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Abstract    

High step-up DC-DC converters are required in renewable energy systems to efficiently interface 

low-voltage sources with high-voltage loads and DC microgrids. The conventional high gain 

converter suffers from high voltage stress of semiconductor devices, low efficiency and complex 

circuit architecture. A high gain non-isolated switched inductor single-ended primary-inductor 

converter (SI-SEPIC) for renewable energy applications is presented in this research. The 

suggested topology adopts the switched-inductor network to realize a much higher voltage 

conversion ratio. The converter retains the intrinsic benefits of standard SEPIC converter, such as 

non-inverted output voltage and wide working range, which make it suited for solar systems, fuel 

cells, battery-powered systems and DC microgrids. The converter is analyzed in detail in terms of 

operating modes, steady state characteristics, derivation of voltage gain, design of components and 

performance evaluation. The proposed converter is experimentally validated with a laboratory 

prototype of 75 W. The experimental results support the validity of the proposed SI-SEPIC 

converter for renewable energy applications with steady operation; high voltage gain and high-

power conversion efficiency.                    

Keywords: PSO, MPPT, PSCs, PV generation system, SEPIC. 

Introduction  

The study of other energy resources, like solar, hydro, wind, and fuel cells, has been 

encouraged by the increased energy demand globally and rising environmental concerns. Due to 

their cleanliness, abundance, and boundless supply, SPV systems have gathered a lot of attention 

amongst renewable energy sources. Though, photovoltaics depends on changing solar irradiation 

all over the day, the power it generates is inherently unpredictable. One of the most significant 

components of SPV systems is the MPPT. The peak power production of an SPV module, together 

with its operating current and voltage, varies with fluctuations in solar insolation and temperature. 

To take full advantage of energy extraction, an SPV module should be driven at the voltage 

connected to its MPP.  To capture the varying maximum power, SPV systems employ a DC–DC 
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converter combined with a MPPT module. These converter act as impedance-matching circuit, 

efficiently connecting the PV panel to the load. By fine-tuning the converter duty cycle, its input 

impedance can be tuned to the PV panel output impedance, thereby accomplishing effective load 

matching. Numerous MPPT techniques have been established to achieve this task. Normally 

employed MPPT techniques include current and voltage‑based techniques, as well as traditional 
algorithms like perturb and observe (P&O) [1] and incremental conductance (INC) [2]. 

Furthermore, intelligent control methods, like fuzzy logic control (FLC) and artificial neural 

networks (ANN) [3], are employed frequently. Voltage and current derived MPPT techniques are 

forthright to establish but usually suffer from low efficiency and accuracy. The short‑circuit 
current scheme [4] needs only a solitary sensor and is modest in design; though, it requires brief 

short‑circuiting the SPV module through a switch to estimate the short‑circuit current (𝐼𝑠𝑐). The 

open‑circuit voltage (Voc) technique [5] illustrates another simple MPPT method; though, it needs 
periodic measurement of Voc, which is attained by momentarily disabling the converter. This 

method, though, presents a few drawbacks, including a momentary power loss throughout 

measurement. To alleviate this issue, pilot cells can be used to find the Voc. These pilot cells 

should be selected wisely to make sure that their electrical features replicate closely those of the 

key PV array. Under short‑circuit and open‑circuit circumstances, the SPV module carries no 

power to the load, thus dropping overall efficiency. Ripple correlation control (RCC) [6] tackles 

some of the drawbacks linked with the P&O technique. Sliding mode control (SMC) [7] offers 

more accurate tracking of the MPP compared to traditional approaches, even though its hardware 

enactment is reasonably complex. Temperature‑based MPPT methods [8] need less sensors, 
making them inexpensive and forthright to implement. The bisection search theorem technique [9] 

can be employed to track the MPP of PV modules that display numerous local maxima under 

fluctuating climatic conditions. Moreover, a dual MPPT tracking scheme has been discussed in 

[10]. Mechanical tracking structures orient the PV module physically in the direction of maximum 

sunlight, while electrical tracking can be achieved using an MPPT algorithm. ANN‑based MPPT 

practices [11], [12] estimate the reference voltage by seeing solar irradiation and cell temperature. 

Unlike traditional methods, ANN does not need complete system data to accomplish effective 

tracking. The neuro‑fuzzy method [13] incorporates the advantages of both fuzzy controllers and 
neural network. In this technique, the neural network estimates the optimum operating voltage, 

while the FLC is utilized to adjust the duty ratio of the converter appropriately. System oscillation 

control derived MPPT methods [14], [15] needs only a single voltage sensor, making them modest 

to realize and free from complex mathematical computations. State space derived MPPT [16] 

converts the time‑varying, nonlinear SPV system into a linear dynamic model, thus enabling easier 
tracking of the MPP. Linearization‑based MPPT [17] is a fast, modest, and economical method. 
This technique also converts the nonlinear current and power formulas into linear forms, thus 

facilitating MPP tracking. The array reconfiguration technique [18], on the other hand, is a 

mechanical technique in which PV arrays are reorganized into parallel or series combinations to 

reach the MPP. Numerical analysis based MPPT [19] determines the voltage at the MPP using a 

quadratic interpolation technique. This algorithm computes the precise voltage value 
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mathematically, permitting the MPP to be reached in one step; but the technique is computationally 

complex. PSO based MPPT determines peak power effectively under changing atmospheric 

conditions.      

Selecting a suitable DC–DC converter for PV power tracking applications comprises of 

evaluating efficiency, PV module interaction, cost, energy transfer characteristics, and operational 

flexibility. Broadly used converter categories comprise of Boost, Buck, Buck–Boost, SEPIC, and 

Ćuk converters. Boost converters [20], [21] are used extensively for voltage step‑up applications, 
offering constant energy transfer and high efficiency at low cost. However, their incapability to 

reduce voltage limits flexibility and can deter precise MPP tracking in some scenarios. The Buck 

converter [22] is employed for the voltage step down and its power flow is not steady since the 

input‑side switch operates continuously, temporarily isolating the PV array from the load. 
Moreover, the Buck converter lacks the capability to step up the voltage, which can affect tracking 

peak power adversely under some operating conditions. Buck–Boost, Ćuk, and SEPIC network 
topologies are proficient of performing both step‑up and step‑down operations. Alike to the Buck 
converter, the power flow of the Buck–Boost converter [23] is discontinuous in nature, and the 

incessant operation of the input‑side switch leads in higher switching losses. The Buck–Boost 

converter provides flexible maximum power point tracking by allowing both step‑up and 
step‑down functionalities; though, its output voltage is inverted. The Ćuk converter [24] 

accomplishes higher efficiency than the Buck–Boost topology and sustains unremitting 

input/output power flow, however its output voltage is also inverted. Conversely, the SEPIC 

converter [25], [26] offers non‑inverted output voltage together with continuous energy transfer 

and enhanced efficiency, making it more appropriate for photovoltaic applications. Owing to these 

intrinsic advantages, the SEPIC converter is chosen over other converters for this work.    

This paper proposes an enhanced MPPT algorithm combined with an improved SEPIC 

converter. The conventional PSO technique is modified to serve as the MPPT algorithm for 

tracking the Global MPP (GMPP) under PSCs. The proposed technique is verified by realizing 

experimental set up in the laboratory, where a SEPIC converter is fed by a solar array simulator, 

and the control action is implemented via an OPAL‑RT microcontroller. 
Working principle of the SI-SEPIC converter 

As depicted in Figure 1, SI structures are used in place of the input and output side inductors 

of the traditional SEPIC converter to boost gain. When the switch is ON, every inductor charges 

simultaneously, and when the switch is OFF, every inductor discharges simultaneously. The 

proposed converter operates in a symmetrical manner on two half-line cycles of the input voltage. 

Consequently, this section explains the converter's operation during a single transition period in 

positive half-line cycles of the input voltage.  The converter is presumed to be in continuous 

conduction mode (CCM). It is assumed that the converter is in a stable condition and that every 

component of the circuit is perfect. It is expected that the output capacitor, Co, is adequately big to 

lessen the output voltage ripple.  
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Fig. 1. Circuit diagram of SI- SEPIC converter. 

            

Mode: 1 (0 < t <DT): Prior to this mode, the inductor currents ݅௅1, ݅௅2, ݅௅3 ܽ݊݀ ݅௅4 are minimum 

and voltage across the coupling capacitor, ௖ܸೄ is maximum, which is equal to input voltage ௜ܸ௡. 

When switch Q is activated, Mode 1 begins, diodes 4ܦ ,3ܦ ,1ܦ, and 6ܦ, are forward biased whereas 

diodes 5ܦ ,2ܦ, and D are reverse biased. ௜ܸ௡ starts charging inductors 1ܮ and 2ܮ in parallel with 

linearly increasing currents , ݅௅1  ܽ݊݀ ݅௅2 with slopes  
௏೔೙௅1  and 

௏೔೙௅2  respectively. The supply voltage, 

௜ܸ௡ equals to the voltage across the inductors 1ܮ and 2ܮ. In this phase, the coupling capacitor's 

energy is transmitted via the switch to inductors 3ܮ and 4ܮ. Inductor currents  ݅௅3 ܽ݊݀ ݅௅4  increases 

linearly with a slope 
௏೎ೞ௅3  and  

௏೎ೞ௅4   respectively. Since diode, D, is reverse biased input is completely 

isolated from the output, and capacitor ܥ௢ keeps the load current uninterrupted. Figure 2 depicts 

the equivalent circuit of the SI-SEPIC converter during Mode 1.  
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Fig. 2. Equivalent circuit when the switch is turned ON in Mode 1. 

Applying KVL in source side considering, L1,                                                         ݒ௅1 =  ௜ܸ௡ = 1ܮ ݀݅௅1݀ݐ                                                            (1) 

From Eq. (1) ripple current through inductor L1,                                                            (∆݅௅1)௖௟௢௦௘ௗ = ௜ܸ௡1ܮܶܦ                                                       (2) 

Similarly, ripple current through inductor L2,                                                           (∆݅௅2)௖௟௢௦௘ௗ = ௜ܸ௡2ܮܶܦ                                                        (3) 

Applying KVL in coupling capacitor side by considering, L3,                                                               ݒ௅3 =  ௖ܸ௦ = 3ܮ ݀݅௅3݀ݐ                                                      (4) 

From Eq. (4) ripple current through inductor L3,                                                               (∆݅௅3)௖௟௢௦௘ௗ = ௖ܸ௦3ܮܶܦ                                                   (5) 

Similarly, ripple current through inductor L2,                                                               (∆݅௅4)௖௟௢௦௘ௗ = ௖ܸ௦4ܮܶܦ                                                   (6) 

Voltage across the coupling capacitor Cs is,                                                                          ௖ܸ௦ = ௜ܸ௡                                                              (7) 

Comparing Eqs. (2), (3), (5), (6) and (7),           (∆݅௅1)௖௟௢௦௘ௗ = (∆݅௅2)௖௟௢௦௘ௗ = (∆݅௅3)௖௟௢௦௘ௗ = (∆݅௅4)௖௟௢௦௘ௗ = ௜ܸ௡ܮܶܦ                  (8) 

were,   1ܮ = 2ܮ = 3ܮ = 4ܮ =                                                          , ܮ
Mode: 2 (DT < t <T): Before entering this mode, inductor currents ݅௅1, ݅௅2 , ݅௅3ܽ݊݀ ݅௅4  is 

maximum and ௖ܸ௦ is minimum. When the switch is turned off, mode 2 begins, diodes 5ܦ ,2ܦ, and 
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D are forward biased whereas diodes 4ܦ ,3ܦ ,1ܦ, and 6ܦ, are reverse biased. The coupling capacitor 

receives the energy from the inductors 1ܮ and 2ܮ. Via diode D, energy from inductors 3ܮ and 4ܮ 

as well as ௜ܸ௡ is transmitted to the load. This is the time when the output capacitor ܥ௢ is fully 

charged. With a slope of 
௏೚2௅1 , ௏೚2௅2, ௏೚2௅3  and 

௏೚2௅4 respectively, inductor currents  ݅௅1, ݅௅2 , ݅௅3 ܽ݊݀ ݅௅4, 

decreases linearly. During this time, the voltage across inductors equals  ௏೚2 . Figure 3 depicts the 

equivalent circuit of the SI-SEPIC converter during Mode 2.  

 
Fig. 3. Equivalent circuit when the switch is turned OFF in Mode 2. 

Applying KVL in source side, ripple current through inductor L1,                                   (∆݅௅1)௢௣௘௡ = ௜ܸ௡ − ௖ܸ௦ − ௢ܸ − 1ܮ௅2ݒ (1 −  (9)                                     ܶ(ܦ

Similarly, ripple current through inductor L2,                                     (∆݅௅2)௢௣௘௡ = ௜ܸ௡ − ௖ܸ௦ − 2ܮ௅1ݒ (1 −  (10)                                              ܶ(ܦ

Applying KVL in output loop, ripple current through inductor L3,                                                (∆݅௅3)௖௟௢௦௘ௗ = ௢ܸ − 3ܮ௅4ݒ (1 −  (11)                                               ܶ(ܦ

Similarly, ripple current through inductor L2,                                                 (∆݅௅4)௖௟௢௦௘ௗ = ௢ܸ − 4ܮ௅3ݒ (1 −  (12)                                             ܶ(ܦ

Since all the inductors have same the value voltage across inductors are,                                                     ݒ௅1 = ௅2ݒ = ௅3ݒ = ௅4ݒ = ௢ܸ2                                                     (13) 

Comparing Eqs. (9), (10), (11), (12) and (13),            (∆݅௅1)௖௟௢௦௘ௗ = (∆݅௅2)௖௟௢௦௘ௗ = (∆݅௅3)௖௟௢௦௘ௗ = (∆݅௅4)௖௟௢௦௘ௗ = ௢ܸ(1 − ܮ2ܶ(ܦ             (14) 

 

DC Voltage transfer function 
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Applying volt-sec balance theorem, and combining Equations (8) and (14),                                          ௜ܸ௡1ܮܶܦ + ௜ܸ௡ − ௖ܸ௦ − 1ܮ௅2ݒ (1 − ܶ(ܦ = 0                                            (15) 

Since 4ܮ=3ܮ=2ܮ=1ܮ ,voltage across inductor 1ܮ and 2ܮ when switch is closed will be, combining 

Eqs. (7), (13) and (15),                                                         ௜ܸ௡ܮܶܦ − ௢ܸ2ܮ (1 − ܶ(ܦ = 0                                                      (16) 

From Eq. (16) DC voltage transfer function, ܯ௩ௗ௖ for the proposed converter can be derived as,                                                          ܯ௩ௗ௖ = ௢ܸ௜ܸ௡ == 1ܦ2 −  (17)                                                            ܦ

 Design Methodology of the SI-SEPIC Converter 

The proposed converter's design process is alike to that of a traditional SEPIC converter. 

This section explains the SI-SEPIC converter design process for a PV module with the following 

specifications:   

Minimum input voltage, Vin(min) = 4 V 

Maximum input voltage, Vin(max) = 21 V 
 

Output voltage, Vo =24 V  

Switching frequency, fS= 50 kHz  

 Duty cycle analysis 

Eqs. (18) and (19) provide the maximum and minimum duty cycle values for a SI-SEPIC 

converter running in continuous conduction mode (CCM); 

 0.75
2 (min)

max =
+

=
oin

o

VV

V


                                                                                             (18) 

And,  

 0.36
2 (max)

min =
+

=
oin

o

VV

V


                                                                                             (19) 

Selection of Inductors 

The maximum input current is around 20% of the inductor's peak-to-peak ripple current. The ripple 

currents flowing through the inductors are given by,   

 % ×20inL II =
                                                                                                            (20) 

Substituting for Iin, 

3.75A  % 20×
V

V
×

in(min)

o == oL II

                                                                                     (21) 

And the inductance L1, L2, L3 and L4 are obtained as,  

H
I

LLLL
L

 16×
f×

V
max

sw

in(min)

4321 =


====
                                                                    (22) 
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Selection of Output Capacitor 

RMS current of output capacitor, 

A
VVV

VVV
II

oinin

oino
ormsco 27.3

)2(

)2(
)( =

+
+

=
                                                                                 (23) 

Assuming that the output voltage's peak-to-peak ripple is 2%, the ESR of output capacitor's is, 

=
+


 m

II

V
ESR

peakLpeakL

o 26
22

0.5×

)(3)(1                                                                                (24) 

The RMS current is used to choose the coupling capacitor. This makes SI-SEPIC converter more 

suitable for low power application, where the RMS current is relatively very small. The output 

capacitance is,  

F
I

C o
o 

31.195
f×0.5×V

×

swo

max =



                                                                                   (25) 

Coupling capacitor selection 

Coupling capacitor RMS current is, 

A
VVV

VVV
II

oinin

oino
ormscs 27.3

)2(

)2(
)( =

+
+

=
                                                                               (26) 

Assuming peak to peak ripple 2% of the output voltage, the output capacitor is, 

 

F
I

C o
s 

66.97
f×V

×

swo

max =



                                                                                            (27) 

 Selection Power MOSFET  

 

Peak current through the MOSFET is given by, 

AIII peakLpeakLpeakq 625.722 )(3)(1)( =+=
                                                                                                  (28)      

RMS current the MOSFET switch,
 

A
V

VVVI
I

in

oinoo
rmsq 96.2

)2(

2
2)( =
+

=
                                                                                       (29) 

Diode selection 

The average diode current equals the output current, and the rated reverse current of the 

output diode must be higher than Vin+VO. The rated reverse current of diodes in switched inductor 

structure is Vin during ON period and VO/2 during OFF period and the average current through 

these diodes are equal to average inductor currents.  

Development of MPPT algorithm 
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In this article, the MPPT algorithm for PV systems is implemented using an enhanced PSO 

approach. The variable of choice is the converter's duty cycle. The duty cycle as the regulated 

variable eliminates proportional integral controller which is required for voltage-based controllers.   

Outline of Conventional PSO algorithm 

A population-based swarm intelligence method called PSO was first presented by Kennedy 

and Eberhart in 1995 with the goal of resolving engineering optimization issues with local optima 

[27]. PSO is employed to find the optimal solution in an n-dimensional search space for a given 

optimization problem and is motivated by the social behavior seen in fish schools and bird flocks 

[28]. To discover the best solution, a population of particles, also referred to as cooperative agents 

is employed. In order to identify the best solution, every particle (or agent) in the population 

adheres to two basic rules: it monitors the top-performing particle and the optimum solution 

discovered on its own. As a result, every particle in the population moves closer to the optimal 

solution. Using Eq. (30), particle locations within a population are modified [29],  

 

௜௞+1ݔ  = ௜௞ݔ + ∅௜௞+1                                                                                                                    (30)                                                  

where the velocity component, denoted by ∅௜, is computed using Eq. (31),   ∅௜௞+1 = ߱ × ∅௜ + 𝑐1 × 1ݎ × { ௕ܲ௘௦௧௜ − {௜௞ݔ + 𝑐2 × 2ݎ × ௕௘௦௧ܩ} −                       ௜௞}                                        (31)ݔ

where ߱ represents the inertia weight, 1ݎ and 2ݎ are random variables scattered uniformly inside 

[0, 1], 𝑐1 and 𝑐2 represents the cognitive coefficient and social coefficients, ௕ܲ௘௦௧௜ represents the 

optimal position of ith particle and ܩ௕௘௦௧ represents optimal position of all particles.   

Step 1 (Setting up PSO): The number of particles is specified, and they are evenly dispersed across 

the optimization problem's n-dimensional space. The beginning velocity is selected at 

random, and the cognitive coefficient, social coefficient, and inertia weight are defined.  

Step 2 (Assessment of the fitness function): For every particle, the fitness function that has to be 

optimized is assessed. By replacing the objective function with the candidate solution, the 

fitness function is evaluated.  

Step 3 (Updating individual and global best): If the current fitness value is higher than the 

individual and global optimal values, the fitness value relating to the particle's current 

location is modified.  

Step 4 (Upadating position and velocity of particles): Eq. (30) and Eq. (31) are used to modify the 

location and velocity of each particle. 

 Step 5 (Looking for convergence): If the convergence conditions are satisfied, the procedure ends; 

if not, the number of iterations is raised by one, and step 2 is reached. 
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Enhancing and using PSO in MPPT 

An MPPT controller for an SPV system is implemented using the PSO algorithm described 

in Section 3.1, allowing for efficient peak power tracking under PSCs. The traditional PSO 

approach is further enhanced to improve tracking accuracy, speed, and durability. There are a 

number of hybrid [30-33] and improved [34-44] PSO MPPT techniques. By raising the social 

coefficient from lower to higher values and linearly lowering the cognitive coefficient and inertia 

weight from higher to lower values. The inertial weight, ߱ controls the agents' inertia. 

Convergence accelerates if ω is too big, yet overshooting may result. On the other hand, if it is too 
tiny, the agents can alter their direction of motion more readily, but convergence slows down. 

Consequently, convergence speed, tracking accuracy, and agent movement behavior inside the 

search space are all improved by progressively lowering ω from a higher beginning value to a 
lower value over repetitions. 𝑐1 Without assistance from other agents, 𝑐1  identifies  each agent's 

unique search capacity. The agents may prematurely converge to local maxima if 𝑐1   is very big. 

On the other hand, if it is too small, agents' convergence toward the ideal operating point slows 

down. To guarantee that the agents converge toward ܩ௕௘௦௧ in the least amount of time, 𝑐1 is also 

adjusted from a comparatively larger value to a lower one, much like ߱. 𝑐2 controls the agents' 

capacity for cooperative search. The agents prefer to converge at separate sites if it is small, which 

causes the convergence pace to be sluggish. On the other hand, if it is big, the agents are more 

likely to converge close to the MPP and the search space becomes constrained. Over the course of 

several rounds, 𝑐2 is progressively raised from a comparatively lower number to a higher value in 

order to precisely and accurately monitor ܩ௕௘௦௧  in the least amount of time. Increasing the number 

of agents makes it possible to identify the MPP under different atmospheric circumstances, but 

this increases the total convergence time. Achieving quick convergence in the shortest tracking 

time is a major problem in MPPT applications. In order to meet the realistic criteria of the MPP 

issue, the basic APSO method is changed. Figure 4 displays the block diagram for the suggested 

system. A Chroma 62150H-600S solar array simulator running in SAS mode is linked to the load 

via a SEPIC converter, as shown in Figure 5, and the MPPT algorithm is implemented using an 

OPAL-RT OP5600 controller.      
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Fig. 4. Block schematic of the suggested system. 

The following is a description of the working principles of the suggested APSO-based MPPT 

technique: 

Step 1 (Selection of system parameters): The particle location is determined by the DC–DC 

converter's duty ratio (D). The objective function to be maximized is the power drawn from the 

PV panel PPV. A bigger population increases tracking accuracy but decreases tracking speed, hence 

the number of particles in the population is carefully chosen. Furthermore, the calculation time 

increases as the number of particles increases. In order to attain an appropriate trade-off between 

tracking accuracy and speed, the population size is selected. The number of PV cells connected in 

series is often used to calculate the population size.      

Step 2 (Setting up APSO): Particles from the chosen population may be randomly scattered across 

the search space or initiated at predetermined locations in APSO. The particles can be initiated in 

the area of the GMPP if previous knowledge about it is available. A PV characteristic's MPP 

usually happens at around 80% of the open-circuit voltage. As a result, inside the search space 

defined by the maximum and minimum bounds, Dmax and Dmin, respectively, the particles are 

typically started at fixed, evenly spaced places. 

Step 3 (Assessment of the fitness function): The main goal of the suggested MPPT approach is to 

maximize the extracted PV power, or PPV. After being measured and filtered by digital filters, the 

panel current and voltage correlative to each duty cycle, that is, each particle position are sent into 

the controller. The extracted power for evaluation is calculated using the fitness function based on 

these signals.  

Step 4 (Updating individual and global optimum): The ith particle's present fitness value is 

compared to ௕ܲ௘௦௧௜, and if the current value is superior, it is updated. The global best, or ܩ௕௘௦௧, is 

defined as the highest fitness value among all chosen particles.   

Step 5 (Upadating position and velocity of particles): Each particle in the population has its 

location and velocity updated following the assessment procedure. The suggested method modifies 

Eq. (31)  of the traditional PSO to improve tracking accuracy and speed. The inertia weight, social 

and cognitive coefficients are regarded as changeable factors in the APSO-based MPPT algorithm. 
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Eq. (31) can be revised as, 

         ∅௜௞+1 = ߱௞ × ∅௜ + 𝑐1௞ × }1ݎ ௕ܲ௘௦௧௜ − {௜௞ݔ + 𝑐2௞  × ௕௘௦௧ܩ}2ݎ  −                                ௜௞}                                           (32)ݔ

          

The APSO algorithm's convergence behavior is controlled by the term ߱௞× Vk
i,j, which also 

instructs the particles to keep traveling in the previously investigated direction. The inertia weight 

is made time-varying and gradually reduced so that its impact on particle velocity diminishes as 

the number of iterations rises in order to improve tracking efficiency. To encourage exploration, a 

greater inertia weight is first provided, then it is progressively lowered over time to increase 

convergence speed and accuracy. To get a linear variation, the inertia weight is adjusted according 

to Eq. (33).  

 ωk = ωmax − (n+ωmin)nmax                                                                                                                (33) 

where ݊ is the current iteration index, ݊1  is the total number of iterations plus one, and ߱௠௔௫ and ߱௠௜௡ are the upper and lower limits of ߱௞, respectively.      

Eqs. (34) and (35) describe how the values of 𝑐1 and 𝑐2 are changed. Both parameters are initially 

given relatively high values, but as iterations go on, 𝑐1 is reduced while 𝑐2 is raised. In particular, 

the particles can progressively approach the global best solution since 𝑐1  is changed linearly in a 

decreasing fashion while 𝑐2 is varied linearly in an increasing manner with time.      c1k = c1max − (n+c1min)nmax                                                                                                               (34) 

 c2k = c2max + (n+c2min)nmax                                                                                                               (35) 

Were the upper and lower boundaries of 𝑐1 and 𝑐2 are represented by 𝑐1௠௔௫, 𝑐1௠௜௡, 𝑐2௠௔௫, and  𝑐2௠௜௡, respectively.  

Step 6 (Looking for convergence): The convergence requirement is met and the current ܩ௕௘௦௧  

value is chosen as the GMPP when the maximum number of repetitions is achieved or the velocity 

change falls under the designated convergence threshold.    

Step 7 (Re-setting up): The PSO approach is typically used to identify the best solution for issues. 

When tracking solar electricity, the maximum power produced by the panel changes depending on 

the meteorological conditions. In order to locate fresh GMPP under changing air conditions, 

particles must be reinitialized. When the conditions listed in Eq. (36) is satisfied when 

reinitialization is carried out using the suggested method.  

 
௉ುೇ,೙೐ೢ−௉ುೇ,೗ೌೞ೟௉ುೇ,೗ೌೞ೟ ≥ ∆ܲ                                                                                                                (36) 

Due to variations in environmental factors, the objective function also varies during real-time 

operation. In such cases, the agents should be reinitialized to track the new MPP. If reinitialization 

is not performed properly, ௕ܲ௘௦௧ and ܩ௕௘௦௧ may not update automatically with changes in the 

operating point caused by environmental variations. As a result, the operating point may get 

trapped at a local value, preventing the search for a new MPP. To overcome this issue, an additional 

constraint given in Eq. (36) has been introduced. 
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Experimental set up and results 

 

In order to verify the theoretical analysis and simulation results of the proposed SI-SEPIC 

converter, an experimental prototype has been made and tested. The circuit parameters of 

experimental setup are same as those used for simulation. The converter is checked under open 

loop condition. Figure 5 shows the experimental configuration of the suggested converter. PWM 

signals are generated in an open-loop arrangement using an OPAL-RT OP5600 controller with a 

switching frequency of fs=50 kHz. An IRF540N MOSFET and BY229X-500 fast-recovery diodes 

are used in the development of the prototype. The PWM signals are amplified and electrical 

isolation between the control and power circuits is provided by a FOD3180 optocoupler driver 

integrated circuit. The FOD3180 driver is powered by a controlled 12 V DC source. The resistive 

load utilized to test the system is a 0–50 Ω, 5 A rheostat.  
 

 
Fig. 5: Experimental setup of (a) SI-SEPIC converter, (b) SI-SEPIC converter test bench. 

Experimental voltage and current waveforms of SI-SEPIC converter for an input of 18 V, α=0.40, 
Vo=24 V and Po=75 W are shown in Figure 6. Experimental waveforms of inductor L1 and L3 are 

illustrated in Figure 6(a) and Figure 6(b). It is seen that the voltage across the inductor L1 is 18 V 

during ON period and 12 V during OFF period. Average value of inductor current is 2.2 A and 

ripple in inductor current is 1 A. Similarly, the voltage across inductor L3 during the switch during 

ON period is 18 V during ON period and 12 V during OFF period. Average value of inductor 

current is 1.7 A, and ripple in inductor current is 0.80 A. Waveforms of diode D1 and D2 are shown 

in Figure 6(c) and Figure 6(d) respectively. The voltage across the diode D1 is 0.7 V during ON 

period and it is 18 V during ON period. Alike, voltage across the diode D2 is 12 V during ON 

period and 0.7 V during OFF period. Waveforms of diode D4, and D5 are shown in Figure 6(e) and 

Figure 6(f) respectively. Voltage across the diode D4 is 18 V during ON period and it is 0.7 V 

during OFF period. The voltage across diode D5 during ON period is 0 V and it is 12 V during 

OFF period.   
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Fig. 6. Voltage and current waveforms, (a) inductor L1, (b) inductor L3, (c) diode D1, (d) 

diode D2, (e) diode D4, (f) diode D5, (g) switch Q, (f) diode D, (g) capacitor CO and (i) load. 
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Waveforms across switch Q and diode D are shown in Figure 6(g) and Figure 6(h) 

respectively. From the results, it is observed that the voltage across the switch during ON period 

is 0 V and it is 42 V during OFF period. Voltage across the diode D is 42 V during ON period and 

it is 0.7 V during OFF period. Waveforms across capacitor Co and load are shown in Figure 6(i) 

and Figure 6(j) respectively. Voltage across the capacitor Co is 24 V, and ripple in voltage is 0.6 

V. From the results, it is observed that the output voltage is 24 V and output current is 3.13 A.   

A 75 W prototype has been developed in order to validate the suggested APSO-based 

MPPT approach. An OPAL-RT OP5600 controller is used in the lab to implement the APSO-

based MPPT algorithm. The electricity produced by the PV panel is dissipated using a 0–50 Ω, 5 
A rheostat. The suggested algorithm's performance is also confirmed and assessed using a Chroma 

62150H-600S solar array simulator running in SAS mode. The efficiency of the suggested 

technique under various PSCs is assessed by generating distinct I–V characteristics using the 

"SHADOW I–V CURVE SIMULATION" function. A Hall-effect voltage and current sensors are 

employed to measure the input voltage and current of the SI-SEPIC converter. To measure the 

produced voltage and current, voltage and current sensors are attached to the PV panel's output 

terminals. The OPAL-RT controller receives the detected signals for MPPT operation. PWM 

signals produced by the controller are amplified and electrical isolation between the control and 

power circuits is provided by a FOD3180 driver integrated circuit. The driver circuit applies the 

PWM signal produced by the controller to the MOSFET switch's gate. The MATLAB/Simulink 

environment is used to construct the suggested APSO-based MPPT approach, which is 

subsequently built and downloaded into the OPAL-RT controller. Figure 7 depicts the suggested 

system's experimental configuration.  

 
Fig. 7. Experimental Setup of the proposed system. 

Several shade patterns were explored in order to assess the efficacy of the suggested approach 

under PSCs. The suggested technique was also used to analyze a shadow pattern with the 
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operational point situated to the right of the MPP, as seen in Figure 8. With an average power 

output of 42.43 W, the measured tracking efficiency is 99.89%, as shown in Figure 9.  

 
Fig. 8. Shadow pattern 1, the operating point to the MPP's right. 

 
Fig. 9. Shadow pattern 1, the operating point at MPP. 

The tracking procedure is then carried out when the operational point is moved to the left of the 

MPP, as illustrated in Figure 10. With an average output power of 42.26 W, the measured tracking 

efficiency is 99.89%, as shown in Figure 11.   
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Fig. 10. Shadow Pattern 1, the operating point to the MPP's left. 

 
Fig. 10. Shadow Pattern 1, Operating point at MPP. 

The proposed approach was also used to assess another shade pattern, as seen in Figure 11, with 

the operational point situated far from the MPP and to the right. With an average output power of 

56.64 W, the observed tracking efficiency is 99.88%, as shown in Figure 12.   

 

 
Fig. 11. Shadow pattern 2, operating point at right far away from MPP. 
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Fig. 12. Shadow pattern 2, operating point at MPP. 

The tracking procedure is then completed once the operational point is moved to the left of the 

MPP, as seen in Figure 13. The system takes 2.30 seconds to follow the MPP, with an average 

output power of 56.64 W and a measured tracking efficiency of 99.80%, as depicted in Figure 14.  

 

Fig. 13. Shadow pattern 2, operating point at left way from MPP. 
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Fig. 14. Shadow pattern 2, operating point at MPP.  

Conclusion 

A high gain non-isolated SI-SEPIC converter is proposed for renewable energy 

applications in this article. The proposed converter topology aims to achieve at high voltage 

conversion ratio, continuous input current, voltage stress reduction across the semiconductor 

devices and improvement of conversion efficiency. A complete study of the converter covering 

the operating principles, voltage gain steady state characteristics, and design process was carried 

out to demonstrate its performance under practical working situations. The proposed SI-SEPIC 

converter is suitable for interfacing low voltage renewable energy sources with high voltage DC 

loads due to its significantly higher voltage gain, lower input and output current ripple and lower 

output voltage ripple compared to the conventional SEPIC converter. The converter retains the 

benefits of the typical SEPIC topology such as non-inverted output voltage and straightforward 

control, but provides a remarkable improvement in voltage boosting capability. The proposed 

converter was experimentally verified by using a laboratory prototype of 75 W. The practical 

results were in good agreement with the theoretical analysis and validated the stable operation, 

high voltage gain and efficient power conversion under diverse loading circumstances. The simple 

structure, high efficiency, low stress on the components and high voltage boosting capability of 

the proposed SI-SEPIC converter makes it very suitable for photovoltaic systems, fuel cells, 

battery powered systems, DC microgrids, electric vehicles, LED lighting and other high step-up 

renewable energy applications. Future study will include scaling up the proposed topology to 

larger power ratings and investigating advanced digital control approaches to further enhance 

dynamic performance and efficiency. 
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