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 This paper presents the performance of a three-phase, three-level neutral 

point clamped inverter driving an induction motor for variable-speed 

applications, compared to a two-level inverter. The studied inverter operates 

using a novel sinusoidal pulse width modulation technique that improves the 

quality of voltage and current output signals while increasing efficiency. 

Motor speed control is achieved using the scalar control (V/Hz) method. 

Experimental validation of the simulation results is performed by executing 

the generated C code on the F28379D DSP LaunchPad within the 

MATLAB/Simulink and Code Composer Studio environment, applying the 

processor-in-the-loop (PIL) technique. 
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1. INTRODUCTION 

Multilevel inverters (MLI) are a type of DC-AC converter that generates output voltage with 

multiple voltage levels. They have a wide range of applications, particularly in the conversion of energy 

stored in batteries or sourced from renewable energy systems, such as solar panels and wind turbines. 

Advances in power electronics and semiconductor technology have increased the efficiency of these 

electrical systems [1]-[5]. Notably, multilevel inverters enhance the quality of generated signals and reduce 

the size of filters and the number of switches [6]-[10]. The various topologies of multilevel inverters are the 

cascaded H-bridge, the flying capacitor (FC), and the neutral point clamping (NPC) configurations [11]-[17]. 

In this work, a novel pulse width modulation technique that significantly enhances the quality of the 

transmitted power is used to control an induction motor via a three-phase, three-level neutral point clamped 

inverter (3-P 3-L NPC inverter) widely used in variable speed drives and excels in reducing harmonic 

distortion in output current and voltage. The motor's speed control is then achieved by applying the scalar 

control method. The validation of the results is conducted using the processor-in-the-loop (PIL) technique 

within the MATLAB/Simulink environment and the DSP LaunchPad from the C2000™ family of 

microcontrollers. 
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2. THE PROPOSED ALGORITHM 

Various pulse width modulation (PWM) techniques, including multi-carrier sinusoidal PWM, space 

vector PWM, and selective harmonic elimination, are widely employed for controlling multilevel inverters and 

regulating the AC output of power electronic converters [18]-[23]. These techniques enable the generation of 

optimized switching patterns that yield an output current waveform closely approximating a sinusoidal signal. 

In this work, a novel modulation strategy is applied to a three-phase, three-level neutral-point-clamped 

(NPC) inverter within a DSP-based control environment. The proposed sinusoidal PWM method extends the 

approach originally introduced by Rahim and Selvaraj [24] and N’hili et al. [25], by incorporating an adaptation 

that simplifies the generation of gating signals for the power switches of the 3P–3L NPC inverter. This 

adaptation not only facilitates efficient modulation index control but also enhances harmonic distortion 

performance. The proposed method operates by comparing a high-frequency triangular carrier signal, Vc, with 

two low-frequency sinusoidal reference signals, Vref1 and Vref2. The second reference signal, Vref2, is phase-

aligned with Vref1 but shifted by a DC offset equal to the amplitude of Vc (Figure 1).  
 
 

 
 

Figure 1.  Carrier (Vc) and reference (Vref1, Vref2) signals generated for the sinusoidal PWM technique 

presented by Rahim and Selvaraj [24]  
 
 

Compared with the original technique, which was developed for a single-phase multistring five-level 

inverter, the proposed SPWM method does not require rectification of the reference signals. The comparison 

process starts with Vref1 and proceeds until it reaches zero, after which Vref2 assumes control until it 

exceeds the carrier’s peak amplitude Vc (Figure 2, see Appendix). The control strategy for each arm consists 

of applying to T4 (U, V, W) the same control signal as T1(U, V, W) with a phase shift by π/2. Meanwhile, T3

(U, V, W) and T2 (U, V, W) receive the inverse of the control signals applied to T1 (U, V, W) and T4 (U, V, 

W), respectively, as defined in (1)-(3). 
 

𝑇4(𝑈, 𝑉, 𝑊) = 𝑇1(𝑈, 𝑉, 𝑊) +𝜋/2     (1) 
 

𝑇3(𝑈, 𝑉, 𝑊) = 𝑇1(𝑈, 𝑉, 𝑊)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  (2) 
 

𝑇2(𝑈, 𝑉, 𝑊) = 𝑇4(𝑈, 𝑉, 𝑊)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅  (3) 
 

The modulation index (MI) in this case is obtained using (4). The amplitude of the carrier signal is 

represented by Vc, and the amplitude of the reference signal is represented by Vref. In order to get a signal 

with lower harmonic content, the modulation index value must be between 0.5 and 1. 
 

MI =
Vref

Vc 
     (4) 

 

 

3. METHOD  

3.1.  System description        

The proposed 3-P, 3-L inverter has the NPC topology as a configuration. The power circuit of the 

inverter is depicted in Figure 3. The proper control of the switches allows the inverter to produce three output 

voltage levels: 0, +E /2, and -E /2. 

 

3.2.  System operation 

 During the operation of the system, the value of the voltage VAO between the terminal A of the load 

and the neutral point O depends on the conducting or blocking states of the four switches T1u, T2u, T3u, and 

T4u of the arm U. The three configurations of {T1u, T2u, T3u, T4u} are {1100}, {0110} and {0011} as 

shown in Figure 4. The switching states of the power switches and the corresponding synthesized output 

voltages are summarized in Table 1. 
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(a) 

 

(b) 

 
                                                                                                                                 

Figure 3. Configuration of the proposed MLI: (a) scheme of the proposed 3-P 3-L NPC inverter and 

(b) MATLAB/Simulink scheme of the proposed inverter associated with the induction motor 
 

 

 
 

Figure 4. Operation of the proposed 3-P 3-L NPC inverter 
 
 

Table 1. Switching states and the synthesized output voltages in the phase leg A 
Switching states Output voltages 

T1U T2U T3U T4U 

ON ON OFF OFF +E /2 
OFF ON ON OFF 0 

OFF OFF ON ON -E/2 
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4. RESULTS AND DISCUSSION  

In this section, simulation results obtained using MATLAB/Simulink and the DSP environment 

(F28379D LaunchPad) are presented to compare the performance in terms of output signal quality. The 

comparison is carried out in Simulink using PWM generator blocks to control a three-phase two-level 

inverter, and both the multicarrier SPWM and the proposed modulation technique to control the three-phase 

three-level NPC inverter, operated through Simulink and the DSP card.  

As a load, a squirrel-cage induction motor is employed, since such machines are widely used in 

variable-speed drives due to their cost-effectiveness, robustness, and reliability [26]. Both the 3P–2L inverter 

and the proposed 3P–3L NPC inverter are tested under a load torque of 5 N.m, with motor and inverters 

operating parameters given respectively in Tables 2 and 3. The comparative study includes spectral analysis 

of the output signals using MATLAB Simulink's fast fourier transform (FFT) function.  
 

 

 

 

4.1.  FFT Analysis of the 3-phase 2-level inverter output signals 

The FFT analysis of the output voltage and current signals of the three-phase two-level inverter 

driving the induction motor under the conditions specified in Table 2 and 3, reveals a limited output voltage 

and poor signal quality, as indicated by the recorded total harmonic distortion (THD) values of 28.82% for 

the output line voltage and 27.31% for the load current (Figure 5). The speed achieved is approximately 1433 

rpm, and the electromagnetic torque ranges between 4.2 and 6.3 N.m. (Figure 6).  

 

4.2. Performance of the NPC 3-level inverter using the multi-carrier SPWM 

The control of the induction motor using the 3-P 3-L NPC inverter and the conventionnel Sinusoidal 

PWM modulation technique, under the same conditions (Table 2 and 3), allowed us to observe the quality of 

the generated signals. The resulting PWM signals for the switch control are presented in Figure 7. The FFT 

analysis of the output signals shows a significant improvement in the quality of the signals, as indicated by 

the recorded harmonic distortion rates, less than 2% for both the output line voltage and the load current 

(Figure 8). The speed achieved is approximately 1435 rpm, and the electromagnetic torque ranges between 

4.7 and 5.7 N.m (Figure 9).  

 

4.3. Performance of the NPC 3-level inverter using the proposed PWM technique 

The proposed sinusoidal PWM modulation technique is a new approach for Sinusoidal PWM, which 

allows an efficient adaptation to the considered DSP environment while enhancing the quality of the output 

signals. The proposed sinusoidal PWM technique (Figure 2) is used to generate the switching pattern (Figure 

10) in order to control the 3-P 3-L, under the same conditions (Table 2 and 3).  

As indicated by the recorded harmonic distortion rates obtained using the FFT analysis, the quality 

of the output signals was enhanced. In fact, the THD is less than 1.1% for both the output line voltage and the 

load current (Figure 11). The speed achieved is approximately 1435 rpm, and the electromagnetic torque 

ranges between 4.96 and 5.43 N.m (Figure 12). The obtained results demonstrate, on the one hand, that the 

performance of the three-phase three-level NPC inverter, in terms of output signal quality, harmonic 

distortion, and torque ripple, is superior to that of the conventional three-phase two-level inverter. On the 

other hand, controlling the inverter using the proposed modulation technique further enhances these 

performance metrics compared to conventional SPWM. Table 4 provides a summary of the obtained results. 

 

 

Table 4. Performances of the 3-P 2-L inverter and the studied 3-P 3-L NPC inverter 
Inverter/ modulation technique Output current 

THD 

Output line voltage 

THD 

Torque 

ripple 

Rotor speed 

(rpm) 

3-P 2-L inverter/SPWM 27.31 % 28.82 % 42 % 1433 

3-P 3-L NPC inverter/multi-carrier SPWM 1.78 % 1.40 % 19.76% 1435 
3-P 3-L NPC inverter/proposed PWM 

technique  
0.96 % 1.06 % 9.4 % 1435 

Table 2. Parameters of the induction motor Table 3. Inverters' operating parameters 

Parameters Values 

Nominal power Pn (VA) 1500 

Voltage (line to line) Vn (Vrms) 400 
Frequency (Hz) 50 

Stator resistance Rs (ohm) and inductance Lls (H) [5.63 0.018] 

Rotor resistance Rr’ (ohm) and inductance Llr’ (H) [2.89 0.018] 
Mutual inductance Lm (H) 0.367 

 

Parameters Values 

DC input voltage (E) 460 V 

Carrier switching 
frequency 

6 kHz 

Reference frequency 50 Hz 

Modulation Index 0.95 
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(a) 

 

 
(b) 

 

Figure 5. Voltage and current output signals of 3-P 2-L level inverter and FFT analysis:  

(a) line voltage UAB and (b) current IA 
 

 

  
(a) (b) 

 

Figure 6. Speed curve and electromagnetic torque responses of the induction motor using the 3-P 2-L 

inverter: (a) rotor speed rpm and (b) electromagnetic torque Te 

 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 4, December 2025: 2257-2270 

2262 

(a) 

 

(b) 

 
 

Figure 7.  Multi-carrier SPWM technique for the 3-P 3-L NPC: (a) carrier and reference signals used for the 

switching pattern generation, and (b) PWM switching scheme of 𝑈, 𝑉 𝑎𝑛𝑑 𝑊 phase legs 
  
 

 
 

(a) 

 
 

(b) 
 

Figure 8. Voltage and current output signals of the studied 3-P 3-L level NPC inverter and FFT analysis:  

(a) line voltage UAB and (b) current IA 
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(a) (b) 

 

Figure 9. Speed curve and electromagnetic torque responses of the induction motor using the studied 3-P 3-L 

NPC inverter: (a) rotor speed rpm and (b) electromagnetic torque Te 
 
 

 
 

Figure 10. Proposed PWM switching scheme of U, V and W phase legs 
 
 

 
 

(a) 

 

 
(b) 

 

Figure 11. Voltage and current output signals of the studied 3-P 3-L level NPC inverter and FFT analysis:   

(a) line voltage UAB and (b) current IA 

 

 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 16, No. 4, December 2025: 2257-2270 

2264 

  
(a) (b) 

 

Figure 12. Speed curve and electromagnetic torque responses of the induction motor using the studied 3-P  

3-L NPC inverter: (a) rotor speed rpm and (b) electromagnetic torque Te 

 

 

4.4.  Scalar control of the induction motor and PIL implementation 

In this section, a scalar control is applied to the induction motor using the proposed modulation 

technique and the 3-P 3-L NPC inverter. This technique consists of maintaining a constant (voltage/ 

frequency) ratio, corresponding to the nominal flux, throughout the full operating speed range. It is used for 

moderate precision applications and allows for reducing hardware investment costs [27].  

The control algorithm designed on MATLAB/Simulink for the scalar control of the induction motor 

using the proposed Sinusoidal PWM technique is configured and adapted to ensure compatibility with the 

F28379D DSP launch pad development board (Figure 13) whose parameters are displayed in Table 5. The 

control algorithm is then validated using the processor-in-the-loop (PIL) technique. To create the Simulink 

PIL block, a C code, based on the developed scalar control algorithm and the proposed modulation technique, 

is generated using MATLAB/Simulink embedded coder, then loaded onto the development board as shown 

in Figure 14. During the simulation, Simulink communicates with the DSP in real time, such that the control 

computations are performed on the actual processor while the rest of the model runs on the host computer.  

The spectral analysis of the synthesized inverter output line voltage and current waveforms, using 

the FFT tool of Simulink, is performed under the operating condition of MI = 0.95 with the variation of the 

motor speed using the PIL block of the proposed scalar control technique. The obtained results shown in 

Figure 15 demonstrate the efficiency of the proposed scalar control technique, allowing for enhancing the 

quality of the transmitted power, where THD rates around 1% are achieved for both output voltage and load 

current, during the variation in motor speed for frequencies of 35, 50, and 65 Hz. In addition, the load 

currents are displayed as nearly sinusoidal waveforms. The speed curve closely matches the setpoint, and the 

electromagnetic torque ranges between 4.8 and 5.4 N.m (Figure 16). Thus, the use of the proposed PWM 

technique in combination with the scalar control method has made it possible to leverage the advantages of 

this method in terms of simplicity, ease of implementation, and efficiency while improving the quality of the 

output signals (performance results in Table 6). 

 

 

 
 

Figure 13. F28379D DSP launch pad  
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Table 5. Parameters of the DSP launch pad 
Parameters Values 

Microcontroller TMS320F28379D 
Processor core Dual C28x CPUs (200 MHz each) 

Co-processor Control law accelerator (CLA) 

Memory 1 MB Flash, 204 KB RAM 
Operating voltage 3.3 V (I/O), 5 V (supply via USB) 

 

 

 
(a) 

 
(b) 

 

Figure 14. PIL block of the proposed scalar control generation:  

(a) proposed control algorithm and (b) generated PIL block 

 

 

Table 6. Performance of the 3-P 3-L NPC inverter using PIL block of the proposed scalar control method  
Set of motor speed frequency (Hz) Output current THD Output line voltage THD Torque ripple Rotor speed (rpm) 

35 Hz 0.96% 1.11% 12% 1021 

50 Hz 0.75% 1.06% 7% 1435 
65 Hz 0.66% 1.02% 6.8% 1825 
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(a) 

 

  
 

(b) 

 

  
 

(c) 

 

Figure 15. FFT analysis of output voltage and load current of the 3-P 3-L NPC inverter for different values of 

frequency (F) using the developed PIL block for the scalar control of the induction motor:  

(a) F = 35 Hz, (b) F = 50 Hz, and (c) F = 65 Hz 
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(a) (b) 

 

Figure 16. Speed curve and electromagnetic torque obtained using the PIL block for the scalar control of the 

induction motor through the staged 3-P 3-L NPC inverter: (a) rotor speed rpm and (b) electromagnetic torque Te 
 

 

5. CONCLUSION  

This paper presents a novel PWM control technique for generating the switching signals to control a 

three-phase, three-level NPC inverter within a DSP environment. The inverter's circuit topology and operating 

principles are thoroughly analyzed. The performance of the proposed inverter is validated through simulation and 

experimental testing using the suggested sinusoidal PWM technique for scalar control of an induction motor.  

Simulation results and PIL validation show that the proposed modulation technique, applied to the 

studied inverter, under nominal conditions, allows for achieving a THD less than 1% for both voltage and 

current output signals. Furthermore, the three-phase, three-level NPC inverter not only outperforms the three-

phase, two-level inverter and the conventional SPWM technique of the three-phase, three-level NPC inverter, 

by achieving lower THD, but also enables simpler control implementation and efficient operation with 

improved performance. The data supporting the findings of this study are available within the article. The 

next steps involve applying other control strategies, including neural and genetic control. 
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Figure 2.  The proposed sinusoidal PWM technique: (a) the developed sinusoidal PWM algorithm and  

(b) the obtained carrier and reference signals are used for the switching pattern generation 
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