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In this paper, a three-phase multilevel cascaded H-bridge inverter is 
developed for injecting renewables power energy into the grid through a 
filter. The main contribution of this work is to reduce the total harmonic 

distortion (THD) by using a passive filter and to enhance the output voltages 
by adopting a multicarrier pulse width modulation (MCPWM & NPC). The 
simulation results affirm a good performance of the proposed multicarrier 
PWM & NPC control using a three-phase five-level inverter. The proposed 
inverter is tested as well as the THD and the spectral analysis of the output 
voltage are calculated using Simulink/Matlab software. 

 
 

 
 

  

 
 

1. INTRODUCTION 

The multilevel inverter uses highly efficient converter types for medium and high voltage and high power applications 

[1] It has interesting features like high-voltage capability, reduced power device stress, near-sinusoidal output, or even no output 

filter which makes them suitable for high power applications [2]. Multilevel inverters are used for AC transmission systems, 
clean energy sources, power supplies without disruption, electrical conduction and active power filters. [3]. 

Several technics are proposed in literature. An electromagnetic disturbance problem in common mode using five-level 

inverter [4]. A seven-level inverter supplying with a DC and based on the real-time control using an artificial algorithm control 

[5], [6]. 

Many topologies treated such us a cascaded H-Bridge (CHB) and the NPC (neutral point) which are widely usable for 

industrial applications. [7], [8], an intelligent technique is analyzed with NPC inverter in [9]. Furthermore, different control 

techniques applied to the inverter to reduce the switching losses [10]. 

The injection of photovoltaic power into the grid increases the risk of harmonic pollution and deterioration of the 

voltage waveform. Indeed, PV systems use static converters especially inverters that generate harmonics. These produce current 

harmonics that create more losses of or malfunction in the network and consumer [11]. 

Due to the prospect of good power quality on the power grid, harmonics and technical requirements IEC 1000-3-2, 
IEEE 519 (USA), AS 2279, are used to limit the level of THD [12]. In addition, the EN50160 standard, which defines all the 

control parameters and the quality of an electrical distribution network, particularly with regard to electrical disturbances, 

requires a THD <4%. The design of multi-level inverters allows the harmonic distortion of the output waveform to be 

reduced without increasing the switching 
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frequency. Previous studies have been the main focus on three stage, the number of voltage levels is limited by voltage unbalance 

problems, the majority of multilevel inverters were presented in [13]. 

Multilevel voltage source inverters (MVSI) are used in high power DC to AC power conversion applications. MVSI 

gives various advantages such the ability to manage a higher DC link voltage, and to reduce harmonics distortion [14]. Multilevel 

inverters have benefits such as low switching frequency, low harmonic distortion and high power conversion. [15]. 

A hybrid switching technique using pulse amplitude modulation (PAM) dedicated for NPC inverter in order to eliminate 

harmonic [16] A single-phase sensor-less Packed U-Cell (PUC) inverter has been introduced by Sandeep et al [17], to generate 
five-level voltage using an adequate voltage control based on redundant switching states which is integrated into switching 

process. 

Recent researches have been interested in filter for a transformer-less grid-tied converter using (PWM & NPC). Rohit 

G. Ramteke and U. V. Patil gave various topologies throught a comparative study of passive filters was proposed to reduce the 

total inductance value, without increasing capacitive reactive power [18]. 

PWM & NPC is a non-linear process that creates harmonics over the entire frequency spectrum. Depending on the 

properties of the reference signal and depending on its interaction with the modulator, the DC component or the even harmonics 

may be zero. 

A sliding mode current controller (SMCC) is applied for grid-connected inverter with fixed frequency (PWM & NPC) 

[19], and F. Sebaaly et al. show a closed-loop space vector modulation (SVM) sliding mode controller (SMC) for a 3-point UPS 

(3L-NPC) connected to a neutral point connected to the network [20]. The performance of a modulator is characterized by its 

ability to generate a signal close to the reference signal. Various measurements make it possible to evaluate the distance between 
the input and output signals of a modulator. 

In this work, we proposed a multicarrier PWM & NPC control and some simulations using a three-phase five-level 

inverter connected to the grid. To improve the output voltages, we have used a constant switching frequency MPWM & NPC. To 

eliminate the harmonics effect we have used a LC filter. We have calculated spectrum and THD, both of which are necessary to 

assess the quality of the output voltage and the current of the inverter. The line voltage and current waveforms are obtained by 

simulation using MATLAB/SIMULINK. 

 

 

2. STUDIED SYSTEM 

The Figure 1 consists a DC source connected in cascaded to an H-bridge five-level voltage inverter, tied to the grid 

through a filter to eliminate the harmonic. 

 
 

 

Figure 1. Block diagram of the system 

 

 

3. MULTILEVEL INVERTER 

Several scientific research about the various topologies of multi-level converters has been published. Out of all of these 

topologies there is one that is based on the use of partial inverters (full bridge cells) in a series on each phase. This particular 
model has two main features: simplicity of configuration, whatever the number of levels of the desired voltage at the output of 

the converter; and the existence of standard inverter modules on the market. However, it requires galvanic power sources 

separated from one another, which further limits its industrial expansion. In [21] deals with the simulation and implementation of 

nine level inverter system. The inverter used in this study is a cascaded H-bridge five-levels with separate DC composed of two 

H-bridge cells, fed by a DC source. Each of the cells has four semiconductor IGBT switches mounted in parallel with an 

inversed diode. IGBT control voltage of the inverter is obtained by comparing a reference or modulating wave, generally 

sinusoidal (the signal to be synthesized) with a generally triangular carrier. The circuit configuration of our inverter and the 

waveform are presented in Figure 2. The five-level inverter output voltage in Figure 3. For this inverter, two single-phase full-

bridge cells and two independent power supplies are used. 
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Figure 2 Five-level inverter using DC 

 

 

 
Figure 3. Five-level inverter waveform 

 

 

The inverters are supplied with continuous voltages having identical values. E1 and E2 are the DC voltage provided 

from two independent   DC sources generator. The gate represents the gating signals used for controlling the switches. 

The simplest way to generate a PWM & NPC signal is to compare the message signal to a triangular or ramp waveform. 

The output voltage is raised when the input is greater than the triangular waveform neither when the input is lower. Thus, the 

two basic blocks required for PWM & NPC are a triangular-waveform generator and a comparator as shown in Figure 4. 
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Figure 4. A comparator configuration to produce a PWM & NPC signal 

 

 

4. INVERTER CONTROL 

In this study, a five-level inverter will be controlled by MCPWM & NPC in order to improve the performance of our 

system and mitigate the THD. Each leg is controlled by comparing a reference signal with its own triangular carrier. For this 

work it is necessary to use four carriers. 

PWM & NPC is widely used for controlling conventional inverters. It is also the modulation strategy most commonly 

used in multi-level inverters called sinusoidal modulation. It consists of comparing a reference or modulating wave, generally 

sinusoidal (the signal to be synthesized) with a generally triangular carrier. 

The output signal changes state at each intersection of the reference signal and the carrier. In this modulation technique, 

with the MCPWM & NPC implemented and the triangular multicarrier signals set, we use the different carriers to construct all 

the necessary commands for all the switches. In this technique, the reference is compared constantly to each of the triangular 

signals. If the reference is greater than a triangular signal, the output signal is 1. In this case, the switch corresponding to this 

modulation is active. However, if the reference is less than a triangular signal, then the output signal changes state. 
In this case, we have four triangular signals that have the same frequency and the same amplitude. Figure 5 shows a 

reference and four triangular signal. And demonstrate the fixed switching frequency in each cycle. 

 
 

 

Figure 5. Carrier arrangement for MCPWM & NPC strategy of single five-level inverters 

 

 

The proposed method ensures a low switching frequency and fixed functionality of the five-level inverter at low 

switching losses and high efficiency compared to other topologies. The PWM & NPC are computed to minimize current 

harmonics and pulsating torques. The method will be applied on ARDUINO MEGA in order to confirm experimentally this 

method. 

Am = 0.8 AC = 2 are amplitude of modulating and carrier signal respectively, fm = 50Hz and 

fc = 500Hz are frequency of modulating and carrier signal. 
 

5. SIMULATION RESULTS 

5.1. Five-levels Inverter 
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Figure 6 shows the proposed schemes in Matlab&Simulink software of the studied three phase Five- level inverter. 

 

 
Figure 6. Three-phase 5-level inverter 

 

The references signals are phase shifted by 180 degrees. The triangular signals are modulated respectively with: 

Am = 0.8 and AC = 2. fm = 50Hz and fc = 500Hz Are frequency of modulating and carrier signal. as shown in 
Figure 7. As we see in Figure 8 the output voltage of Three-phase five-level inverter is alternative. The purpose of our work is 
performed in advance to have a practical sine wave output voltage. 

 

 

Figure 7. Carrier arrangement for MCPWM & NPC strategy of three phase five-level inverter 

 

 

Figure 8. Three-phase line voltage of inverter 

5.2. Spectral Analysis of the Phase Line Voltage 
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Figure 9 gives the THD value of output voltage and the magnitude of the fundamental frequency. The voltage waveform 

at fundamental frequency of 50Hz and switching frequency of 500Hz is obtained for the proposed MCPWM & NPC control. 

 
 

Figure 9. FFT analysis of a phase line voltage of inverter 

 
 

The (THD) was chosen to be evaluated using the filter. Fast Fourier Transform (FFT) is applied to obtain the spectrum 

of the output voltage to find out THD. From the FFT analysis of the below result, it can be seen that the THD remains over 

31.70% due to 10th harmonic order. Consequently, we thought that a low- pass filter could solve the problem and allow us to 

achieve our goal while still maintaining a THD that satisfies the norm EN50160. For alleviating the impact of this harmonics 

components and reduce the harmonics, we introduced a low-pass filter which is designed in Figure 10. 

 

 
 

 

Figure 10. Low pass filter 

 

 

To eliminate or reduce all type of harmonic frequencies over a threshold frequency, mostly we use a low pass filter in 

order to block the unwanted harmonics and allow a certain frequency range to be transmitted. We chose a LC filter as shown 

in Figure 11 in order to have a better attenuation, reduce the losses and cost [22], [23]. 
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Figure 11. Five-level inverter with low-pass LC filter 

 

 

5.3. Low-pass Filter 

The transfer function of this low-pass LC filter is: 
 

1 
 

 

𝐻(𝑗𝜔) =     𝐽𝐶𝜔 = 
1

 
 

 
(3) 

1 
 

𝐽𝐶𝜔 

 

𝑓 = 
1

 
 

+𝑗𝑙𝜔 1−𝑙𝐶𝜔2  
 

(4) 
𝑐 2𝜋.√𝐿𝑓𝐶𝑓 

The simulation result of the system connected to grid feeds a load as shown in Figure 11. The inverter can be configured 

as a standalone supplying a load, such as the system presented in this paper. The utility of the grid is defined as the infinite bus 

bar, which has a constant voltage and frequency. The grid synchronization is very necessary for the grid connected inverter, it 
can be achieved by using a passive filter. 

In this case, a linear load will be supplied, a passive filter is the simplest and cheapest solution of all, and it uses passive 

elements to improve the current flow. LCL filter is used to attenuate the deformation created by the harmonics particular the 3rd 

one, this has the effect to bring it back into phase with the tension. The stiffness of the rising edges of the current is attenuated by 

the inductance which storing some energy and then redistributing it. 

The LCL filter is used to mitigate harmonics produced by the inverter as shown in Figure 11 is placed between the grid 

and the inverter, in this case, L takes the role of grid inductor and LC takes the passive filer of the inverter 

As shown in Figure 12 the output current is sinewave and in phase. The MCPWM & NPC strategy is applied for 

a three-phase cascaded H-bridge five-level inverter connected to grid. The FFT spectrum give the magnitude of the fundamental 

and the value of harmonic distortion output voltages and current which supplied a linear load. 

 
 

 

Figure 12. Output current of grid connected inverter supplied a linear load 

 

 

We notice that the voltage and current fed to the grid by supplying a resistive load is stable since they are at the same 

phase as shown in Figure 13. As shown in Figure 14 the LCL filter eliminates all 
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frequencies above the fundamental harmonic but there is an important reduction in THD from 31.70% to 0.07%. Finally, as we 

may have expected this method block unwanted harmonics and allows the grid frequency to be transmitted. 

 

 
 

 

Figure 13. Output current and voltage of grid connected inverter supplied a linear load 

 
 

Figure 14. FFT analysis of output current of grid connected inverter supplied a resistive load 

 

 

6. RESULTS AND DISCUSSIONS 
The MCPWM & NPC strategy is applied for a three-phase cascaded H-bridge five-level inverter, connected to the grid 

through a passive filter. The results shown that the current harmonic are eliminated by using an LCL filter and gives a better 

THD which reduced from 31.70% to 0.07% compared to the current THD of a quasi-resonant inverter configuration with filter is 

about 12.9% [24], and two different control are applied to three phase inverter, their THD about 3.31%, 1.36% respectively [25], 

we notice that our proposed configuration thechnique gives a good performance regarding to that of the two technique. The aim 

of this work is to improve the current flow attenuating the deformation created by the harmonics and make the 
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current and tension of grid in phase. In Figure 13 the voltage and current have produced a sine form and that satisfies the EN50160 

norm. 
 

 

7. CONCLUSION 

In this paper, the proposed configuration gives a better harmonic performance and selection of suitable switching 

frequency in the MCPWM & NPC strategy. We have modeled and simulated a three phase five- level inverter connected to the 

grid and supplied a linear load by using MCPWM & NPC technique. We have used a low-pass filter. The simulation results 

show that the MCPWM & NPC technique enhances the fundamental output voltage and eliminated selected harmonics but given 

a THD in the order of 31.70%. Thus a passive filter has been used to eliminate all harmonics and gives a better THD of 0.07%. 
With the low-pass filter the voltage and current have produced a sinewave form and satisfying the EN50160 norm. 
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