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Abstract: - This paper presents the design and performance evaluation of a photovoltaic (PV) 

based power conversion system integrated with a high-gain DC–DC converter and an 11-

level multilevel inverter. The system employs a perturb and observe (P&O) maximum power 

point tracking method to ensure effective extraction of solar energy under varying 

environmental conditions. A reduced-switch asymmetric 11-level multilevel inverter is 

utilized to generate a stepped output voltage with improved waveform quality and lower 

harmonic distortion. Different carrier-based pulse width modulation techniques, including 

PD, POD, APOD, In-shift, and rotating trapezoidal PWM, are investigated. In addition, both 

proportional–integral (PI) and proportional–resonant (PR) controllers are implemented to 

regulate the inverter output. Simulation results demonstrate that the PR controller provides 

superior harmonic performance compared to the PI controller. Furthermore, the influence of 

modulation index on total harmonic distortion (THD) is analysed, showing that higher 

modulation index values lead to improved output quality. The PR-RTSPWM methodology 

outperforms the other modulation techniques in terms of harmonic performance, as confirmed 

by experimental validation using a digital signal controller (DSC).  

Keywords: Photovoltaic (PV) System Reduces Switch Topology, High Gain DC-DC 

Converter, 11-Level Inverter, and Proportional Resonant (PR) Controller. 

1. INTRODUCTION 

Multilevel inverters (MLI) are becoming more and more used in industrial and 

renewable energy conversion systems because of their superior output waveform over the 

inverters with two levels. Multilevel inverters are appealing due to their near sinusoidal 

output waveform, reduced total harmonic distortion (THD), minimal dv/dt stress, and less 

power loss. The three primary varieties of traditional multilevel inverters are cascaded H-

bridge (CHB), flying capacitor (FC), and neutral point clamped (NPC) [1]-[4]. Nevertheless, 

these traditional MLI have drawbacks, such as capacitor voltage balancing in FC and NPC. 

Among these inverters, the CHB MLI is unique, however it requires more separated DC 

sources. For these traditional MLI to achieve higher voltage levels, more switches are needed 

[5]-[8]. 

In light of the aforementioned problems with conventional MLI, researchers have 

made numerous attempts and created a large number of decreased device count MLI. 

Compared to the fundamental MLI topologies, these topologies require fewer switches and 

diodes to achieve the same number of levels [9]-[13]. Voltage boosting is not possible with 

the traditional and decreased device count MLI. Due to the low voltage produced by PV 
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panels and fuel cells, this voltage boosting will be crucial in renewable energy conversion 

systems [14]-[18]. 

The pursuit of renewable energy sources drives the sharp rise in fuel prices and 

greenhouse gas emissions [19], which over time leads to air pollution and climate change 

[20]. Among the many sustainable energy sources, solar energy is elegant and emits no 

emissions; the photovoltaic (PV) system makes the conversion of electricity simple [21]-[26]. 

Both residential and commercial customers started using it as a regular source of electricity 

[27]. This comprises a variety of solar electric car applications, vehicle charging stations, 

water pumping systems, and standalone systems for regions without dependable grid 

connectivity [28]–[30]. 

Photovoltaic power generation is composed of solar PV panels, and the output of a 

solar panel is fed into a DC connection via a DC-DC converter. The voltage is delivered to 

the DC-AC inverter and the load via a DC link [31]. The output of solar PV is not 

continuous; it varies depending on temperature and sun irradiation [32]-[37]. Therefore, it is 

crucial In order to extract PV module's power output, which is acknowledged to be greatest 

Power Point Tracking (MPPT) [38], for an efficient operation of a PV panel even under 

numerous climatic fluctuations in an annual computation [39]. The DC-DC converter is 

crucial to managing maximum power when the MPPT is present in a system because it works 

with the duty cycle change [40]. 
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Figure 1: Block Diagram of PV-Fed Converter with Multilevel Inverter 

In Figure 1, a stand-alone photovoltaic (PV) system is created with an 11-level 

multilevel inverter is combined with DC–DC boost converter. To ensure maximum energy 

extraction from the solar panels, the system uses a maximum power point tracking (MPPT) 

technique based on perturb and observe (P&O). First, the boost converter receives the DC 

output produced by the PV array. where it is stepped up to the required voltage level, and 

then delivered to the 11-level inverter. A thorough comparison of the outcomes is provided 



after the inverter's performance is assessed using both PI and PR controllers in addition to 

different PWM approaches. 

 

2. 11-LEVEL MULTILEVEL INVERTER 

 

 In order to produce multiple stepped output voltage levels, the circuit depicted in 

Figure 2 is an asymmetric multilevel inverter, specifically designed with a 1:2 voltage ratio 

between its DC sources [41]. It is made up of multiple power switches, S1 throughS6, and 

auxiliary switches, such as S11, arranged so that various switch combinations result in varying 

output voltage levels. The main characteristic of asymmetry is the use of two DC sources, 

one of which has a voltage value of V and the other about 2V. [42]-[44] The switches on the 

right side, which form an H-bridge structure, regulate the polarity of the output voltage 

applied to the load, while the switches on the left assist in choosing and combining these DC 

sources [45]. The circuit may create many voltage steps, such as V, 2V, 3V, 4V, and 5V, by 

turning on and off particular switches in the right order. This produces an enhanced staircase 

waveform that nearly approaches a sinusoidal output [46]. 
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Figure 2: Reduced-Switch 11-Level Multilevel Inverter Configuration for AC Output 

Generation 

 To express how many switches the inverter needs overall is as follows: NSwitch = 2K + 2                                                                    (1) 

where K is the quantity of DC voltage sources utilized.. For this configuration, K=3, resulting 

in a total of 8 switches. V0,max =  1ܸ + (K − 1)                                                           (2) 

The maximum output voltage is determined by combining the input DC sources and is given 

by: 

0ܸ,max =  V1 + (K − 1)V2                                                     (3) 



This expression can also be related to the number of output voltage levels N as: 

0ܸ,max =  (N − 12 ) Vdc                                                              (4) 

Assuming the first source voltage V1 is equal to the base DC voltage Vdc the equation 

becomes: Vdc + (K − 1)V2 = (N − 12 ) Vdc                                             (5) 

3. ENHANCED SWITCHING SCHEME FOR AN 11-LEVEL 

MULTILEVEL INVERTER 

Table 1: Switch Configuration Table for Basic and Modified 11-Level Inverter Topologies 

Conventional switching sequence of 11-level inverter Modified switching sequence of 11-level inverter 

Mode ܁૚ ܁૜ ܁૝ ܁૞ ܁૚૚ ܄૙ 

1 1 1 0 1 0 0 

2 1 1 0 0 0 V1 

3 1 0 0 1 1 V2 

4 1 0 0 0 1 V1 + V2 

5 1 0 1 1 0 2V2 

6 1 0 1 0 0 V1 + 2V2 

7 0 0 1 0 0 0 

8 0 0 1 1 0 −V1 

9 0 0 0 0 1 −V2 

10 0 0 0 1 1 −(V1 + V2) 

11 0 1 0 0 0 −2V2 

12 0 1 0 1 0 −(V1 + 2V2) 
 

Mode ܁૚ ܁૜ ܁૝ ܁૞ ܁૚૚ ܄૙ 

1 1 1 0 0 0 V1 

2 1 0 0 1 1 V2 

3 1 0 0 0 1 V1 + V2 

4 1 0 1 1 0 2V2 

5 1 0 1 0 0 V1 + 2V2 

6 0 0 0 0 0 0 

7 0 0 1 1 0 −V1 

8 0 0 0 0 1 −V2 

9 0 0 0 1 1 −(V1 + V2) 

10 0 1 0 0 0 −2V2 

11 0 1 0 1 0 −(V1 + 2V2) 
 

The Table 1 shows a comparison between conventional and modified switching patterns of an 

11-level inverter. Both approaches produce the same voltage levels but differ in switching 

sequences. The sequence waveform is shown in Figure 4. 

4.  SWITCHING CONTROL METHOD 

4.1 Phase Disposition Sinusoidal Pulse Width Modulation (PDSPWM) 

Figure 3: Aligned PDSPWM Carrier-Based PWM Scheme for Multilevel Inverter Control 
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Figure 4: Gate Signal Sequence of an 11-Level Inverter 

In PDSPWM [47] all carriers are in phase with each other as depicted in Figure 3. 

Table 2 below lists the triangular carriers' upper and lower values [48]. 

Table 2: Carrier Amplitude Limits for PDSPWM in Multilevel Inverter 

Parameter Value Parameter Value 

Triangular 1 lower peak -5 Triangular 1 upper peak -4 

Triangular 2 lower peak -4 Triangular 2 upper peak -3 

Triangular 3 lower peak -3 Triangular 3 upper peak -2 

Triangular 4 lower peak -2 Triangular 4 upper peak -1 

Triangular 5 lower peak -1 Triangular 5 upper peak 0 

Triangular 6 lower peak 0 Triangular 6 upper peak 1 

Triangular 7 lower peak 1 Triangular 7 upper peak 2 

Triangular 8 lower peak 2 Triangular 8 upper peak 3 

Triangular 9 lower peak 3 Triangular 9 upper peak 4 

Triangular 10 lower peak 4 Triangular 10 upper peak 5 

 

 



4.2 Phase Opposition Disposition Sinusoidal Pulse Width Modulation (PODSPWM) 

Figure 5: Aligned PODSPWM Carrier-Based PWM Scheme for Multilevel Inverter Control 

In PODSPWM [49] every carrier is in phase if it is higher than zero, and is 1800out 

of phase with below the zero reference as depicted in Figure 5. Table 3 below lists the 

triangular carriers' upper and lower values [50]. 

Table 3: Carrier Amplitude Limits for PODSPWM in Multilevel Inverter 

Parameter Value Parameter Value 

Triangular 1 lower peak -4 Triangular 1 upper peak -5 

Triangular 2 lower peak -3 Triangular 2 upper peak -4 

Triangular 3 lower peak -2 Triangular 3 upper peak -3 

Triangular 4 lower peak -1 Triangular 4 upper peak -2 

Triangular 5 lower peak 0 Triangular 5 upper peak -1 

Triangular 6 lower peak 0 Triangular 6 upper peak 1 

Triangular 7 lower peak 1 Triangular 7 upper peak 2 

Triangular 8 lower peak 2 Triangular 8 upper peak 3 

Triangular 9 lower peak 3 Triangular 9 upper peak 4 

Triangular 10 lower peak 4 Triangular 10 upper peak 5 

4.3 Alternate Phase Opposition Disposition Sinusoidal Pulse Width Modulation 

(APODSPWM) 

 
Figure 6: Aligned APODSPWM Carrier-Based PWM Scheme for Multilevel Inverter 

Control 



In APODSPWM [51] every carrier and its neighbour carrier are out of phase with 

each other as depicted in Figure 6. Table 4 below lists the triangular carriers' upper and lower 

values [52]-[53]. 

Table 4: Carrier Amplitude Limits for APODSPWM in Multilevel Inverter 

Parameter Value Parameter Value 

Triangular 1 lower peak -4 Triangular 1 upper peak -5 

Triangular 2 lower peak -4 Triangular 2 upper peak -3 

Triangular 3 lower peak -2 Triangular 3 upper peak -3 

Triangular 4 lower peak -2 Triangular 4 upper peak -1 

Triangular 5 lower peak 0 Triangular 5 upper peak -1 

Triangular 6 lower peak 0 Triangular 6 upper peak 1 

Triangular 7 lower peak 2 Triangular 7 upper peak 1 

Triangular 8 lower peak 2 Triangular 8 upper peak 3 

Triangular 9 lower peak 4 Triangular 9 upper peak 3 

Triangular 10 lower peak 4 Triangular 10 upper peak 5 

4.4 In-Shift Sinusoidal Pulse Width Modulation (In-Shift SPWM) 

Figure 7: Aligned In-Shift SPWM Carrier-Based PWM Scheme for Multilevel Inverter 

Control 

In In-Shift SPWM [54]-[55] all carriers are out of phase with each other as depicted in 

Figure 7. The upper and lower values of triangular carriers are mentioned in below Table 5 

[56]. 

Table 5: Carrier Amplitude Limits for In-Shift SPWM in Multilevel Inverter 

Parameter Value Parameter Value 

Triangular 1 lower peak -4 Triangular 1 upper peak -5 

Triangular 2 lower peak -3 Triangular 2 upper peak -4 

Triangular 3 lower peak -2 Triangular 3 upper peak -3 

Triangular 4 lower peak -1 Triangular 4 upper peak -2 

Triangular 5 lower peak 0 Triangular 5 upper peak -1 

Triangular 6 lower peak 1 Triangular 6 upper peak 0 

Triangular 7 lower peak 2 Triangular 7 upper peak 1 

Triangular 8 lower peak 3 Triangular 8 upper peak 2 

Triangular 9 lower peak 4 Triangular 9 upper peak 3 

Triangular 10 lower peak 5 Triangular 10 upper peak 4 



4.5 Rotating Trapezoidal sinusoidal pulse width modulation (RTSPWM) 

 

Figure 8: Aligned RTSPWM Carrier-Based PWM Scheme for Multilevel Inverter Control 

In RTSPWM all Trapezoidal carriers are in phase with each other as shown in Figure 8.  

Carriers are expressed as 

Ci = E ((−1)f(i)yc(wc, ∅) + i − N2)                                         (6) 

E = Amplitude of trapezoidal carrier, ݓ௖= frequency, i= 1, 2, … (N-1) 

Normalized Trapezoidal carrier is  

yc(wc, ∅) =  (−1)∝((∝ mod2) − 1) + 12                                    (7) 

∝ =  wct + ∅π                                                                      (8) 

5. MODELLING OF HIGH GAIN DC-DC CONVERTER 

When the switch S is activated, the inductors L1 and L2 receive energy from the input 

source, as shown in Figure 10 [57]-[59], allowing them to store energy in their magnetic 

fields. During this period, certain diodes are reverse-biased, and capacitors hold onto their 

stored charge. The inductors' stored energy is released and sent to the load and capacitors via 

the diodes when the switch is turned off. [60] By stacking or adding their voltages with the 



input source, the capacitors (C1, C2 and C0) function as energy transfer and storage 

components, increasing the voltage. 
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5.1 Operation Principle Dc-Dc Converter 
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Figure 11. Energy Charging Phase (ON) of the 

DC–DC Converter 

Figure 12. Energy Discharging Phase 

(OFF) of the DC–DC Converter 

Smooth energy transfer is ensured by the inductors L1  and L2, which constantly carry 

current without decreasing to zero. The input source charges L1 when switch S is turned on 

and L2 storing energy in their magnetic fields, whereas diodes D1 and D2 continue to be 

reverse prejudiced as shown in Figure 11[61]-[62]. Capacitor C0 simultaneously provides 

energy to the load. Diodes D0 allow the stored energy in both inductors to be released when 

the switch is turned off as shown in the Figure 12. Charging capacitors C1, D1, and D2 C2, 

Co, and increasing the output voltage. The converter delivers increased efficiency, decreased 

ripple, and a constant high-gain output since the inductor currents never reach zero [63]. 

Starting from the volt–second balance on the circuit, the relation can be expressed as Vin. d − VC2 + VC2d + Vin − Vind = 0                                         (9) 

The average voltage across inductor L2 is zero during steady-state operation, providing 



(VC2 − VC1)d = (V0 − VC2)(1 − d)    (10) Vin1−d − (V0 − Vin1−d) d = V0(1 − d)    (11) V0Vin = 1+d1−d                 (12) 

Capacitor C1 voltage is VC1 = Vin (1+d1−d) − Vin1−d                (13) VC1 = ( Vin1−d) . d                (14) 

Inductor Design L1 = (Vin.df.∆iL1)                 (15) 

L2 = (VC2.(1−d)f.∆iL2 )              (16) 

Capacitor Design C1 = C2 = ( I0f.∆VC)                 (17) 

C0 = ( P04πfGV0∆V0)                        (18) 
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Figure13. Characteristic switching dynamics 

during the conduction interval 

Figure14. Characteristic switching dynamics 

during the Non-conduction interval 



The waveforms for the DC-DC converter topology [64] in ON and OFF mode are shown in 

Figures 13 and 14. 

6. SOLAR PV DRIVEN DC–DC CONVERTER WITH MPPT AND 11-

LEVEL INVERTER CONTROL 

 

 

Figure 15: Influence of varying solar irradiance on the electrical characteristics of the 

Powercom  

The P&O algorithm is employed for MPPT in a high-gain DC–DC converter that is 

connected to the PV module [65]. The voltage–power (PV) and current–voltage (IV) 

characteristics of the POWERCOM system are shown in Figures 15 and 16. 

The effectiveness of the high-gain DC–DC converter is verified using a solar source, 

where the input voltage of 30 V is stepped up to 200 V, resulting in a significantly higher 

output. Figures 17 and 18 show the associated voltage and current waveforms. 



 

Figure 16: Thermal degradation analysis of I-V and P-V characteristics for the Powercom 

  

Figure 17: Output voltage profile under nominal switching conditions 



 

Figure 18: Output voltage profile under nominal switching conditions 

The system consists of a solar PV source connected to a high-gain DC–DC converter 

using the P&O MPPT technique, along with an 11-level multilevel inverter regulated by a PI 

(Proportional Integral) controller for an RL load. Figure 19 presents the load voltage and 

current waveforms, with THD values of 9.04% and 9.85%, respectively. 

 
(a) Load terminal voltage 

 
(b) Load terminal current 

 

(c) Harmonic Content of Load Voltage 



 

(d) Harmonic Content of Load Current 

Figure 19: Output Performance Evaluation of Photovoltaic System Using DC–DC Converter 

and PI-Based 11-Level MLI 

The system consists of a solar PV source connected to a high-gain DC–DC converter 

using the P&O MPPT technique, along with an 11-level multilevel inverter regulated by a PR 

(Proportional Resonant) controller for an RL load. Figure 20 presents the load voltage and 

current waveforms, with THD values of 6.45% and 94.65%, respectively. 

 
(a) Voltage at Load 

 
(b) Current at Load 

 
(c) Harmonic Spectrum of Load Voltage 



 
(d) Harmonic Spectrum of Load Current 

Figure 20: Output Performance Evaluation of Photovoltaic System Using DC–DC Converter 

and PR-Based 11-Level MLI 

 

Table 6: Comparison of Load Harmonic Distortion Using PI and PR Controllers 

Category PI PR 

Load Voltage THD% 9.04% 6.45% 

Load Current THD% 9.85% 4.65% 

The comparison Table 6 shows that the PR controller performs better than the PI 

controller in reducing harmonic distortion. With the PI controller, the load voltage and 

current contain higher distortion levels of 9.04% and 9.85%, respectively. In comparison, 

these values drastically decrease to 6.45% for voltage and 4.65% for current when the PR 

controller is utilized. 

Table 7: Comparison of PR-Controlled Multilevel Inverter THD Performance with Various PWM 

Techniques 

Load 

Parameter 

PR-

PDSPWM 

Controller 

PR-

PODSPWM 

Controller 

PR-

APODSPWM 

Controller 

PR-In Shift PWM 

Controller 

PR-RTSPWM 

Controller 

Voltage 12.42% 9.53% 9.98% 6.73% 6.45% 

Current 10.8% 5.37% 5.91% 4.69% 4.65% 

Table 7 illustrates how the choice of PWM method under the PR controller significantly 

affects the harmonic performance with a modulation index (MI) of 1.0. Out of all the 

techniques, RTPWM and in-phase shifted PWM yield the greatest results with the least 

amount of distortion. Cleaner and more sinusoidal waveforms are seen by the voltage THD 

dropping to 6.73% and 6.45%, and the current THD dropping to 4.69% and 4.65%, 

respectively. 

Table 8: Modulation Index's Impact on  Load Current and Voltage 

MI Load Voltage Load Current 

1.0 6.45% 4.65% 

0.8 7.16% 5.38% 

0.6 8.76% 6.47% 

0.4 10.21% 7.11% 

0.2 15.41% 10.48% 



Table 8 illustrates how the modulation index (MI) affects harmonic distortion. Better 

waveform quality is indicated by the lowest voltage and current distortions (6.45% and 

4.65%, respectively) when MI is at its maximum value of 1.0. The THD values for both 

voltage and current progressively rise as the modulation index falls. For instance, the 

distortion increases somewhat for MI = 0.8 and 0.6, but it increases significantly at lower 

values like 0.4 and 0.2, reaching 10.21% and 15.41% for voltage and 7.11% and 10.48% for 

current. 

7. EXPERIMENTAL VALIDATION 

 

Figure 21: An 11-level inverter's hardware demonstration 

 The prototype of a single-phase, 11-level, multilevel inverter with a 24 V output 

voltage is depicted in Figure 21. The modulation approach is used in the Digital Signal 

Controller (DSC) dSPIC20F2010. The experimental setup consists of a single module made 

consisting of MOSFET switches. A DSC is made up of a microcontroller and a DSP. 

Microchip has created devices with substantial DSP functionality, such as the dsPIC30F. The 

dsPIC30F2010 has six PWM output channels, four 16-bit capture input functions, three 16-bit 

timers/counters, dual data fetch, and a modified Harvard architecture. 

Table9.  %THD Evaluation of output voltage in comparison 

Controller Simulation Experimental 

PR-PDSPWM 12.42 12.42 

PR-PODSPWM 9.53 9.54 

PR-APDOSPWM 9.98 10.01 

PR-In Shift SPWM 6.73 6.74 

PR-RTSPWM 6.45 6.46 

The DSC uses MPLAB software for code development and compilation. Three 16-bit 

timers/counters are included in this DSC. The THD derived from the hardware prototype is 

displayed in Figure 22. The performance percentage THD voltage value of several PR-based 

PWM control methods under both simulation and experimental settings is compared in Table 

9. PR-RTSPWM provides the best performance with the lowest value out of all the 

approaches. 



 
(a) (b) 
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(e) 

Figure 22 : THD of output voltage produced experimentally utilizing different modulation 

techniques 

 

8. CONCLUSION 

The study confirms that integrating a high-gain DC–DC converter with an 11-level 

reduced-switch multilevel inverter significantly enhances the performance of photovoltaic 

energy systems. The converter effectively increases the low PV voltage to a suitable level, 



while the multilevel inverter produces a near-sinusoidal output with reduced switching stress. 

Among the control strategies examined, the proportional–resonant controller outperforms the 

proportional–integral controller by achieving lower voltage and current distortion. 

Additionally, the selection of PWM technique plays a crucial role, where PD and rotating 

trapezoidal methods yield better harmonic performance. The analysis of modulation index 

reveals that operating at higher values results in lower total harmonic distortion and improved 

waveform quality. The modulation approaches have been validated using a real-time 

prototype single-phase 11-level multilevel inverter. The experimental data validates the 

simulated results. 

Data Availability: The datasets used and/or analysed during the current study are available from the 

corresponding author upon reasonable request. 

Ethical Approval: This paper does not contain any studies with human participants or animals 

performed by any of the authors. 

Conflicts of Interest: The authors declare no conflict of interest. 

Consent to Participate: Not applicable. 

Authors Contribution: All authors contributed to the study, conception, and design. All authors 

commented on the manuscript. All authors read and approved the final manuscript. 

Competing Interests: The authors declare that they have no competing interests. 

Funding: The authors did not receive support from any organization for the submitted work. 

REFERENCES 

[1] Meraj, Sheikh Tanzim, et al. "A novel extendable multilevel inverter for efficient energy conversion with 

fewer power components: Configuration and experimental validation." International Journal of Circuit 

Theory and Applications 52.6 (2024): 2760-2785. 

[2] Seifi, Ali, et al. "New multilevel inverter based on reduced switch basic cell for high voltage levels." IET 

Power Electronics 17.4 (2024): 551-563. 

[3] Kim, Min-Seok, Jonathan Pribadi, and Dong-Choon Lee. "Six-Level Hybrid Diode-Clamped Inverter 

Topology and DC-link Capacitor Voltage Balancing Control." IEEE Transactions on Power 

Electronics (2024). 

[4] Sakthidhasan, K., K. Mohana Sundaram, and S. Ravishankar. "Multistage Cascaded H-Bridge Inverter 

Based Booster Circuit for Hybrid Power Applications." Electric Power Components and Systems 52.10 

(2024): 1842-1853. 

[5] Zhang, Haifeng, et al. "High-dynamic and low-cost sensorless control method of high-speed brushless DC 

motor." IEEE Transactions on Industrial Informatics 19.4 (2022): 5576-5584. 

[6] Sivapriya, A., and N. Kalaiarasi. "A Review on Cascaded H-Bridge and Modular Multilevel Converter: 

Topologies, Modulation Technique and Comparative Analysis." Advanced Power Electronics Converters 

for Future Renewable Energy Systems (2023): 195-222. 

[7] Tirupathi, Abhilash, et al. "Extension of Operating Range in Hybrid Cascaded H-Bridge Inverters with 

Capacitor Voltage Balancing Capability." Sensors 24.3 (2024): 991. 

[8] Kishore, Niraj, Kapil Shukla, and Nitin Gupta. "Generalized Switched-Capacitor-Based Hybrid Multilevel 

Inverter With Reduced Components Count and Inrush Current." IEEE Transactions on Circuits and Systems 

I: Regular Papers (2024). 

[9] Wang, Ruiyang, et al. "FI-NPI: Exploring optimal control in parallel platform systems." Electronics 13.7 

(2024): 1168. 



[10] Tian, Huaigu, et al. "Dynamic Analysis and Sliding Mode Synchronization Control of Chaotic Systems 

with Conditional Symmetric Fractional-Order Memristors." Fractal and Fractional 8.6 (2024): 307. 

[11] Gao, Jinyang, et al. "Design and optimization of a novel double-layer Helmholtz coil for wirelessly 

powering a capsule robot." IEEE Transactions on Power Electronics (2023). 

[12] Ma, Kai, Jie Yang, and Pei Liu. "Relaying-assisted communications for demand response in smart grid: 

Cost modeling, game strategies, and algorithms." IEEE Journal on Selected Areas in Communications 38.1 

(2019): 48-60. 

[13] Chen, Chuntao, et al. "Prediction of Magnetic Field for PM Machines With Irregular Rotor Cores Based on 

an Enhanced Conformal Mapping Model Considering Magnetic-Saturation Effect." IEEE Transactions on 

Transportation Electrification (2024). 

[14] Jiao, Ning, et al. "Sideband Harmonic Suppression Analysis Based on Vector Diagrams for CHB Inverters 

Under Unbalanced Operation." IEEE Transactions on Industrial Electronics 71.1 (2023): 427-437. 

[15] Zhang, Jianwen, et al. "An Embedded DC Power Flow Controller Based on Full-Bridge Modular Multilevel 

Converter." IEEE Transactions on Industrial Electronics 71.3 (2023): 2556-2566. 

[16] Hussaian Basha, C. H., and C. Rani. "Performance analysis of MPPT techniques for dynamic irradiation 

condition of solar PV." International Journal of Fuzzy Systems 22.8 (2020): 2577-2598. 

[17] Hussaian Basha, C. H., et al. "Development of cuckoo search MPPT algorithm for partially shaded solar PV 

SEPIC converter." Soft Computing for Problem Solving: SocProS 2018, Volume 1. Springer Singapore, 

2020. 

[18] Basha, CH Hussaian, C. Rani, and S. Odofin. "A review on non-isolated inductor coupled DC-DC converter 

for photovoltaic grid-connected applications." Int. J. Renew. Energy Res.(IJRER) 7.4 (2017): 1570-1585. 

[19] Zhang, Jianwen, et al. "Series–shunt multiport soft normally open points." IEEE Transactions on Industrial 

Electronics 70.11 (2022): 10811-10821. 

[20] Fang, Shiyi, et al. "A novel adaptive fast sliding mode control method based on fuzzy algorithm for the air 

management system of fuel cell stack." Process Safety and Environmental Protection 187 (2024): 506-517. 

[21] Ju, Yuntao, et al. "Distributed three-phase power flow for AC/DC hybrid networked microgrids considering 

converter limiting constraints." IEEE Transactions on Smart Grid 13.3 (2022): 1691-1708. 

[22] Li, Miaofen, et al. "Scaling-basis chirplet transform." IEEE Transactions on Industrial Electronics 68.9 

(2020): 8777-8788. 

[23] Dong, Yiwei, et al. "Application of local-feature-based 3D point cloud stitching method of low-overlap 

point cloud to aero-engine blade measurement." IEEE Transactions On Instrumentation And 

Measurement (2023).  

[24] Wang, Haowen, et al. "A MTPA and flux-weakening curve identification method based on physics-

informed network without calibration." IEEE Transactions on Power Electronics (2023). 

[25] Sun, Qingguo, et al. "Virtual current compensation-based quasi-sinusoidal-wave excitation scheme for 

switched reluctance motor drives." IEEE Transactions on Industrial Electronics (2023). 

[26] Rachananjali K, Srinu Naik R, “A grid connected modular multilevel converter for photovoltaic energy 
conversion” in Mathematical Modeling of Engineering Problems in Vol.6 (4), Dec 2019 

[27] Jayakumar, Vinoth, Bharatiraja Chokkalingam, and Josiah Lange Munda. "A comprehensive review on 

space vector modulation techniques for neutral point clamped multi-level inverters." IEEE Access 9 (2021): 

112104-112144. 

[28] Kumar, B. Hemanth, et al. "An enhanced space vector PWM strategies for three phase asymmetric 

multilevel inverter." International Transactions on Electrical Energy Systems 2023.1 (2023): 5548828. 

[29] Liang, Jinhao, et al. "A direct yaw moment control framework through robust TS fuzzy approach 

considering vehicle stability margin." IEEE/ASME Transactions on Mechatronics 29.1 (2023): 166-178. 

[30] Zhu, Donghai, et al. "Rethinking fault ride-through control of DFIG-based wind turbines from new 

perspective of rotor-port impedance characteristics." IEEE Transactions on Sustainable Energy (2024). 

[31] S. Shakeera and K. Rachananjali, "Advancing Power Conversion: A Comprehensive Survey on Reduced 

Multilevel Inverters, Switching Techniques, And Controllers," 2024 International Conference on 

Advancements in Power, Communication and Intelligent Systems (APCI), KANNUR, India, 2024 

[32] Irwanto, M., et al. "The Technique of Voltage Level Time Division Based on Maximum Pulse Width to 

Reduce Total Harmonic Distortion on Multilevel Transformerless Photovoltaic Inverter (MLTPVI) 

System." Journal of Electrical Engineering & Technology 17.3 (2022): 1715-1730. 



[33] Fang, Li, Dawei Li, and Ronghai Qu. "Torque improvement of vernier permanent magnet machine with 

larger rotor pole pairs than stator teeth number." IEEE Transactions on Industrial Electronics 70.12 (2023): 

12648-12659. 

[34] Liu, Junfeng, Jialei Wu, and Jun Zeng. "Symmetric/asymmetric hybrid multilevel inverters integrating 

switched-capacitor techniques." IEEE Journal of Emerging and Selected Topics in Power Electronics 6.3 

(2018): 1616-1626. 

[35] Foti, Salvatore, et al. "An optimal current control strategy for asymmetrical hybrid multilevel 

inverters." IEEE Transactions on Industry Applications 54.5 (2018): 4425-4436. 

[36] Zhou, Yini, et al. "Magnitude-Phase Characteristics Analysis of Inertia for DFIG-Based Wind 

Turbines." IEEE Transactions on Power Electronics (2024). 

[37] Zhu, Donghai, et al. "Transient Stability Analysis and Damping Enhanced Control of Grid-Forming Wind 

Turbines Considering Current Saturation Procedure." IEEE Transactions on Energy Conversion (2024). 

[38] Zhu, Donghai, et al. "Hybrid LVRT control of doubly-fed variable speed pumped storage to shorten 

crowbar operational duration." IEEE Transactions on Power Electronics (2024). 

[39] S. Shakeera and K. Rachananjali, "Study of Multilevel Inverter with SHE-PWM Using PSO Algorithm," 

2024 International Conference on Intelligent and Innovative Technologies in Computing, Electrical and 

Electronics (IITCEE), Bangalore, India, 2024 

[40] Yaghoubi, Elaheh, et al. "A systematic review and meta-analysis of machine learning, deep learning, and 

ensemble learning approaches in predicting EV charging behavior." Engineering Applications of Artificial 

Intelligence 135 (2024): 108789. 

[41] Yang, Yulong, et al. "Real time aggregation control of P2H loads in a virtual power plant based on a multi-

period Stackelberg game." Energy (2024): 131484. 

[42] Hussaian Basha, C. H., et al. "Design of SVPWM-based two-leg VSI for solar PV grid-connected 

systems." Soft Computing for Problem Solving: SocProS 2018, Volume 1. Springer Singapore, 2020. 

[43] Yang, Yahui, et al. "Broadband electrical impedance matching of sandwiched piezoelectric ultrasonic 

transducers for structural health monitoring of the rail in-service." Sensors and Actuators A: Physical 364 

(2023): 114819. 

[44] Aly, Mokhtar, Emad M. Ahmed, and Masahito Shoyama. "A new single-phase five-level inverter topology 

for single and multiple switches fault tolerance." IEEE Transactions on Power Electronics 33.11 (2018): 

9198-9208. 

[45] Bassi, Hussain Mohammad, and Zainal Salam. "A new hybrid multilevel inverter topology with reduced 

switch count and dc voltage sources." Energies 12.6 (2019): 977. 

[46] Basha, CH Hussaian, et al. "Design of an LPF based slider controller for THD reduction in solar PV B-4 

inverter." 2019 IEEE International Conference on Electrical, Computer and Communication Technologies 

(ICECCT). IEEE, 2019. 

[47] Zhu, Chaoyang, et al. "Optimization, validation and analyses of a hybrid PV-battery-diesel power system 

using enhanced electromagnetic field optimization algorithm and ε-constraint." Energy Reports 11 (2024): 

5335-5349. 

[48] Kumar, Dhananjay, Rajesh Kumar Nema, and Sushma Gupta. "Investigation of fault-tolerant capabilities of 

some recent multilevel inverter topologies." International Journal of Electronics 108.11 (2021): 1957-1976. 

[49] Lotfi, Amir, et al. "Novel multilevel inverter topology with low switch count." International journal of 

emerging electric power systems 25.3 (2024): 305-319. 

[50] Sheng, Weihui, and Qiongxuan Ge. "A novel seven-level ANPC converter topology and its commutating 

strategies." IEEE Transactions on Power Electronics 33.9 (2017): 7496-7509. 

[51] Baksi, Swapan Kumar, and Ranjan Kumar Behera. "A reduced switch count seven-level boost anpc based 

grid following inverter topology with photovoltaic integration." IEEE Transactions on Industry 

Applications 59.4 (2023): 4238-4251. 

[52] Almakhles, Dhafer J. "A new seven level boost-type ANPC inverter topology for photovoltaic 

applications." Scientific Reports 11.1 (2021): 22487. 

[53] Dargahi, Vahid, et al. "Active voltage balancing control of a seven-level hybrid multilevel converter 

topology." IEEE Transactions on Industrial Electronics 69.1 (2021): 74-89. 

[54] Sathik, M. Jagabar. "A nine level anpc boost type inverter topology with reduced component stress." IEEE 

Transactions on Circuits and Systems II: Express Briefs 71.1 (2023): 380-384. 



[55] Sandeep, N., and Udaykumar R. Yaragatti. "Operation and control of a nine-level modified ANPC inverter 

topology with reduced part count for grid-connected applications." IEEE Transactions on Industrial 

Electronics 65.6 (2017): 4810-4818. 

[56] Meng, Qinglin, et al. "An online reinforcement learning-based energy management strategy for microgrids 

with centralized control." IEEE Transactions on Industry Applications (2024). 

[57] Basha, Chakarajamula Hussaian, and Matcha Murali. "A new design of transformerless, non‐isolated, high 

step‐up DC‐DC converter with hybrid fuzzy logic MPPT controller." International Journal of Circuit 

Theory and Applications 50.1 (2022): 272-297. 

[58] Meng, Qinglin, et al. "Revolutionizing photovoltaic consumption and electric vehicle charging: A novel 

approach for residential distribution systems." IET Generation, Transmission & Distribution (2024). 

[59] Basha, Chakarajamula Hussaian, and C. Rani. "Design and analysis of transformerless, high step‐up, boost 

DC‐DC converter with an improved VSS‐RBFA based MPPT controller." International Transactions on 

Electrical Energy Systems 30.12 (2020): e12633. 

[60] Li, Peng, et al. "A distributed economic dispatch strategy for power–water networks." IEEE Transactions 

on Control of Network Systems 9.1 (2021): 356-366. 

[61] Basha, CH Hussaian, and C. Rani. "A New single switch DC-DC converter for PEM fuel cell-based electric 

vehicle system with an improved beta-fuzzy logic MPPT controller." Soft Computing 26.13 (2022): 6021-

6040. 

[62] Nadimuthu, Lalith Pankaj Raj, et al. "Energy conservation approach for continuous power quality 

improvement: A case study." IEEE Access 9 (2021): 146959-146969. 

[63] Udhay Sankar, V., et al. "Application of WDO for decision-making in combined economic and emission 

dispatch problem." Soft Computing for Problem Solving: SocProS 2018, Volume 1. Springer Singapore, 

2020. 

[64] Reddy, K. Ramakrishna, et al. "A novel on energy management strategy with maximum exploitation of 

renewables and EV storage in distribution networks." International Transactions on Electrical Energy 

Systems 2023.1 (2023): 1365608. 

[65] Vadhiraj, S., K. Narayana Swamy, and B. P. Divakar. "Generic SPWM technique for multilevel 

inverter." 2013 IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC). IEEE, 2013. 

 


