets 

and membership degrees. 

 

              Since fuzzy logic controllers are resilient, rather easy to develop, and don't require precise model 

knowledge, they have been used to track the maximum power of photovoltaic systems [5]. This research proposes 

a novel FLC-based approach to track the PV module's maximum power under varying weather circumstances. 

 The theoretical design of the rules is based on the fact that if the change in the voltage causes the power 

to increase, the moving of the next change is kept in the same direction otherwise the next change is reversed. 

After the theoretical design, all the MFs and the rules were adjusted by trial and error to obtain the desired 

performance [9]. 

Figure 8: The Membership function of the input variable (E), (dE),(D). 

 

 The fuzzy rule editor is shown in Figure 9, in which rules are selected according to user visualizing. The 

membership functions are selected by taking account the system limits. 

The Limitation of Fuzzy logic : One of the inputs of the fuzzy controller is the change of error, which requires a 

differentiation operation that increases the complexity of the calculations and can generate errors when measuring 

small powers that are sensitive to noise and more oscillation with less performance [4],[10]. 
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Figure 9. Two-inputs, single-output fuzzy control rules. 

 

IV.2    The Proposed Backstepping Controller Based On Perturb And Observe (P&O) 

 

 The Backstepping controller, a synthesis of the nonlinear controller described in this section, employs the 

dynamics of the converter to drive the photovoltaic system to the reference point after receiving a reference voltage 

from the perturb and observe algorithm as depicted in Figure [3], [7]. 

 Using the integral backstepping approach, created using the Lyapunov theory [23], we can achieve the 

maximum power of the photovoltaic power board for various weather conditions. This work proposes the MPPT 

controller based on the backstepping approach. The panel's output voltage needs to be controlled and converge to 

the 𝑉𝑝𝑣_𝑟𝑒𝑓 value provided by the(𝑃&𝑂) MPPT controller, as shown in Figure 11  [8]. 

 

Figure 10 : MPPT Perturb and observe (P&O). 
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Figure 11: Control Scheme with Backstepping Controller using MPPT (P&O) Algorithm [4]. 

The dynamic equations of the converter are derived from the inductance current and the voltage of the photovoltaic 

generator, where the state model is [9]: 

{
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𝑖𝑝𝑣 −
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𝑥2              
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                 (8) 

Where [𝑥1  𝑥2 ]
𝑇 = [𝑉𝑝𝑣    𝐼𝐿]

𝑇 

The first error variable is: 

𝑒1 = 𝑥1 − 𝑉𝑝𝑣𝑟𝑒𝑓                                                                                                                                                         (9) 

Using the system (4,5), the tracking error derivative is written as follows [7]: 

𝑒1̇ = 𝑥1̇ − 𝑉̇𝑝𝑣𝑟𝑒𝑓 =
1

𝐶1
(𝑖𝑝𝑣 − 𝑥2) − 𝑉̇𝑝𝑣𝑟𝑒𝑓                 (10) 

The candidate Lyapunov function is considered: 

𝑉1(𝑒1) = 𝑉1 =
1

2
𝑒1
2 

                (11) 

This function is positive definite, the derivative versus time using equation (6) is: 

𝑉1̇ = 𝑒1𝑒̇1 = 𝑒1 (
1

𝐶1
(𝑖𝑝𝑣 − 𝑥2) − 𝑉̇𝑝𝑣𝑟𝑒𝑓) 

                (12) 

relevant choice of  𝛼1 allows to write  𝑒̇1 = −̇ 𝜆1𝑒1
2, 𝑉̇1is negative semi-definite function for that its must be: 
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α1 = 𝑖𝑝𝑣 + 𝐶1(𝜆1𝑒1 − 𝑉̇𝑝𝑣𝑟𝑒𝑓)                 (13) 

To guarantee the stability of the subsystem, 𝜆1 is a positive constant that represents a design parameter of the 

rollover controller. 

The second error variable, which is defined as the difference between the state 𝑥2 and its desired value 𝛼1, is 

expressed as: 

𝑒2 = 𝑥2 − α1                    (14) 

After deducing the equations of the system in the error space (𝑒1, 𝑒2) below: 

𝑒̇1 = 𝑖𝑝𝑣 +
1

𝐶1
(𝛼1 + 𝑒2) +

1

𝐶1
𝑖𝑝𝑣 − 𝑉̇𝑝𝑣𝑟𝑒𝑓 

                               

(15) 

𝑒2̇ =
1

𝐿
(𝑥1 − (1 − 𝐷1)𝑉𝑜𝑢𝑡) − α1̇ 

The new Lyapunov function: 

𝑉2(𝑒1, 𝑒2) = 𝑉1 +
1

2
𝑒1
2 

                     

(16) 

The derivative function is expressed by: 

𝑉2̇(𝑒1, 𝑒2) = 𝑉2̇ 

                     

(17) 
𝑉2̇ = 𝑒1 (

1

𝐶1
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1
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1
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(𝑥1 − (1 − 𝐷1)𝑉𝑜𝑢𝑡) − α1̇)                               

In this step the command choosing 𝐷1 to obtain the following expression: 

(−
1

𝐶1
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1

𝐿
(𝑥1 − (1 − 𝐷1)𝑉𝑜𝑢𝑡) − α1̇) = −λ2𝑒2 

                 (18) 

the backstepping controller produces the expression of command 𝐷1 by this: 

𝐷1 = 1 −
1

𝑉𝑜𝑢𝑡
[𝑥1 − 𝐿α1̇ − 𝐿 (

1

𝐶1
𝑒1 − λ2𝑒2)] 

                 (19) 

With  𝜆2 > 0 leads to a negative derivative of the Lyapunov function: 

𝑉2̇ = −λ1𝑒1
2 − λ2𝑒2

2                  (20) 

It ensures that the error variables (𝑒1, 𝑒2) converge asymptotically towards the origin, which implies that 𝑥2 

converges asymptotically towards the origin (𝑉𝑝𝑣𝑟𝑒𝑓), thus allowing the maximum power extraction from the PV 

system [10]. 
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V. Simulink Result 

To test the effectiveness of the proposed Fuzzy MPPT and backstepping MPPT approach based on Lyapunov 

stability under varying irradiation inputs as illustrated in Figure 12, A photovoltaic system with a DC-DC converter 

connected to DC load simulation based on SIMULINK/MATLAB is conducted. 

Figures 13(a) and (b), show The solar system's voltage and current, and the power of the output DC converter 

regulated by the fuzzy logic MPPT algorithm is shown in Figure (c). 

From 0 to 0.5s the input irradiation G= 1000w/m² provides a sufficient power  Ppv=40kw, however, the current 

and voltage have a large band full of oscillation from perturb and observation, as well as the present power of the 

photovoltaic system with integral backstepping controller control, are displayed in Figure 14(a), (b), (c), and (d) 

thus, the current and voltage contain less band of oscillation also for the power under G=1000 w/m² provide more 

power equals Ppv=45kw, indicates value then P&O this result shows the important and validate the effectiveness 

of backstepping control to attract the maximum of power. 

In instance 1s, the irradiation increases from 1000 to 500, in the first test with Fuzzy MPPT attract power equals 

20kw inferior to the power achieved by the Backstepping controller equals 24 kw. Also at 1.5 s the novel 

backstepping is controlled by perturbing and observed to attract superior of maximum power in a short time of 

response than MPPT Fuzzy. 

The simulation findings, however, show that the MPPT (P&O) control strategy based on a backstepping controller 

performs noticeably better when the temperature and sun irradiance of the external environment abruptly change. 

According to simulation research, the suggested controller combination technique performs much better overall 

than the fuzzy method in terms of quicker reaction times, reduced output power fluctuation, and system stability 

in the face of quickly shifting weather circumstances. Although the system's effectiveness somewhat declines when 

the outside weather changes, the tracking speed to identify a new MPP is accurately and successfully increased. 

 

 

Figure 12: Irradiation profile 
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Figure 13 :(a)(b)(c) respectively PV Voltage, current, and the power of the boost output with the fuzzy logic 

algorithm. 
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Figure 14: (a)(b)(c) and (d) respectively referential voltage of Perturb and observe, the current, voltage, and 

power of the boost output with backstepping controller  
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VI. Conclusion 

  The energy generated using a photovoltaic (PV) system depends mainly on meteorological factors such as 

solar radiation using maximum power point tracker systems MPPT adopts several algorithms that control the 

converter’s duty cycle to retrieve the maximum power. This paper deals with a comparative study between two 

control methods for maximum power point tracking (MPPT) algorithms in photovoltaic (PV) systems. The two 

MPPT controllers considered in this chapter are the Fuzzy Logic Controller (FLC) and the backstepping control. 

The input parameters are the voltage and the current, the duty cycle is used to generate the optimal MPP under 

different operating conditions The result of the simulations shows the process that MPPT controlling by fuzzy 

logic has less oscillation with a smaller band and then only a local maximum is reached. And shows the robustness 

and effectiveness of the developed controller backstepping in terms of rapidity. Thus, maximum power is achieved 

with excellent precision under changing atmospheric conditions hence improving the efficiency of the PV system 
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