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Abstract:This study investigates the comparison between sinusoidal PWM and SVPWM for three level for v/f 
control of induction motor drive under different modulation indices as well as proposes Proportional control 
based neutral  point controller for neutral point voltage balancing.The simulation results obtained in the 
MATLAB/Simulink environment demonstrate the superiority of the proposed method while compared to the 
corresponding techniques. 

Keywords: Sinusoidal PWM, SVPWM, NPC multilevel inverter, induction motor drive, neutral point voltage 
controller. 

Introduction 

“Prior to the introduction of  Multi-level inverters(MLI), the two-level voltage source inverter (VSI) ruled the 
industrial world since it has a wide range of applications in transportation and industrial conrol. For the past 
couple of decades, Neutral Point Clamped (NPC) or Diode clamped Multi-Level Inverters (MLI) have 
dominated the power electronics industry”[1]-[4]. When compared to two-level inverters, these inverters have 
less device stresses, lower voltage harmonic distortion  and lower converter losses. A. Nabae, et al., 
developed[5] NPC the three-level inverter in 1981 as shown in Fig.1. Two capacitors on the DC bus link, four 
switching devices per phase, and two clamping diodes per phase make up an NPC three-level inverter. “By 
utilising two capacitors, C1 and C2, the DC bus voltage is divided into three levels. Voltage stress will be 
confined to one capacitor level by clamping diodes, and each capacitor splits voltage as Vdc/2. The three level 
inverter's output voltage will be in three levels: Vdc/2, 0 and Vdc/2 whereas for two level inverter's output 
voltage will be in two levels: +Vdc and -Vdc. Pulse-Width Modulation (PWM) techniques are used to control 
drives, and they are divided into categories likely,Sinusoidal PWM, Multi-carrier PWM (MC PWM), Selective 
Harmonic Elimination (SHE PWM), and Space Vector PWM (SVPWM). In this context SVPWM outperforms 
Sinusoidal PWM approaches in terms of output voltage and harmonic reduction”[6]-[7]. By ignoring the 
switching states that create high common mode voltage (CMV), it is simple to reduce CMV in SVPWM. Also 
because pulses in the SVPWM approach are digital, it is simple to use the DC-link in SVPWM. Although the 
SVPWM approach improves the performance of the NPC three-level inverter, it still has significant drawbacks, 
such as CMV and DC link balancing. However, because the DC-link voltage is split by capacitors in the NPC 
three-level inverter, current flowing out or into the neutral point might cause neutral point unbalance [28,29]. 
“Unbalanced neutral point voltage increases output voltage harmonics, can cause output voltage drift to an 
unacceptable level, and can damage switching devices and filter capacitors affecting the performance of the 
NPC three level inverter”[8]-[9]. The neutral-point voltage is controlled in this article using a Proportional 
controller. A constant v/f  induction motor drive with a 0.5HP output power is used to test the controller. The 
midpoint of two series-connected capacitors serves as the neutral point. 

Materials and method 

 

 Figure 1. Schematic diagram of Neutral point clamping based three level inverter 

Sinusoidal PWM: 



 

A common PWM approach is sinusoidal PWM. The sinusoidal AC voltage reference is compared in real time 
with the high-frequency triangle carrier wave to determine switching times for each switches in the inverter. The 
amplitude of the voltage reference must remain below the peak of the triangle carrier in this PWM approach in 
order to achieve linear modulation[10]-[11]. “This type of PWM technique is known as a carrier-based PWM 
approach because it uses a high-frequency carrier wave for voltage modulation. Because the reference is 
presented as the shape of a sine wave, this carrier-based technique is known as SPWM”[12]-[13]. Because it 
uses the carrier of a triangular wave, it's also known as the triangle-comparison PWM approach. Fig. 2 shows 
the modulating waveform for sinusoidal PWM, which contains two triangular carrier waves for pulse generation 
since a three-level NPC inverter has four switches in a single leg, whereas a two-level inverter has just two 
switches in a single leg, resulting in only one carrier wave. 

 

Figure .2. Modulating waveform for Sinusoidal PWM. 

Space vector PWM 

“The Space vector PWM method is a digital modulation approach that generates PWM using a vector 
representation. These digital signals can be transmitted to switches that are controlled using a vector 
representation” [14]-[20]. The magnitudes and phases of each vector are represented by placing the vectors in a 
hexagonal pattern. With 3 zero vectors, 12 small vectors, 6 medium vectors, and 6 large vectors, the three-level 
inverter has 27 switching states. Eight of the 27 switching states are redundancy states, whereas the remaining 
19 voltage vector are shown in the space vector diagram in Figure 3. The SVPWM is divided into six sectors, 
each of which is further divided into four sub-sectors. “The Schematic of Three level VSI is shown in fig 1. 
From the schematic each leg consists of four switches and two diodes. Diodes are connected to the midpoint of 
DC bus which ensure that voltage across any switch never exceeds one half of DC voltage. The capacitors C1 
and C2 are connected to maintain constant voltage at neutral point. The middle point of two capacitors is 
referred as neutral point. The chosen Neutral Point Clamped three level inverter has a total of 27 vectors, similar 
to the SVPWM of two level inverter the hexagon comprises of six sectors respectively. The voltage at the output 
of inverter terminal will have three levels (E/2,0, -E/2).Based on vector synthesis principle  the adjacent vectors 
are synthesized in a certain sector. Out of 27 vectors the switching sequence is arranged in a fashion so that the 
ripple content in output current will be minimized”[21]-[25]. The notation (+0-), + indicates phase R is 
connected to positive of DC bus,0 indicates phase Y is connected to neutral point and  - indicates phase B is 
connected to negative of DC bus. The simulation results of three level NPC are presented and discussed. 



 

 

Figure 3. Voltage vectors of three level inverter for Space vector PWM 

 

Figure 4. SVPWM based pulse generation. 

 

Figure 5. Block representation of three level inverter based closed loop v/f control of induction motor drive with 
neutral point controller 

Controlling the speed of induction motors is critical in industrial and technical applications. Efficient control 
measures are also employed to cut down on operating costs. Induction motor speed control approaches can be 
divided into two categories: scalar control and vector control. Controlling the magnitude of the induction 
motor's voltage or frequency is known as scalar control. The block diagram of three-phase induction motor 
closed-loop V/f control is shown in Figure 5. A PI controller is used to analyse the speed error. “The bandwidth 
of the closed loop transfer function of the neutral point controller is proportional to the gain (Kp) of the P 
controller and the output power of the converter” [26]-[27]. The maximum bandwidth of the closed loop transfer 
function of the neutral point controller corresponds to the full load power. In all cases, the closed loop transfer 
function's bandwidth should be less than the switching frequency. As a result, the controller gain (Kp) should be 
optimised for the highest possible output power. When the drive is running on no load, the bandwidth of the 
closed loop transfer function of the neutral point controller will be smaller than the switching frequency. The 
control variable is equivalent to the output of the P controller and is denoted by the letter 'k.' Because the duty 
cycle of the switches in the converter is determined by the factor 'k,' the output of the P controller should be 
limited. 

Simulation results 



 

MATLAB/SIMULINK is used to analyze and compare  neutral point clamped three level inverter fed IM using 
Sinusoidal PWM and Space vector PWM.Fig.8 &Fig.9 shows the voltage THD%  where as Fig.6 & Fig.7 shows 
the current THD% for sinusoidal PWM and Space vector PWM and it also infers that there is THD% reduction 
with Space vector PWM for NPC three level inverter .Fig.11 shows the three level line to line output voltage. 
The gain of the P controller can be changed to influence the response of the neutral-point voltage controller. 
When the P is tuned online as a function of the power, In the future, it may be possible to reach ideal controller 
performance. however,this would necessitate more resources,during a change over time, compute.Fig.10 shows 
the DC link voltage with and without application of  P controller it also infers that there is reduction in DC link 
voltage due to P controller.  

 

Figure 6. Current THD% for Sinusoidal PWM based three level inverter 

 

 Figure 7.Current THD% for  SVPWM based three level inverter 

 

 Figure 8. Voltage THD% for SVPWM based three level inverter 

 

 Figure 9. Voltage THD% for Sinusoidal PWM based three level inverter. 



 

 

Figure 10. DC Link voltage 

 

Figure 11. Three level output voltage 

 

Figure 12. Speed-Torque responses for SVPWM based three level inverter fed induction drive. 

Conclusion 

 A comprehensive and comparative study with detailed analysis is carried out for sinusoidal PWM and 
SVPWM for three level NPC inverters. The chosen performance parameters like stator current and voltage 
THD% are presented and analysed for both the techniques. Mathematical depiction vis-a-vis simulation in 
Matlab/Simulink gives a comprehensive understanding of comparative study.Based on the simulation results,it 
isobserved that SVPWM performs better in three level NPC inverter compared to sinusoidal PWM by providing 
lesser THD and better DC bus utilisation.As the paper illustrates mathematical analysis apart from simulation 
study ,it provides avenues to easily incorporate and analyse several other switching techniques for the chosen 
converter. This work also presents an NPC three-level inverter with P controller-based neutral point control and 
closed loop v/f control of an induction motor drive using space vector PWM. The suggested approach decreases 



 

 

total harmonic distortion in the output stator current while also controlling the drive's speed and torque. 
Furthermore, the P controller, which is placed between two capacitor DC links, controls the neutral point 
current, saving switching devices and making the system more efficient for electric vehicle applications. 
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