
Journal of  Solar Energy Research  Volume  6 Number 3 Summer  (2021) 814-828 

814 
 

 

 

 

 

Optimization of the Smart Grids Connected using an Improved P&O MPPT 

Algorithm and Parallel Active Filters 

Kitmoa*, Guy Bertrand Tchayaa , Dieudonné Kaoga Kidmoa*, Sadam Alphonseb, Noël 

Djongyang a 

aDepartment of Renewable Energy, National Advanced School of Engineering, University of Maroua, P.O. Box 46 Maroua, 
Cameroon       
 bUFD PAI, Laboratory of analysis of simulation and testing, IUT of Ngaoundéré, P.O.Box 455, Ngaoundere, Cameroon. 

Received: 02-04-2021    

Accepted: 10-08-2021    

  
Abstract 
 

This work describes a photovoltaic generator connected to the grid by associating the parallel active filters to improve the 
energy quality. The extraction of maximum power produced by the photovoltaic generators is done using the command of 
Maximum Power Point Tracking (MPPT) by modified perturb and observe (P&O) algorithm. Furthermore, to reduce the 
distortions due to the injected continuous quantities, the filtering of the harmonic quantities is done by four levels of active filters 
using three switching cells per arm connected downstream of the seven-level inverters. The proposed algorithm and the model 
of the active filter are evaluated. The calculation of the total harmonic distortion of the current after filtering shows acceptable 
results. The rate of 0.21% obtained proves the power factor correction. Finally, the simulation results show that this rate is in 
accordance with the Utility Connection Regulations. Besides, the performance of the algorithm has been demonstrated when the 
solar panels are subjected to variations in irradiance.      
 
Keywords: Harmonics, P&O MPPT, Smart Grids, Filter. 

1. Introduction 

Nowadays, the demand and energy issues related to the quality 

of distribution and transmission of electrical energy are 

increasing, especially in the development of power electronic 

devices [1] . These parameters of electrical energy shaping must 

be considered before its use or connection to another source [2]. 

In the literature several filtering methods exist [3]. It is proposed 

in this work, the use of parallel active filters for energy 

compensation[4]. In the literature, several filtering methods 

exist [5]. This work proposes the use of parallel active filters for 

energy compensation [6]. The principle of compensation 

consists in injecting a current in phase opposition with the 

harmonics of the load (disturbance currents). The role of the 

active power filter is therefore to improve the quality of the 

electrical energy and to better respond to harmonic distortion 
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problems [6]. These active filters, used in this work are based 

on multicellular inverters. They allow the suppression of 

harmonics and make the power factor close to unity [7]. 

Similarly, they reduce the inverse voltages injected into a 

source. They also reduces the reverse voltages applied to the 

filter switches [8]. One of the advantages of the multilevel 

inverter topology used in this work is to limit the reverse voltage 

stress on the switches. This is because the DC voltage of the 

boost converter bus is only a portion  [9]. The MPPT (Maximum 

Power Point Tracking) control is used for its simplicity of 

implementation, the solar photovoltaic energy is a form of 

renewable energy. This energy allows producing electricity by 

transforming part of the solar radiation thanks to a solar cell. 

Photovoltaic installations are divided into two categories, 

depending on whether they operate in a non-autonomous 

manner or are connected to a public power distribution network. 
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In this study, the focus is on grid-connected installations. The 

need for the connection of photovoltaic generators results from 

the fact that the output power of the photovoltaic generator 

alone is not sufficient to meet the demand of the users. 

Therefore, it is necessary to connect these generators to the 

electrical networks. 

In the first part of this work, the boost converter is presented 

as well as its system controlled by the MPPT [11]. The second 

part of this work is reserved for the modeling and control of 

seven-level inverters. The principle of the active filter and the 

structure of the three-phase inverter are studied in this part. The 

principle of the active filter and the structure of the three-phase 

inverter is studied in this part. The principle of the 

transformation of two voltage levels and three voltage levels, 

called two-phase Park transformation into three-phase, is also 

presented[12]. The reference currents and voltages are studied 

as well as the control of the multilevel inverter. The third part 

presents the results of the simulations made in MATLAB. And 

finally, a conclusion and perspectives constitute the last part of 

the article. In addition, the results of the discussion are largely 

analyzed and interpreted. 

 

Nomenclature 

𝑛                    Odd number 

 Va,b,c            Supply voltages  

 ℎ1                     Fundamental of the output voltage. 

 ∝𝑖                  Switching angles 

 𝑆𝑖                   Sign of cos 

 G                   Illuminance (W / m2) 

 C1,2              Capacitors boost converter (F) 

 D                   Duty cycle of the boost converter 

 Ve                 Input converter voltage (V) 

 Vs                 Output converter current (A) 

 𝑃̃                   Instantaneous active power(w) 

 𝑄̃                   Instantaneous Reactive power 

 Θ                   Reference angle (rad) 

 P                    Active power (W) 

 Q                   Reactive power (VAR) 

 T                    Temperature of the PV cell (° K), 

 I                     Output current of the cell (A) 

 Iph                 Photo-generated current (A) 

 A                   Identity factor, 

 k                    Boltzmann constant (13805-10-23 Nm/°K) 

 q                    Electron charge (1.6-10-19 C), 

 Rs                  Series resistance of the PV cell (Ω) 

 V         Operating Voltage (V) 

 VT         Thermal Voltage (V) 

 Np         Number of cells in parallel 

 Io         Saturation current of the diode (A) 

 Rs         Series Resistance of Cell (Ω) 

 Ns         Number of cells in series 

 Rsh         Shunt Resistance of Cell (Ω) 

 𝐼𝑟𝑒𝑓1,2,3         Reference grid voltages of three phases 

 

2. Materials and Methods 

2.1. Materials 

2.1.1. Boost Chopper 

The boost chopper is a static converter that converts DC 

energy into DC energy, and its duty cycle is controlled by the 

MPPT controller. The electrical diagram of this converter is 

presented in figure 1 and by [8] [13]. The role of the boost 

converter presented is to raise the voltage level delivered by 

the photovoltaic generator at its output. There are several types 

of DC-DC converters, including the boost chopper. For 

example, there is the double boost chopper which has more 

switches compared to the single boost. The latter can produce 

more switching losses, Joule effect losses, switching delay, 

even complexity of the MPPT algorithm, and risk of 

redundancy. It has been shown that the Joule effect increases 

when the voltage level or the filter switching cell increases. 

Because, each switch produces a voltage drop, according to 

the Joule law. 

  The boost converter is called a step-up converter. The input 

voltage Ve and output voltage Vs are of the same order of 

magnitude(α is the duty cycle of the boost converter), it is 

defined as follows[14]: 

 

                        𝑉𝑠 =
𝑉𝑒

1−𝛼
                (1)           

      
   

 

 

Fig. 1. Model of the Boost converter. 
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2.1.2. Diagram of the PV System  

Fig. 2 shows the parts of the interface of the overall scheme, 

it consists of the photovoltaic generator, the boost converter, 

whose duty cycle is controlled by the PI controller. 

 

Fig. 2. PV system overview diagram. 

2.1.3. Diagram of the four-Level Multicellular Filter 

The active filters used are based on multicellular inverter. 

Fig. 3 illustrates the four-level which is used for the control of 

harmonics. This multicellular inverter is used as a parallel 

active filter. The active multicell filtering in this work is not 

only oriented towards the possibility of having data acquisition 

from integrated circuits and microcontrollers (Arduino, 

Raspberry) on the one hand. Thus, the active four-level filter 

with three switching cells per arm is chosen to allow the 

switches to support only a fraction of the voltage at their input 

by the PI regulation used for their control. On the other hand, 

the choice of this filter, which has fewer switches, is intended 

to reduce any kind of losses. 

 

 

Fig. 3. Electrical model of the 4-level multicellular filter. 

2.2. Methods 

2.2.1. Maximum point method 

The Maximum power Point tracking algorithm is an 

optimization technique which is used to extract the maximum 

power generated by a given signal [15].  An improved model 

based on this technique is presented in this works. It differs 

from the classical algorithm in that, it is based on a modified 

P&O algorithm. The flowchart of this MPPT algorithm is 

given in Fig. 4, it is clearly known that, it differs from the 

classical algorithms. This new algorithm is used to extract the 

maximum energy produced by the photovoltaic generator. In 

the literature, many algorithms are developed. P&O is 

considered as the most classical algorithm used, there are 

optimization algorithms such as the IC and Fuzzy-PI that M 

Sarvi,et al, compared as the solution for increasing the PV 

output voltage, the hybrid PSO and P&O algorithm that MH 

Zafar et al. proposed for Fast Altering illumination. The choice 

of an algorithm usually depends on the complexity of the 

problem to be solved. The P&O presented in this work is an 

improved and simplified version algorithm, it takes as 

parameters, the PV current and voltage input. In addition, its 

https://scholar.google.com/citations?user=yGxoqMYAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=yGxoqMYAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=mehULisAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=mehULisAAAAJ&hl=fr&oi=sra
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flowchart in Fig. 4 is quite different from others. 

 

 Oscillations are made around the MPP, the small amplitude or 

step size variation will minimize the oscillation but will result 

in a slightly slow MPPT. Therefore, a variable step size will 

be used instead of fixed step size. In addition, the voltage 

perturbation is chosen to be proportional to the abrupt change 

in module power. 

To increase the tracking speed and to solve the failure of the 

MPPT under rapid changes of irradiance, it is important to 

make an improvement. Knowing that the open-circuit voltage 

Voc is affected by the variation of irradiance and temperature, 

the reference voltage is set to a fraction of the open-circuit 

voltage to periodically check the variation of solar irradiance 

and to compensate for this variation, as follows:

*

ref ref *
P

V V C
V


= +


               (2) 

where Vref is the reference voltage of the MPP system; C is a 

PV constant that depends on manufacturer parameter. 

 

ref oc oc*V K V=                        (3) 

where Koc is the proportionality constant for open-circuit 

voltage and ranges between 0.71 and 0.78 in this case. 

( ) ( ) SET1V V k V k V = − −                (4) 

( ) ( )

( )

( )
SET

1

1 P

I k I k I k
I I

I k N

− −
=   =

−
      (5) 

where k is the sampling number; NP and Ns are the numbers 

of parallel and series modules in array, respectively; ΔVSET is 

the step size of voltage (v). 

 

* sM ocM
ref PSC

PM scM

( )
N V

V V I k
N I


= = 


         (7) 

where V∗PSC is the reference voltage of the MPP under partial 

shading (PSC) in volt; VocM is the module open-circuit 

voltage in volt(v); IscM is the module short-circuit current in 

amp 

 

 

Fig. 4. Flowchart of the improved Perturb and Observe Algorithm. 
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2.2.2. The P&O Control Algorithm 

This technique allows the current generated by the 

photovoltaic generators to maintain the upper extremum. Fig. 

4. Shows the improved algorithm flowchart. 

2.2.3. Equation of the generated Current 

The equation for a mixed array formed by the series 

connection of Ns cells and Np parallel module is generalized 

as follows [16] : 

  𝐼 = 𝑁𝑝𝐼𝑝ℎ − 𝑁𝑝𝐼0 [𝑒𝑥𝑝 (
𝑞(𝑁𝑠𝑉+

𝑁𝑠
𝑁𝑝

𝑅𝑠𝐼)

𝑁𝑠𝑛𝐾𝑇
) − 1] −

𝑞(𝑁𝑠𝑉+
𝑁𝑠
𝑁𝑝

𝑅𝑠𝐼)

𝑁𝑠
𝑁𝑝

𝑅𝑠ℎ

                   (8) 

Where: 

I : Cell Output Current (A) 

V : Operating Voltage (V). 

VT : Thermal Voltage (V). 

NP : Number of cells in parallel 

IPH : Photocurrent (A) 

Io : Saturation current of the diode (A) 

RS : Series Resistance of Cell (Ω) 

NS : Number of cells in series 

RSH : Shunt Resistance of Cell (Ω) 

n : Ideality Factor 

k  Boltzmann constant (13805-10-23 

Nm/°K) 

The irradiation is a random quantity [17], that is to say non-

linear, But the boost chopper has an advantage due to its 

simplicity and its reduced number of switches [18]. It can 

improve the quality of the electrical quantities produced by the 

photovoltaic generators (PVG), when its duty cycle is defined 

in the best conditions. 

2.2.4.  The influence of temperature on the I-V 

characteristics and P-V curves of the PV module 

The simulations are done for constant irradiance (G = 

1000W / m2) for different temperatures (20°C, 25°C, 30°C, 

35°C, 40°C). Fig. 5 shows the I-V characteristics of PV 

module for different operating temperatures. The maximum 

power point is reached and remains constant during these 

variations. 

                                                    Fig. 5. impact of the temperature on the characteristic I-V and maximum power in the module 

Fig. 6 shows the P-V curves for different variations of the 

Temperature of the photovoltaic module at a constant 

irradiance, known as test conditions (G = 1000W / m2). The 

power point function is defined. 
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Fig. 6. impact of the temperature on the characteristic P-V Curves 

2.2.5. Solar Module MSX 60/MSX 64 Characteristics  

Table 2 provides the photovoltaic parameter of MSX 60/MSX 64 solar cell. 

 

Table 1. Electrical Characteristics of the MSX 60/MSX 64 PV Module [19]. 
 

characteristics reference  values 

E (G = 1000W / m2).  1000 

Maximum power(W) Pm  15.80 

Maximum voltage(V) Vmp  18 

Maximum current(mA/Cm2) Imp  47 

Open circuit voltage(V) Voc  7.61 

Open circuit current(mA/Cm2) Iscr  43.8 

Temperature range(°C)  -40° to +85 

Number of cells in series Ns  82 

Number of cells in parallel Np  6 

2.2.6. Seven-level inverter topology 

 The Fig. 7 illustrates seven-level inverters with cascade 

topology. These inverters offer the advantages of having 

several sources in parallel as well as having a reduced number 

of switches that. Many switches connected produce Joule 

effect losses [20]. 
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Fig. 7. The Control unit for complementary arms. 

2.2.7. Triangular Sine PWM Modulation Technics

The Sine-triangular modulation consists of using triangular carriers of the same amplitude for a given level. Fig. 8 shows the 

modulation of a seven-level inverter with 6 carriers 

 

Fig. 8. Modulation of a seven-level inverter           

The modulation of multilevel inverters are discussed , and the most used in the literature is that known as triangulo-sinusoidal 

[21] where the arms of each switching cell are complementary to each other two by two. Fig. 9 represents this switching cell. 

C1

Vdc

D1

D2

D3

D4

C2
Vdc

D5

D6

D7

D8

C3
Vdc

D9

D10

D11
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Fig. 9. Control unit for complementary arms. 

2.2.8.  The 7-level inverter output voltages before filtering 

   The simulation gave the shape of the voltage of a phase, 

which is represented in Fig. 10. This voltage between phase 

and neutral has a distorted form and this is due to the DC values 

produced by the photovoltaic generators (PVG).

Fig. 10. The voltage waveform of a 7-level inverter. 

The output voltages of the 7-level inverter are always full of harmonics as shown in Fig. 10. The table 2 presents the different 

values the voltage supported by each switch of the 7- level inverter.  

                               Table 2. Switch switching table. 

S1 S2 S3 S4 S5 S6 Van 

1 0 0 1 0 0 Vdc 

1 0 0 0 0 1 2Vdc/3 

1 0 0 0 1 0 Vdc/3 

1 0 1 0 0 0 0 

0 1 0 0 0 1 -Vdc/3 

0 1 1 0 1 0 -2Vdc/3 

0 1 0 0 0 0 -Vdc 

 
Table 2 gives the different these values that each switch of the seven-level inverters supports. 
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2.2.9. Block diagram of the overall system in Simulink 

Fig. 11 shows the global diagram, which consists of the 

PVG, converter, inverter, active filter and networks, through a 

PCC which is determined. It represents the block diagram 

realized in Simulink. It highlights the global system used: the 

generators connected to the choppers boosted by the MPPT 

control, the seven-level inverters upstream of the active 

multicell filters. A transformer is placed upstream of the 

electrical networks to act as a disconnector. The electrical 

networks are three-phase and balanced before the injection of 

the currents from the 7 level inverters. 

 

 

Fig. 11. Block diagram of the  system. 

2.2.10. Load Profile 

Synchronization is required to change a two phase into a three-

phase transformation which is known park transform[12]. 

equations of these transformations’ models are given in 

equations (Eq. 2, 4 and 6.) 

The reference voltages are the output voltages of the seven-

level inverters

. These voltages undergo the Park transformation known as 

three-phase two-phase, and are controlled and injected into the 

power grids utilities, through the 4-level multicellular inverter. 

The electrical networks constitute the load. 

The equations that lead to Park’s direct transformation [22] 

are below. In the space α-β voltages and currents can be 

expressed: 

[

𝑣0

𝑣∝

𝑣𝛽

] = √
2

3

[
 
 
 
 

1

√2

1

√2

1

√2

1
1

2
−

1

2

0
√3

2
−

√3

2 ]
 
 
 
 

[

𝑣𝑎𝑛

𝑣𝑏𝑛

𝑣𝑐𝑛

]       (9)        

        

     

[

𝐼0
𝐼∝
𝐼𝛽

] = √
2

3

[
 
 
 
 

1

√2

1

√2

1

√2

1
1

2
−

1

2

0
√3

2
−

√3

2 ]
 
 
 
 

[

𝐼𝑐𝑎
𝐼𝑐𝑏
𝐼𝑐𝑐

]           (20)    

          

     

The currents are broken down into the fundamental (I∝̅, Iβ̅) 

and the harmonics ( Ĩ∝, Ĩβ): 

{
𝐼∝ = 𝐼∝̅ + 𝐼∝
𝐼𝛽 = 𝐼𝛽̅ + 𝐼𝛽

                            (31)      

     

     

The instantaneous harmonic active and reactive powers are 

calculated by the relation: 

[
p̃
q̃
] = [

v∝ vβ

−vβ v∝
]        (42)                  

     

     

To simultaneously compensate for reactive power and 

harmonic currents generated by the non-linear load, reference 

currents should include p̃, q̃ et q̅ as below: 
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[
𝐼∝−𝑟𝑒𝑓

𝐼𝛽−𝑟𝑒𝑓

] =
1

𝑣𝛼
2+𝑣𝛽

2 [
𝑣∝ −𝑣𝛽

𝑣𝛽 𝑣∝
] [

𝑝
𝑞̃
] +

1

𝑣𝛼
2+𝑣𝛽

2 [
𝑣∝ −𝑣𝛽

𝑣𝛽 𝑣∝
] [

0
𝑞̅
]   

    (53) 

The reference currents in the a-b-c tag are given by: 

[

𝐼𝑟𝑒𝑓1

𝐼𝑟𝑒𝑓2

𝐼𝑟𝑒𝑓3

] = √
2

3

[
 
 
 

1 0

−
1

2

√3

2

−
1

2
−

√3

2 ]
 
 
 

[
𝐼∝−𝑟𝑒𝑓

𝐼𝛽−𝑟𝑒𝑓

]     (64)     

       

     

The model used is that of the PQ theory [23] developed and 

implemented in MATLAB/Simulink to extract the reference 

currents.

2.2.11. Simulink model of park’s transformation from ABC to DQ and DQ to ABC phase. 

Fig. 12 presents the block diagram model in matlab/Simulink, made from the previous equations (Eq.3,6,8) [24]: 

 

Fig. 12. The Block diagram of the park transform. 

2.2.12. Identification of harmonics of Fourier transform 

The Fourier transform allows to identify harmonics of even 

and odd rank [25]. Assuming VaM, the line-to-phase voltage 

grid, the equations are follow: 

𝑉𝑎𝑀(𝜔𝑡) =

∑ (𝑎𝑛(sin (𝑛𝜔𝑡))
∞

𝑛=1
;  𝑏𝑛 = 0       (75)

     

  

{
𝑏𝑛 =

4

𝜋
∫ 𝑉𝑎𝑀(𝜔𝑡)(sin (𝑛𝜔𝑡) 𝑑(𝜔𝑡),

𝜋

2
0

𝑎𝑛 = 0 
𝑏𝑛 = 0 ∀𝑛

      

                 (16) 

After integration, equations of harmonics of order n are 

given: 

ℎ𝑛 =
4𝑉𝑎

𝑛𝜋
(𝑆1𝑐𝑜𝑠(𝑛 ∝1) + 𝑆2𝑐𝑜𝑠(𝑛

∝2) + ⋯ .+𝑆𝑝𝑐𝑜𝑠(𝑛 ∝𝑝))   (87)

    

For the given order i harmonic we have the equations: 

ℎ1 =
4𝑉𝑎

𝜋
(𝑆1𝑐𝑜𝑠(∝1) + 𝑆2𝑐𝑜𝑠(∝2) +

⋯ .+𝑆𝑝𝑐𝑜𝑠(∝𝑝))  𝑛 = 1   (98)

    

ℎ𝑖 =
4𝑉𝑎

𝑖𝜋
(𝑆1𝑐𝑜𝑠(𝑖 ∝1) + 𝑆2𝑐𝑜𝑠(𝑖 ∝2) +

⋯ . +𝑆𝑝𝑐𝑜𝑠(𝑖 ∝𝑝))  𝑛 = 𝑖      (109)

                   

Where:  

𝑛 : Odd number 

Va : Supply voltage or Va = Vb = Vc, 

resulting from the inverse 

transformation of Park 

ℎ1  : Fundamental of the output voltages 

∝𝑖  : Switching angles 

𝑆𝑖  : sign of cos 
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0 <∝2<∝3 … .<∝𝑝<
𝜋

2
  

𝑇𝐻𝐷 =

√𝑥2𝑥2

8
−

𝜋

4
∑ (2𝑖+1)𝑝−1

𝑖=0
𝛼𝑖+1−(∑ 𝑐𝑜𝑠

𝑝
𝑖=1

(𝛼𝑖))
2

∑ 𝑐𝑜𝑠
𝑝
𝑖=1

(𝛼𝑖)
        (20)

                   

 The THD is defined as follow [26]: 

𝑇𝐻𝐷(%) = 100 ∗ √∑ (
𝐼ℎ

2

𝐼1
2)

𝑛=∞
𝑖=2     (21)

           

                

Where: 

Ih : harmonic component of rank h 

I1: : fundamental component 

3. Results and discussion 

3.1. Current waveform  

3.1.1. current Output before filtering   

The presence of harmonics in electrical networks distorts 

the currents, as shown in Fig.13. The role of multicell filters is 

to remove these disturbing lines as shown in the Fig. 17. 

 

Fig. 13. Current waveform before filtering. 

3.1.2. Current injected by the filter in the network 

Fig. 14, shows the shape of the currents that the active filters 

inject in the networks, in order to cancel the signals whose 

frequencies are odd multiples of 50 Hertz. In this work, the 

active filter eliminates the harmonic lines up to order 21. 

However, the most harmful harmonics are those with a rank 

lower than or equal to 21. 



Journal of  Solar Energy Research  Volume  6 Number 3 Summer  (2021) 814-828 

 

825 

 

 

Fig. 14. Reference current of the filter to be injected in the Network. 

3.1.3. Module under partial shading 

Considering one module protected by two diodes under PSC 

of one cell by 75%, and the of this module and the simulation 

of the performance using both the classic and the improved 

P&O methods are both simulated as shown in Fig. 15. 

 

Fig. 15. I–V and P–V characteristics for improved P&O MPPT algorithm under partial shading. 

Fig.16. shows the MPP when implementing both classical 

algorithm and improved P&O algorithms, comparing them 

with the theoretically calculated MPP. It is noted that the 

tracking efficiency increased drastically from 88% with 

classic P&O to 99% with improved P&O under steady-state 

condition for some variations. 
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Fig. 16. Power generated by the MPP algorithm 

Fig. 17 shows clearly the harmonics of odd order that are 

eliminated, up to the rank n=21. It is shown by the 

disappearance of their spectrum. However, the most harmful 

harmonics are those of odd rank and especially of rank 3, 5, 

7,9 [27]. In the same way as it is found in the literature review, 

[28] in their work obtains a low THD, by inserting a 

transformer in the system configuration. To reduce the 

harmonics [3] used to realize an active filter based on 

multilevel inverters, and thus the increase of the irradiance 

would reduce the THD. [29] realized that it is possible to 

eliminate these harmonic lines by hybridization of several 

renewable sources, which still leaves limitations that [13]  

show in their work. On the other hands, [30] from two 

secondary sources have found an acceptable rate for ranks less 

than 9. But from all these works, nothing guarantees that the 

values would be maintained if the rate of harmonics is 

calculated until rank 21. 

3.1.4. Total Harmonic Distortion (THD) 

The THD of the current of the inverter provides a very low 

rate, for a fundamental from 65 to 50Hz. Harmonic lines have 

almost disappeared as shown in Fig. 17. 

 

 

Fig. 17. Frequency spectrum of the current after filtering. 
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The voltage and current of the inverter are in phase, Fig. 18 

which proves the power factor correction and the balance of 

the network after increasing the voltages of the seven-stage 

inverters. Our proposed model is interesting because we have 

reduced the THD with a reduced number of switches that most 

often create losses, thanks to the MPPT algorithm improved on 

the Fig. 4.  

 

Fig. 18. Current and voltage wave forms of the 7-level inverter after filtering. 

4. Conclusion  

     In this work, the modeling of the step-up converter and 

the four multi-cell filters with three switching cells per arm 

have been made, the 7-level inverter is presented. The 

analysis of the performance of the filter and the improved 

algorithm is widely commented on. This filtering system is 

an ideal solution to solve the problem of load shedding in 

isolated sites as in connected networks for optimal control of 

reactive power through a digital data acquisition card. The 

input voltage of the filter is dimensioned so as to allow 

control by multiple agents; which gives a perspective to 

smart grids. The voltage and current of each phase of the 

three-phase seven-level inverter show the correction of the 

power factor after injecting the photovoltaic energy into the 

power grids. In this sense, the MPPT algorithm has proven its 

performance, while multicellular filters have confirmed their 

great interest. The value of the THD found is much lower 

than that allowed by the regulations on distributed 

generation. In addition, this system is designed to be applied 

in intelligent networks with the possibility of having an 

efficient control by multi-agents of the real-time data. And 

finally, the battery bank can be placed at the common 

coupling point for the purpose of serving isolated sites. 
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