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Abstract: Electricity generation using a combination of 

renewable energy sources is an effective solution for addressing 

various challenges. To optimize the system's performance, it is 

essential to integrate a multilevel inverter between the DC-link and 

the load bus. Despite the complexity associated with multilevel 

inverters due to a high number of switches, this paper introduces a 

control methodology in closed-loop for a 7-level parallel inverter to 

enhance power quality. The study focuses on a PMSG coupled 

wind power conversion unit, as well as a photovoltaic (PV) and 

battery powered standalone power supply system. The parallel 

multilevel topology being proposed necessitates only half the 

amount of switches in comparison to traditional topologies. 

Additionally, a novel Sinusoidal Pulse Width Modulation (SPWM) 

method is employed to generate the necessary pulses for the 

inverter. The Hardware – in the – Loop (HIL) simulation with 

OPAL-RT devices is performed to assess the system's reaction in 

different operational scenarios. 

Keywords: Novel Multilevel inverter, Wind, PV, Standalone 

hybrid system. 
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1. INTRODUCTION 

Every client needs high-quality electricity to run their loads and meet their demands. 

In this context, a locally located or standalone power supply (SPS) unit is well-

known in many areas for supplying power to loads [1-3] is considered. As a result, 

renewable energy-powered standalone microgrids are becoming more popular and 

simple to install in a variety of locations across the world. Maximum loads in a 3-

phase distribution network are, in general, single phase loads. As a result, an 

appropriate control method is necessary to maintain constant voltage during 

imbalance operation [3-4]. Solar and wind energy are two important power 

producing sources. As a result, this article explores a hybrid system for the SPS unit. 

The combination of PMSG-powered wind and PV can provide consistent electricity 

to loads. Unfortunately, both sources are subject to natural fluctuations. To alleviate 

this issue, the system includes a battery bank. 

A battery unit consists of multiple batteries has been integrated into the DC-link 

using a bidirectional DC to DC circuit [4-6]. The control strategy has been 

developed to supervise the battery bank's discharging and charging operations. 

Additionally, an inverter needs to be positioned between the dc-link and AC loads 

for supplying AC power. Consequently, an inverter is connected via a filter between 

the dc-link and the load bus. Nevertheless, most inverters change direct current to 

square wave alternating current, resulting in increased harmonics. This may 

negatively impact sensitive loads. To ensure the safe operation of loads, a multilayer 

inverter should be installed. Many configurations are accessible around the world, 

but those with the most switches suffer the most. The employment of more switches 

in the design of a multilayer inverter has numerous drawbacks, including size, 

compactness, efficiency, operation, and so on. As a consequence, utilizing a modest 

number of switches, this article constructs a revolutionary design known as a parallel 

inverter. 

AC power is supplied from DC by using a 7-level parallel inverter positioned 

between the filter and the dc-link. In proposed seven-level architecture, a novel 

SPWM (NSPWM) method is used to produce pulses for switches. In the 7-level 

parallel inverter configurations, just six switches were required per phase. 

The system links multiple converters to create a constant dc-link voltage. Boost 

converters build an MPPT circuit with both PV and wind units [7]. The photovoltaic 

system is linked directly to the dc-link in order to minimize the amount of converters 

needed, while the dc to dc bidirectional circuit's control can function as an MPPT 

circuit for the photovoltaic modules. This study utilizes a new closed loop inverter 

control to ensure high-quality power supply to various loads. 

The remaining sections of the document are organized in the following manner. 

Section-2 discusses the setup of a 7-level parallel inverter as well as a standalone 

system's system description. Section-3 puts the control approach into action. OPAL-

RT devices are employed in Section - 4, and Hardware - in - the - Loop (HIL) is 

built to deliver a variety of outputs. Section-5 is densely packed with conclusions. 

At the end of the paper, there is a reference list. 

2. SYSTEM DESCRIPTION AND CONFIGURATION 

The layout of a 7-level inverter shown in Figure 1 was achieved with the utilization 

of only six switches in a single phase. One advantage of this configuration is that 

only (p-1) switches are needed for every level 'p' in a phase. This suggested inverter 
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is utilized in SPS models that are operated by sustainable energy sources. Figure 2 

illustrates a system model block diagram. The wind & PV systems share the same 

voltage at dc-link, and the battery has a bidirectional circuit. A closed loop based on 

RMS voltage control method is implemented to change the voltage at the load bus. 

The PV array's ratings are displayed in Table-1, while the wind unit's ratings can be 

found in Table-2. A constant torque-based MPPT model is utilized on a boost 

converter for a wind system. All AC loads, depicted in Figure 2, are interconnected 

at the point of common coupling (PCC). The remaining system parameters are taken 

from [1-4]. 
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Fig. 1: 7-level parallel inverter (three phase configuration). 
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Fig. 2: Standalone hybrid model. 
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Table-1: Parameters of PV model [9-10]. 

Parameters Values 

Module voltage (at open). 36.90V 

Current when circuit shorted. 8.01A 

Vmpp 30.30V 

Impp 7.10A 

Series resistance.  0.0045 Ω 

Shunt resistance. 0.9822 Ω 

Voltage at cell diode. 0.5367V 

Modules in series. 22 

Irradiance G.
*

 1000 W/m
2

 

Maximum power. 4.730kW 

 

Table-2: Parameters of Wind system [1, 11] 

Parameters Values 

Air density. 1.255Kg/m
3

 

Blades Area swept. 1.06m
2

 

Optimum coefficient. 1.678x10-3Nm/(rad/s) 

Rated speed. 153 rad/s 

Wind speed base. 12.0 m/s 

Pair of poles. 5 

Flux linkage. 0.4330wb 

Armature resistance. 0.4250Ω 

Inductance in stator winding. 8.40mH 

Maximum torque. 40.0N-m 

Operating current. 12.0A 

Maximum power. 6.40kW 

 

3. CONTROL STRATEGY 

The control strategy utilized in the newly created technique, as illustrated in Figure 

3, involves a closed-loop system designed to uphold a specified voltage level at the 

PCC. The separate phase RMS voltages are compared to their reference signal using 

a PI controller, and a modulation index is derived. As demonstrated in Fig. 4, an 

NSPWM strategy based on comparing carrier and reference waves is also 

developed. Where AT1,2,3 are pulses formed by comparing their reference and carrier 

waveforms. The inverter may be regulated using the conventional SPWM method. 

When a switch is turned on during the SPWM technique, it will get a pulse. 

However, no switching pulses must be generated continuously in the proposed 

approach. As a result, gates are used to construct NSPWM. Each device's typical ON 

time is 1/(N-1) times the total period, where 'N' denotes the number of switches. All 

other switches in the same phase are switched off at the same time. 
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Fig. 3:In a basic control method. 

 

 

Fig. 4: NSPWM methodology. 

 

Optimized gains of various controllers are given in Table-3.  

Table-3: Various Gains. 

S.No Parameter values 

Pi of dc/dc circuit. 

1 Proportional. 2.641 

2 Integral. 82.42 

PI of 7-level inverter. 

3 Proportional. 4.19 

4 Integral. 37.12 

Current band of Hysteresis loop of MPPT = 8%. 

4. VARIOUS RESULTS 

Real-time simulators (RTS) are widely recognized for their ability to enhance 

system performance [1, 12-14]. The RTS modules developed by OPAL-RT 

technologies have been utilized in this study to construct a laboratory HIL setup. In 

order to facilitate real-time testing of advanced controllers, two OPAL-RT devices 

have been interconnected. The first OPAL-RT module, referred to as module-1, 

receives the independent system plant, while module-2 (also known as OPAL RT-2) 

receives all the controllers. Analog signals are converted into digital signals through 

appropriate channels and then fed into the controller unit (i.e., OPAL-RT-2) via data 

cards. The controller unit is capable of functioning as a scheduled controller, 

producing switching pulses for the converters of the plant. These digital pulses are 

subsequently converted back into analog signals before being supplied to the plant 

through external data cards. To ensure enhanced visibility, the significant results are 
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analyzed on a laptop instead of an oscilloscope. The fundamental HIL design, 

incorporating two OPAL-RT units, is shown in Figure 5 [15-20]. Different factors 

considered in formulating the suggested method have been accounted for. 
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Fig. 5: HIL configuration (a laboratory setup). 

 

Case 1: Because of the changes in loads 

The load is raised for four seconds at t = 2 seconds in this case and the output 

current, voltage, and modulation index (MI) are monitored. As seen in Fig. 6, the 

initial load current is 4 amps and has increased to 16.240 amps peak. The controller 

reference signal, on the other hand, maintains the load voltage at 220V. As seen in 

Fig. 7, the load voltage does not vary considerably. The modulation indices are 

depicted in Figure 8. 
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Fig. 8: MI of inverter leg. 

 

Case 2: Operation during unbalanced load at PCC 

At present, the system is undergoing testing with an uneven load. The load bus is 

linked to the three-phase unbalanced load illustrated in Figure 9. Constant RMS 

voltages at the load bus during this approach are depicted in Fig. 10. 
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Fig. 9: Load current. 
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Fig. 10: Voltages at PCC. 

 

Cae-3: Intermittent speed of wind, sun irradiance, and load bus changes: 

Loads, wind speed, and solar irradiation all fluctuate at random in practice, as shown 

in Fig. 11. As illustrated in Fig. 12, the control methodology must maintain constant 

voltage on both the dc-link and the load bus during this situation. Figure 13 displays 

the instantaneous voltage profile as well. Figure 14 displays the phase-A matching 

current. 
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Fig. 11: Changes in (a) Load current, (b) speed of wind, (c) irradiances. 
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Fig. 12: (a) Dc-link voltage, (b) Voltage at PCC. 
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Fig. 13: PCC line voltage. 
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Fig. 14: Currents of phase-A. 

5. RESULTS AND DISCUSSIONS 

To improve power quality in standalone systems, a novel multilayer inverter design 

known as parallel inverter is used. A 7-level parallel inverter is used in this article. 

To ensure power quality at PCC, this study provides a hybrid wind-PV-based 

standalone system, and a simple control method. Several case studies in this paper 

use HIL-based outcomes. Even with imbalanced load operations, the proposed 

approach operates effectively with fluctuations in irradiance, load, and wind speed. 
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