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 Recently, Re-boost seven-level inverter has been developed as an alternative 

between Photovoltaic system and single-phase load. DC level is increased 

using a re-boost regulator and its output is rehabilitated into single-phase AC 

utilizing a seven-level inverter. The re-boost converter is utilized to escalate 

the voltage gain. The objective of the suggested closed loop Re-boost Seven 

Level Inverter fed Induction Motor (RBSLIIM) system is to enhance the 

dynamic response of RBSLIIM using FO-P-I-D controller. Simulink models 

are developed for P-I and FO-P-I-D controlled RBSLIIM systems. The 

results of P-I and FO-P-I-D based RBSLIIM systems indicate that the voltage 

response with FO-P-I-D is superior to P-I controlled RBSLIIM system. 
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1. INTRODUCTION  

The extensive use of fossil fuels has resulted in the global problem of greenhouse emissions. 

Moreover, as the supplies of fossil fuels are depleted in the future, they will become increasingly expensive. 

Thus, solar energy is becoming more important since it produces less pollution and the cost of fossil fuel 

energy is rising, while the cost of solar arrays is decreasing.  

In particular, small-capacity distributed power generation systems using solar energy may be widely 

used in residential applications in the near future [1], [2]. The power conversion interface is important to a 

grid- connected solar power generation systems because it converts the DC power generated by a solar cell 

array into AC power and feeds this AC power into the utility grid. 

An inverter is necessary for the power conversion interface to convert the DC power to AC power 

[2]–[4]. Since the output voltage of a solar cell array is low, a DC-DC power converter is used in a small-

capacity solar power generation system to boost the output voltage, so it can match the DC bus voltage of the 

inverter. The power conversion efficiency of the power conversion interface is important to ensure that there 

is no waste of the energy generated by the solar cell array. The active devices and passive devices in the 

inverter produce a power loss. The power losses due to active devices include both conduction losses and 

switching losses [5]. Conduction loss results from the use of active devices, while the switching loss is 

proportional to the voltage and the current changes for each switching and switching frequency. A filter 

inductor is used to process the switching harmonics of an inverter, so the power loss is proportional to the 

amount of switching harmonics.  
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The voltage change in each switching operation for a multilevel inverter is reduced in order to 

improve its power conversion efficiency [6]–[15] and the switching stress of the active devices. The amount 

of switching harmonics is also attenuated, so the power loss caused by the filter inductor is also reduced. 

Therefore, multilevel inverter technology has been the subject of much research over the past few years. In 

theory, multilevel inverters should be designed with higher voltage levels in order to improve the conversion 

efficiency and to reduce harmonic content and electromagnetic interference (EMI). 

Conventional multilevel inverter topologies include the diode- clamped [6]–[10], the flying-

capacitor [11]–[13], and the cascade H-bridge [14]–[18] types. Diode-clamped and flying capacitor 

multilevel inverters use capacitors to develop several voltage levels. But it is difficult to regulate the voltage 

of these capacitors. Since it is difficult to create an asymmetric voltage technology in both the diode-clamped 

and the flying- capacitor topologies, the power circuit is complicated by the increase in the voltage levels that 

is necessary for a multilevel inverter. For a single-phase seven-level inverter, 12 power electronic switches 

are required in both the diode-clamped and the flying-capacitor topologies. Asymmetric voltage technology 

is used in the cascade H-bridge multilevel inverter to allow more levels of output voltage [17], so the cascade 

H-bridge multilevel inverter is suitable for applications with increased voltage levels.  

Two H-bridge inverters with a DC bus voltage of multiple relationships can be connected in cascade 

to produce a single- phase seven-level inverter and eight power electronic switches are used. More recently, 

various novel topologies for seven- level inverters have been proposed. For example, a single-phase seven-

level grid-connected inverter has been developed for a photovoltaic system [18]. This seven-level grid-

connected inverter contains six power electronic switches. However, single DC capacitors are used to 

construct the single voltage levels, which results in that balancing the voltages of the capacitors is more 

complex. In [19], a seven-level inverter topology, configured by a level generation part and a polarity 

generation part, is proposed. 

There, only power electronic switches of the level generation part switch in high frequency, but ten 

power electronic switches and single DC capacitors are used. In [20], a modular multilevel inverter with a 

new modulation method is applied to the photovoltaic grid-connected generator. The modular multilevel 

inverter is similar to the cascade H-bridge type. For this, a new modulation method is proposed to achieve 

dynamic capacitor voltage balance. In [21], a multilevel DC-link inverter is presented to overcome the 

problem of partial shading of individual photovoltaic sources that are connected in series.  

Several individual DC blocks configure the DC bus of a full-bridge inverter, where each DC block 

is composed of a solar cell, a power electronic switch, and a diode[22-24]. Controlling the power electronics 

of the DC blocks will result in a multilevel DC-link voltage to supply a full-bridge inverter and to 

simultaneously overcome the problems of partial shading of individual photovoltaic sources. Closed Loop 

Analysis of Multilevel Inverter Fed Drives[25]. Comparative Analysis of Carrier Based Techniques for 

Single phase Diode Clamped MLI and Hybrid Inverter with Reduced Components[26]. 

The above literature does not deal with re-boost converter fed seven-level inverter. There is a 

requirement to improve the voltage gain in the output of inverter and improve the dynamic performance of 

the load. This work proposes re-boost converter between PV and seven-level inverter. The above papers do 

not compare the response of PI and FOPID controlled RBSLIIM systems. This work proposes FOPID 

controller to improve the dynamic response of RBSLIIM system. 

 

 

2. CIRCUIT CONFIGURATION 

2.1. Existing System 
The block diagram of existing system is shown in Figure 1.The output of the PV is boosted using a 

boost converter and its output is inverted using a multi-level inverter and fed to the Single phase induction 

motor. 
 

 

 
 

Figure 1. Block diagram of the existing system 

 

 

2.2. Proposed System 
The block diagram of proposed RBSLIIM with FOPID controller system is shown in Figure 2. The 

output of PV is boosted using a re-boost converter and its output acts as one of the input sources of a 

multilevel inverter. The other input source is given using wind generator. The output of wind generator is 
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rectified using a rectifier. The output of the rectifier is boosted using a re-boost converter. The output of RBC 

connected to wind generator acts as the second input of the SLI. 

 

 

 
 

Figure 2. Block diagram of the proposed RBSLIIM system 

 

 

2.3. Proposed System with FOPID 
The Closed loop RBSLIIM system with FOPID controller is shown in Figure 3. The speed of 

induction motor is sensed and it is compared with the reference speed, the error is applied to the FOPID 

controller for controlling the Reboost converters connected to the seven level inverter. 

 

 

 
 

Figure 3. Block diagram of the closed loop RBSLIIM system 

 

 

2.4. Reboost Converter Topology 
The reboost converter is a topology with continuous input-current which provides reduced voltage 

stress. The topology is shown below in Figure 4. 

 

 

 
 

Figure 4. Circuit diagram for reboost converter topology 

 

 

2.5. FOPID Controller 
Fractional-order PID (FOPID) controller is a generality of conventional PID controller using 

fractional calculus. If traditional PID controller is compared with FOPID controller, the order of derivative 

segment and integral section is non-integer, which provides supplementary litheness in achieving control 

objectives. Such an FOPID controller given in figure 5 consists of decisive five parameters, i.e. proportional, 

integral and derivative gains {Kp, Ki, Kd}, and additionally integration and differentiation orders {λ,μ}, 
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which has a large difference comparing with the conventional PID tuning rules, thus a suitable optimization 

algorithm is essential to the parameters tuning of FOPID controller.  

 

 

 
 

Figure 5. FOPID controller 

 

 

3. SIMULATION DIAGRAMS RESULTS AND ANALYSIS 

3.1.   Closed Loop RBSLIIM System with PI Controller 

The Simulink model of Closed-loop RBSLIIM system with PI controller is shown in Figure 6. The 

output voltage of PV is stepped up using reboost converter. The output of wind generator is rectified and then 

reboosted. These are the inputs to the MLI. The speed of motor is sensed and it is compared with the 

reference speed, error is applied to the PI controller. The input voltage from PV and Wind generator is shown 

in Figure 7 and PV output voltage value is increases from 48 V to 60 V at 3.9 seconds due to disturbances. 

The Output voltage of the inverter is shown in Figure 8 and its value is 210 V. The Motor speed as shown in 

Figure 9. It is observed that at 3.9 seconds a small decrement in speed and it gradually increases and touches 

set value at time 4.3 seconds, peak value at 4.6 seconds and settles to at 6.0seconds. And also the speed 

oscillates and reaches the set value with an error of 5.3 rpm. The torque response is shown in Figure 10. and 

its value is 7 N-m. It can be seen that the speed is regulated using a PI controller. 

 

 

 
 

Figure 6. Circuit diagram of the closed loop RBSLIIM system with PI controller 
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Figure 7. Input voltage waveform to reboost converter 

 

 

 
 

Figure 8. Output voltage waveform of the MLI 

 

 

 
 

Figure 9. Motor speed of closed loop RBSLIIM system with PI controller 
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Figure 10. Torque of closed loop RBSLIIM system with PI controller 

3.2. Closed Loop RBSLIIM System with FOPID Controller 

The circuit diagram of the closed loop RBSLIIM system with FOPID controller is shown in Figure 

11. As usual the speed of motor is sensed, compared with the reference speed and the error is applied to the 

FOPID controller. The input voltage to re-boost converter from renewable energy sources is shown in Figure 

12 and its value is 60 V from PV and 110 V from Wind turbine. The Output voltage of the inverter is 

disclosed in Figure 13 and its value is 220 V which is re-boosted from the input voltage of 170V. The motor 

speed is given in Figure 14. Because of changes in generating end the speed of motor oscillates and settles at 

5.0 seconds with an error of 2.6 rpm. The amplitude of oscillations is less than that of PI controlled RBSLIIM 

system. The Torque response is shown in Figure 15 and its value is 7 N-m. The Comparison of Time-domain 

Parameters is given in Table 1. It can be noticed that the settling time is reduced from 6.0 to 5.0 second and 

the steady-state error is reduced from 5.3 rpm to 2.6 rpm using a FOPID controller. 

 

 

 
 

Figure 11. Simulation diagram of the closed loop RBS LIIM system with FOPID controller 

 

 

 
 

Figure 12. Input voltage waveforms to reboost converter FROM Wind and PV 
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Figure 13. Output voltage waveform of MLI 

 

 

 
 

Figure 14. Motor speed of closed loop RBS LIIM system with FOPID controller 

 

 

 
 

Figure 15. Torque of closed loop RBS LIIM system with FOPID controller 

 

 

Table 1. Comparison of Time Domain Parameters 
Type of Controller Rise time (s) Peak time (s) Setting time (s) Steady state error (RPM) 

PI 4.3 4.6 6.0 5.3 
FOPID 3.9 4.2 5.0 2.6 

 

 

4. CONCLUSION 

The PV fed RBSLIIM system is efficaciously demonstrated and simulated. The case studies with P-I 

and FO-P-I-D-controllers are exhibited in detail. When a disturbance at the input side is generated at 3.9 

second it is observed that the settling-time is abridged from 6 seconds in PI controller to 5 seconds in F-O-P-

I-D controller with decrement in steady-state error of the output from 5.3 rpm in PI Controller to 2.6 rpm 

when FO-P-I-D controller is replaced with PI controller .Hence there is a percentage decrement in error of 

49.05 . The results indicate that the FO-P-I-D based RBSLIIM system gives the best dynamic response. The 

studies indicated that RBSLIIM system is a viable alternative to the existing converters. The benefits of the 

suggested system are high-voltage gain & reduced steady-state error. The disadvantage of the recommended 

system is that it’s appropriate for low-power loads. 

So finally these type of system when installed in the grids gives best dynamic performance when 

subjected to sudden changes at input side. The opportunity of the current work is to compare P-I and FO-P-I-

D based RBSLIIM systems.  

In future, work can be extended with proportional resonant controller for RBSLIIM system and 

checks for better performance. 
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