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ABSTRACT    
    

The increasing integration of photovoltaic (PV) systems into modern power networks 

requires efficient power conversion to overcome the inherent variability of solar energy. 

This paper presents the design and analysis of a DC–DC power converter for photovoltaic 

applications, aimed at maximizing energy extraction and ensuring regulated power delivery 

to the load or grid. A suitable converter topology is optimized to match the PV module 

characteristics, and Maximum Power Point Tracking (MPPT) algorithms are implemented 

to enhance system efficiency under varying irradiance and temperature conditions.  

This thesis presents the design and analysis of a quadratic boost converter (QBC) for 

photovoltaic applications. The quadratic boost converter provides higher voltage gain 

compared to conventional boost converters without requiring extreme duty cycles. The 

proposed converter consists of two inductors, two capacitors, a diode network, and a 

controlled switching device to achieve quadratic voltage amplification. The converter is 

designed to improve voltage gain, reduce switching stress, and increase efficiency in solar 

energy systems. A maximum power point tracking (MPPT) technique is incorporated to 

extract maximum power from the PV module under varying environmental conditions. 

MATLAB/Simulink simulations are used to evaluate the performance of the proposed 

converter.  

Simulation results shows that the quadratic boost converter effectively increases the output 

voltage and improves system efficiency while maintaining stable operation. The proposed 

system is suitable for renewable energy applications such as DC microgrids, battery charging 

systems, and solar-powered electronic devices.  
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CHAPTER 1 

INTRODUCTION 

  
1.1 Overview 

Sustainable energy solutions are really essential in present scenarios. Renewable 

Energy sources like photovoltaic modules , do not produce the required voltage 

suitable for practical applications. To increase the voltage to required level, 

boost Converters are usually used. Boost Converters are not perfect. They can 

get hot and waste energy. Sometimes they even break [1].  

The boost converter is one of the most common types of DC to DC converters 

employed for PV cells, owing to the simplicity of design, lower cost, and better 

control. Nevertheless, when a very high voltage gain is needed, there are many 

drawbacks associated with the conventional boost converter. 

In case of the conventional boost converter, the voltage conversion ratio depends 

on the duty cycle. To obtain higher output voltage, a very high duty cycle 

operation should be employed by the converter. However, with increase in the 

duty cycle and approaching it to unity, there are a number of practical 

considerations. For example, higher conduction losses occur due to increased 

ON-state period of power switch. Moreover, there would be higher reverse 

recovery losses of the diode, and consequently switching losses will increase. 

Also, input current ripple and EMI levels would become higher with increasing 

duty cycle [1], [2]. 

Moreover, in this case, semiconductor devices experience high voltage stress 

due to higher voltage and current stress that occur in these cases. This requires 

employment of higher rated components, and hence higher costs. In addition, 

efficiency of such a converter is lowered due to higher conduction and switching 

losses. This becomes especially important in photovoltaic application due to 

lower input voltage and high DC-link voltage requirement. In addition, the 

traditional boost converter exhibits inferior dynamic response to rapidly varying 
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environmental variables such as varying solar radiations and temperature. In 

addition, operation at high duty cycles may also result in stability problems and 

lower reliability of the DC-DC converters [2], [3]. 

The increasing popularity of renewable energy systems, electric cars, fuel 

cells, and microgrids has made high-gain DC–DC converters an increasingly 

important design goal. The typical output voltage of a PV module in a 

photovoltaic system ranges from 20 to 50 volts, while applications including 

grid-connected inverters, DC microgrids, and battery energy storage systems 

typically have requirements from 200 V to 400 V or more. Conventional 

converters such as the boost converter cannot perform such a significant 

voltage transformation efficiently [3], [5]. 

High-gain converters circumvent these issues through the use of strategies like 

coupled inductors, switched capacitors, voltage multiplier cells, quadratic 

structures, and interleaving. High-gain converters offer many advantages, 

among which is that they are capable of obtaining a high voltage gain without 

using high duty cycles, which helps reduce switching losses and improves 

efficiency [3], [4]. 

Among the available high-gain topologies, the quadratic boost converter has 

attracted considerable attention because it offers a significantly higher voltage 

gain than the conventional boost converter while maintaining a relatively 

simple structure and continuous input current. This makes it particularly 

suitable for photovoltaic applications where efficient energy extraction and 

voltage boosting are essential [4], [5]. 

Because photovoltaic systems can produce power from solar energy in an 

environmentally beneficial way, they have gained popularity. A photovoltaic 

panel's voltage is quite low and is dependent on temperature changes and sun 

radiation. A high-gain dc/dc converter is required to increase the output 

voltage from the photovoltaic cell to the necessary value because the low 

voltage obtained is insufficient for direct application, particularly for grid-
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connected systems, electric vehicles, battery charger units, and dc microgrids 

[1]. 

In solar systems, conventional boost converters are typically used as voltage 

boosters. A very high duty cycle is required when utilizing a typical boost 

converter in order to get a high voltage conversion ratio. Increased switching 

loss, voltage strains on semiconductor devices, and even conduction will 

result from such high duty cycle operation, lowering overall efficiency [2].  

High gain converters, such as quadratic boost converters, are required to 

prevent these issues. 

Additionally important for improving MPPT (Maximum Power Point 

Tracking) effectiveness is a high gain converter. To extract the most electricity 

from the solar panels, MPPT techniques must be used because the output 

characteristics of PV modules vary depending on the atmosphere. Stable 

functioning and improved power transfer efficiency are made possible by the 

use of a high gain converter [4]. 

Another benefit of using the converter in question is that it can reduce the size 

and complexity of the system. The reason for this is that high gain converters 

can convert large voltage ratios without requiring large transformers. 

Consequently, the system will become compact and economical. Furthermore, 

it is well known that the majority of high gain converters are continuous input 

current converters [5]. 

High gain power converters are important components in photovoltaic 

systems due to the following reasons: 

1. They boost low PV voltages to higher levels. 

2. They make voltage conversion more efficient. 

3. The help reduce switching losses and stress on the voltage. 

4. They facilitate effective MPPT control. 
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1.2 Literature Survey 

Due to an increase in the popularity of renewable energy systems, a lot of attention 

is being paid towards high gain DC-DC converters and MPPT methods used with 

photovoltaic (PV) systems. Research has been conducted in terms of voltage 

conversion, power harvesting efficiency, response time, and reliability under 

different environmental conditions. 

In Bose [4], a survey was conducted on the history of power semiconductor devices 

and its effect on converter development. The paper focused on the significance of 

advanced semiconductor devices in switching operation of converters to enhance 

power losses as well as converter efficiency. It also     pointed out future 

advancements in the area of converters design, focusing on miniaturization. 

The paper Imbertson and Mohan [6] provided a technique of calculating physical 

dimensioning of switch-mode power supplies. According to the results, the 

converter topology, operating frequency, and the magnetic part have a significant 

effect on the size of converters. 

The inadequacies of traditional boost converters have led to the emergence of high 

gain converter topologies. In his study, Bose [7] addressed the influence of 

semiconductor devices' properties on the performance of converters and identified 

trends in power conversion technology for the future. With an increasing demand 

for converters with significant voltage gain in renewable energy applications, 

attention has been drawn towards designing converters capable of providing a high 

voltage gain at low duty cycles. 

The following are some of the notable contributions that have recently been made 

regarding high gain converters designed for renewable energy applications. In their 

research work, Gopinathan et al. [8] proposed a novel class of non-isolated 

quadratic converters with high gain that incorporates extended capacitor diode 

circuits. These topologies enable voltage gain while keeping semiconductor device 

voltages low enough. Moreover, the suggested topologies exhibit high efficiency 

and better power processing abilities than traditional boost converters. 

Still, the size of a converter as well as the power density is crucial for energy systems 

with renewables. Imbertson and Mohan [9] researched the way of estimating the 
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physical size of a switch mode power supply, paying attention to the interplay 

between converter topology and switching frequency in relation to power 

component sizing. The results achieved contributed significantly to developing a 

compact and high-performance design of the converters used in modern energy 

systems. 

In the context of the growing transition from fuel-fired generation to renewable 

energy sources, there arises the need for efficient PV power conversion systems. 

According to Mutezo and Mulopo [10], who studied the use of renewable energy in 

terms of circular economy concepts, improvements in energy conversion are needed 

to ensure sustainable development. Photovoltaic systems were found to be among 

the driving forces behind the global energy transition. 

MPPT technique is an essential element of photovoltaic energy system due to the 

variability of PV modules' operation depending on solar irradiance and temperature. 

As for conventional MPPT algorithms such as P&O and Increamental conductance, 

they became popular due to their simplicity and straightforwardness of 

implementation.  

From the above literature review, one can clearly observe the advancement that 

has been achieved in terms of designing high gain dc-dc converters as well as the 

MPPT methods used in photovoltaics. Even though the standard boost converter 

topology is still widely preferred due to its simplicity, its limitations have 

promoted the emergence of high gain converters like quadratic converters and 

many others. At the same time, there is continued development of MPPT schemes 

to guarantee maximum power output under different environmental conditions. 

1.3 Research Gaps 

It is evident from the reviewed literature that traditional boost converters cannot 

provide adequate performance in applications that need high voltage gain due to 

the dependency of the former on high duty cycles, which in turn results in 

efficiency loss. While several converters that yield high voltage gain have been 

introduced, most of them employ a large number of components, thereby 
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resulting in complex systems. Moreover, the integration of high-gain converters 

with efficient MPPT control strategies is still a topic of current research interest. 

As can be observed from the literature review, many scholars concentrated their 

efforts on achieving increased voltage gain, reduction in switching stress, and 

high efficiencies in converters. While several quadratic boost converter 

configurations exist, more research is needed in order to improve the 

performance of the converter in different levels of irradiation for photovoltaic 

systems. For these reasons, the purpose of this dissertation is to design and 

simulate the operation of a quadratic boost converter coupled with MPPT 

controller that will offer a high voltage gain from photovoltaic solar cells. 

Consequently, this paper aims at designing and implementing a quadratic boost 

converter in conjunction with the Perturb and Observe MPPT control scheme 

for PV systems. Thus, the current study is concerned with the development of a 

quadratic boost converter along with the Perturb and Observe MPPT control 

strategy. The objective of the developed system is to obtain high voltage gain, 

efficiency, and maximum power extraction capability under different solar 

insolation conditions. 

1.4 Thesis Objectives  

The main aim of this research work is to study the use of quadratic boost 

converters for the photovoltaic power generation systems and to examine their 

effectiveness in giving high-voltage conversion ratios without losing power 

transfer efficiency. 

The objectives of this study include the following: 

1. To design a quadratic boost converter for photovoltaic applications with 

high voltage conversion ratios. 

2. To investigate the performance of the suggested converter in improving 

output voltage and maximizing energy consumption from the solar cell. 
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3. In order to investigate the comparative performances of quadratic boost 

converters and ordinary boost converters and analyze the merits of the 

suggested topology. 

4. In order to establish the suitability of quadratic boost converters in 

renewable energy applications where high voltage gain is essential. 
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CHAPTER 2  

Quadratic Boost DC-DC Converter  

The reviewed literature indicates that quadratic boost converters provide 

significantly higher voltage gain than conventional boost converters while 

maintaining lower switch stress and improved efficiency. Various researchers 

have proposed modified topologies such as double-inductor structures, voltage 

multiplier cells, and single-switch configurations to further improve converter 

performance. Additionally, integrating MPPT techniques with quadratic boost 

converters enhances power extraction from photovoltaic systems under varying 

irradiance conditions. Therefore, the quadratic boost converter is considered an 

effective solution for renewable energy applications requiring high-gain DC–

DC power conversion.   

In his paper, M. Veerachary introduced a novel design of a quadratic boost 

converter for high step-up DC–DC converters. The converter aimed to have a 

greater voltage ratio than the traditional boost converter while maintaining low 

values of duty ratio. The research included analysis of the circuit, derivation of 

the transfer function, and formulation of a state space model of the converter. 

From the study, it is evident that the novel circuit had better voltage boosting 

ability coupled with lower voltage stress on the switch [7]. 

Balal and F. Shahabi proposed a double-inductor quadratic boost converter and 

analyzed its performance using LTspice simulation software. The converter was 

compared with conventional quadratic boost and double cascaded boost 

converter topologies. The results demonstrated that the double-inductor 

structure improved voltage gain and efficiency while reducing switching losses. 

The study also showed better current handling capability and enhanced 

converter performance under high-voltage operating conditions. The proposed 

topology achieved improved output characteristics and stable operation in both 

transient and steady-state conditions [8]. 
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A photovoltaic energy conversion system using a quadratic boost converter in 

combination with an MPPT controller has been designed by N. Altin and E. 

Ozturk. The INC technique was used for the tracking of maximum power point 

in a situation where solar irradiation varies. The suggested converter not only 

succeeded in stepping up the low voltage output from the PV module but also 

extracted maximum possible power. The simulation and experimental results 

clearly indicated that the system worked efficiently and successfully tracked the 

maximum power point despite changing environmental conditions [9].  

D. Anusha, S. Youvaraj, G. Youvaraj, H. Bhanarkar, B. Marupatla, and S. 

Pradabane designed a modified single switch quadratic boost converter for 

renewable energy applications. The circuit was intended to provide high voltage 

gain with lower duty cycles while minimizing stresses on components and 

switching losses. Simulation results using MATLAB showed that there was an 

improvement in output voltage performance, efficiency, and stability of the 

converter. The simplicity introduced by the design, especially the use of a single 

switch, made the circuit easy to implement [10]. 

 

2.1 Introduction  

When you are modelling a quadratic boost converter that is working in 

conduction mode you need to include the losses and component imperfections 

in the duty cycle and voltage gain equations. This helps you get accurate design 

results. Considering these -ideal effects helps improve the reliability, efficiency 

and practical implementation of DC-DC converters, in real-world power 

electronic applications. 

                          
𝑉𝑜

𝑉𝑠
=  

1

(1−𝐷)2
                                                  2.1 

The Quadratic Boost converter has an output voltage, which we call Vo and an 

input voltage, which we call Vs for the Quadratic Boost converter.                      
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2.2 Analysis of Quadratic Boost DC-DC Converter   

The picture of a quadratic boost DC-DC converter in Figure 2.1 shows a setup. 

This setup is used to control voltage levels. The quadratic boost DC-DC 

converter has two inductors, two capacitors, three diodes and a switch. The 

switch is usually a transistor. The quadratic boost DC-DC converter uses these 

parts to move energy from the input side to the output side. The inductors and 

capacitors in the boost DC-DC converter are important because they store 

energy. They help make sure the voltage and current stay steady. This is 

necessary for the quadratic boost DC-DC converter to have an output. The 

quadratic boost DC-DC converter is special because it can adapt to situations. 

This is what makes the boost DC-DC converter different, from other converters. 

This versatility is evidenced by the fact that it can operate in two modes: 

Continuous Conduction Mode (CCM) and Discontinuous Conduction Mode 

(DCM).  For the purposes of this investigation, the operations of the CCM are 

the primary focus of attention.  When it comes to understanding how the 

converter operates under steady conditions, this mode is necessary, with a 

particular emphasis placed on the duty cycle (D) and the switching frequency 

(fs).  Due to the fact that the duty cycle, which is defined as the ratio of the 

active time of the switch to the entire cycle time, is an essential component in 

  

Fig   2.1:  Schematic Diagram of Quadratic Boost Converter.  
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the process of controlling the output of the converter, we have incorporated it 

into our analysis. Mathematically,  

  

D = 
𝑇𝑜𝑛

𝑇𝑜𝑛+𝑇𝑜𝑓𝑓
 = 

𝑇𝑜𝑛

𝑇𝑠
 = Ton.fs                                2.2 

Where, Ton = time of interval when the MOSFET = ON and Toff  =time 

interval when MOSFET (s) = OFF.  

From Eqn. (2.2), We get,  

  

                  Ton = DTs (When MOSFET = ON)                             2.3                         

                Toff = (1 − D)Ts (When MOSFET = OFF)                  2.4      

Quadratic Boost converter is controlled by MOSFET switching mechanisms. 

In CCM mode it has two switching mode (a) When the MOSFET is ON and 

the Diode is turned OFF, or (b) When the MOSFET is turned OFF and the 

Diode Conducts.    

          2.3 Mode I Operation (0 < t < DTs)  

    

Fig 2.2: Schematic Diagram of Quadratic Boost during MODE I Operation.  
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When referring to a Quadratic Boost DC-DC converter, the phase known as 

Mode 1 is the phase in which the MOSFET is activated and the diodes D1 and 

D3 are non-conducting, while the diode D2 is conducting.  During the process 

of turning on the MOSFET in Mode 1, the current travels through an inductor, 

L1, the MOSFET, and finally to the ground.  The voltage that is placed across 

inductor L1 causes the current that flows through it to grow in a linear fashion 

with the passage of time.  More energy is stored in inductor L1 as a result of 

the energy it receives from the input voltage source. Due to the fact that it is 

storing energy from the previous cycle, the capacitor C2 begins to discharge 

through the closed MOSFET at this point in time.  As a result, the voltage 

across C2 gets lower.  

Fig 2.3: Equivalent Circuit Diagram for MODE I Operation.  

  

Using Kirchoff's law of voltage and current, the voltage across the inductor 

L1 and L2, the current across the capacitor C1 and C2, and the output voltage 

may be calculated as follows:  
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           2.4 Mode II Operation ( DTs < t < (1 − D)Ts )  

Changes occur in the dynamics of the system during the second stage of the 

Quadratic Boost converter, which occurs when the MOSFET is turned off.  It 

is observed that the diodes D1 and D3 begin to conduct, however the diode 

D2 fails 

 

 

to conduct.  Currently, the inductor L1, which had been accumulating current, 

is now forcing that current through diodes, which begin to conduct as a result 

of the MOSFET's lack of activity.  This current then continues on to charge 

capacitor C1, and the energy that was stored in L2 is transmitted to the output 

Fig   2.4:  Schematic Diagram of Quadratic Boost during MODE II Operation. 

 



14 

 

capacitor C2 as well as the load.  The two different modes of functioning are 

depicted in Figure 2.4.  

Using Kirchoff's law of voltage and current, the voltage across the inductor 

L1 and L2, the current across the capacitor C1 and C2, and the output voltage 

may be calculated as follows:   

 

 

 

Fig 2.5: Switching waveform for Quadratic Boost converter. 
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  2.5 Steady State Analysis.  

In the context of steady-state analysis, the mean value of a current and voltage 

variable, denoted as x can be described as follows:  

  

X = 
1

𝑇
∫ 𝑥(𝑡)𝑑𝑡 =  

1

𝑇
∫ 𝑥𝑜𝑛(𝑡)𝑑𝑡 +  

1

𝑇
∫ 𝑥𝑜𝑓𝑓(𝑡)𝑑𝑡 

𝑇

𝐷𝑇
 

𝐷𝑇

0

𝑇

0
               2.15

              Where xon and  xoff denotes the variable x(t) when switch is on and off  

respectively.  

According to the principle of volt-second balance for an inductor, over a full 

cycle of a switched-mode power supply, the cumulative voltage applied to an 

inductor equals zero i.e,  

 

VL = 
1

𝑇
∫ 𝑣𝐿(𝑡)𝑑𝑡 =  

1

𝑇
∫ 𝑣𝐿𝑜𝑛(𝑡)𝑑𝑡 +  

1

𝑇
∫ 𝑣𝐿𝑜𝑓𝑓(𝑡)𝑑𝑡 

𝑇

𝐷𝑇
= 0          

𝐷𝑇

0

𝑇

0
2.16  

Similarly, as per the Ampere-Second balance for a capacitor, over a complete 

switching cycle, the net charge transferred to and from a capacitor equals zero, 

signifying a state of dynamic equilibrium. This is given by:  

  

 

Ic = 
1

𝑇
∫ 𝑖𝑐(𝑡)𝑑𝑡 =  

1

𝑇
∫ 𝑖𝑐, 𝑜𝑛(𝑡)𝑑𝑡 + 

1

𝑇
∫ 𝑖𝑐, 𝑜𝑓𝑓(𝑡)𝑑𝑡 

𝑇

𝐷𝑇
 

𝐷𝑇

0

𝑇

0
 2.17  

 

 Also, the average output voltage of the Quadratic Boost converter is given by:  

V0 =  
1

𝑇
∫ 𝑣0(𝑡)𝑑𝑡 =  

1

𝑇
∫ 𝑣0, 𝑜𝑛(𝑡)𝑑𝑡 +  

1

𝑇
∫ 𝑣0, 𝑜𝑓𝑓(𝑡)𝑑𝑡 

𝑇

𝐷𝑇
          

𝐷𝑇

0

𝑇

0
 2.18  

 

               2.6 Expression for output Voltage 

The output voltage of Quadratic Boost Converter can be determined by 

applying volt-second balance to the inductor L1.  By substituting equation 2.5 

and equation 2.10 into equation 2.16, we obtain:  
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1

𝑇
∫ 𝑣𝑠(𝑡)𝑑𝑡 +

1

𝑇
∫ (𝑉𝑠 − 𝑉𝑐1)𝑑𝑡 = 0     

𝑇

𝐷𝑇

𝐷𝑇

0
                             2.19

   
 

  

On simplifying the eq.2.19 we get,  

                                  VsD + (1-D)(Vs-Vc1) =0                                            2.20  

          Vs - (1 - D)Vc1 = 0                                                       2.21  

Similarly, the average Voltage of capacitor C1 can be calculated by 

applying  

KVL from voltage source to the output voltage,   

            Vc1 =Vc2 –DVc2                                                      2.22  

Substituting the value from eq.(2.21) to eq.(2.22), we get 

𝑉𝑜

𝑉𝑠
=  

1

(1−𝐷)2                                                                 2.23 

 

Table 1.1: Specification of Quadratic Boost converter.  

Parameters    Values   

I/P Voltage Vs    12V   

O/P Voltage Vo    48V   

Load Resistance Ro    23.04Ω   

Inductance L1     145𝜇H  

Inductance L2    576 𝜇H   

Capacitor C1    200 𝜇F   

Filter Capacitor C2    470 𝜇F   

Switching Frequency fs    50KHz   

Desired Inductor Current 

Ripple∆iL1/∆ iL2 

             10%IL1/10%IL2 

 

  

Desired Output Voltage Ripple 

Current Ripple ∆Vc1/∆Vc2   

 

 

              1%Vc1/1%Vc2 
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 2.7 Inductor Current Ripple and Inductor Design.  

The design of inductors is crucial to the efficiency of DC-DC converters.  It 

affects their efficiency, dimensions, and regulation of voltage variations.  

Inductors are pivotal in the storage and transfer of energy, influencing the 

overall performance of the converter.  Consequently, prioritizing innovation in 

inductor design is crucial for attaining more efficient, compact, and resilient 

DC-DC converters.  

Let ∆iL1 and ∆iL2 be the desired ripple in inductor current (ICR) and xL1 and 

xL2 be the desired inductor current ripple factor (ICRF) for both the inductors. 

The relationship between the ICR and ICRF is given by:  

                                                        xL1 = 
∆𝑖𝐿1

𝑖𝐿1
                                                 2.24  

            Similarly,                               xL2 = 
∆𝑖𝐿2

𝑖𝐿2
                                                  

Where, IL1 and IL2 are the average currents flowing through inductor L1 and 

L2.  

Now, under steady state, using eq. (2.5), it can be written as,  

 

                                                               L1
𝑑𝑖𝐿1

𝑑𝑡
 = Vs                                            2.25 

 

By substituting the switch on duration, dt = DTs, we get,  

 

L1 = 
𝑉𝑠∗𝐷

∆𝑖𝐿1∗𝑓𝑠
                                                        2.27  

L1 = 
𝑉𝑠+𝐷𝑇𝑠

∆𝑖𝐿1
 

Since Ts = 1/fs, therefore eq.2.27 can be rewritten as, 

  

2.26  
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    Similarly for Inductor  

                              L2 = 
𝑉𝑠∗𝐷

(1−𝐷)∆𝑖𝐿2∗𝑓𝑠
                                                  2.28    

  

2.8 Output Voltage Ripple and Capacitor Design. 

The capacitor is an important part of a DC-DC converter system. It really helps 

to make the voltage more stable and reduces the noise in the system. The 

capacitor stores. Then releases it, which helps to keep the voltage steady and 

reduces interference from other parts of the circuit. 

The capacitor you choose is very important for the converter to work well. You 

need to pick a capacitor with the capacitance value, voltage rating and size for 

your converter. If you choose the capacitor it will help to keep the voltage steady 

make the converter more reliable and make the whole system work more 

efficiently. So choosing the capacitor is crucial for a quadratic boost DC-DC 

converter to work properly. 

When the system is working steadily let us say we want the voltage to ripple by 

an amount, across the capacitors C1 and C2. 

We can use equation 2.7 to figure this out. We need to consider the average 

current flowing through the inductor current iL2, we get 

 

                                                  Qc1 = C1∆Vc1                                              2.29    

                   C1 = 
𝐼0.𝐷.𝑇𝑠

(1−𝐷).∆Vc1
                                           2.30     

                           C1 = 
𝑉0.𝐷

(1−𝐷).∆Vc1.fs.R0
                                               2.31 

                                                      

Similarly for Inductor C2, 

C2=
𝑉0.𝐷

.∆Vc2.fs.R0
            2.32                

 

 

 . 

                                 

. 
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Fig 2.6: Charging and Discharging Behaviour of Capacitor C1 and C2.      

 2.9 Result and Discussion.  

The effective design of a Quadratic Boost converter was theoretically 

developed and simulated in MATLAB Simulink.  To this end, all simulation 

parameters were taken. In the course of the simulation, various output voltage 

response scenarios were modelled in order to assess the theoretical 

performance of the Quadratic Boost converter by way of results that could be 

compared and contrasted with the predicted output responses. The results of 

the simulated performance were consistent with the output prediction methods 

used in the theoretical design of the Quadratic Boost converter, providing a 

linear relationship between duty cycle increase and output voltage increase, 

and vice versa when duty cycle is decreased. 

The Quadratic Boost converter's output voltage was maintained at 48 volts 

when operated under no load, as specified by equation 2.2, with a calculated 

duty cycle of 0.5 based on relationship between input and output voltages 

defined in equation 2.1 and with each of the two inductances (L1 and L2) 
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having been specifically designed to have values of 0.145mH and 0.576mH 

respectively. 

Fig 2.7: Output Voltage response at rated condition.  

 

The Quadratic Boost converter has been aged sufficiently to allow an accurate 

representation of its actual performance characteristics, producing an efficient 

and stable output voltage of 48 volts in an open loop operating mode. 

This capability to regulate an output voltage accurately (in an open-loop system) 

demonstrates how well the converter is designed and built. An interesting 

relationship exists between Output Voltage and Switching Frequency as 

illustrated in Figure 2.9. As Switching Frequency increases, a corresponding 

decrease in Output Voltage Ripple can also be seen. Since the trend clearly shows 

that by increasing Switching Frequency, Output Quality can be improved, this is 

a very important inverse relationship for applications requiring a smooth DC 

Output. 
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Fig 2.8: Current Profile of Inductor L1 and L2.  
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           Fig 2.9: Current Profile of Capacitor C1 and C1.  

Another fascinating relationship between the value of inductance and the 

frequency of switching is illustrated in Figure 2.11. Data shows that as you 

increase the number of times that you switch, you will find that you have less 

inductance than if you had no switching. The current data collected through this 

study has an impact on the physical design of Compact Quadratic Boost 

converters. The higher your frequency of switching the smaller the inductor you 

will use, therefore; you should be able to decrease both the cost and size of your 

inductor without having any negative impact on performance measures.   
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CHAPTER 3  

MODELLING OF DC-DC CONVERTERS  

          3.1 Introduction 

The modelling of DC to DC or direct current to direct current converters, is 

arguably the first step to designing high efficiency power conversion systems.  

There is great value in modelling since it provides engineers and designers 

insight into how the converters are likely to perform under various conditions.  

Engineers and designers can optimise converter performance and increase 

efficiency, as well as provide reliable product performance in real-world 

conditions, when they have a solid understanding of how converters react to 

various load levels, input voltages, and environmental conditions, as well as 

developing a controller that can accurately regulate the output voltage or output 

current, keep the output stable in dynamic conditions, and appropriately respond 

to disturbances in output voltage/current. 

Of particular significance are applications that require high efficiency power 

conversion and high-speed responsiveness, including automotive, portable 

electronics, and renewable energy systems.  The use of state-space averaging 

techniques, as discussed throughout this thesis, is used to model converters 

because it provides a straightforward method for explaining the system's 

dynamics, while at the same time providing a reasonably accurate representation 

of the system's performance characteristics.  State-space averaging techniques 

provide a means of simplifying the complex behaviour of electrical systems into 

a form that is easier to work with and evaluate for controller design.   

 

        3.2 State Space averaging Modelling Technique  

The state-space averaging technique models and analyzes the dynamic behaviour 

of power converters. This method transforms the nonlinear, switching nature of 

DCDC converters into linear time-invariant (LTI) systems throughout a 
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transitioning time.  This allows for the use of linear control theory to develop and 

analyze converter controllers, making it easier and faster than dealing with 

nonlinear systems.   

 The method is made up of many steps. The first thing it does is figure out the 

converter's states (like "on" and "off") and model their circuit equations in state-

space form. The duty cycle of the converter is used to average the state-space 

equations for one switching time. This makes a set of average state-space 

equations that describe how the translator behaves over time. State-Space 

Averaging permits a comprehensive and holistic view of DC-DC converter 

performance/connection between an electrical and control system. The complete 

picture enables the design/engineering functions of a converter to improve 

overall reliability through the integrated combination of the electrical component 

with the control system component. 

Using state-space averaging, engineers can develop models that depict both ideal 

and non-ideal DC-DC converters' real-world performance. As a result, efficient 

and robust power conversion systems/controllers can be engineered/constructed. 

The state-space averaging technique simplifies the analysis and design of power 

electronic converters by reducing their nonlinear behaviour to linear time-

invariant (LTI) models.  The steps below demonstrate the generalized state space 

averaging modelling technique.  

  Step 1: Identify System States  

The initial stage is to determine the several operational states of the converter.  

For a conventional switched-mode power supply, these states relate to the 

switching components (such as MOSFETs or diodes) being in either an 'on' or 

'off' condition. Every operating condition of the DC-DC converter is 

characterized by its own set of system equations. Usually, the state variables 

chosen for modelling are the currents running through inductors and the 

voltages across capacitors.  The total number of state variables therefore 

directly depends on the quantity of inductors and capacitors in the circuit. A 

state variable vector, represented as x(t), encapsulates these state variables.  
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The state equations for the two operational circuit states under Continuous 

Conduction Mode (CCM) can be stated as follows:   

I. When the MOSFET is on during the switching interval 0 < t < DT, the state 

equation is given as:  

𝑑𝑥(𝑡)

𝑑𝑡
 = A1x(t) + B1u(t)                                               3.1 

y(t) = E1x(t) + F1u(t)                                                  3.2 

II. When the MOSFET is off during the switching interval DT < t < T, the state 

equation is given as:  

𝑑𝑥(𝑡)

𝑑𝑡
 = A2x(t) + B2u(t)                                               3.3 

y(t) = E2x(t) + F2u(t)                                                  3.4 

x(t) represents the state variable vector, encompassing inductor currents and 

capacitor voltages, with the controllable input indicated as u(t) and the output 

vector as y(t).  The state matrix is represented as A, the input matrix as B, the 

output matrix as E, and the output coupling matrix as F.  

  Step 2: State Space Averaging equation:  

Averaging the state equations across one switching period for every state 

variable, considering the duty cycle. Averaging over one switching interval 

removes the switching ripple component from the circuit equations.  To 

analyse and design by means of linear control theory, you can multiply the 

equations of state in the 'on' state by D and then multiply the 'off' equations by 

1 - D and then sum them. This way of linearising the model allows for analysis 

and design using linear control theory. 

 
   Where,   
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The overline (-) shows that a variable's average value has been measured from 

a continuous transition across the course of an entire switching cycle in relation 

to the state space (averaged) model structure. The equations (3.5) and (3.6) 

exhibit non-linear characteristics caused by the multiplication of time varying 

variables within these same two equations. 

  Step 3: Average State Space Model Perturbation and Linearization  

The use of perturbation/linearization techniques is common when analyzing 

and controlling dynamic systems that exhibit non-linear properties, as found in 

the averaged state-space models.  Perturbations are created by applying small 

deviations from a steady state operating point, which helps to provide an 

approximate representation of the dynamic characteristics of the system.  This 

technique provides a means of identifying control strategies and performing 

analysis on dynamic systems, particularly for the power electronics 

community. 

The small ac perturbation introduced around steady state values are as follows:  

 

On simplifying, we get 
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  Similarly 

 

Simplifying the above equation yield 

 

   

To formulate the linear model, we exclude the second-order nonlinear factors 

that result from the multiplication of two minor AC perturbed signals, as 

indicated in equations (3.13) to (3.15). Consequently, we derive:  

 

 

  Now the above equations can be written as:  

 

          3.3 Small Signal AC Model  

Separating out the small signal ac terms from eq. (3.18) -(3.19), we get  
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To ascertain the various transfer functions, we employ the Laplace transform 

on the previously given state-space model, resulting in the following 

expression: 

 

Equations (3.23) and (3.24) provide the foundation for deriving various 

transfer functions pertinent to DC-DC converters.  In the context of a DC-DC 

converter, the variable (x) pertains to the oscillations in inductor current and 

capacitor voltage, whereas (u) relates to changes in input voltage and load 

current.  The symbol (d) denotes variations in the duty cycle, while (y) 

represents modifications in the output voltage.  Through the analysis of these 

equations, we may get the transfer functions that delineate the link between 

these perturbations as specified in Equations (3.25) - (3.26).  

 The transfer functions relating the duty cycle (d) and the input variables (u) to 

the state variables (x) have been defined as follows: 

   

The relationships between the duty cycle (d) and the input parameters (u) to 

the output response (y) are represented by a series of transfer functions. 
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The transfer functions for Quadratic Boost Converter will be derived in the 

sections below. 

           3.4 Modelling of Quadratic Boost Converter 

To model a Quadratic Boost Converter, an understanding of the underlying 

basic circuit design is beneficial, which relates to the discussion in the previous 

chapter. The circuit has time-variant electrical characteristics and exhibits AC-

like transient relationships of current and voltage. Significantly, an additional 

current source, called z(t), has been incorporated into the output stage of the 

converter, and it provides for the evaluation of the effects of changing load 

currents on output voltage response.  

This document focuses on modelling a DC to DC Quadratic Boost Converter.  

It is assumed that the converter will be functioning within CCM. A DC to DC 

Quadratic Boost Converter will switch between two different modes of 

operation CCM: (a) the MOSFET switch is in an 'on' state (conducting) and 

the diode is in an 'off' state (not conducting), and (b) the MOSFET switch will 

have transitioned from an 'on' state (conducting) to an 'off' state (not 

conducting), and has now transitioned to an 'off' state (not conducting) and the 

diode is now conducting (on). The state-space equations for two operations of 

the converter will be derived in order to gain further insight into the 

performance of the converter. 

Step 1: Identifying System States and obtain the state space equations.  

I. Switch ON duration (0 < t < DT)  

Fig 3.1: Circuit Diagram when Switch ON (MODE I). 
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The starting condition entails the switch, often a MOSFET, being in a closed 

position.  This action facilitates energy transfer from the input source, through 

the inductors, and into the capacitors.  According to Kirchhoff’s voltage and 

current laws, the equations for inductor voltage, capacitor current, and output 

voltage are expressed as follows:  

 

Equations eq.(3.29)-eq.(3.33) can be written in state-space representation as:  

 

 

 

Where,  
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ii.  Switch OFF duration (DT< t < T)  

Fig 3.2: Circuit Diagram when Switch OFF (MODE II). 

The diode conducts in the following state when the MOSFET switch is opened.  A 

constant flow of energy from the capacitors to the output load is made possible by 

this transition.  The following are the appropriate inductor voltages, capacitor 

currents, and output voltage equations obtained by applying KVL and KCL:  
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Equations eq. (3.37)-eq. (3.41) can be written in state space model as:  

 

  

Step 2: State Space Averaging Equations.  

According to the discussed, the large-signal non-linear averaged state-space 

model of QBC can be given as:  

 

       Where 
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Step 3: Perturbation and Linearization of averaged state space model.  

In this context, we add minor deviations to specific variables in relation to their 

standard, constant (DC) values.  These modifications are implemented to 

analyze the system's behaviour in proximity to its equilibrium or steady-state 

condition.  

 

By introducing this perturbation, and ignoring the higher order ac terms we can 

obtain the small signal ac model of QBC which will be given by:  

 

Step 4: Derivation of T/F:  

Now, by taking the Laplace transform and using eq. (3.25) and eq. (3.28), We can 

calculate various transfer function.   

I. Input to Output voltage T/F:   

The transfer function of input voltage to output voltage in a Quadratic 

Boost converter delineates the output voltage's reaction to fluctuations 

in the input voltage.  
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II. Load Current to o/p voltage T/F:  

The Quadratic Boost converter's load current to output voltage transfer 

function shows how the voltage sent to the load changes as the load's 

current level changes. This shows that the converter can regulate the 

output voltage.  This function is important for testing how the converter 

works with different loads to make sure it can keep the output voltage 

stable even when the load current changes. Developing a better 

understanding of this connection will lead to improvements in the 

design of your converter, making it work much better and more reliably 

in practical applications. 

III.  Control to O/P T/F:  

The function called "duty cycle" allows the Quadratic Boost converter 

to demonstrate how changes in duty cycle will affect the output voltage 

through an o/p Voltage Transfer Function; this function is important in 

controlling and adjusting the output voltage so that it meets the needs 

of the load connected to it. This makes sure that power is delivered 

efficiently in a wide range of working conditions.  
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3.5 Bode Plot of Input to output voltage Transfer function 

The frequency response of the quadratic boost converter is depicted in the Bode 

plot. The magnitude response is constant in low frequencies and decreases in high 

frequencies, which helps to reduce unwanted noise and switching harmonics. The 

phase response is frequency dependent and varies smoothly, indicating smooth 

dynamic performance. 

This system is stable because the gain crossover occurs before phase reaches 

−180°. This results in positive phase margin and guarantees stable operation of the 

converter. Therefore, the quadratic boost converter has good stability and is 

suitable for photovoltaic applications. 

 

Fig.3.3 Bode Plot Of  
𝑉0̂

𝑉𝑠̂
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 CHAPTER 4 

PHOTOVOLTAIC SYSTEM INTEGRATION WITH 

QUADRATIC BOOST CONVERTER 

         4.1 INTRODUCTION 

Fossil fuels continue to play a key role in producing electricity around the world, 

leading to significant amounts of carbon dioxide (CO₂) emissions and global 

climate change. To help address these issues, there has been a growing emphasis 

on sourcing electricity from renewable energy sources, such as solar, wind, and 

ocean energy systems [11].  Solar energy, in particular, is regarded as one of the 

most important renewable energy sources due to its availability, low impact on the 

environment, and ongoing development of photovoltaic (PV) technology.  PV 

Modules, which use direct conversion of solar energy into electrical energy, 

continue to be one of the most promising new renewable energy technologies [12].  

Despite the many benefits of PV systems, operating limits associated with 

environmental conditions and operational conditions can adversely affect the 

performance of PV modules. Temperature fluctuations, variations in solar 

irradiance, partial shading, dirt accumulation, and the aging of components can all 

result in significantly reduced output power from PV modules, due to the inability 

of PV cells to operate consistently in mismatched conditions (MC) [13].  To prevent 

shaded PV cells from overheating or developing a hotspot, bypass diodes are 

typically installed in parallel to PV sub-modules. While bypass diodes do offer 

increased safety and reliability to the PV system, they can also cause the power-

voltage (P-V) characteristics of a PV array to produce multiple peaks when a PV 

array is partially shaded [4]. In order to carry out maximum power-point tracking, 

it’s important to identify the true Global Maximum Power Point (GMPP). When an 

array of solar panels experiences shade or other environmental inconsistencies, 

tracking the GMPP becomes very difficult due to multiple peak outputs from the 
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solar array. Under uniform environmental conditions, traditional maximum power 

point tracking (MPPT) methods (like Perturb and Observe [P&O] and Incremental 

Conductance [INC]) are commonly used for their simplicity of implementation, 

low computational complexity, and relative speed of convergence [15], [16]. 

Furthermore, since these methods do not require in-depth knowledge of the 

parameters associated with the photovoltaic (PV) modules, their use can be justified 

for plug-and-play applications. On the other hand, conventional techniques may 

become trapped at local maximums and/or oscillate continuously at steady-state 

conditions around the operating point, thus creating a loss of power while 

decreasing efficient performance under mismatch conditions [7].  

A number of advanced techniques have been proposed to enhance MPPT 

performance during partial shading or where non-uniformity exists. Artificial 

Intelligence (AI) based maximum power point tracking techniques (e.g. fuzzy 

logic, neural networks, and optimization algorithms) have proven that they are 

capable of tracking the GMPP even when dealing with complex operating 

conditions [8]–[10]. However, AI-based processes still often need large amounts of 

training data, a lot of tuning parameters, and knowledge base information about the 

system. Also, with rapid changing environmental conditions,many AI-based 

processes are still not able to accurately determine the global maximum point [11], 

[12]. 

        4.2 PHOTOVOLTAIC CELL MODELLING 

 

Fig.4.1: Equivalent circuit of Single Diode PV-Cell. 
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A PV cell is a semiconductor device that produces electricity when exposed to 

sunlight; this cold electricity comes from the photovoltaic effect. In reality, the 

equivalent circuit of a PV cell includes a current generator in parallel to a diode 

plus series resistance and a shunt resistance which account for all the actual 

losses that will be created when this device operates [10]-[12]. 

The mathematical equation of the PV cell output current is expressed as: 

I = Iph – Io (𝑒
𝑉+𝐼𝑅𝑠

𝑛𝑉𝑡 − 1) −  
𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
 

Where:  

Iph = Photo-generated current 

Io = Diode reverse saturation current 

Rs = Series resistance 

Rsh = Shunt resistance 

n = Ideality factor 

Vt = thermal voltage 

The output characteristics of the PV panel are nonlinear and strongly influenced 

by irradiation and temperature variations. As solar irradiation increases, the 

output current and power increase, whereas an increase in temperature mainly 

reduces the output voltage [13]-[15]. 

4.3 Characteristics of PV Module 

The photovoltaic module exhibits nonlinear current-voltage (I-V) and power-

voltage (P-V) characteristics. These characteristics are important for 

understanding the operating behaviour of PV systems. 

4.3.1 I–V Characteristics 

The I–V curve of the PV module shows the relationship between output current 

and output voltage. Initially, the current remains almost constant with increasing 

voltage, but after a certain point, the current decreases rapidly until it reaches 

zero at open-circuit voltage [16]. 

4.3.2 P–V Characteristics 
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The P–V characteristic curve contains a unique operating point called the 

Maximum Power Point (MPP), where the PV panel delivers maximum power 

output [17]. 

 

 

 

Fig.4.2: I–V and PV Characteristics 

The output power of the PV module is given by: 

P=VI 

Where: 

 P = Output power  

 V = Output voltage  

 I = Output current  

The location of the maximum power point changes continuously with variations 

in irradiation and temperature. Therefore, an MPPT algorithm is necessary to 

ensure maximum power extraction from the PV system [18]. 

4.4 Maximum Power Point Tracking (MPPT) 

Maximum Power Point Tracking (MPPT) is an essential control technique used in 

photovoltaic systems to maximize power extraction under varying environmental 

conditions [19]. Since the operating point of the PV panel changes continuously 

due to irradiation and temperature variations, the MPPT controller adjusts the duty 

cycle of the converter to operate the PV module at its maximum power point. 
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Among various MPPT techniques, the Perturb and Observe (P&O) algorithm is 

commonly used because of its simple implementation and low computational 

complexity [20]-[22].  

The basic operating principle of the P&O algorithm is as follows: 

1. Measure PV voltage and current  

2. Calculate PV output power  

3. Compare present power with previous power  

4. Adjust duty cycle accordingly  

5. Repeat the process continuously  

If the power increases after perturbation, the perturbation direction remains 

unchanged. Otherwise, the perturbation direction is reversed. The MPPT controller 

generates PWM pulses to control the MOSFET switch of the Quadratic Boost 

Converter [23]. 

 

4.5 Integration of PV System with Quadratic Boost Converter 

The proposed system integrates a photovoltaic source with a Quadratic Boost 

Converter to achieve high voltage gain and efficient power transfer. The PV panel 

provides low DC voltage, which is boosted to the required higher output voltage 

using the converter. 

The overall system consists of: 

 Photovoltaic module  

 MPPT controller  

 PWM generation circuit  

 Quadratic Boost Converter  

 Resistive load  

A Maximum Power Point Tracking controller always keeps an eye on how much 

electricity is coming from the solar panels and adapts the converter's pulse width 

to keep the solar panels working at their maximum power output level.  
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The amount of voltage "boost" that can be provided by a quadratic boost converter 

operating in a continuous conduction mode is given to be: 

 

Where: 

 Vo = Output voltage  

 Vs  = Input voltage  

 D = Duty cycle  

Due to features of the circuit, the voltage gain that is available from a quadratic 

boost converter can be much higher than traditional boost converters as well as 

providing lower switching voltage and improved efficiency [24]–[26]. 
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CHAPTER 5 

         MPPT TECHNIQUES OVERVIEW 

 

5.1 Perturb and Observe (P&O) Technique 

The Perturb and Observe (P&O) algorithm is one of the most used Maximum 

Power Point Tracking (MPPT) methods for PV systems, as it is relatively easy to 

implement and simplistic in terms of structure. The main goal of the P&O 

methodology is to obtain maximum power from the PV module with changing 

environmental conditions (i.e. temperature and irradiance), and therefore [13]. 

To implement the P&O method of maximum power point tracking (MPPT) for 

photovoltaic systems, the operation of the devices are regularly varied by changing 

the converter voltage or duty cycle. When a small voltage change increases the 

resultant output power, the perturbation applies in the same direction to continue 

to increase power. Conversely, if the output power decreases when the voltage 

changes, the perturbation will be reversed. This process is done repetitively to 

move to the MPP of the PV system gradually.  

The P&O MPPT methodology is often used in practical implementations because 

it has a minimal number of sensors and has a simple algorithm, with less 

computational complexity than more sophisticated MPPT techniques. 

Additionally, the algorithm can easily be used within digital controlled devices 

such as microcontrollers and/or DSP-based systems. On the other hand, there are 

some limitations to the P&O method. While operating under steady-state 

conditions, the device's operating point will oscillate around the MPP of the PV 

system, which may cause the PV system to lose power. Additionally, the P&O 

algorithm may incorrectly identify the direction of the operating point when 

atmospheric conditions change rapidly, resulting in lower tracking accuracy and 

performance. 
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These constraints notwithstanding, the P&O technique continues to be one of the 

most widely used MPPT methods for photovoltaic energy conversion system 

applications because of its dependable performance, uncomplicated operation, and 

low-cost solution for implementation purposes. As a result, it is highly adopted by 

PV systems that use various types of DC–DC converters, such as boost converter 

and quadratic boost converter topologies [13].  

Therefore, studying partial shade conditions has become increasingly important 

when designing and controlling photovoltaic energy systems. By properly 

modelling shading environments and applying appropriate MPPT methods, it is 

possible to increase the reliability of the system, improve power output from these 

systems, and enhance the overall efficiency of photovoltaic power conversion 

systems [14][15].   

 
Fig.5.1: Flow Chart of P & O Technique 
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5.2 Incremental Conductance (INC) Technique 

The Incremental Conductance (INC) technique is one of the most commonly used 

Maximum Power Point Tracking (MPPT) methods for photovoltaic (PV) systems. 

In this method, the incremental conductance (dI/dV) and instantaneous 

conductance (I/V) of the PV array are compared to track the maximum power point.  

At this maximum power point, the following equation must hold  

 

Using this principle to guide the converter's duty cycle will allow the controller to 

adjust the converter's output as the PV module is exposed to changing irradiance 

or temperature levels in order to pull maximum power from the module.   By 

comparison to the Perturb and Observe (P&O) technique, the INC technique has 

demonstrated superior accuracy and reduced oscillation in MPPT performance. 

The INC method also works efficiently when weather conditions are changing 

rapidly. Unfortunately, the calculations associated with using the INC technique 

are much more complex than those of the P&O method. Furthermore, this method 

requires additional sensing devices [16], [17] to support the installation and 

operation of the INC technique. 
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CHAPTER 6 

SIMULATION RESULT 

 
Fig.6.1: Waveform of o/p Voltage (Vpv in Volt), o/p Current (Ipv in Amp), and o/p Power (Ppv in Watt) of PV at 

variable Irradiance 

 

 
Fig.6.2: Waveform of o/p Voltage (Vo in Volt), o/p Current (Vo in Amp), and o/p Power(Po in Watt) of QBC at 

Variable Irradiance. 
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6.1 Result And Discussion 

The photovoltaic system that uses Quantum Boost Converter has been tested using 

computer simulations done with MATLAB and Simulink software. These tests 

were done with amounts of sunlight including 1000 W/m², 850 W/m², 750 W/m² 

and 650 W/m². The goal of these tests was to see how the photovoltaic system 

works, how well the Maximum Power Point Tracking method performs and how 

well the converter amplifies voltage in conditions.  

Figure 8.1 shows how the voltage, current and power of the photovoltaic system 

change with amounts of sunlight. The results of the tests show that the photovoltaic 

system produces the power when it gets 1000 W/m² of sunlight. When the sunlight 

is reduced from 1000 W/m² to 650 W/m², the current and power produced by the 

photovoltaic system decrease significantly. The voltage of the photovoltaic system 

stays the same throughout the test. This is what we expect from photovoltaic 

systems because the amount of sunlight mainly affects the current produced by the 

photovoltaic system. The photovoltaic system works this way because the 

photovoltaic system is sensitive, to sunlight. 

The designed Perturb and Observe (P&O)-based MPPT algorithm automatically 

modifies the converter duty cycle to keep the operation of the system close to the 

maximum power point. It can be seen from the results that the controller tracks the 

maximum power available at any level of irradiance. The operation of the tracking 

remains stable during the change of irradiance levels and allows efficient 

exploitation of available solar energy. 

Figure 8.2 shows the voltage, current, and power at the output of the Quadratic 

Boost Converter. This converter manages to amplify low-voltage output power 

generated by the PV panel. Despite changes in the level of solar irradiance, 

satisfactory voltage regulation and stable operation of the converter is achieved 

throughout the whole process of testing. 

In case the solar irradiance is at its highest level, i.e., 1000 W/m², maximum output 

power is provided due to the high energy input received by the solar panel. At 
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reduced irradiance levels of 850 W/m², 750 W/m², and 650 W/m², there is a gradual 

decrease in both output current and power. Output voltage still stays within the 

required range for the Quadratic Boost Converter. 

The simulation findings further indicate that the converter performs at reduced 

voltage ripple and good current behaviour. The energy transfer between the source 

and the load continues to be effective throughout the whole range of irradiance 

values in consideration in this project. The combination of both the MPPT 

controller and Quadratic Boost Converter ensures optimal power transfer and 

efficiency. 

From all the results above, it is evident that the suggested Quadratic Boost 

Converter fed by photovoltaic works well, giving steady output voltage with high 

voltage gain and good power transfer efficiency despite changing irradiance levels. 

The performance parameters discussed above make this proposed system a suitable 

choice for renewable energy applications including photovoltaic systems, battery 

chargers, and DC microgrids among others. 

 

6.2 Summary 

 Power obtained is maximized when there is 1000 W/m² irradiance. 

 PV current falls directly as irradiance decreases. 

 The perturbation and observation technique accurately follows the maximum 

power point. 

 Voltage gain is very high using the Quadratic Boost Converter. 

 The output voltage is well regulated regardless of irradiance variations. 

 There is low ripple within the converter throughout the entire process. 

 The combination of the PV and QBC system performs effectively. 
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CHAPTER 7 

CONCLUSION AND FUTURE SCOPE 

         10.1 Conclusion 

We designed and constructed a Quadratic Boost Converter that uses a PV source 

for applications requiring a high gain (DC-DC). The converter was modelled using 

the state-space averaging method and integrated into the PV system, which is being 

used to generate renewable energy. A Maximum Power Point Tracking (or MPPT) 

algorithm based on Perturb and Observe (P&O) was developed to maximize 

available energy from the PV panel as atmospheric conditions change. 

The PV system was modelled to simulate different irradiation and temperature 

conditions. The PV integrated Quadratic Boost Converter has been modelled and 

analyzed in MATLAB/Simulink. The results of the simulations showed stable 

converter operation, fast dynamic response, increased voltage conversion ratio, and 

efficient transfer of energy from the PV system to the load. The converter 

functioned well, increasing the low voltage of the PV system into a higher desired 

output voltage while producing low ripple and having good efficiency. MPPT 

continuously adjusted the converter's duty cycle to ensure operation at maximum 

power point. 

In addition to designing the PCB and hardware for implementation of a practical 

realization of the system, many of the renewable energy applications include such 

things as battery storage systems, electric vehicle charging systems, stand-alone 

solar systems, and DC 'micro-grids.' Overall, the PV integrated Quadratic Boost 

Converter provides an effective solution. 
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7.2 Future Scope 

1. Fuzzy and Neural Networks are more advanced MPPT algorithms allowing for 

improved performance of tracking.  

2. Using Closed Loop Controllers (PID and Sliding Mode) provides better 

regulation of voltage. 

 3. Testing of a hardware prototype can also take place in actual environmental 

conditions.  

4. The converter can be adapted for use with Electric Vehicle (EV) Chargers and 

Grid Connect Solar Systems. 

 5. Integration of IOT-based monitoring and intelligent control will allow for the 

development of smart renewable energy applications. 
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