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Abstract - In recent years, electric vehicles have witnessed a
surge in popularity due to their energy-saving and eco-friendly
attributes. Unlike conventional internal combustion engine
vehicles, electric vehicles exhibit superior performance and
operational efficiency. Within the realm of modern electric
vehicles, power electronic circuits, notably including DC-DC
converters, play a pivotal role. Among these converters, single-
ended primary-inductor converters (SEPIC) find extensive use
in scenarios where minimizing input and output ripple currents
is essential. The primary objective of this project is to conceive
and put into action advanced controllers for SEPIC converters,
catering to a diverse range of applications, encompassing
battery-powered devices, solar energy systems, and LED
lighting systems.
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1.INTRODUCTION

DC-DC converters, which belong to the field of power
electronics, find extensive utility in various sectors such as DC
motor control, communication devices, and providing power to
personal computers [1]. The requirement for voltage variability in
electric networks, where certain loads necessitate higher voltage
than the input while others require lower voltage, underscores the
crucial role played by DC-DC converters. These converters,
characterized by intricate designs, high efficiency, and precision,
are essential for applications involving voltage step-up and step-
down [2]. DC-DC converters have the potential to be employed in
regenerative braking systems for DC motors, allowing the
recapture of energy and thereby leading to energy efficiency gains
in transportation systems characterized by frequent stops [3]. The
DC-DC converter is extensively employed to convert voltage for a
multitude of applications. The primary types of DC-DC converters
include the Buck converter, Boost converter, Buck-Boost
converter, Cuk converter, and SEPIC converter [4]. Because of its

adaptable output gain, the single-ended primary inductor converter
(SEPIC) functions as a DC-DC converter that can both decrease
and increase its output voltage by adjusting its duty cycle [5].

The SEPIC converter is constructed with components such as
an active power switch, a diode, two inductors, and two capacitors,
making it a fourth-order nonlinear system. This Single-Ended
Primary Inductor Converter (SEPIC) is versatile, capable of
functioning in both voltage step-up and step-down modes, and
notably avoids the issue of polarity reversal [6]. SEPIC can
produce an output voltage higher, lower, or equal to the input
voltage. It features a non-inverting output with an easily
controllable ground-referenced switch, and minimal input current
pulsation, making it highly desirable and essential for accurately
tracking the maximum power point in photovoltaic systems. This
also helps in reducing electromagnetic interference (EMI) and,
consequently, the need for additional filtering components [7]. The
presence of the coupled inductor at the converter's input stage,
along with its associated leakage inductance, leads to either
discontinuous input current or significant current fluctuations. As
a result, these characteristics make it less ideal for use in renewable
energy applications [8]. The SEPIC converter is highly
advantageous for power conversion because it can produce a broad
range of non-inverted output voltages [1]. The boost converter
typically exhibits greater efficiency compared to the SEPIC, but it
consistently produces an output voltage that exceeds the input
voltage, leading to limitations in extracting maximum power due
to this inherent inflexibility. The classical SEPIC configuration
offers a notable benefit in comparison to the Buck-Boost and Cuk
configurations: it ensures that both the output and input voltages
share the same polarity. Furthermore, similar to the Cuk converter,
the SEPIC converter boasts the advantageous characteristic of
having its switch control terminal linked to the ground [9].

When dealing with the management of DC-DC converters,
there are two distinct goals to consider: optimizing performance
and maximizing efficiency. Since DC-DC converters naturally
exhibit variable structure characteristics, employing a control
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strategy rooted in the sliding mode theory seems to be an attractive
option [10]. This approach demands lower inductor current but
leads to more pronounced fluctuations in both voltages and
currents when contrasted with passivity-based control. A
significant drawback of nonlinear control techniques is the
necessity for the installation of four sensors to measure voltages
and currents across capacitors and inductors, respectively [11]. A
Proportional-Integral-Derivative controller, commonly known as a
PID controller, is a prevalent feedback control system utilized
across various industries. It calculates an error signal by comparing
the measured process variable to a target setpoint and then seeks to
minimize this error by making adjustments to the system using a
controlled variable [12]. In recent times, the fuzzy logic controller
(FLC) has gained growing interest among researchers for its
application in controlling converters, motor drives, and various
other process control systems. It is preferred over conventional
controllers due to its ability to deliver superior responses. Fuzzy
controllers can effectively handle the imprecise nature of weather
variations encountered by PV arrays. However, a common
limitation of many fuzzy-based Maximum Power Point Tracking
(MPPT) algorithms is that they tend to shift the tracking point away
from the maximum power point when weather conditions change

[5].

2. MODELLING AND OPERATION OF SEPIC
CONVERTER

2.1. OPERATION OF SEPIC CONVERTER:
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Figure 1. Circuit Diagram Of SEPIC Converter

The SEPIC converter comprises an active power switch
(MOSFET), adiode, two inductors (L1, L2), and two capacitors
(C1, C2) as illustrated in Figure 1. When operating in the
Continuous Conduction Mode (CCM), there are two switching
modes to consider: Mode 1 occurs when the switch is in the ON
position, and Mode 2 happens when the switch is in the OFF
position. [4]

2.1.1 MODE 1(SWITCH ON STATE):

When switch S is in the ON position, inductor I1 is charged by
the source voltage Vs. Assuming that coupling capacitor c1 is
initially charged to the source voltage Vin when switch S is ON,
the coupling capacitor discharges through inductor 12. By
considering the polarities of the diode we can say that the diode
is in reverse-biased, and the output capacitor supplies current
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Figure 2. circuit diagram in the ON state of the switch.
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2.1.2 MODE 2 (SWITCH OFF STATE):

When switch S is turned OFF, the circuit configuration, as
depicted in Figure 1(b), comes into play. In this state, inductor
11 releases its stored energy, causing the coupling capacitor c1
to charge. As a result, the polarity of inductor 12 changes to
counteract the shift in the current direction, leading to the
activation of diode D. Consequently, inductor 12 discharges
energy, flowing through both the output capacitor and the load

in the circuit [4].
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Figure 3. Circuit diagram in the off state of switch

dll
Vinput + ll —1= =V, + Ve, (4)
dv v, . .
v, d; + =2 CZ =i, +1p, (5)
di;
v, = ©)

2.2 MODELLING OF SEPIC CONVERTER:

Fig. 1 displays the schematic representation of a SEPIC converter.
The equations that describe how the SEPIC converter operates can be

expressed in the following manner.

dio _ Vinput _ q_p) YeotVoutput
to the load [4]. dt ~ Lo (1-m) LO )
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In this context, 'm' signifies the control input, taking on a value of
when switch S is in the ON state and 0 when it's in the OFF state. It|

3.1 FUZZY LOGIC-BASED CONTROL METHOD:

Fuzzy logic stands out among various intelligent controllers
due to its easy integration into systems. In the context of the
SEPIC MPPT scheme, a fuzzy controller demonstrates
remarkable accuracy in current transitions and maintains stable
voltage even under variable loads. This leads to minimal
steady-state errors and overshoots. In photovoltaic systems
utilizing inverters, Fuzzy Logic Control (FLC) enhances the
output sine wave precision, provides superior dynamic
performance amidst rapidly changing atmospheric conditions,
maximizes power utilization, and reduces Total Harmonic
Distortion (THD) compared to traditional PI-controlled
clonverters. The Pulse Width Modulation (PWM) adjusts its
uty cycle based on the control signal, creating feedback from

clear that the converter's mathematical model consists of fnge output signals like voltage, current, and power to generate

interconnected differential equations.
3. DIFFERENT CONTROL METHODS FOR SEPIC
CONVERTERS:

3.1 PROPORTIONAL INTEGRAL DIFFERENTIAL
CONTROLLER:

PID control has gained global acceptance, particularly in
intricate industrial processes requiring precise system
performance. A PID controller combines proportional, integral,
and derivative components of the error signal. Each element
contributes specific advantages to enhance the overall system
response. The PID control method is suggested to establish a
precise operational point for the SEPIC system. It adjusts the
SEPIC configuration to stay closely aligned with this point, even
when unexpected disturbances, changes in set points, or noise
occur. The PID controller generates specific PWM pulses to
regulate the SEPIC converter's switch. By comparing the sensed
output voltage with the desired reference voltage, any
discrepancies are detected. The PID controller then corrects this
difference by adjusting the duty cycle value used in PWM
generation. To design a PID controller for a SEPIC converter, it
is crucial to determine the appropriate values for the
proportional, integral, derivative, and anti-windup (P, I, D, N)
coefficients. However, finding the right combination of
coefficients that ensures optimal performance for the control
system is a challenging endeavor that requires careful analysis
[13].
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Figure 3. Block diagram of a system featuring a PID controlled SEPIC
converter

a reference signal. This signal adjusts itself unpredictably,
depending on the maximum power achieved through changes
in the duty cycle. The system can attain the maximum power
point in scenarios such as grid-connected setups, full-load
conditions, or during battery charging in standalone systems

[5].

Fuzzy Logic controller

Knowledge
base

A 4 A 4

V Ref em

"] Fuzzfication Defuzzification

Diff »

A4

e(n)
Decission
Making

Vout d(m)
. Controlled

System

Figure 4.Block diagram of Fuzzy logic control

3.3 SLIDING MODE CONTROL:

Sliding Mode Control is a nonlinear control method
employed for Variable Structure Systems, including DC-
DC converters. In DC-DC converters, various orders of
Sliding Mode Control, ranging from first order to third
order, have been applied. The choice of Sliding Mode
Control order is contingent upon the number of state
variables being controlled. An important benefit of Sliding
Mode Control is the ability to reduce the order, which is a
notable advantage. Moreover, this approach can be
seamlessly combined with consistent switching frequency
strategies, PWM control, and soft computing
methodologies. Sliding Mode Control has applicability
across Variable Structure Systems (VSS) as a versatile
technique. DC-DC converters are said to be VSS since they
have different structures depending on the switching
conditions. Among all the control techniques, the SMC
method deserves recognition due to its remarkable
performance in meeting the mentioned control goals.
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Nevertheless, despite the notable advantages of current Refeence
SMC approaches, they face challenges related to a lack of Model

a systematic controller design methodology and increased
complexity. It was demonstrated that indirect attainment of
output voltage control is possible by employing a sliding Adaption Law
surface function based on the error in input current.[14]
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Figure 6. Block diagram of Adaptive sliding mode controller
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Table-1: Comparison between the controllers:

Inductor | Linear Voltage [ =
Current Control Control A + DESIGN AND OPERAT SETTLING
IMPLEMENT ING TIME
ATION POINT
Sliding Mode Contro Ref | Voltage
Figure 5. Block diagram of sliding mode controller Straightforward React The time taken
. PID in its design and promptly to reach a
3.4 ADAPTIVE SLIDING MODE CONTROL: CONTROL straightforward and stable state is
LER in its execution, specificall greater  than
An adaptive sliding mode controller represents a specialized requiring y when |that of the
control system that dynamically tunes its parameters and uncomplicated encounterl standard PID
. . K . planning and ng controller,
strategies to effectively manage a dynamic system, particularly execution. significant indicating ~ a
when confronted with uncertainties or fluctuations in the disruption prolonged
system's behaviour. The primary challenges in implementing s or | period for the
Sliding Mode Control are closely linked phenomena chattering Sésmirganz iszts;em tosettle
and the excessive intensity of control actions. It's a widely substantial | equilibrium.
recognized fact that the level of chattering is directly load
proportional to the discontinuous nature of the control. These : scenario. :
issues can be effectively addressed concurrently by minimizing Straightforward React The —  time
. FUZZY in design and promptly required to
the magn.l‘Fude to the lowest accepta.ble threshold, a.s (.ieﬁned by LOGIC execution. to stabilize  is
the conditions necessary for the existence of the sliding mode. CONTROL fluctuatio greater
This adaptability serves to achieve robust and stable control, LER ns in the | compared to
even when confronted with changing conditions or operating the traditional
. . .- point and PID controller.
d1§turbances. Afiapjuve . Slldll’l.g mode ' cont'rollers ﬁnd instability
widespread application in various domains like robotics, in the load
aerospace, and automotive control systems, where they prove conditions
invaluable in addressing the complexities posed by Incredibly Respond The  settling
dictabl dd . . Utilizi dati SLIDING straightforward suitably to time is
unpre 19ta e and dynamic environments. Uti izing a aptlYe MODE in both concept changes in extremely
control is a highly effective method for managing changes in CONTROL and the short.
parameters. Consequently, adaptive sliding mode control offers LER implementation. operating
the benefits of merging the robustness seen in variable structure Cogd‘t'ons
. . eqeye . . an
methoqs with the tracking capabilities found in adaptive control disturbanc
strategies [15][16]. es in the
load.
The design and The The function
ADAPTIV implementation operating of settling time
E SLIDING of adaptive point in is to ensure
MODE sliding mode Adaptive that the output
CONTROL control can be Sliding voltage
LER challenging and Mode stabilizes
complex. Control within an
(ASMC) acceptable
represents range as
the ideal rapidly as
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state possible after a
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controlled change in load,
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converges converter's

s transient
minimizin response  and
g the overall perfor
tracking mance.

error and

ensuring

stability.

4. CONCLUSIONS

The study has evaluated its effectiveness of different control
methods used for SEPIC converters. The control approaches
like fuzzy logic, PID, sliding mode and adaptive sliding mode
are compared and discussed. These controllers find extensive
use across diverse applications. Each one carries its unique set
of pros and cons, and determining the most suitable controller
for a specific application hinge on various factors, including the
system's behavior, desired performance, and financial and
implementation limitations. If the way a system behaves is
complicated or not clear, it's better to use a controller that can
handle uncertainty. If you need the system to work really fast
and accurately, a controller that can process information
quickly is a good idea. But if you're on a tight budget or have
limited ways to put the system in place, a simpler controller is
a better option. PID controllers are a good choice for most
applications. However, if the system dynamics are complex or
poorly understood, or if fast and accurate performance is
required, then SMC, ASMC, or fuzzy logic controllers may be
a better choice.
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