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Advanced Topology for Grid-connected Photovoltaic System 
Based PWM Rectifier  

 
 

Abstract.This paper proposes an advanced topology for grid-connected photovoltaic systems (GCPVS) based on sliding mode control (SMC). The 
proposed topology exploits the generation and regeneration modes of the three-phase PWM rectifier well suited for high power quality. In addition, it 
has the advantage of eliminating the inverter and the diode rectifier stages used in the classical structure and replacing them by a PWM rectifier. For 
maximum power point tracking (MPPT) of the PV generator, DC-Link voltage control and direct power control (DPC), a sliding mode controllers 
(SMC) are used in order to obtain high accuracy and fast dynamic response against meteorological and load variations. To verify the effectiveness of 
the control applied on the proposed topology, a wide simulation results are carried out under MATLAB-SIMULINK environment for different operating 
conditions that confirm the feasibility of the proposed topology. 
 
Streszczenie. W artykule zaproponowano zaawansowaną topologię systemów fotowoltaicznych podłączonych do sieci (GCPVS) w oparciu o 
sterowanie trybem ślizgowym (SMC). Proponowana topologia wykorzystuje tryby generowania i regeneracji trójfazowego prostownika PWM dobrze 
przystosowanego do wysokiej jakości energii. Dodatkowo ma tę zaletę, że eliminuje stosowane w klasycznej konstrukcji stopnie falownika i 
prostownika diodowego i zastępuje je prostownikiem PWM. Do śledzenia maksymalnego punktu mocy (MPPT) generatora fotowoltaicznego, 
sterowania napięciem DC-Link i bezpośredniego sterowania mocą (DPC), stosowane są kontrolery trybu ślizgowego (SMC) w celu uzyskania 
wysokiej dokładności i szybkiej odpowiedzi dynamicznej na zmiany pogody i obciążenia . Aby zweryfikować skuteczność zastosowanego sterowania 
na proponowanej topologii, przeprowadza się szerokie wyniki symulacji w środowisku MATLAB-SIMULINK dla różnych warunków pracy, które 
potwierdzają wykonalność proponowanej topologii. (Zaawansowana topologia dla podłączonego do sieci systemu fotowoltaicznego 
prostownika PWM) 
 
Keywords:  Sliding Mode Control (SMC), Maximum Power Point Tracking (MPPT), Direct Power Control (DPC), Three Phase PWM. 
Słowa kluczowe: sterowanie trybem przesuwu (SMC), śledzenie punktu maksymalnej mocy (MPPT), bezpośrednie. 
 
 
Introduction 

Nowadays, solar energy has become the most important 
and usable renewable energy in the world due to its multiple 
benefits, among them: clean, renewable, unlimited and 
without risk. It can be converted into electrical energy 
without moving parts [1, 2]. 

With the increase of fossil fuels cost with their 
undesirable environmental impacts and due to the fatal 
decrease of the photovoltaic modules price recently, 
Photovoltaic (PV) energy production has becomes mature 
and its participation has expanded in the global energetic 
mix. As the Grid-connected PV systems topology does not 
require physical storage systems (batteries,..) that reduce 
the investment cost, most industrialized countries rely on 
these renewable systems connected to the electrical grid to 
cover the lack of energy produced by conventional energy 
sources [1, 3, 4, 5,6]. 

Many control techniques have been developed in recent 
literature and applied on different GCPVS to ensure safe 
active power injection that is produced by photovoltaic 
systems with high power quality. This last task is generally 
done by adding passive or active power filtering systems. 

In [7], the authors have proposed an optimal operation 
of a doubly-stage grid-connected photovoltaic system doted 
of a shunt active power filter. A fuzzy logic-based maximum 
power point tracking control is proposed to obtain optimal 
power delivered by the PV system under different irradiance 
levels. In the grid side, a predictive direct power control (P-
DPC) was used to ensure partial supply of the load with 
harmonic current compensation.  

In reference [8], the authors used the sliding mode 
control to extract the optimal panel power and the P-DPC 
technique to ensure both active and reactive power 
command and power quality control. 

Another work presented in [9], relied on a fuzzy logic 
controller instead of the classical P&O based MPPT in order 
to overcome the problems related to the sudden and fast 
variations of the irradiance. On the other hand, the 

Synchronous Detection Method (SDM) is used for the 
identification of harmonic currents. 

In 2019, the authors in [10] have adopted another direct 
topology without adaptation stage. The finite set model 
predictive technique (FS-MPC) was employed to drive the 
voltage source inverter (VSI). The cost function is 
composed of error terms between the injected currents and 
their references generated by the classical MPPT P&O 
technique. 

In this work, compared to the conventional topology, the 
proposed configuration consists of replacing the three-
phase inverter and the diode rectifier with a PWM rectifier. 
The load supply is provided by the grid via the PWM 
rectifier and/or the photovoltaic panel depending on the 
meteorological conditions of the photovoltaic system. The 
choice of this topology is justified by its advantages such as 
the advanced operating characteristics of PWM rectifiers 
including input sinusoidal current, controllable input power 
factor, bidirectional power flow, high quality dc output 
voltage and best efficiency due to reduced commutation 
and conduction losses. All these advantages lead to an 
alleviate topology, uncomplicated control and consequently 
a significant cost reduction. 

Given the many advantages of sliding mode technique 
such as robustness, simplicity of application and fast 
response, we are interested in the application of this 
approach for: 

 VDC-SMC bus voltage regulation. 
 The extraction of the optimal power of the 

photovoltaic panel MPPT-SMC. 
 Direct power control DPC-SMC 

Description of the proposed configuration  
The conventional topology for grid-connected 

photovoltaic systems (GCPVS) is depicted by figure1 (a). 
The PV array supplies the considered load and the excess 
power is injected in the utility grid according one of many 
control strategies well explained in previous literature. The 
overall proposed system configuration is shown in figure 1 



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 4/2023                                                                                      267 

(b). It consists of an electrical distribution network having a 
three-phase balanced voltage source, a three-
phase PWM rectifier supplying a load. The PV array is 
associated with a DC-DC boost converter to participate in 
feeding the considered load. The boost converter ensures 
the MPPT functioning and steps up the DC link voltage to 
an acceptable level which permits a bidirectional flow of the 
exchanged active and reactive power with the utility grid.  

The PWM rectifier is controlled by direct power control 
strategy based sliding mode control DPC-SMC.  

The adopted approach is used in order to manage the 
exchanged powers of the PV system and the grid according 
to the climatic conditions of illumination and load variations.  

In addition, high power quality such as low 
current/voltage THD and unity power factor should be 
guaranteed in the grid side.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Fig.1. Schematic of the grid-connected PV system: a) the conventional configuration, b) the proposed configuration. 
 

To achieve these objectives, the proposed configuration 
based on SMC control, is tested by an extensive numerical 
simulation using Matlab -Simulink. The values of main 
parameters used are listed in Table 1. 

Table1. Electrical parameters system and control coefficients  
Line to Line source voltage VS=120V 

System frequency F=50Hz 
Line Impedance R=0.2Ω, L=12mH 

Dc-Bus voltage Capacitor Cdc=2mF 
Dc-Bus voltage reference Vdc

*=240V 
Load Resistance RL=40 Ω 

Boost Input Capacitor  CPV=2mF 
Boost Inductor  LPV=0.5mH  

Switching frequency Fs=15kHz 
PV Module Power at 1000W/m2  

(1Soltech 1STH-215-P) 
PPV=213.15W 

 
The PV array is composed of 2 strings of PV modules 

connected in parallel. Each string consists of 6 modules of 
STH-215-P of 213.15 W connected in series. 

Control approach  
The SMC controllers have attracted more and more 

attention due to their performances especially for nonlinear 
systems such as solar energy. Moreover, SMC offers a 
noteworthy stability and robustness, good dynamic 
disturbance rejection and fast response [4, 11,12]. For that 
reasons, three SMC controllers have been designed as 
cited in the introduction part.  

MPPT based SMC  
Figure 2 shows the block diagram of a PV module 

equipped with an adaptation stage composed of a boost 
converter used to track efficiently the MPP and to step up 
the DC-link voltage to an adequate level. The MPPT 
algorithm is dependent on the type of the chosen 
implementation and the desired performance. However the 

algorithm must adjust the duty cycle (D) of the associated 
power converter according to the output voltage level. 

 
Fig.2. Block diagram of MPPT method. 

The mathematical model of the boost converter is given by 
the equation system (1) 

(1)                       ቐ

ௗ௏೛ೡ

ௗ௧
ൌ

ଵ

஼೛ೡ
𝐼௣௩ െ

ଵ

஼೛ೡ
𝐼௅௕௢௦

ௗூಽ್೚ೞ

ௗ௧
ൌ

ଵ

௅೛ೡ
𝑉௣௩ െ

ଵ

௅೛ೡ
ሺ1 െ 𝐷ሻ𝑉ௗ௖

     

where: Vpv– output voltage of photovoltaic generator, Ipv– 
output current of photovoltaic generator, ILbos– inductor 
current, Vdc– load voltage, D– duty cycle. 

In order to determine the duty cycle D, it is necessary to 
control the current ILbos. 

According to the first equation of the system (1): 

(2)                        𝑉ሶ௉௏ ൌ
ଵ

஼೛ೡ
𝐼௣௩ െ

ଵ

஼೛ೡ
𝐼௅௕௢௦ 

Sliding surface design 
The error ePV between the output voltage of the 

photovoltaic panel VPV and its reference V*
PV is considered 

as follows: 

(3)                         𝑒௉௏ ൌ 𝑉௉௏ െ 𝑉௉௏
∗  
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The chosen sliding surface SPV is given by: 

(4)                                         𝑆௉௏ ൌ 𝑒௉௏ ൌ 𝑉௉௏ െ 𝑉௉௏
∗  

The time derivative 𝑆ሶ௉௏ of the considered sliding surface 
SPV is given as follows: 
 

(5)   𝑆ሶ௉௏ ൌ 𝑒ሶ௉௏ ൌ 𝑉ሶ௉௏ െ 𝑉ሶ௉௏
∗  

(5) 𝑆ሶ௉௏ ൌ
ଵ

஼೛ೡ
𝐼௣௩ െ

ଵ

஼೛ೡ
𝐼௅௕௢௦ െ 𝑉ሶ௉௏

∗  In  

steady state: 𝑆ሶ௉௏ ൌ 0, leading to: 

(6)                          𝐼௅௕௢௦_௘௤ ൌ 𝐼௣௩ െ 𝐶௣௩𝑉ሶ௉௏
∗  

𝐼∗
௅௕௢௦ ൌ 𝐼௅௕௢௦_௘௤ ൅ 𝐼௅௕௢௦_஽஼  

where ILbos_eq represents the equivalent term inherent for 
SMC and ILbos_DC  the discontinuous term, then: 

(7)                      𝐼∗
௅௕௢௦ ൌ 𝐼௣௩ െ 𝐶௣௩𝑉ሶ௉௏

∗ ൅ 𝐾௣௩𝑠𝑖𝑛𝑔ሺ𝑆௉௏ሻ 

On the other hand, we use the second equation of the 
system (1) as: 

(8)                        𝐼ሶ௅௕௢௦ ൌ
ଵ

௅೛ೡ
𝑉௣௩ െ

ଵ

௅೛ೡ
ሺ1 െ 𝐷ሻ𝑉ௗ௖ 

The error eD between the inductor current ILbos and its 
reference value I*

Lbos is considered as follows: 

(9)                                    𝑒஽ ൌ 𝐼௅௕௢௦ െ 𝐼௅௕௢௦
∗  

The chosen sliding surface SD is defined as: 

(10)                                𝑆஽ ൌ 𝑒஽ ൌ 𝐼௅௕௢௦ െ 𝐼௅௕௢௦
∗  

The time derivative 𝑆ሶ஽ gives: 

(11)                              𝑆ሶ஽ ൌ 𝐼ሶ௅௕௢௦ െ 𝐼ሶ
௅௕௢௦
∗  

 by substituting the equations (8) into (11), we find: 

(12)                   𝑆ሶ஽ ൌ
ଵ

௅೛ೡ
𝑉௣௩ െ

ଵ

௅೛ೡ
ሺ1 െ 𝐷ሻ𝑉ௗ௖ െ 𝐼ሶ

௅௕௢௦
∗  

In steady state, the derivative 𝑆ሶ ஽ ൌ 0: 

(13)                     
ଵ

௅೛ೡ
𝑉௣௩ െ

ଵ

௅೛ೡ
ሺ1 െ 𝐷ሻ𝑉ௗ௖ െ 𝐼ሶ

௅௕௢௦
∗ ൌ 0 

We get: 

(14)                           𝐷௘௤
∗ ൌ

௅೛ೡ

௏೏೎
𝐼ሶ

௅௕௢௦
∗ ൅ 1 െ

௏೛ೡ

௏೏೎
 

Then, the duty cycle D* is defined by: 

𝐷∗ ൌ 𝐷௘௤
∗ ൅ 𝐷஽஼

∗  

(15)                      𝐷∗ ൌ
௅೛ೡ

௏೏೎
𝐼ሶ

௅௕௢௦
∗ െ

௏೛ೡ

௏೏೎
൅ 1 ൅ 𝐾஽𝑠𝑖𝑔𝑛ሺ𝑆஽ሻ 

 
Stability analysis 

The candidate Lyapunov function VPV is given by: 

(16)                             𝑉ሶ௉௏ ൌ 𝑆௉௏𝑆ሶ௉௏ 

By replacing equations (5) and (7) into (8), we obtain the 
equation (17):  

(17)  𝑉ሶ௉௏ ൌ 𝑆௉௏ ൤
ଵ

஼೛ೡ
𝐼௣௩ െ

ଵ

஼೛ೡ
ቀ𝐼௣௩ െ 𝐶௣௩𝑉ሶ௉௏

∗ ൅ 𝐾௣௩𝑠𝑖𝑛𝑔ሺ𝑆௉௏ሻቁ െ 𝑉ሶ௉௏
∗ ൨ 

After simplification, the equation (17) leads to: 

(18)           𝑉ሶ௉௏ ൌ െ𝐾௉௏𝑆௉௏𝑠𝑖𝑛𝑔ሺ𝑆௉௏ሻ ൌ െ𝐾௉௏|𝑆௉௏| ൏ 0     

⟹ 𝐾௉௏ ൐ 0    

Therefore, KPV must be a positive constant.  

On the other hand, the time derivative of the Lyapunov 
function VD is given by: 

(19)                              𝑉ሶ஽ ൌ 𝑆஽𝑆ሶ஽ 

By replacing equations (12) and (15) into (19), we get 
the equation (20):  

(20)   𝑉ሶ஽ ൌ 𝑆஽ ቈ
௏೛ೡ

௅೛ೡ
െ

௏೏೎

௅೛ೡ
൅

௏೏೎

௅೛ೡ
ቆ

௅೛ೡ

௏೏೎
𝐼ሶ

௅௕௢௦
∗ െ

௏೛ೡ

௏೏೎
൅ 1 ൅

𝐾஽𝑠𝑖𝑔𝑛ሺ𝑆஽ሻቇ െ 𝐼ሶ
௅௕௢௦
∗ ቉ 

After simplification, the equation (20) is reduced to: 

(21)            𝑉ሶ஽ ൌ 𝐾஽𝑆஽𝑠𝑖𝑛𝑔ሺ𝑆஽ሻ ൌ 𝐾஽|𝑆஽| ൏ 0     

                         ⟹ 𝐾஽ ൏ 0 

Therefore, KD must be a negative constant.  

Sliding mode DC voltage control  
The reference of the grid active power is obtained by the 

regulation of the DC bus voltage, a good dynamic of this 
regulation increases the performance of the system. 

Sliding surface design 
Several forms of sliding surfaces are proposed in the 

literature. In our case, we have chosen the following form 
[14]:  

(22)              𝑆ሺ𝑡ሻ ൌ ቀ𝜆 ൅
ௗ

ௗ௧
ቁ

௡ିଵ
𝑒ሺ𝑡ሻ ൅ 𝐾ଵ ׬ 𝑒ሺ𝜏ሻ

௧
଴ 𝑑𝜏 

Where: e(t) – the error between the desired and actual 
values, 𝜆, K1 – are strictly positive constants, n– is set to 1. 

The error edc between DC link voltage reference V*
dc and 

the actual DC link voltage value Vdc is expressed as follows: 

(23)                          𝑒ௗ௖ሺ𝑡ሻ ൌ 𝑉ௗ௖
∗ ሺ𝑡ሻ െ 𝑉ௗ௖ሺ𝑡ሻ  

Therefore, the sliding surface Sdc is given by: 

(24)                          𝑆ௗ௖ሺ𝑡ሻ ൌ 𝑒ௗ௖ሺ𝑡ሻ ൅ 𝐾ଵ ׬ 𝑒ௗ௖ሺ𝑡ሻ𝑑𝑡 

The time derivative 𝑆ሶௗ௖ of the sliding surface Sdc is given by:  

𝑆ሶௗ௖ ൌ 𝑒ሶௗ௖ ൅ 𝐾ଵ𝑒ௗ௖ 

(25)                 𝑆ሶௗ௖ ൌ 𝑉ሶ
ௗ௖
∗ ൅

௏೏೎

ோಽ஼
൅ 𝐾ଵሺ𝑉ௗ௖

∗ െ 𝑉ௗ௖ሻ െ
ଵ

஼
𝐼ௗ௖  

The main goal of the control is to produce the necessary 
current I*

dc in order to force the present voltage Vdc to track 
perfectly its desired value V*

dc. The I*
dc is composed of: 

(26)                         𝐼ௗ௖
∗ ൌ 𝐼ௗ௖_௘௤ ൅ 𝐼ௗ௖_஽஼  

In steady state: 𝑆ሶௗ௖ ൌ 0 
According to the equation (25), one can get: 

(27)                   𝐼ௗ௖_௘௤ ൌ 𝐶𝑉ሶ
ௗ௖
∗ ൅

௏೏೎

ோಽ
൅ 𝐾ଵ𝐶ሺ𝑉ௗ௖

∗ െ 𝑉ௗ௖ሻ 

(28)                          𝐼ௗ௖_஽஼ ൌ 𝐾ௗ௖𝑠𝑖𝑔𝑛ሺ𝑆ௗ௖ሻ 

The sum of the equations (27) and (28) gives: 

(29)             𝐼ௗ௖
∗ ൌ 𝐶𝑉ሶ

ௗ௖
∗ ൅

௏೏೎

ோಽ
൅ 𝐾ଵ𝐶ሺ𝑉ௗ௖

∗ െ 𝑉ௗ௖ሻ ൅ 𝐾ௗ௖𝑠𝑖𝑔𝑛ሺ𝑆ௗ௖ሻ 

Where: Kdc is a constant.  
The function sign (Sdc) is defined as: 

(30)           𝑠𝑖𝑔𝑛ሺ𝑆ௗ௖ሻ ൌ ቐ
൅1          𝑖𝑓  𝑆ௗ௖ ൐ 0
െ1          𝑖𝑓  𝑆ௗ௖ ൏ 0
0            𝑖𝑓  𝑆ௗ௖ ൌ 0
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Stability analysis 
The time derivative of Lyapunov function V is given by: 

(31)                               𝑉ሶௗ௖ ൌ 𝑆ௗ௖𝑆ሶௗ௖  

By substituting the equations (25) and (29) into (31), it 
yields: 

(32) 𝑉ሶௗ௖ ൌ 𝑆ௗ௖ ቈ𝑉ሶ
ௗ௖
∗ െ

ଵ

஼
ቆ𝐶𝑉ሶ

ௗ௖
∗ ൅

௏೏೎

ோಽ
൅ 𝐾ଵ𝐶ሺ𝑉ௗ௖

∗ െ 𝑉ௗ௖ሻ ൅

𝐾ௗ௖𝑠𝑖𝑔𝑛ሺ𝑆ௗ௖ሻቇ ൅
௏೏೎

ோಽ஼
൅ 𝐾ଵሺ𝑉ௗ௖

∗ െ 𝑉ௗ௖ሻ቉ 

After some manipulations, the equation (32) is reduced to: 

(33)            𝑉ሶௗ௖ ൌ െ𝑆ௗ௖
௄೏೎

஼
𝑠𝑖𝑔𝑛ሺ𝑆ௗ௖ሻ ൌ െ

௄೏೎

஼
|𝑆ௗ௖| ൏ 0    

⇒  𝐾ௗ௖ ൐ 0  

Therefore, Kdc must be a positive constant.  
Finally, the desired active power P*

S is calculated as: 

(34)                              𝑃ௌ
∗ ൌ 𝑉ௗ௖ ∗ 𝐼ௗ௖

∗  

 

Sliding mode direct power control DPC-SMC  
In the control scheme shown in Figure 1, the active 

power reference is provided by the SMC-DC voltage 
controller given by equation (34). For unity power factor 
operation, the reactive power reference should be set to 
zero. 

The aim of the control here is to force the active and 
reactive power to track their required reference values. To 
do this, an inner loop based on DPC-SMC is used, which 
provides the appropriate PWM rectifier voltage vector [eα; 
eβ] for the pulse width modulation as well as generates the 
necessary control signals. 

The mathematical model of the PWM rectifier in (α-β) 
coordinates is given by the equation system (35) [14, 15]. 

(35)             

⎩
⎪
⎨

⎪
⎧ 𝐿

ௗ௜ഀ

ௗ௧
ൌ 𝑉ௌఈ െ 𝑒ఈ െ 𝑅𝑖ఈ

𝐿
ௗ௜ഁ

ௗ௧
ൌ 𝑉ௌఉ െ 𝑒ఉ െ 𝑅𝑖ఉ

𝐶
ௗ௏೏೎

ௗ௧
ൌ 𝑆ఈ𝑖ఈ ൅ 𝑆ఉ𝑖ఉ െ

௏೏೎

ோಽ

   ሺ3ሻ 

Therefore, the grid active and reactive powers in (α-β) 
coordinates are given by: 

(36)                            ൜
𝑃ௌ ൌ 𝑉ௌఈ𝑖ఈ ൅ 𝑉ௌఉ𝑖ఉ

𝑄ௌ ൌ 𝑉ௌఈ𝑖ఉ െ 𝑉ௌఉ𝑖ఈ
 

where: 
VSα; VSβ; iSα; iSβ – represent respectively grid voltage and 
current in (α-β) coordinates. 
eα; eβ – are the PWM rectifier voltages in (α-β) coordinates. 
Vdc; C– represent DC bus voltage and DC bus capacitor. 
RL– is the DC load. 
PS; QS – Are the grid active and reactive powers. 

Sliding surface design 
The error between power and power reference value is 

considered as follows: 

(37)                         𝑒௉ሺ𝑡ሻ ൌ 𝑃௦ሺ𝑡ሻ െ 𝑃௦
∗ሺ𝑡ሻ   

(38)                              𝑒ொሺ𝑡ሻ ൌ 𝑄௦ሺ𝑡ሻ െ 𝑄௦
∗ሺ𝑡ሻ 

The sliding surfaces of the powers are chosen as: 

(39)                  ቊ
𝑆௉ሺ𝑡ሻ ൌ 𝑒௉ሺ𝑡ሻ ൅ 𝐾ଷ ׬ 𝑒௉ሺ𝑡ሻ𝑑𝑡
𝑆ொሺ𝑡ሻ ൌ 𝑒ொሺ𝑡ሻ ൅ 𝐾ସ ׬ 𝑒ொሺ𝑡ሻ𝑑𝑡

  

where: K3 and K4 are positive integration gains. 

In order to obtain the control law, we set the time 
derivative of the sliding surface to zero: 

(40)                                ቊ
𝑆ሶ௉ ൌ 0
𝑆ሶொ ൌ 0

 

By applying this condition, we get: 

(41)              ቊ
𝑆ሶ௉ ൌ 𝑒ሶ௉ ൅ 𝐾ଷ𝑒௉ ൌ 0
𝑆ሶொ ൌ 𝑒ሶொ ൅ 𝐾ସ𝑒ொ ൌ 0

    ⇒   ൜
𝑒ሶ௉ ൌ െ𝐾ଷ𝑒௉
𝑒ሶொ ൌ െ𝐾ସ𝑒ொ

 

We substitute the equations (35) and (36) into (41), we find: 

 (42) 𝑆ሶ௉ ൌ ቂ𝑉ሶௌఈ𝑖ఈ ൅ 𝑉ሶௌఉ𝑖ఉ ൅ ቀ𝐾ଷ െ
ோ

௅
ቁ 𝑃ௌ ൅

ଵ

௅
൫𝑉௦ఈ

ଶ ൅ 𝑉௦ఉ
ଶ ൯ െ 𝑃ሶ௦∗ െ

𝐾ଷ𝑃௦
∗ቃ െ

ଵ

௅
൫𝑉ௌఈ𝑒ఈ ൅ 𝑉ௌఉ𝑒ఉ൯ 

 (43) 𝑆ሶொ ൌ ቂ𝑉ሶௌఉ𝑖ఈ െ 𝑉ሶௌఈ𝑖ఉ ൅ ቀ𝐾ସ െ
ோ

௅
ቁ 𝑄ௌ െ 𝑄ሶ௦∗ െ 𝐾ସ𝑄௦

∗ቃ െ
ଵ

௅
൫𝑉ௌఉ𝑒ఈ െ 𝑉ௌఈ𝑒ఉ൯ 

From this analysis, we obtain the control vector [eα; eβ] by 
the first time derivative of the sliding surface.  
We can rewrite the equations (42), (43) in the following 
matrix from: 

(44)                                𝑆ሶ௉ொ ൌ 𝐵 ൅ 𝐴. 𝑋    

where:  

  𝑆ሶ௉ொ ൌ ቈ
𝑆ሶ௉
𝑆ሶொ

቉. 

𝐵 ൌ ቎
𝑉ሶௌఈ𝑖ఈ ൅ 𝑉ሶௌఉ𝑖ఉ ൅ ቀ𝐾ଷ െ

ோ

௅
ቁ 𝑃ௌ ൅

ଵ

௅
൫𝑉௦ఈ

ଶ ൅ 𝑉௦ఉ
ଶ ൯ െ 𝑃ሶ௦∗ െ 𝐾ଷ𝑃௦

∗

𝑉ሶௌఉ𝑖ఈ െ 𝑉ሶௌఈ𝑖ఉ ൅ ቀ𝐾ସ െ
ோ

௅
ቁ 𝑄ௌ െ 𝑄ሶ௦∗ െ 𝐾ସ𝑄௦

∗                          
቏. 

 𝐴. 𝑋 ൌ
ଵ

௅
൤
െ𝑉ௌఈ െ𝑉ௌఉ

െ𝑉ௌఉ 𝑉ௌఈ
൨

ᇣᇧᇧᇧᇤᇧᇧᇧᇥ
஺

൤
𝑒ఈ
𝑒ఉ

൨
ถ

௑

. 

In steady state: 

(45)                         𝑆ሶ௉ொ ൌ 0 ⇒ 𝐴. 𝑋௘௤ ൌ െ𝐵  

(46)                                𝑋௘௤ ൌ െ𝐴ିଵ𝐵  

(47)        𝑋∗ ൌ 𝑋௘௤ ൅ 𝑋஽஼ ൌ െ𝐴ିଵൣ𝐵 ൅ 𝐾௣௤𝑠𝑖𝑛𝑔ሺ𝑆௉ொሻ൧ 

 
Stability Analysis  

The time derivative of Lyapunov function VPQ is given by: 

(48)                           𝑉ሶ௉ொ ൌ 𝑆௉ொ𝑆ሶ௉ொ 

By replacing the equations (44) and (47) into (48), we 
obtain the equation (49):  

𝑉ሶ௉ொ ൌ 𝑆௉ொሾ𝐴. 𝑋 ൅ 𝐵ሿ 

(49)       𝑉ሶ௉ொ ൌ 𝑆௉ொൣ𝐴. ሺെ𝐴ିଵൣ𝐵 ൅ 𝐾௣௤𝑠𝑖𝑛𝑔ሺ𝑆௉ொሻ൧ሻ ൅ 𝐵൧ 
 

After simplification, the equation (49) is reduced to: 

(50)                   𝑉ሶ௉ொ ൌ െ𝐾௣௤𝑆௉ொ𝑠𝑖𝑛𝑔൫𝑆௉ொ൯ ൌ െ𝐾௣௤ห𝑆௉ொห ൏ 0    

 ⟹ 𝐾௣௤ ൐ 0  

To satisfy the Lyapunov condition, the factor 𝐾௣௤ must 
be a positive constant. 

 
Simulation results  

By exploiting the functionality of the PWM rectifier for 
both generation and regeneration mode and to describe the 
possible operating conditions of the power system, the 
power management of the proposed topology is tested for a 
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variable irradiance profile and load. The two managed 
modes are: 
 PPV < PLoad:  The load is supplied by both sources: the 

grid and the PV panel. In this case, the three PWM 
rectifier acts in generation mode as a rectifier. 

 PPV > PLoad: The load is supplied only by the PV panel 
and the excess power is injected into the grid which 
forces the PWM rectifier to operate in regeneration 
mode as a voltage inverter. The simulation results are 
shown in Figures 3 to 9. 

 

Fig.3. Irradiance profile G, Variation of the output power PPV of the 
PV under load change RLoad. 

To test the robustness of the MPPT-SMC algorithm, a 
variable irradiance profile is established to scan all 
operating modes of the system. Figure 3, illustrates the 
irradiance and load profile G, RL respectively and the 
generated power PPV of the PV system.  

It can be seen that the evolution of the PPV output power 
is in agreement with the applied irradiance profile. For an 
abrupt and sudden change of illumination in the range [0 – 
500 - 1000 - 200 W/m2], it is very clear to see that the 
maximum power point is tracked closely and efficiently and 
in accordance with the load variations. This result confirms 
the effectiveness of use of the MPPT SMC strategy in terms 
of rapid disturbance rejection and fast dynamic response. 

Figure 4 shows the behavior of the DC-link voltage 
where it correctly tracks its reference (240V) in a few 
milliseconds with negligible tracking error (less than 4%) 
and minimum overshoots and undershoots even when the 
load and irradiance change. This good disturbance rejection 
obtained proves the efficacy and the robustness of the used 
SMC controller which has a large impact on the active 
power response as shown in figure 5.   

 

Fig.4. Output dc link voltage regulation under load and irradiance 
change. 

 

Fig.5.Grid active power and its reference. 

Figure 6 shows the evolution of the different active 
powers, namely: grid active power Ps, load active power 

PLoad and generated photovoltaic power PPV for a variable 
irradiation profile given in the previous section. 

In figure 6, the grid active power Ps  follows correctly the 
trajectory imposed by the control:  

Between 0s to 0.2s the active power PPV generated by 
the PV system is zero (zero irradiance), the electrical 
network provides all the active power required by the load 
and the PWM rectifier operates in generation mode. 

 

Fig.6. Variation of grid active power Ps, Lad active power Pload and 
active power of PV system PPV under Load and Irradiance change    

in the interval [0.2s to 0.4s], the irradiance level G is 
increased promptly to 500W/m2, the PPV  still less than the 
load active power PLoad (PPV<PLoad), the two generators 
contribute simultaneously to supply the load resulting in a 
decrease of the grid current which stays in phase with the 
grid voltage as shown in figure 7.2.  

In the range [0.4s to 0.6s], the irradiance level G is 
increased suddenly again and becomes 1000W/m2. The PPV 
value is greater than the load power PLoad (PPV>PLoad), in this 
case, the grid active power PS takes a negative value and 
the PWM rectifier operates in regeneration mode. Indeed, 
the grid voltage and current become in opposite phase as 
shown by figure 7.3. The phase shift proves that the grid 
receives the active power generated by the PV system after 
subtracting the power consumed by the load.  

 Between [0.6s to 0.8s], the load is stepped down from 
40Ω to 20Ω. It can be seen that the PPV active power keeps 
its value with negligible overshoot and undershoot. The grid 
active power changes its direction and takes a positive 
values meaning that the PWM rectifier operates in 
generator mode.  

In the range [0.8s to 1s], the system backs to the 
previous state, where the load resistance takes its initial 
value (RL=40Ω), the same observations are also remarked 
as in the interval [0.4s to 0.6s]. 

In the last part of the studied cycle [1s - 1.2s], an abrupt 
decrease of irradiance (200W/ m2) is applied, the same 
remarks made for the interval [0.2s - 0.4s] stay valid except 
that for the grid current which increases as shown in Figure 
7.5.  

 

 
Fig.7. Variations of grid voltage and current under Load and 
Irradiance change. 
 

Figure 7 shows the evolution of the grid current versus 
its voltage. It can be seen that the current profile follows the 
variation of the illumination imposed on the system, 
reflecting on the behavior of the current in face to the grid 
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voltage, sometimes in phase when the grid  generates its 
power and sometimes in opposite phase  when the grid 
receives the excess power from the PV system. 
 

 

Figure 7.1 Zoom of Grid Voltage and Current during [0s to 0.2s]. 

 

Fig.7.2. Zoom of grid voltage and current during [0.2s to 0.6s]. 

 

Fig. 7.3 Zoom of grid voltage and current during [0.4s to 0.8s]. 

 

Fig.7.4 Zoom of grid voltage and current during [0.6s to 1s]. 

 

Fig. 7.5 Zoom of grid voltage and current during [0.8s to 1.2s]. 

One of the main objectives of the present work is to 
ensure a high power quality in the grid side by minimizing 
the total harmonic distortion that must be lower than 5%.  

Figure 8 shows the curve of the balanced three phase 
current system associated with the numerical values of the 
THD for different time ranges. The results are satisfactory 
and values are in accordance with international standards. 

Figure 9 shows the grid active and reactive power 
shapes and their references. It can be seen that the 
reactive power is maintained at zero, meanwhile the active 
power follows perfectly and stably the trajectory imposed by 
its reference. 

 

 
Fig.8. Grid currents and their total harmonic distortion for each 
operation mode. 

 
 
Fig.9. Grid active and reactive powers. 

As a result, the application of the DPC-SMC technique 
on the proposed configuration is able to reduce the currents 
THD, compensates the reactive power consumed by the 
load, and injects the excess active power of the GPV into 
the grid. These functions allow the proposed topology to 
operate at unity power factor. 

Conclusion 
This work presents a design procedure of a grid-connected 
PV system based on a PWM rectifier well suited for such 
application. For the proposed topology, a control system 
based on sliding mode control is performed for both DC bus 
voltage regulation, MPPT maximum power point tracking 
and active and reactive power control. Such a control based 
SMC allowed us to optimize the power flow management 
between the grid, the PV system and the load. Several 
objectives and good results have been achieved such as 
system flexibility, high power quality of the grid with unity 
power factor, low harmonic distortion rate, robustness of the 
control against disturbances thanks to the inherent 
properties of the SMC. The high performance obtained by 
simulation demonstrates that the proposed topology 
associated to SMC control is a good alternative for grid-
connected PV systems. 
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