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Abstract – Environmental concerns and rising energy consumption have prompted people all around the world to 

consider alternative renewable energy sources (RES) including wind, solar and hydro energy resources. Photovoltaic 

(PV) energy generation system  which is a RES have increasing popularity at present because of its availableness, 

cleanliness, cheap mainatenance costs and inexhaustibility. However, due to variations in cell temperature and solar 

irradiation throughout the day, the power generated by a PV system is stochastic. Therefore, a DC-DC KY converter 

is developed in this paper to produce stable voltage output by utilizing the stochastic PV source. It also has a non-

pulsating current output which reduces the voltage ripple at the output while also minimising the stress in current 

across the capacitor at output. Thus the derivatives of KY converter are described in detail in this study, along with 

some simulated results. For tracking supreme power, fuzzy- maximum power point tracking (MPPT) algorithm is 

used. The entire system is designed as well as verified through MATLAB/Simulink simulation. 

Keywords: RES, PV system, KY converter, Fuzzy-MPPT algorithm, MATLAB/Simulink. 

 

 

1 INTRODUCTION 

 

Energy is considered as the most important 

source related to every country’s success economically. 

In the recent decades, number of commercial sectors and 

household consumers have expanded dramatically, 

resulting in an increase in worldwide energy 

consumption [1, 2]. The earth’s fossil fuel reserves are 

rapidly decreasing and also the increasing usage of fossil 

fuels leads to pollution as well as global warming [3]. 

Also, it is commonly known that burning fossil fuel 

contributes to 𝐶𝑂2 emission. Owing to global warming 

and fossil fuel depletion, the electric energy generation 

networks shift from thermal energy to renewable energy 

resources. Solar energy, in particular has received far 

more attention than any other renewable energy sources, 

owing to its widespread availability [4, 5]. 

Generally, DC-DC converters are utilized to 

serve as a device for matching  of impedance which is 

linked among the load as well as the PV panel. Hence, 

the converter’s source imepedance must be maintained 

equivalent to the PV panel’s resultant impedance which 

is done by regulating the duty ratio across converter, and 

thereby load matching is achieved. Advantages and 

shortcomings of several DC-DC converters which are 

non-isolated for PV system have been discussed here to 

finalize the right one. For stepping up the PV source 

voltage boost, buk-boost, Cuk and SEPIC converters are 

most commonly used. For peak power tracking, these 

converters are widely used in conjunction with MPPT 

controllers [6-8]. A conventional boost converter [9] is a 

non-isolated DC-DC converter for boosting up the 

minimal source voltage without needing a high duty 

cycle.  

But, due to high voltage stress, a high rated 

switch is required [10, 11]. Therefore, the DC-DC buck-

boost converter possessing increased voltage gain has 

been utilized. To collect energy from PV panel and 

charging the battery, it contains two unidirectional ports 

(port-1 as well as port-3), a single bidirectional port 

(port-2). Anyhow, due to the buck mode, the duty cycle 

is limited and the performance of ports of DC-DC 

conversion are boosted. As the number of ports 

increases, the quantity of switches and inductors get 

increased which adds complexity to the circuit. On the 

other hand, six innovative multi-port converter 

topologies are handled using CUK and SEPIC 

converters. However, as a standard elements, they have a 

negative impact on dependability and operate as failure 

points . A significant count of semiconductor devices 

possessing increased voltage are also required for this 

converter which increases the switching stress [12-18]. 

In order to overcome the above issues, no voltage stress, 

high gain KY converter is proposed here.  

Generally, PV panel output varies with changes 

in meteorological conditions like sun irradiance and cell 

temperature. Due to this non-linear PV source, tracking 

the panel’s maximum power point is a difficult task [19]. 

Therefore, an MPPT tracking algorithm is adopted for 

improving the tracking speed as well as efficiency of the 

PV system. High tracking precision as well as reliable 

response in a transient as well as steady state manner are 

the crucial criteria for evaluating MPPT approach. 

Different MPPT strategies have been researched in this 

paper in order to meet such criteria.  

The traditional P&O tracking algorithm is the 

most commonly used one for determining the maximal 

power of a PV systeml based on the PV curve slope. 

However, the P&O algorithm’s ouput oscillates about 
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the MPP. On the other hand, the incremental 

conductance (INC) approach performs better in varying 

weather condition, but it increases the circuit 

complexity. Therefore, an artificial intelligence 

depending MPPT algorithm is considered for tracking 

the MPP in the PV panel. These strategies are designed 

to provide the highest level of accuracy in dynamic 

weather changing situations. Their tracking efficiency 

and speeds are really high [20-22]. The Fuzzy Logic 

Control (FLC) is considered to be an attractive method 

that does not necessitate system understanding in order 

to use MPPT. 

The rest of this paper describes the proposed 

work along with the modelling of PV panel, KY 

converter and Fuzzy MPPT algorithm. Following this, 

the developed converter has been tested and verified. 

 

2 RELATED WORKS 

 

PV systems must always strive to minimize the 

overall cost and profile of power converters in order to 

maximize energy conversion efficiency [23]. A new 

topology has been suggested to improve the power 

quality of a standalone PV system while also attaining 

cost savings instead of using several converters directly, 

the suggested solution uses a shared bridge connection to 

combine a DC-DC converter [24] with a battery 

converter. The proposed converter boostup the source 

voltage and maintains the constancy of the output [25]. 

An innovative high gain DC-DC converter as 

well as a model-2 predictive controller (MPC) based 

MPPT algorithm along with optimal number of sensors 

for using PV modules in energy production has been 

presented. The proposed design produce voltage gain 

ratio up to ten times the input voltage, with a tested 

efficiency of roughly 93%. MPC is a common control 

approach in PV system that provide greater transient and 

steady state response. In DC/DC converters with PV, 

however, the traditional MPC-dependent MPPT 

approach often necessitates the use of one current and 

two voltage sensors. This paper provides an MPC-based 

MPPT methodology using two sensors with the goal of 

lowering system costs [26]. 

Two-stage PV configuration is extensively 

popular because of decoupling among the voltage of PV 

and the inverter dc-link voltage, thereby allowing MPP 

tracking range to be extended. On the other hand, the 

employed DC-DC converter improves the losses in 

power. This impact can be mitigated by using partial 

power converters (PPC), that mitigates total power that 

has been controlled by the dc stage [27].  

The PV energy generation system continues to 

rise and the large scale production systems are already 

several hundred megawatts in size. This tred will force 

the power producers to develop a new PV system design 

with greater levels of voltage at point of common 

coupling (PCC) and larger power ratings. The medium 

voltage PV configuration with an increased gain 

interleaved boost converter is decribed in this paper. 

This interleaved configuration increases the flexibily of 

the converter, and thereby allow high current and voltage 

ratings which helps improving the overter power rating 

of the converter. This type of system configuration 

includes a step up transformer [28]. 

An MPPT control technique with varying 

weather condition is developed in this study to attain the 

MPP of a PV panel as rapidly as feasible as well as 

increase the tracking ability under changing conditions 

of weather. The variation in MPP between a PV system 

is evaluated and utilized as the foundation for obtaining 

the control signal for MPP in this technique. Moreover, 

the curve-fitting methodology is used to determine the 

direct link between the VWP as well as control signal, 

which is the most important step in putting this proposed 

plan into action [29]. 

To achieve MPP tracking and DC voltage 

control, the grid integrated PV system typically require 

two stages of DC-DC converters. In this work, a sigle 

stage DC-DC converter is presented with high voltage to 

resolve the two stage conversion problem. The ability of 

this converter to achieve synchronized MPPT and DC 

voltage management is because of the functioning of 

switches with 2 distinct duty ratios. The inverter is 

separated from the DC bus and this synchronized 

management serves to supply the DC loads with 

continuous DC voltage [30]. 

 

3 PROPOSED CONTROL SCHEME 

 

An environmental friendly design of PV system 

with high gain converter has been designed to avoid the 

harm caused by greenhouse gas emission and the model 

of which is represented in Figure 1. The indicated block 

diagram comprises of a PV panel, KY converter, fuzzy 

MPPT controller and a load. 

  

Figure 1 Proposed block representation 
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The low level dc voltage generated from the 

solar panel is given to the KY converter which is a non 

isolated converter with better transient and steady state 

response. The key benefit of utilizing KY converter is, 

that it produces non-pulsating current output and thereby 

minimize the output voltage ripples. In order for tracking 

maximal power from the PV panel, an efficient fuzzy 

based MPPT control algorithm has been utilized. The 

outcome of the fuzzy MPPT controller is given to the 

PWM generator which delivers appropriate pulses to the 

converter. 

 

3.1 Modelling of PV Panel 

 

A PV cell, also known as photoelectric cell is a 

semiconductor device that uses the PV effect to convert 

light into electricity. If the sunlight fall on the PV is 

greater than the band gap, the electrons get induced and 

are liberated, thus the flow of electron produces current. 

A PV panel is made by connecting numerous PV cells 

connected series as well as parallel. Cells connected in 

series are needed for improving the system’s voltage 

whereas the cells in connected parallel are needed for 

improving the system’s current. Also an inverted diode 

in parallel and a current source is used to build a solar 

cell model which is portrayed in Figure 2. 

 

 
 

Figure 2 Equivalent circuit model of PV panel 

 

Series resistance is caused by a barrier in the 

path of electrons whereas the resistance in parallel is 

caused by the leaked current. The generated current from 

the solar array is, 

 

𝐼𝑃𝑉 = 𝐼𝐿 − 𝐼𝐷     (1) 

 

𝐼𝐷 = 𝐼0(𝑒
𝑞𝑉𝐷/𝑤𝑄)     (2) 

𝐼𝑃𝑉 = 𝐼𝐿 − 𝐼0(𝑒
𝑞𝑉𝐷
𝑤𝑄 − 1)    

      (3) 

𝐼𝑃𝑉 = 𝐼𝐿 − 𝐼0(𝑒
𝑞(
𝑉𝑃𝑉+𝐼𝑃𝑉𝑅𝑠

𝑛𝑤𝑄
)
− 1)   (4) 

 

Where, 

𝐼0 - Reverse saturation current 

𝐼𝐿  - Photo current 

q - Electron charge 

𝑉𝐷 - Diode voltage 

Q - Junction temperature 

w - Boltzmann’s constant 

𝐼𝑃𝑉  - Panel output current 

 

3.2 Design of Proposed KY Converter 

 

A voltage boosting KY converter which always 

function in CCM mode has been discussed in this 

section. Since it generates non-pulsating current output, 

there is no chance of getting output voltage ripple. Most 

importantly, it behaves similarly to a buck converter 

with synchronous rectification. However, the resulting 

voltage to the voltage at input ratio is one plus D, in 

which D refers to the PWM pulse duty cycle for the 

main switch. The KY converter comprises of two 

switches 𝑆1 𝑎𝑠 𝑤𝑒𝑙𝑙 𝑎𝑠 𝑆2, as well as two diodes 

𝐷1 𝑎𝑛𝑑 𝐷2, capacitor 𝐶, inductor 𝐿, one diode Db, and a 

capacitor 𝐶𝑏 for energy transfer that is more than enough 

to maintain the constant voltage. The turn on state of two 

switches are given as (𝐷, 1 − 𝐷) in which, D indicates 

the duty cycle ratio of the PWM signal of switch 

𝑆1. Figure 3 portrays the proposed model of KY 

converter. 

 
 

Figure 3 KY converter circuit 

 

The two modes of operation in KY converter 

are described below, 

  

Mode 1: 

When switch 𝑆1 is in ON and 𝑆2 is OFF, voltage 

of L is source voltage 𝑣𝑖  plus the voltage 𝑣𝑖  in the energy 

transferring capacitor 𝐶𝑏 minus the voltage output 

𝑉0 resulting L to be magnetic. Moreover, the current 

flowing through the capacitor 𝐶 equals the current 

passing across 𝐿 minus the current running across R. 

Furthermore, discharging of 𝐶𝑏 occurs in this mode. 

Figure 4 depicts the circuit of mode 1 operation of KY 

converter. 
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Thus the differential equations are given by, 

 

{

𝐿
𝜕𝑖

𝜕𝑡
= 2𝑣𝑖 − 𝑣0

𝐶
𝜕𝑣0

𝜕𝑡
= 𝑖 −

𝑣0

𝑅

𝑖𝑖 = 𝑖

    (5) 

 
 

Figure 4 Mode 1 

 

Mode 2: 

The switch 𝑆2 is made ON and 𝑆1 is maintained 

OFF (as given in Figure 5), voltage in L indicates source 

voltage 𝑉𝑖  minus resultant voltage 𝑉0, demagnetizing the 

inductor 𝐿. Moreover, the current passing across C 

equals the current passing across the inductor L 

eliminates current running through R. Furthermore, in 

this mode, 𝐶𝑏 gets charged to 𝑣𝑖  in a fraction of section. 

 

 

 
 

Figure 5 Mode 2 

 

Thus the corresponding equation is given by, 

 

〈𝑥〉 =
1

𝑇𝑠
∫ 𝑥𝑑𝑡
𝑇𝑠
0

     (6) 

From equation (5) and (6), the averaged equation can be 

expressed as, 

 

{
 

 𝐿
𝜕〈𝑖〉

𝜕𝑡
= (1 + 𝑑)〈𝑣𝑖〉 − 〈𝑣0〉

𝐶
𝜕〈𝑣0〉

𝜕𝑡
= 〈𝑖〉 −

〈𝑣0〉

𝑅

〈𝑖𝑖〉 = 〈𝑖〉 + (1 + 𝑑)〈𝑖𝑏〉

   (7) 

 

Where, d denotes the PWM signal duty cycle. On the 

basis of ampere-second balance, 〈𝑖𝑏〉 is given as, 

〈𝑖𝑏〉 =
𝑑

1−𝑑
〈𝑖〉     (8) 

By substituting equation (8) in (7), the equation 

(7) is given as follows, 

{
 

 𝐿
𝜕〈𝑖〉

𝜕𝑡
= (1 + 𝑑)〈𝑣𝑖〉 − 〈𝑣0〉

𝐶
𝜕〈𝑣0〉

𝜕𝑡
= 〈𝑖〉 −

〈𝑣0〉

𝑅

〈𝑖𝑖〉 = (1 + 𝑑)〈𝑖〉

   

      (9) 

The perturbation and linearization of equation 6 

are required. First, 〈𝑥〉 is indicated with the equivalent dc 

quiescent value 𝑋 plus a minor ac variation �̂�, assuming 

the ac variation to be tiny in magnitude. Therefore, 

{
 
 

 
 
〈𝑣𝑖〉 = 𝑉𝑖 + �̂�𝑖
𝑑 = 𝐷 + �̂�
〈𝑖〉 = 𝐼 + 𝑖̂

〈𝑣0〉 = 𝑉0 + �̂�0
〈𝑖𝑖〉 = 𝐼𝑖 + 𝑖̂𝑖

                  with        

{
 
 

 
 
𝑣�̂� ≪ |𝑉𝑖|

�̂� ≪ 𝐷
𝑖̂ ≪ 𝐼
�̂�0 ≪ 𝑉0
𝑖�̂� ≪ 𝐼𝑖

                (10) 

Substitute equation (10) in (9), the following equation 

can be expressed as, 

{
 

 𝐿
𝜕(𝐼+�̂�)

𝜕𝑡
= (1 + 𝐷 + �̂�)(𝑉𝑖 + 𝑣�̂�) − (𝑉0 + 𝑣0̂)

𝐶
𝜕(𝑉0+𝑣0̂)

𝜕𝑡
= (𝐼 + 𝑖)̂ −

(𝑉0+𝑣0̂)

𝑅

𝐼𝑖 + 𝑖�̂� = (1 + 𝐷 + �̂�)(𝐼 + 𝑖̂)

        (11) 

Thus the quiescent equation is expressed as, 

{

0 = (1 + 𝐷)𝑉𝑖 − 𝑉0

0 = 𝐼 −
𝑉0

𝑅
               

𝐼𝑖 = (1 + 𝐷)𝐼

             (12) 

The voltage conversion ratio is given as, 

 
𝑉0

𝑉𝑖
= 1 + 𝐷                           (13) 

Therefore, by neglecting the ac terms of second order, 

the small signal eqation is given as follows, 

 

{
 

 𝐿
𝜕�̂�

𝜕𝑡
= (1 + 𝐷)𝑣�̂� − 𝑉𝑖�̂� − 𝑣0̂

𝐶
𝜕𝑣0̂

𝜕𝑡
= 𝑖̂ −

𝑣0̂

𝑅

𝑖�̂� = (1 + 𝐷)𝑖̂ + 𝐼�̂�

            (14) 
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3.3 Fuzzy based MPPT Control Algorithm 

 

Fuzzy control is a technique that permits 

nonlinear controllers to be built using heuristic 

information derived from expert knowledge. A fuzzy 

controller's block diagram is shown in Figure 6. The 

fuzzification block is in charge of processing and 

assigning a fuzzy value to the incoming signals. The 

collection of rules is based on knowledge and experience 

and provides for a language description of the variables 

to be managed. The inference mechanism is in charge of 

interpreting the data while keeping the rules and their 

membership functions in account. The defuzzification 

block converts the inference mechanism’s fuzzy data 

into non-fuzzy information which is utilized for 

controlling the operation. 

 

 
 

 

Figure 6 Fuzzy Control System 

 

The design of fuzzy controller with E (error) as 

well as CE (change in error) has been considered. The 

values of input variables are given as follows, 

𝐸(𝑘) =
𝑃(𝑘)−𝑃(𝑘−1)

𝑉(𝑘)−𝑉(𝑘−1)
=

∆𝑃

∆𝑉
   (15) 

 

𝐶𝐸(𝑘) = 𝐸(𝑘) − 𝐸(𝑘 − 1) = ∆𝐸  (16) 

The input variable CE(k) determines whether 

the point of operation is moving in the direction of MPP 

or not. An increase in duty cycle (D) is the output 

variable, that consider positive or negative values relying 

on where the operational point is located. To drive the 

load, this output is delivered to the dc-dc converter. 

Outcome of the converter is given to the load. An 

accumulator was created using the value of D given by 

the controller to derive the duty cycle value. 

𝐷(𝑘) = 𝐷(𝑘 − 1) + ∆𝐷(𝑘)  (17) 

Flow chart of fuzzy MPPT controller is given in 

Figure 7. 

 

 

 
 

Figure 7 Fuzzy-MPPT algorithm flowchart 

 

3.4 PWM Generator 

  

The PWM generator generates a pulse width 

modulated signal, which is then applied to the 

converter's switch. The PWM generator divides the 

average power drop into discrete components. The 

voltage and current average values delivered to the load 

side by leaving the switch on for a longer period of time 

than the switch is turned off. The power delivered will 

be greater as a result of the extended ON time. The 

PWM generator's primary duty is to generate a pulse 

width modulated gate pulse signal that is fed to the 

converter's switch. 

 

4 RESULTS AND DISCUSSION 

 

The simulation of the described approach is 

carried out in  MATLAB/SIMULINK. The obtained 

results are given as follows.  
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Figure 8 Waveform for solar irradiation 

 
Figure 9 Waveform for temperature 

 

 Figure 8 indicates the waveform for solar 

irradiation and figure 9 indicates the waveform for 

temperature respectively. The temperature provided to 

the solar panel is considered as a constant value. 

 
Figure 10 Waveform for solar panel output 

 

 Figure 10 represents the waveform for solar 

panel output corresponding to the input solar irradiation 

and temperature. 

 

 
Figure 11 Converter input waveform 
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Figure 12 Pulse for converter switch 

 

 
Figure 13 Converter output waveform  

 

 Figure 11 represents the input voltage to the 

KY converter figure 12 represents the pulse signal 

obtained from the PWM generator which is fed to the 

switch of the converter. Figure 13 indicates the enhanced 

output from the converter. 

 

 
 

Figure 14 Comparison of efficiency 

 

 Figure 14 represents the comparison graph of 

KY converter with existing converters like boost, buck-

boost and sepic converters. From the graph it is clear that 

the proposed KY converter generated improved 

efficiency of 95%. 

 

5 CONCLUSION 

 

This paper presented an efficient approach 

utilizing KY converter for enhancing the power 

generated from photovoltaic energy generation system. It 

generated a stable output and a non-pulsating current 

output with minimized current stress. The adopted 

fuzzy- MPPT algorithm provided efficacious tracking of 

maximal power. The proposed approach was simulated 

in MATLAB/SIMULINK and comparison of KY 

converter was performed with other converters which 

revealed efficient results.   
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