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The quality of electrical energy has become a strategic issue for all economic actors. Its efficiency is reduced due to multiple 

disturbances and harmonic injections caused by the different connected loads. The electric vehicle (EV) takes an important place 

among these loads that take their energy from the grid through charging stations. In this paper, a solution to improve the power 

factor and reduce the harmonic injection is proposed by introducing a power factor correction (PFC) circuit in the charging 

stations. It is realized by a single-ended primary-inductor converter (SEPIC) that allows isolation between the load and the 

electrical network. In addition, it offers hardware minimization since it operates simultaneously in boost and buck without 

polarity reversal. A control technique based on the sliding mode control (SMC) technique is proposed for harmonic reduction 

and power factor correction. SMC is used to maintain the output voltage of the SEPIC converter at its desired value, improve 

the power factor (PF) and reduce the total harmonic distortion (THD). A software-in-the-loop (SIL) simulation using a real-time 

simulation platform (RT LAB) is performed to confirm the system's performance. 

1. INTRODUCTION 

The electric vehicle allows cleaner and more economical 

travel in terms of energy and maintenance thanks to its new 

traction mode, which is essentially composed of electric 

motors [1]. The source of electrical energy, which powers 

the traction motors, comes from the battery bank, and has 

the benefits of an electric vehicle with zero tailpipe 

emissions [2]. The recharge of these batteries is done 

through a recharging station composed of protection 

elements, control, and a set of power converters. 

Dc-dc converters are the key elements of ac-dc-ac and dc-

ac energy conversion systems. They are used in several 

applications such as domestic chargers, industrial power 

supplies, electric welding, and in electric vehicle battery 

charging. In this recently mentioned application, several 

topologies are developed and classified according to their 

degree of complexity. It is worth noticing that the topology 

classification scale is determined by the complexity degree 

of the mathematical modeling of the converter. 

In numerous applications, ac-dc converters are inserted 

as an interface between the electrical networks and the dc-

dc converters, as it is illustrated in Fig. 1. 

 

Fig. 1 – Ac-dc conversion system. 

One can see from this figure how the presence of the 

converters affects the energy waveform quality of the 

network. This is mainly due to power electronic devices that 

induce undesired harmonics in the network, leading to an 

increase in the total harmonic distortion and then 

deterioration of the system power factor. To overcome the 

previously mentioned drawbacks, one of the best ways is the 

introduction of power factor correction circuits. Several 

passive and active power factor correction (PFC) schemes 

have been proposed [3,4]. However, passive correction is 

expensive, cumbersome, and used only for particular 

frequencies. Active PFC circuits are more flexible to be 

suitable for each different configuration.  

Various active topologies are used, such as buck 

converter, boost converter, Cuk converter, and SEPIC 

converter. The buck converter used in [5,6] has the advantage 

of minimizing output voltage ripples, but the downside is that 

it provides an output voltage that is always lower than the 

input voltage. In [7–9], the boost converter is characterized 

by simplicity of control, it can provide an output voltage 

consistently high and has ripples in the output voltage. The 

Cuk converter combines the two advantages of buck and 

boosts output voltage except that it is reversed polarity as 

demonstrated in [10,11]. To overcome the disadvantages of 

the dc-dc converters mentioned above, we have chosen the 

SEPIC dc-dc converter for the PFC circuit. It offers some 

attractive advantages: it can provide an output voltage higher 

than the input voltage like the boost or lower like the buck 

without reversing polarity. 

Furthermore, it provides isolation between the source side 

and the control side using the coupling capacitor. It has a high-

power density compared to other converters. These advantages 

are put forward in several articles and among them that of 

reference [12], which discusses the battery charger.  

In this paper, the SEPIC converter is used for active PFC 

and controlled by the sliding mode control technique (SMC), 

as shown in Fig. 2.  
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Fig. 2 – Global system scheme. 

 

 

It performs multiple tasks such as active wave shaping of 

input current, high-frequency switching filtering, and 

feedback control to regulate the output voltage. A 

modification of the classic regulators by applying sliding 

mode is proposed. Then, a sliding mode observer is proposed 

to estimate the state vector and the load required to 

implement the control law. Details about sliding mode, such 

as vector control and attractiveness surface determination, are 

provided in section 3. System structure and dc-dc SEPIC 

state-space model are highlighted in section 2. Finally, the 

last section is dedicated to the presentation and the analysis 

of the experimental results and tests. 

2. SYSTEM MODELING AND ARCHITECTURE 

The proposed PFC system highlighted with dark dashed 

lines is made of two subsystems, as shown in Fig. 3.  

 

Fig. 3 – Proposed system architecture. 

 

The first subsystem is a diode bridge used to rectify the 

ac input voltage to a dc voltage. The second subsystem is a 

SEPIC dc-dc circuit whose internal structure is detailed in 

Fig. 4, and it is controlled by the SMC technique. 

 

Fig. 4 – SEPIC internal structure. 

 

Fig. 5 – SEPIC converter operations. 

The SEPIC converter is a four-order bilinear model 

whose state space representation depends on the state of the 

controlled switch u. Figure 5a shows the SEPIC circuit 

when the switch is closed (u = 1) and eq. (1) highlights its 

corresponding state space representation. Figure 5Sb 

mentions the SEPIC circuit when the switch is open (u = 0), 

and its dynamics are represented by eq. (2). It is worth 

noticing that the two equations mentioned above were 

derived assuming continuous conduction mode (CCM). 
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where x is a state variable given by eq. (3), is the current 

through inductance L1, is the current through inductance L2, 

is the voltage across the coupling capacitor C1 terminals, and 

is the voltage across the bus capacitor C2.  

 T

1 2 1 out( , , , )L L Cx i i V V= . (3) 
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The coefficients of the matrices A1, A2, B1, B2, C1, and C2 

are composed of circuit elements and load resistance. It is 

important to mention that the internal resistances of SEPIC 

inductances were considered during the analysis. 
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where r1 and r2 are respectively the equivalent series 

resistances of inductances L1 and L2; d is the duty cycle 

which is a gain between 0 and 1. 

3. SLIDING MODE CONTROL 

Sliding mode control is a methodological approach to 

non-linear control used in many applications, especially for 

non-linear systems with various structures such as power 

converters. It consists of choosing a surface that represents 

the ideal characteristic, and once the state reaches this 

surface, the error regulation tends to zero as time goes to 

infinity [13]. Compared to other non-linear control 

strategies, this control strategy is distinguished by its 

simplicity of implementation compared to other control 

techniques and its robustness against external disturbances.  

To synthesize the control vectors to be used, the 

following four requirements listed below must be 

simultaneously satisfied: 

• Limit the number of parameters to be tuned; 

• Stabilize SEPIC current; 

• Maximize system power factor; 

• Minimize THD percentage. 

Vout and iL1 are chosen as control variables to determine 

the sliding surface, which is of the type given in 

 
T( )s x K x=   , (5) 

where s is the sliding surface, K is a gain matrix and xʼ is 

the control vector to be synthesized. The chosen control 

vector is expressed in 
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with 

  T

1 2 3δ δ δK = . (7) 

Substituting with (6) and (7) in (5) and after-term 

expansion yields: 
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with Vref and iref being the reference output voltage and 

inductance current, respectively. 

Setting ( ) 0s x =  and using eqs. (4) and (8), the relation 

between the SEPIC parameters defined previously, and the 

control vector can be obtained as illustrated by eq. (9). 
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3 ref out ref L1x V V i i= − + − . 

Substituting 
1 2,x x  and 3x  by their corresponding 

mathematical expressions given in eq. (9), and solving for 

duty cycle d, yields  
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For simplification reasons, we set:  
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then eq. (11) becomes:  
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Attraction regions imposed by the SMC strategy can be 

determined using the relationship of the attractiveness 

condition 0ss  . So, to ensure stability over the whole area 

of operation, the following inequalities are used for this 

purpose.  
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To ensure the attractiveness of the trajectory on the 

sliding surface over the entire operating range of the system 

and given the different design constraints already set, the 

following equations are obtained: 
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1 2( , ) (0.03, 0.35)K K = is a compromise solution for the 

inequality system shown in the equation above.  
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4. RESULTS AND DISCUSSION  

To verify and analyze the nonlinear system previously 

mentioned, simulations under the MATLAB-Simulink 

environment were carried out. To confirm the obtained 

simulation results, a SIL simulation was performed using an 

RT LAB simulator. The basic architecture of any RT LAB-

based simulation is highlighted in Fig. 6. The developed test 

bench using the RT LAB simulator is shown in Fig. 7. 

advanced real-time electromagnetic solvers (ARTEMIS) were 

used to build the model. ARTEMIS solves electrical systems 

using the state-space approach.  

However, it precomputes and discretizes all State-Space 

matrices, for all combinations of switch topologies, before the 

real-time execution and stores them into the cache memory. 

The established model is divided into two subsystems: the 

console and the master. The parameters of the developed 

model are detailed in Table 1. 

 

Fig. 6 – RT-LAB SIL system of the developed platform. 

 

Fig. 7 – RT LAB-based test bench. 

Table 1 

Model parameters 

Parameters  Values  Parameters Values 

Vsline 230·sqrt(2) V r1 0.01 Ω 

Vref 400 V L2 0.185 mH 

f 50 Hz C1 2.435μF  

fws 70 kHz C2 4000 μF 

L1 1.855 mH Rload 26 Ω 

 

The green plot shown in Fig. 8 represents the network line 

current. The red and blue color waveforms on the same figure 

highlight, respectively, the inductance current and its desired 

reference with an offset of 20 A. The three last-mentioned 

currents are synchronized, and all have the same frequency. 

The obtained simulation results shown in Fig. 8a are by the 

SIL simulation results shown in Fig. 8b. 

The second controlled variable is VC2 or Vout. Its plot is 

shown in Fig. 9. Again, one can state a perfect match 

between the simulation and the implementation results. It 

can be seen that follows its reference set to 405 V with 

tolerable voltage fluctuations, which lie within an imposed 

narrow band. From the measurement window shown in 

Fig. 9b it can be deduced that the voltage fluctuation is 

about 10 % of the nominal dc bus voltage.  

Figure 10 represents the network current and voltage, the 

input to the rectifier circuit. Both current and voltage are in 

phase, which increases the system power factor. From the 

measurement window shown in Fig. 10,b, it can be seen 

that the shift angle between network current and voltage is 

very small and equal to φ = 0.9°, which results in a power 

factor close to unity PF = cos(φ) = 0.999. 

 

 

 

Fig. 8 – Current synchronization: a) MATLAB simulation; b) real-time 
hardware implementation. 

 

  

Fig. 9 – Dc bus: a) MATLAB simulation; b) real-time hardware 
implementation. 
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Fig. 10 – Rectifier input current and voltage: a) MATLAB simulation;  
b) real-time hardware implementation. 

Figure 11 represents a zoom of the network current along 

with its FFT frequency analysis. It could be seen that the 

control technique resulted in smoothening the current shape 

and reducing its THD, as shown in Fig. 11. From Fig. 11b, 

it could be deduced that the THD is equal to 4 %, which is a 

very satisfactory and acceptable harmonic ratio according 

to IEC 61000-3-2 and IEEE 519 standards. 

 

 
 

 

Fig. 11 – Line current and frequency analysis: a) MATLAB simulation;  
b) real-time hardware implementation. 

 

 

5. CONCLUSION 

In this article, we have presented a PFC circuit model 

based on the SEPIC converter controlled by the second 

order sliding mode control (SMC) technique used in 

electric vehicle charging stations. SIL validation of the 

proposed control technique using the RT LAB simulation 

platform is performed to verify the results obtained. The 

SMC control technology demonstrates good performance 

and compromise between simplicity and efficiency. 

Significant THD reduction and power factor improvement 

was observed after applying the proposed SMC technique 

to the SEPIC converter. 

Received on 30 April 2021 
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