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Abstract- Multi-level power converters are nowadays the most appropriate solution for medium-voltage grid-connected Renewable 

Energy Sources (RES) such as variable speed wind-turbines and photovoltaic (PV) generators. Basically, there exist two space vector 

modulation (SVPWM) schemes which are commonly used to modulate the output voltages provided by three-level inverters. For the 

first method, namely the nearest three vectors (NTV), the position of the space vector is identified in one of the triangles forming the 

space vector diagram.  As for the second method that is referred to as the hexagon technique, the opportune position of the space 

vector is determined within a two-level hexagon. This paper is therefore focused on a comprehensive comparative study between the 

performances of the two aforementioned techniques.  The evaluation is performed in terms of Common Mode Voltages (CMV), Total 

Harmonic Distortion (THD), conducted emissions, and efficiency. The proposed comparison is based on numerical simulations and 

experimental tests. The obtained results confirm that the NTV technique provides the better performances in terms of THD and CMV 

for low modulation index values. It also provides less common mode emissions when the modulation index is near its maximum value. 

As for the efficiency, both methods provide the same performance for a modulation index superior or equal to 0.8. 

Keywords Multi-level converters, neutral-point-clamped (NPC) inverter, common mode voltages (CMV), space-vector modulation 

(SVPWM), conducted emissions (EMI), total harmonic distortion (THD), efficiency. 
 

1. Introduction 

In nowadays, the interest in multi-level inverters has 

remarkably increased, mainly, due to the huge development in 

power electronics technology and to the massive use of high 

power medium-voltages equipment within the domain of the 

industry [1-3]. Indeed, they are the most suitable solution to be 

easily interfaced with renewable energy sources (RES) such as 

for example the photovoltaic systems and variable speed wind 

turbines [4-8]. They allow also the connection of the RES to the 

medium voltage grid without utilizing an expensive and bulky 

transformer. When compared with two-level inverters, multilevel 

topologies offer many significant advantages such as a reduced 

voltage stress on power semiconductors, less harmonic content in 

the output voltage waveforms, and a better efficiency [9, 10]. 

A variety of power conversion topologies has been proposed 

with the aim to improve the efficiency and reduce the control 

complexity. The most known are: flying-capacitors (FC) 

converter, cascaded H-bridge (CHB) inverter, packed U cells  

 

[11, 12] and neutral point clamped (NPC) inverter [13]. The NPC 

inverters represent nowadays one of the most popularly utilized 

topologies in the industrial field thanks to their higher 

performance compared to the FL inverters and the use of a unique 

DC source of voltage when compared with the CHB inverters 

[14, 15]. On the other hand, various modulation strategies were 

developed with the aim to allow the converter accurately 

synthesizing the desired voltage system. The most known 

techniques are: the Sinusoidal Pulse Width Modulation (SPWM) 

with and without harmonic injection [16-19], as well as the 

Space-Vector modulation (SVPWM) [20, 21]. Despite being one 

of the most complex methods to be implemented, the latter 

SVPWM offers more freedom when determining the switching 

sequences which reduces the switching losses and results in a 

balanced neutral point voltage and a lessened common mode 

voltage [22]. The SVPWM is basically classified into two 

categories: the Nearest Three Vectors (NTV) method and the 

Hexagons method. For the NTV approach, the output voltage-

vector is modulated by making an appropriate combination of the 

nearest three vectors [23]. For this reason, the sector including the 

target output voltage vector is split into many triangles; the 

appropriate triangle containing the tip point of this latter is then 

identified. This method is very simple when applied to three-level 
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inverters, however, if the level's number increases (𝑛 > 3), the 

number of triangles and switching states increase as well, which 

makes its implementation much more complex [24]. For the 

hexagon's approach, the output voltage vector is synthesized 

using the similar manner as the conventional 2-level converter.  

The tip-point of the space vector is therefore identified inside a 

two-level hexagon also called small hexagon. The 

implementation of this technique is easier than the NTV 

approach. A variety of modulation techniques have been 

proposed to further simplify this method when n exceeds 3. In 

[25], a coordinate transformation was proposed to create the 

target output-voltage vector. In [26], the n-level space vector 

diagram is reduced to the 2-level space vector diagram by shifting 

the sub hexagon including the reference voltage vector towards 

the inner sub-hexagon.  In [27,28], the five-level vector diagram 

is simplified in a first step into a three-level diagram; in the 

second step it is reduced to a simple two-level hexagon. In [24], 

a fast and simple approach was proposed. The latter consists in 

directly reducing the n-level diagram to the 2-level one enclosing 

the space vector.    

On the other hand, the performance of PWM modulation 

schemes can be assessed in terms of power-semiconductors 

switching losses, the modulated output voltages, Total Harmonic 

Distortion (THD), the Common Mode Voltage (CMV) that  is the 

electric potential of the load neutral point refereed to the ground 

[29], conducted emissions, efficiency, etc. Unfortunately, the 

existing literature lacks deep research works focusing on such 

comparative studies between the performances of modulation 

schemes for multilevel inverters. In this context, this works is 

carried out in order to perform a comprehensive comparison 

concerning the two most popular SVPWM techniques for three-

level inverters: the NTV and two-level hexagon (small hexagon) 

methods. This study is realized in terms of the aforementioned 

performance criteria for wide range of the modulation index.  

To achieve these goals, this paper will be decomposed into 

six sections. A brief review of the 3-level NPC converter and its 

space vector diagram are provided in section 2. Sections 3 and 4 

explain respectively the theories of NTV and two-level hexagon 

methods.  The numerical and experimental tests will be 

performed successively in section 5 and 6. Finally, a general 

conclusion is provided at the end of this paper. 

2. Three-phase Three-level NPC Converter Topology 

NPC inverters represent nowadays one of the most popular 

and commonly used topologies in the industrial areas since they 

have the benefit of low current THD and having a split dc 

capacitors structure that leads to a decreasing voltage stress and, 

thereby, reduces the electromagnetic interference (EMI) [30]. In 

general, a three-phase n-level NPC inverter contains three legs; 

each one is built with 2 (n −  1) power transistors with their 

free-wheeling diodes and 2(n −  2) clamping diodes [31]. (n −
1) capacitors are connected in series across the dc-bus so as to 

obtain (n − 1) floating dc potentials. The three-level NPC 

inverter, given by Fig. 1, consists therefore of 4 power transistors 

with 4 free-wheeling diodes and 2 clamping diodes for each leg. 

Its two dc terminals are connected to a dc voltage source Vdc. The 

latter is split into two floating potentials successively named VPo 

and VNo due to the use of two similar series connected capacitors. 

The converter’s poles (a, b, c) are linked to a three-phase load 

operating as a current source. Basically, each leg has three 

switching states defined as follows [32]: 

- State P: the two upper switches are ON state. The modulated 

voltage 𝑉𝑥𝑜 (𝑥=𝑎,𝑏,𝑐) is therefore equal to 𝑉𝑑𝑐/2. 

- State O: the two middle switches are ON state. The modulated 

voltage 𝑉𝑥𝑜 (𝑥=𝑎,𝑏,𝑐) is equal to 0. 

- State N: the two lower switches are ON state. The modulated 

voltage 𝑉𝑥𝑜 (𝑥=𝑎,𝑏,𝑐) is equal to −𝑉𝑑𝑐/2. 

 Consequently, the total number of the converter’s switching 

states is equal to 33 = 27 giving rise to 27 space vectors as 

represented in Fig. 2. These vectors are arranged into four 

categories: 

- Three zero vectors denoted V0. 

- Six small vectors namely V1- V6; their amplitude is equal to 

𝑉𝑑𝑐/3. 

- Six medium vectors namely V8, V10, V12, V14, V16, V18; their 

amplitude is equal to 𝑉𝑑𝑐/√3. 

- Six large vectors namely V7, V9, V11, V13, V15, V17; their 

amplitude is equal to 2𝑉𝑑𝑐/3. 

The SVPWM based control technique determines a complex 

reference vector Vr  equivalent to the target three-phase output 

voltages. The position of this vector is usually determined in a   

two-phase reference frame. Therefore, at each sampling time, we 

should determine the appropriate adjacent space vectors as well 

as their duty ratios allowing the synthesis of Vr in an average 

sense. Two popular modulation methods have been widely used 

in the recent literature to modulate Vr namely, the Nearest Three 

Vectors (NTV) and the Hexagon methods. For a better 

understanding of this paper, their theoretical principles are briefly 

reviewed in sections three and four hereafter. 
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Fig. 1. Schematic circuit of three-level NPC inverter 

 
Fig. 2. Space-vector diagram of 3-level NPC converter 

 

3. The NTV Method 

Basically, the vector diagram of the inverter is divided into 

six sectors (kv = 1,2, . . ,6). Each sector is made up of 
(n − 1)2 triangles or regions, where n is the levels’ number. For 

the three-level inverter, one can have only four triangles in each 
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sector. Then, the SVPWM scheme can be easily implemented 

considering three main steps: three nearest vectors identification 

or triangle identification, duty cycles computation, and switching 

sequences generation. 

Firstly, we define the reference-vector coordinates V̅r in the 

(,) stationary-frame using the conventional Clark 

transformation shown in Eq. (1): 

[
Vα_r
Vβ_r

] =
2

3
  

[
 
 
 1 −

1

2
−
1

2

0
√3

2
−
√3

2 ]
 
 
 

  [

Va
Vb
Vc

]                                             (1) 

With 𝑉𝑎,𝑉𝑏 and 𝑉𝑐 are the target output voltages. 

This vector (V̅r = Vαr + jVβr) can be located in one of the 

four triangles as shown in Fig. 3. To identify the appropriate 

triangle number, we shall firstly determine the generalized 

reference-vector coordinates  V′α and V′β , as reported in Eq(2.a) 

[26]:  

{
V′α = |V̅r| cos (θ − (kv − 1)

π

3
)

V′β = |V̅r| sin (θ − (kv − 1)
π

3
)
                                           (2. a)   

With, 𝜃 and 𝑘𝑣 are the instantaneous phase angle and operation 
sector of the reference vector �̅�𝑟.  

The appropriate triangle (region) that contains the reference-

vector is then identified according to a specific algorithm as 

depicted in Eq. (2.b) [26]:  

     

{
 
 
 

 
 
   if    V′α < 

Vdc
3
−
√3

3
. V′β                then triangle = 1

Else if      V′α > 
Vdc
3
+
√3

3
. V′β     then triangle = 4

Else  if    V′β <
√3

6
. Vdc                    then triangle = 2 

Else                                                                 triangle = 3

       (2. b) 

With, Vdc  is dc-bus voltage. 

Once the triangle is identified, the reference-vector has to be 

synthesized using the surrounding vectors denoted   V̅x, V̅y, and 

V̅z. For example, if V̅r is located in the fourth region of sector one, 

we get the following combination: V̅x = V̅1, V̅y = V̅7, and V̅z =

V̅8. The application time of each vector depends on the region 

enclosing the reference vector. Table 1, hereafter provides the 

appropriate three nearest vectors assuming that V̅r is located in 

one of the four regions within the first sector. Table 2 gives the 

expressions of the duty cycles for the four possible positions of 

V̅r within one sector. 

The last step is to provide the switching-sequences of the 

semi-conductors which must take into consideration the 

following two constraints: 

- The number of transitions of each power semiconductor 
between ON and OFF states must not be superior to two 
within a switching period. 

- The midpoint voltage must remain close to zero.  

Table 1. The appropriate nearest three vectors when �̅�𝑟 is 

lying within the four regions of sector 1 

 �̅�𝑥 �̅�𝑦 �̅�𝑧 

Region 1 �̅�0 �̅�1 �̅�2 

Region 2 �̅�1 �̅�8 �̅�2 

Region 3 �̅�2 �̅�9 �̅�8 

Region 4 �̅�1 �̅�7 �̅�8 

 
Figure 4 illustrates an example of the gates pulses for the 

upper and the lower transistors of each leg when V̅r  is located in 

the fourth region of the first sector. 
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Fig. 3. Triangle identification within sector 1 
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Table 2. Expressions of the duty cycles for the four possible positions of �̅�𝑟 within one sector (𝜌 = 2√3    
|𝑉𝑟|

𝑉𝑑𝑐
)

 

 
 

 

 

 

 

4. The Hexagons’ Method 

The conventional three-level diagram is decomposed into six 

small hexagons. Each hexagon can be considered as the space-

vector diagram of a 2-level converter that is given by Fig. 5. The 

position of V̅r is therefore identified within a singular small 

hexagon also known as a two-level hexagon. Three fundamental 

steps are necessary for the implementation of this method: small 

hexagon identification, duty cycles computation, and switching 

sequences generation. 

Once the appropriate small-hexagon is located (H1, H2, ... 

H6), the adequate subsector within the selected hexagon must be 

identified. For this reason, we define a new space vector U̅k 

referred to the center of the adequate two-level diagram as shown 

in Fig. 6. U̅k can be deduced from the initial reference-vector V̅r 
as given in Eq.(3):  

U̅k = V̅r −
Vdc
3
ej(

H−1
3
π), H = (1,… 6)                               (3)   

With H is the hexagon’s number.  

Accordingly, the three-level vector diagram can be 

transformed to an equivalent two-level diagram with V̅1 is the 

new zero vector which is also referred to as pivot vector; 

therefore,  we can synthesize the new reference voltage vector U̅k 

using the same technique applied for two-level voltage source 

inverters. We should therefore identify the subsector enclosing 

the new reference vector U̅k, identify the two appropriate adjacent 

vectors of the small hexagon and compute their application times. 

For a further explanation, we consider that the U̅k is situated in 

the second subsector within hexagon 1 as illustrated in Fig. 6. V̅2 

and V̅8 are therefore used as adjacent vectors while V̅1 is referred 

to as the zero vector. The duty cycles 𝑑𝑥, 𝑑𝑦, 𝑎𝑛𝑑 𝑑0 that 

correspond to the relative application times of  �̅�8 , �̅�2 , and �̅�1 

are computed as shown in Eq. (4) :   

{
  
 

  
 
dx = 2 .

√3 . |U̅k| . sin (kv
π
3
− θ)

Vdc
           

dy = 2 .
√3 . |U̅k|. sin (θ − (kv − 1)

π
3
)

Vdc
  d0 = 1 − dx − dy                                     

                                (4)   

“θ”: The phase-angle of the new reference-vector �̅�𝑘. 

  

 

 

 

“𝑘𝑣”: The subsector number of the small-hexagon. 

The last step provides the adequate switching states at each 

sampling period. Similar to the previous approach, the constraints 

concerning the number of ON/OFF switching and the mid-point 

dc-bus voltage balance must be respected. Figure 7 shows an 

example of the switching sequences distribution which 

correspond to a reference-vector located in the first hexagon and 

the second subsector.  
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Fig. 6. New reference vector determination and synthesis 

 𝑑𝑥 𝑑𝑦 𝑑𝑧 

Region 1 1 −  𝜌 sin (𝜃 − (𝐾𝑣 − 2)
𝜋

3
)  𝜌 sin (𝐾𝑣

𝜋

3
−   𝜃) 𝜌 sin (𝜃 − (𝐾𝑣 − 1)

𝜋

3
) 

Region 2 1 −  𝜌 sin 𝜃 − (𝐾𝑣 − 1)
𝜋

3
 −1 +   𝜌 sin (𝜃 − (𝐾𝑣 − 2)

𝜋

3
)  1 −  𝜌 sin (𝐾𝑣

𝜋

3
−   𝜃)     

Region 3 2 −   𝜌 sin (𝜃 − (𝐾𝑣 − 2)
𝜋

3
)  −1 +   𝜌 sin (𝜃 − (𝐾𝑣 − 1)

𝜋

3
) 𝜌 sin (𝐾𝑣

𝜋

3
−   𝜃) 

Region 4 2 −   𝜌 sin (𝜃 − (𝐾𝑣 − 2)
𝜋

3
)  −1 +   𝜌 sin (𝐾𝑣

𝜋

3
−   𝜃) 𝜌 sin (𝜃 − (𝐾𝑣 − 1)

𝜋

3
) 



INTERNATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH  
Z.Ben Mahmoud et al. ,Vol. 7, No. 3, 2017 
 

1078 

 

 

  

Table 3. Simulation parameters

Fig. 7. Switching-pattern distribution 

5. Simulation Results and Comparison 

A numerical model of a 3-level NPC dc-ac converter feeding 

a star connected R-L load is implemented using Matlab/Simulink 

software. Table 3 gives the electrical system and control 

algorithm parameters. 

First, all the simulation waveforms of the NTV method are 

provided in Fig. 8 with the modulation index m = 1.15. Figure 8a 

shows the modulated pole-voltages with reference to the mid-

point of the dc-bus, Vao which draws three levels. The output 

voltage Vab is presented in Fig. 8b where the number of levels is 

equal to 5. Figure 8c illustrates the phase-to-neutral modulated 

voltage waveform which has a quasi-sinusoidal shape. Figure 8d 

shows the high quality of the load currents waveforms which are 

quite sinusoidal and balanced.   

Figures 8e-f display the voltages across the upper and the 

lower dc-bus capacitors, VPo and VoN. One can observe that these 

latter are almost equal to Vdc/2; this implies that the SVPWM 

technique and switching strategy are apt to balance the voltage 

across the capacitors in case of balanced load. A second test is 

performed to validate the proper operation of the hexagon 

method, when m = 0.8. The obtained results are illustrated in Fig. 

9. Figures 9a-b show that the load currents draw also quite 

sinusoidal and balanced waveforms while the phase-to-neutral 

modulated output voltage draws a quasi-sinusoidal shape. 

The comparative analysis is primarily carried out in terms of 

output voltages and load currents THDs.  Figures 10a-b-c display 

the variation in THD of the modulated output voltage Vab, the 

filtered output voltage and the load current respectively, with 

respect to the modulation index m.  As it is observed in Fig. 10a, 

both modulation methods provide the same THD of the 

modulated output voltage Vab. However, after applying a low-

pass filter, the THD obtained with the NTV method becomes 

much lower than the one obtained with the hexagon method for 
m varying from 0.2 to 0.8. This means that the NTV method 

provides harmonic components with lower amplitude in the low-

frequency range. On the other hand, for m superior or equal to 

0.8, the obtained THDs remain similar for both modulation 

methods.  This result is emphasized by inspecting Fig.10c, which 

shows effectively that the NTV method provides a better THD of 

the load current when m is varying from 0.2 to 0.8.  
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(e) 

 
(f) 

Fig. 8. Simulation results obtained with the NTV method for 

m=1.15 (a) pole-voltage Vao, (b) line-to-line voltage Vab,(c) 

phase to neutral voltage Van ,(d) load currents,(e) and (f) upper 

and lower voltages across the dc-link capacitors VPo and VoN 

 

Fig 9. Simulation results obtained with the hexagon method for 

m=0.8, (a) phase-to-neutral voltage Van, (b) load currents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 
(b)  

 
(c)  

Fig. 10. THD of (a) Modulated output voltage Vab, (b) Filtered 

voltage Vab, (c) Load-current versus m variation 

The comparative study is also carried out in terms of an 

important performance criterion namely the common mode 

voltage (VCM = Vno). Note that this voltage affects the leakage 

current flowing through the load to the ground, which leads to an 

electromagnetic interference (EMI). Figure 11a displays the 

common mode voltage waveforms obtained with the two 

modulation methods and m = 0.4.  For this operation point, VCM 

obtained with the hexagon method is varying within the range 

[−Vdc/3, Vdc/3], while for the case of the NTV method, it varies 

between −Vdc/2 and +Vdc/2. To better quantify the performance 

in terms of common mode voltage, we computed the frequency 

spectra that are displayed in Fig.12a. One can observe that the 

amplitudes of the low-frequency components are larger with the 

hexagon method though in time domain we observed that the 

variation range of VCM is less important than the NTV method. In 

the high frequency range, the two methods provide 

approximately the same performance. Indeed, the NTV method 

provides more important peaks at 15 kHz, 20 kHz, 40 kHz, and 

70 kHz while the hexagon method generates higher peaks at 10 

kHz, 25 kHz, 45 kHz, and 65 kHz. Figure 12b displays the 

frequency spectra obtained with m = 0.6. For this operation point, 

the hexagon method provides harmonic components with larger 

amplitudes especially at 5 kHz and 20 kHz and also at low 

frequencies. The same remarks remain valid for m = 0.8 as 

illustrated in Fig.12c. However, the difference between both 

methods is less important than the case when m = 0.6.  On the 

other hand, Figs.11b and 12d display the time-domain waveforms 

and frequency spectrum of VCM obtained with m = 1.15. It is clear 

that both modulation methods provide the same common mode 

voltage with this maximum modulation index value. 
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Fig. 11. Common mode voltages obtained with both methods 

for two different values of m 
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Fig. 12. Frequency spectra of the common mode voltages 

obtained with numerical simulations for different values of the 

modulation index 

6. Experimental Results 

Aiming to confirm the comparative study results based on 

simulation tools, a scaled down prototype of a 3-level NPC 

converter is built using the IREF 740 MOSFET transistors and  

 

15ETH06 clamping diodes. Both algorithms are implemented in 

real-time on the DSP TMS320F28335 from Texas Instruments 

operating at 150 MHz. The control signals are routed from the 

DSP output peripherals to the transistors gates through the opto-

drivers HCPL 3120. A photo of the experimental setup is given 

by Fig. 13. The same parameters used in simulation are adopted 

to perform the real-time implementation. 

 The first experiment is realized using the NTV method with 

a maximum modulation index m =1.15. Figure 14 displays the 

line-to-line output voltages, load currents waveforms, the lower 

and the upper voltages across the dc-bus, and the common mode 

voltage Vno. It is clear that the obtained experimental waveforms 

are quite similar to those obtained with simulations. An additional 

high frequency ripple is observed in the output current waveform; 

it is mainly caused by the switching operation and stray 

inductance as well as the parasitic capacitance of the power 

circuit.   

Figure 15 displays the modulated output voltage (Vab) and 

load current THDs. The experimental results perfectly match 

those obtained with simulations and clearly prove that the NTV 

technique provides a better quality of the load currents for low 

values of the modulation index m. Figure 16 displays the 

frequency spectra of the common mode voltage experimental 

waveforms which are similar to those achieved with numerical 

simulations. Indeed, the hexagon method provides harmonic 

components with larger amplitude in the low-frequency range for 

m = 0.4, 0.6 and 0.8. For m = 0.6, the amplitude of the spectral 

ray obtained with the hexagon method and located at 10 kHz is 

much more important than those obtained with the NTV method. 

Finally, we can notice that both methods provide quite similar 

results with the maximum value of m = 1.15.  

     

Fig. 13. Photo of the experimental setup 
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(b) 

 
(c) 

 
(d) 

Fig. 14. (a) Line-to-line output voltages, (b) load currents, (c) 

VPo and VoN voltages,(d) common mode voltage Vno,  obtained 

with the NTV method and m = 1.15 

 

(a) 

 

(b) 

Fig. 15. THD of (a) line-to-line modulated output voltage Vab, 

(b) Load currents versus the modulation index 
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m=1.15 

Fig. 16. Frequency spectra of the common mode voltages 

obtained with experimental results and for different values of m 

The comparative analysis is also carried out in terms of the 

Electromagnetic Interference EMI since it represents, nowadays, 

a very important criterion adopted by several standards for the 

evaluation of the disturbance generated by a PWM converter 

[27]. For this purpose a line impedance stabilizing network 

(LISN) is inserted between the dc-source and the dc-bus 

terminals as shown in Fig. 17. Firstly, the voltages VR1 and VR2 

across the two LISN resistors are measured using a 10 GS scope. 

Figure 18 provides an example of voltages waveforms across the 

LISN resistors. The obtained results are saved as data format and 

next loaded in the Matlab workspace. The common mode and 

differential mode emissions are therefore deduced from VR1 and 

VR2 as demonstrated in Eqs. (7) and (8) hereafter: 

VCM =
VR1 + VR2

2
                                                                             (7) 

VDM =
VR1 − VR2

2
                                                                            (8) 

Finally, the time domain waveforms of VCM and VDM are 

transferred into the frequency domain using the FFT tool. Figure 

19 displays the frequency spectra of the conducted emissions 

(common mode and differential mode) obtained with both 

modulation algorithms for m = 1.15. Figure 20 displays the 

frequency spectra of the common mode emission obtained with 
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both modulation algorithms under the variation of m. The 

frequency range is set between 150 kHz and 30 MHz. For m = 

0.2, 0.4, 0.8, and 1, both methods provide almost the same 

common mode emission. However, for m = 1.15 and m = 0.6, one 

can observe that the hexagon method provides more conducted 

emissions than the NTV. For m = 1.15, the difference is observed 

in the amplitude of the spectral ray located at 1.1 MHz which 

exceeds 72 dBμV.  For m = 0.6, the difference is observed at two 

spectral rays located at 1.1 MHz and 300 kHz respectively. As 

for the differential mode emission, one can observe that both 

methods provide approximately the same performance with m = 

1.15.  

dc
 s

up
pl

y

VR1

VR2

LISN NPC converter

 
Fig. 17.  Electrical circuit of the LISN used to measure the 

conducted emissions 

 
(a) 

 
(b) 

Fig. 18. Voltages waveforms VR1 (blue) and VR2 (green) across 

the two LISN resistors obtained with m =1.15 (a) NTV method, 

(b) hexagon method 

 
(a) 

 
(b) 

Fig. 19. Frequency spectra of the conducted emission obtained 

with m = 1.15 (a) common mode emission, (b) differential 

mode emission 
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m = 0.6 

 
m = 0.8 

 
m = 1 

Fig. 20. Frequency spectra of the common mode emission 

obtained under the variation of m 

Finally, in Fig. 21, the inverter’s efficiency is displayed with 

respect to the modulation index variation. When m is lower than 

0.4, the efficiency obtained with the hexagon method is a little bit 

better than the one obtained with the NTV method. However, for 

m = 0.6, the efficiency becomes much more important with the 

NTV method. Finally, for “m” superior or equal to 0.8, one can 

observe that the inverter’s efficiency remains the same for both 

modulation methods. 

 
Fig. 21. Efficiency as a function of the modulation index 
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7. Conclusion 

This paper performed a detailed comparative study between 

two SVPWM strategies: the NTV method and the hexagon 

method. The comparison is carried out in terms of THD, CMV, 

conducted emissions and efficiency criteria. The following 

conclusions and remarks are recorded: 

- THD: the numerical and experimental results show that the 

NTV approach presents the best performance under low values 

of m. However, the obtained THDs remain similar for both 

modulation methods when m is superior or equal to 0.8.  

- CMV:  the hexagon method provides harmonic components 

with larger amplitude for m = 0.4, 0.6 and 0.8. However, for m 

= 1.15, both methods have similar performance in terms of 

CMV.  

- Conducted emissions: the study showed that both methods 

provide almost the same common mode emission for the low 

values of m. However, for m = 1.15, the hexagon method 

provides higher conducted emissions than the NTV method. 

Note that, both methods have the same performance in terms of 

differential mode emission for m = 1.15.   

- Efficiency: the hexagon method has a better efficiency than the 

one achieved with the NTV method when m is lower than 0.4. 

However, the efficiency is more important with the NTV method 

for m = 0.6. It remains the same for both modulation methods 

when m is superior or equal to 0.8.  
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