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Power converters are widely used in renewable energy conversion systems such as 
photovoltaics. Their main role is to adapt the output voltage to a desired voltage 
shape. SEPIC is a DC/DC converter that has several advantages over other 
conventional structures in the same family. It is classified as a conversion structure 
with complex fourth-order topologies. A multi-physics model under 
MATLAB/Simulink is used to analyze the time behavior and design the appropriate 
controller. After system dimensioning, a linear control technique is adopted to 
generate the control law. The selected controller is PID. After sizing, modeling and 
simulation of the converter/regulator system, disturbances such as input voltage and 
load variations will be applied to verify the complete system robustness. Then, the 
digital PID control algorithm will be implemented on an embedded platform around 
an 8-bit microcontroller, the PIC18F4550. The controller parameters will be 
identified experimentally in the overall closed loop system. The results show the 
reliability of our system in terms of dynamics, stability, and accuracy. The main 
contribution to this work is the optimization of the PID controller for an 8-bit 
microcontroller architecture and the application of a SEPIC converter. In addition, 
we have proposed an online identification method using three potentiometers 
. 

Keywords: SEPIC Converter, PID controller, Microcontroller, PIC18F4550, DC-DC power 

converters, Photovoltaic Applications. 

1. Introduction1 

 

Renewable energies (RE) are energy sources that are naturally renewed fast enough to be 

considered inexhaustible on a human scale[1]. They derive from cyclical, constant, or 

random natural phenomena induced by; the Sun for the heat and light that it generates, the 

wind for the kinetic energy that it produces, or hydraulic energy due to ocean currents[2]. 

Today, power electronics converters play a vital role in harnessing the energy produced and 

controlling systems in a wide range of applications, from the smallest, such as power 

harvesting and integrated devices, to the largest, such as electrical machine control, power 

generation and transmission[3]. DC-DC power converters are widely used in renewable 

energy conversion systems, particularly photovoltaics[4]. They are used to adapt the input 

voltage of a system to the desired output voltage. They are found in MPPT solar 

regulators[5], photovoltaic inverters, and battery management systems (BMS)[6]. 

Power converters use electronic components based on semiconductor switches, usually 

Bipolar, MOSFET or IGBT technology. These transistors operate at different power and 
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frequency levels, ranging from low mains frequencies to high frequencies. In order to 

optimally take into account the different requirements of various applications, power  

converters are classified according to several characteristics[7]. These include isolated or 

un-isolated converters, powered by current or voltage, and switched either hard-switched or 

soft-switched. In the literature, there are four different types of conversion between two 

initial forms of energy (AC-DC, DC-AC, DC-DC and AC-AC)[8][9]. The switch from one 

form to another depends strongly on the application. For example, domestic grid-connected 

devices require an AC-DC converter in their energy processing systems, such as 

televisions. In addition, the integration of renewable energy sources into the grid requires 

the use of inverters or so-called DC/AC converters to produce a constant or variable 

alternating voltage output[10][11]. Still, many battery-powered devices use DC-DC 

converters to provide the DC voltage required by the various internal components. In 

addition, as mentioned above, DC-DC converters are used to optimize the energy produced 

by renewable energy sources such as photovoltaic panels and wind turbines[12]. In order to 

change the voltage or frequency of an AC power source, AC/AC converters are required 

(e.g. a dimmer switch and a mains frequency changer). Power converters are non-linear 

systems with a variable and complex structure[13]. Therefore, their performance does not 

only depend on the design of the hardware part, but it is highly dependent on the adopted 

control law. For this reason, it is important to understand some basic principles related to 

power converter control. In the literature, the Average State Space model is used to model 

and analyze the behavior of DC-DC converters in order to design appropriate 

controllers[14]. There are three classes of control depending on the choice of the control 

input.  

• PWM-BasedLinear Control 

• Control WithoutModulator 

• Control With Embedded Modulator 

 

The Pulse With Modulation (PWM) based linear control class presents the most widely 

used control structure for controlling linear systems, including power converters. In this 

case, the controller must track the average value of the converter output, which can be 

either a value of current, voltage, torque, power, etc. Therefore, it generates an average 

control input (�). This control signal can not be directly operated by the converter. It is 

synthesized by a modulation stage. Therefore, the controller generates a duty cycle to 

control the average output value. To design this class of controller, the average model is 

normally adopted while neglecting the modulator effect[15]. The advantage of using a 

modulator is that it sets the switching frequency of the converter and produces a well-

defined spectrum. Therefore, several control objectives can be met by including the 

modulator in the control loop. The PWM control technique uses linear controllers such as 

proportional integral (PI), or proportional integral derivative (PID) or non-linear controllers 

such as sliding mode, fuzzy logic,etc[16]. 

 

In this work, we will present the modeling and dimensioning of a non-isolated DC/DC 

converter of the SEPIC type in continuous conduction mode (CCM). The converter 

operates in an environment exposed to different disturbances sources such as variable input 

voltage or load. This causes a variation in the DC-DC converter operating point. The state-

space representation or transfer function is established in the MATLAB/Simulink 

environment. In addition, Bode and pole diagrams have been drawn for the transfer 

function of the converter. To regulate the output voltage, a PID regulator will be adopted. 

Then, a physical simulation will be performed under Proteus ISIS to verify the correct 

operation of our design using real components. The PID controller will be fully 

implemented in an 8-bit microcontroller PIC18F4550. It performs two main tasks. The first 
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one is to execute the algorithm of the digital PID regulator to generate the control law (�). 

The second one is to transform this control variable into a real PWM output that can be 

understood by the SEPIC converter using the internal Compare, Capture, PWM (CCP) 

module of the microcontroller. 

SEPIC modeling and sizing 

1.1 Electrical Model 

 

The SEPIC (Single Ended Primary Inductor Converter) is a DC-DC converter type that 

provides a DC output voltage greater than, less than or equal to the input voltage [17]. The 

output voltage of this converter type is controlled by a PWM signal with a variable duty 

cycle. The control signal directly drives the power switch used in this converter, which is 

usually a MOSFET. The hardware structure of the SEPIC converter is shown in Fig. 1. It is 

similar to the BUCK-BOOST converter, but has the advantage of having a non-inverted 

output. 

 
Figure 1: The hardware structure of the SEPIC converter 

 

There are two operating modes of the SEPIC converter, depending directly on the shape 

of the current IL1 flowing through the input inductor L1. The mode is called continuous 

conduction mode if the current flowing through inductance L1 never turns off (CCM). In 

some cases, the amount of energy required by the load is small enough to be transferred in a 

time shorter than a switching period. In this case, the current flowing through the 

inductance becomes zero for part of the period, the so-called discontinuous conduction 

mode (DCM). The SEPIC converter operation study is carried out in two operating phases 

depending on the conduction state of switch �1.  

 

1.2 Convertersizing 

 

Fig. 2 shows the active state of switch S1 (saturated transistor). An input voltage VIN is 

applied to the input inductor L1 terminal. The current flowing through this inductor will 

increase linearly, thus storing energy in L1. At the same time, the energy in capacitor C1 

passes through inductance L2 and the energy in capacitor C2 passes through charge RL. 

The output voltage VO is held constant by capacitor C2. 

 
Figure 2: SEPIC Converter ON state 
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Fig. 3 shows the second operating state of the SEPIC converter, when switch S1 is open 

(transistor blocked). This state implies that diode D1 is forward biased. Therefore, it is 

conducted. It allows the current ID1 to flow. Then, the energy stored in the inductor L1 is 

returned to the capacitor C1 and the stored energy in the inductor L2 is transferred to C2. 

 
Figure 3: SEPIC Converter OFF state 

 

A PWM signal with a variable duty cycle is used in order to be able to vary the output 

voltage according to the applied set point in order to have a constant output voltage. The 

inductance values are mainly determined by the accepted ripple current ∆L. In general, a 

40% ripple is allowed[14]. The ripple current flows through inductances of values equal to 

L1 and L2. C1 is a coupling capacitor inserted at the input to pass the effective current. The 

capacitor C2 at the output of the SEPIC converter is used to filter the output voltage and 

keep it constant. The S1 Transistor must be able to support the sum of the two input and 

output voltages, and to be crossed by a peak current equal to the sum of the peak currents of 

each inductor. The diode D1 has the same parameters as the transistor S1. It must support a 

maximal output current. In addition, it must support a reverse voltage equal to the voltage 

supported by the transistor S1. The TABLE I summarizes all the mathematical expressions 

governing the parameters that are included in the sizing phase. 
 

TABLE I  SEPIC Parameters expressions 

Components Symbol Expression 

Duty Cycle � �� + ��

�	 + �� +  ��

 

Ripple Current ∆I� =  �	 × 40% 

=  I�

V�

V����
 × 40% 

Inductor 1 L� V����

∆I�  ×  f 
D��� 

Inductor 2 L  V����

∆I�  ×  f 
D��� 

Input Capacitor !� �� × "#$%

∆�&� ×  '
 

Output Capacitor !  �� × "#$%

∆�& ×  ' × 0.5
 

 

1.3 Sizing results 

 

Based on the analytical expressions given by the equations in TABLE I. The sizing 

results of the different components of our SEPIC converter are obtained. TABLE II shows 

the parameter symbol, the analytical value after calculation of the associated expression and 

the practical value to be used in the real system. 
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TABLE II SEPIC Parameters values 

Parameters Analytical values Practical values 

*+ 37.085e
-06

 H 40 µH 

*, 37.085e
-06

 H 40 µH 

-+ 280.22e
-06

 F 470 µF 

-, 98.077e
-06

 F 100µF 

. 50 KHz 50 KHz 

/ 0.7356 74% 

01 7.5Ω 10Ω 

23 0.7 v 0.7 v 

 

PID controller design 

1.4 SEPIC converter Model 

The main objective of controlling the SEPIC converter in a closed loop is to obtain robust 

behavior of the output voltage, and to maintain it constant and precise regardless of external 

disturbances that influence the normal operation of the system. The block diagram of a 

closed-loop system is shown in Erreur ! Source du renvoi introuvable.. 

 
Figure 4: Closed-loop system synoptic diagram 

 

The SEPIC converter is controlled in voltage mode. The PWM modulator is configured 

with an independent time base. The output voltage is measured by a voltage sensor and sent 

to the microcontroller. This value is subtracted from the voltage reference in the software 

part to calculate numerically the voltage error. 

This error is then introduced into a control algorithm that produces a duty cycle value 

based on the current error, the previous error, and the control history respectively. The 

control algorithm output is also latched to the minimum and maximum duty cycle values 

for hardware protection. The control algorithm in voltage mode must be executed at a fast 

rate in order to achieve fast system dynamics. Among the linear control techniques is PID, 

also called PID corrector (proportional, integral, derivative). It is a control system for 

improving the performance of a closed-loop control of a given system[18]. It is the most 

widely used controller in the industry where its correction qualities apply to multiple 

physical quantities. A PID controller is a calculation algorithm that delivers a control signal 

based on the difference between the set point and the measurement. It acts in three ways: a 

proportional action where the error is multiplied by a gain G, followed by an integral action 

where the error is integrated and divided by a gain Tiand finally, a derivative action where 

the error is derived and multiplied by a gain Td. 

In order to combine these three effects (P, I, and D), we distinguish several possible 

configurations, which are; serial, parallel, or mixed. In this work, we adopt a parallel PID 

structure that acts on the error. The equation used to describe the parallel PID controller is 
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translated into the feedback loop Eq (1). This form is t

parallel equation, because each action (P, I, and D) occurs in separate terms of the equation, 

the combined effect being a simple sum. The control signal at the output of the PID 

controller is given by: 

45�6 = 78	e5t6 � 7
With the control error express as shown in the equation

;5�6 
Where (�) is the output measurement, 

to as the set point, and (�) is the control signal generated at the controller output. The 

control signal is therefore the sum of the following three terms; a proportional term to the 

error (P), a term proportional to the integral of the error (I) and a term (D) which

proportional to the derivative of the error. The controller parameters are the proportional 

gain Tp, the time integral Ti, and the derivative time 

1.5 Controller design 

 

In this part, we will show how to design a PID controller for the DC/DC converter 

type presented and dimensioned previously. This power electronics system (SEPIC) will be 

modeled and simulated in the Simulink environment using SimScape Electrical multi

physics components. Many power electronics systems cannot be linearized because

variable-structured systems and use high

this case), such as the present SEPIC DC/DC converter that incorporates a pulse

modulator (PWM). However, most PID tuning tools and techniques design PI

on a linearized model. To obtain such a model for a system that cannot be linearized, we are 

faced with two possibilities; either to estimate the parameters of the linear system model 

using the System Identification Toolbox software, or to es

the system over a range of frequencies. The complete model including the SEPIC converter 

plus the PID control chain is given in Figure 5

Figure 5: PID Controlled SEPIC converter SIMULINK Model

 

In this model, a MOSFET controlled by a pulse width modulated (PWM) signal is used to 

switch the transistor. The output voltage V

PID controller takes the voltage error (V

ical Systems 18-2 (2022): 288-303 
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translated into the feedback loop Eq (1). This form is the simplest, sometimes called the 

parallel equation, because each action (P, I, and D) occurs in separate terms of the equation, 

the combined effect being a simple sum. The control signal at the output of the PID 

6 7<=;5�6���	7> �;5�6��  (1) 

With the control error express as shown in the equation (2). 

6 ?@	A B ?5�6 (2) 

) is the output measurement, ?@	Ais the reference variable which is often referred 

) is the control signal generated at the controller output. The 

control signal is therefore the sum of the following three terms; a proportional term to the 

error (P), a term proportional to the integral of the error (I) and a term (D) which is 

proportional to the derivative of the error. The controller parameters are the proportional 

, and the derivative time Td. 

In this part, we will show how to design a PID controller for the DC/DC converter SEPIC 

type presented and dimensioned previously. This power electronics system (SEPIC) will be 

modeled and simulated in the Simulink environment using SimScape Electrical multi-

physics components. Many power electronics systems cannot be linearized because they are 

structured systems and use high-frequency switching components (transistors in 

this case), such as the present SEPIC DC/DC converter that incorporates a pulse-width 

modulator (PWM). However, most PID tuning tools and techniques design PID gains based 

on a linearized model. To obtain such a model for a system that cannot be linearized, we are 

faced with two possibilities; either to estimate the parameters of the linear system model 

using the System Identification Toolbox software, or to estimate the frequency response of 

the system over a range of frequencies. The complete model including the SEPIC converter 

Figure 5 

 
PID Controlled SEPIC converter SIMULINK Model 

this model, a MOSFET controlled by a pulse width modulated (PWM) signal is used to 

switch the transistor. The output voltage Vout must follow the reference value Vref. A digital 

PID controller takes the voltage error (Vout - Vref) at the input and adjusts the PWM duty 



A. GAGA et al: low cost PID controller implementation of SEPIC Converter using 8-bits 
Microcontroller Target for Photovoltaic Applications 

 

294 

cycle at the output according to this error. To design the PID controller, we first need to 

determine the steady state operating point at which we want the converter to operate. In this 

work, we will use an operating point estimated from a simulation snapshot. The principle is 

to specify the initial conditions of the model near an expected steady state point, and 

simulate the model until it reaches a steady state. One can then create a linear operating 

model based on the signals and equilibrium states. Afterwards, the model is initialized with 

the inputs and states of the selected operating point. Before setting the parameters of the 

PID control block, the structure of the controller must first be specified. Including the type, 

shape, time domain, initial conditions, output saturation level, and anti-windup 

configuration. In this work, we will use the current configuration of the controller, i.e. a 

PID controller in parallel form with a discrete time domain without anti-windup. Once the 

operating point of the SEPIC converter has been determined, the next step is to identify the 

system parameters. For identification, a finite value for the Simulink model's stopping time 

must be specified. Then the input data of the I/O will be used as the input of the Simulink 

identification system. The simulation of the system as seen by the controller has started. 

The software temporarily removes the PID Controller block from the model, then injects a 

signal at the location of the PID block output and measures the resulting signal at the 

location of the PID block input. This data describes the system response as seen by the 

controller. Based on this response, a linear model of the SEPIC converter is estimated. The 

excitation signal is a step whose properties are given in Figure 6 

 
Figure 6: excitation signal Input Specifications 

 

SIMULINK's PID Tuner utility identifies the equivalent model using the data generated 

by the open-loop model simulation. The model parameters are set so that the identified 

system response, when receiving the measured input, matches the measured output. 
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Figure 7:SEPIC model estimation progress and results 

 

After system identification, we found that the Prediction error estimate for linear and 

nonlinear model usingprediction estimation method (PEM) was able to generate a model 

that made the real system within 97.61% as shown in Fig. 7. The approximation model 

adopted is a first-order system whose transfer function is given by equation (3). 

CD  	 7E
1 � G. H (3) 

After identifying the transfer function of the SEPIC converter to a selected operating point 

in steady state, this function will be used to determine the parameters of the controller. An 

identification algorithm will be executed based on the selected input performance to 

produce the optimal combination of the three controller actions. The result of the controller 

parameters as well as the performance and robustness indications are shown in F Figure 8: 

PID controller parameters and response performance 

 

 

 
Figure 8: PID controller parameters and response performance 

Microcontroller implementation 

1.6 PIC18F4550 Microcontroller 

For the PID controller implementation, we opted for the PIC18F microcontroller from 

Microchip Technology. This range of microcontrollers has an 8-bit processor and offers 

more performance compared to the PIC16F family. The PIC18Fxxxx microcontroller 

family can operate at speeds up to 12 MIPS (12 Million Instructions per Second) and has a 

hardware accelerator to optimize execution time and increase CPU performance[19]. 

Among the hardware accelerator that have completely changed the structure of this family 
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is the hardware multiplier. The latter is widely used for faster control algorithms 

calculation, which is an asset for our application due to the large number of operations that 

can be contained in the intended applications. Matrix calculation in the PID algorithm, for 

example. The PIC18F4550 therefore has higher computing power and allows a code size 

reduction for multiplication algorithms. In addition, it can handle many applications that 

were previously reserved for digital signal processors (DSP). A comparison of various 

hardware and software multiplication operations, as well as the savings in memory and 

execution time, is shown in TABLE III.  

 
TABLE III HARDWARE VS SOFTWARE MULTIPLY TIMING 

 
 

In addition, there are variants in the PIC18F family with specialized control peripherals, 

including a PWM hardware module capable of generating pulse-width modulated signals, 

which is widely used in many applications. In our study, the PIC18F4550 was used to 

generate PWM signals. It is capable of generating a very high PWM frequency. It has two 

RC1 and RC2 channels to produce PWM. The CCP module has several operating modes, 

but in this work, it will be used in the PWM one. To force this mode, the first three bits of 

the ECCPxCON control register must be set and the proper configuration must be done. 

The PWM of a specific frequency is created by setting the proper clock value to force the 

desired PWM period. The required clock value is determined by the following equation (4). 

 

IJK	I;L�M�  	 N5IO26 � 1Q × 4 ×	CR�S × 5CKO2	IL;TUVW;6 (4) 

In this work, the microcontroller is synchronized using a 20 MHz crystal oscillator. By 

choosing a suitable value in the PR2 register and the TMR2 prescale, we can specify the 

period of the PWM control signal and, therefore, the operating frequency (39 KHz is 

selected for the hardware during the test). Other variants of the PIC18F family have an 

ECCP module, which is also found on the peripherals of the PIC16Fxx family. It is capable 

of synchronizing the control and digital acquisition of multi-input systems. The source code 

developed for the PIC16F family can be easily migrated to this controller family. In 

addition, it has a complete analog acquisition interface with TTL electrical levels (0-5V) 

with the possibility to choose other references, including negative ones. The PIC18f4550 

offers the advantages of all PIC18 microcontrollers’ series; high performance at an 

economical price, enhanced high performance flash memory, hardware accelerators and 

serial communication modules such as USB. In addition to these features, the PIC18F4550 

family introduces design enhancements that make these microcontrollers a logical choice 

for many applications that require high runtime performance and low power consumption, 

which is exactly the need of our real-time embedded solution. 
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1.7 Hardware implementation 

 

After designing, sizing, and simulating our SEPIC converter, and the control structure 

under the MATLAB/Simulink environment, we proceed directly to the practical part of this 

work, which is divided into two elementary phases. The first one is the choice of the 

components to realize the SEPIC system, and for that, we have to respect several 

constraints imposed by the component availability in the market. As a power switch, a 

power transistor of the IRF230 MOSFET type will be used. In contrast to the transistor 

control in the MATLAB/Simulink simulations, this element cannot be driven directly by a 

logic circuit, so an electrical level adaptation stage called a driver must be used. It must be 

inserted between the transistor and the control unit. As a driver, we have chosen the IR2112 

component. To recover the output voltage, we use a voltage sensor in the form of a voltage 

divider dimensioned to be able to measure the maximum voltage that the SEPIC converter 

can produce. An alphanumeric LCD display is also used in the assembly to display system 

related information such as the set point and the actual output voltage. 

 

 
 

Figure 9: PID implementation algorithm on PIC18F4550 

 

As far as the control part is concerned, as mentioned above, the PID control algorithm 

will be implemented in the PIC18F4550 microcontroller. In addition to developing the 

control law, this processing unit transforms the control signal U(�) into a real PWM 

control signal that will directly drive the transistor. In addition, the microcontroller 

manages at the same time the display of the information on the LCD display. Three 

potentiometers, RV1, RV2 and RV3, are connected to the analog port of the MCU, 

which reads and analyzes in real time the analog values on the port and transforms them 

into a suitable range to adjust the gains rates of the PID regulator. The complete 

electronic circuit is given in Figure 10. 
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Figure 10: Electronic schematic of SEPIC controlled PID system 

Results and Discussion 

After designing the SEPIC converter, and following the process of implementing a PID 

controller to improve the performance of this system, whether in terms of dynamics, 

accuracy, or stability, we now move to the validation phase and results analysis. To do so, 

this part will be divided into two phases. First, we will discuss the results obtained under 

the MATLAB/Simulink environment, then move on to the actual validation stage under the 

PROTEUS simulation environment. As mentioned previously, the objective of this work is 

to develop a power converter capable of generating from a fixed or variable voltage a well-

regulated voltage output. This voltage must be between 0 and 24 volts, which is the 

possible set point range for this system. The SEPIC system tested is the one given in Fig. 5 

with an input voltage equal to 12 volts. The verification of the system behavior following 

several set points will be done. The chosen test values coincide perfectly with the values of 

the standard power supplies or voltage sources. Fig. 11 shows the response of the system to 

5, 9, 12, 15, 18 and 24 volts respectively. It can be clearly seen that the system is capable of 

precisely following the required set points, guaranteeing high performance with a response 

time of no more than six milliseconds in the case of a 24-volt set point. In addition, it is 

clearly noticeable that the system is perfectly stable and that the errors are negligible. 

 
Figure 11: SEPIC multi output voltage controlled by PID (VIN = 12 volts) 

 

After verifying the correct behavior of the SEPIC converter in terms of reference 

tracking, the second test consists of checking the system robustness following a load 

variation for the same reference. Erreur ! Source du renvoi introuvable.12shows the 

system response for several load values, respectively 20, 50, 100, and 10 Ohms. It can be 
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noticed that the transient behavior becomes worse as the load increases, and the system 

behaves like a second order and presents oscillations, but the proposed controller is able to 

drive the response towards the desired value while still guaranteeing the selected 

performance. The response time does not exceed 20 Milliseconds for a 100 Ohms load. 

Stability is always guaranteed and accuracy is acceptable. 

 
Figure 12: SEPIC Output voltage under Load variation (VIN = 12 volts) 

 

The test scenario that follows is a mixture between a reference change and a load 

variation in the same simulation cycle. The process is as follows: at the beginning, a set 

point of 18 volts and a constant load are chosen, then at the 50 millisecond instant, the set 

point is abruptly changed from 18 to 5 volts, and at the instant of 75 milliseconds, the load 

is changed and the reference is kept at 5 volts. The response of the designed system to this 

test is given in Fig. 13. It can be noticed that the system always keeps its performance and 

resists to the reference change and load perturbation. 
The final verification test is performed to check the system's performance against one or 

more disturbances from the source, which is no longer constant in this case. For this 

purpose, we will set the set point at 18 volts, and at the input, we will choose a multi-level 

voltage source. The expected result of this test is to have an output equal to the value of the 

selected set point and the system rejects more quickly the disturbances produced due to the 

input voltage change of the converter system. The predictable behavior of this test is 

confirmed by the result shown in Fig. 14. In this test, we have considered three levels of 

input voltage, respectively, 12, 9 and 15 volts; the load value is fixed at 10 Ohms. The 

system shows again that it is able to reject any source of disturbance and guarantee an 

optimal response. The selected set point is 18 volts. 
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Figure 13: Load and reference variation test (VIN = 12 volts) 

 

 

Figure 14: SEPIC Input voltage perturbation test 
 

The control law produced by the controller that gives the results is given in Fig. 14 

(orange signal). We can clearly notice the ability of the controller to reject each time the 

disturbances that appears in the system. Now, after having validated the correct operation of 

our design to regulate the SEPIC converter output voltage, we move on to practical PID 

algorithm validation in hardware. The PID regulator is fully implemented on the 

PIC18F4550 microcontroller. The results given by Fig. 15 and Fig. 16 show clearly the 

correct operation of our system on the hardware target. The two output voltage responses 

are tested respectively at 24 volts and 15 volts. The microcontroller is therefore running the 

PID algorithm in such a way to achieve the same performance confirmed by 

MATLAB/Simulink simulation. 
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Figure 15: SEPIC voltage output controlled by PIC18F4550 (REF = 24V)

Figure 16: SEPIC voltage output controlled by PIC18F4550 (REF = 15V)

 

Figure 17shows the hardware information of our microcontroller implementation, including 

the used reference, the XC8 compiler, the memory space consumed on the flash program 

memory as well as the reserved space on the RAM

tool PICkit3 

Figure 17: Hardware implementation information
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Conclusion 

In this work, we have developed a DC/DC conversion system including a PID controller. 

The objective is to optimize and implement a digital controller version to regulate the 

output voltage. The embedded target selected for this work is the low-cost 8-bit 

microcontroller. We started by sizing and simulating the open-loop system, then we 

linearized the model at an operating point to derive the equivalent transfer function of the 

system, then we inserted the regulator whose parameters were identified based on the 

estimated linear model of the converter. The set of simulations performed under 

MATLAB/Simulink show the good performance of our solution. The performed 

simulations and test scenarios clearly demonstrate the system dynamics, which became fast, 

as well as the stability and accuracy of the response. After all simulations, a migration to 

hardware was done by implementing the PID controller on a PIC18F4550 microcontroller. 

The implementation results proved that the entire SEPIC/PID system worked well 

experimentally based on real models of the electronic components in the PROTEUS 

environment. This solution may be used in a wide range of applications, such as MPPT 

solar regulators and battery management systems (BMS). In terms of economics, this 

system has a good performance to price ratio since we were able to implement advanced 

functionalities in a low-cost 8-bit microcontroller. Consequently, as a perspective of this 

paper, we aim to apply all the proposed solutions in this work to develop a BMS battery 

management system for photovoltaic applications. 
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