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Abstract — Today, multilevel converters are considered the 

most advanced power conversion devices for high-quality 

applications. Because of the redundancy and modular 

structure, cascaded h-bridge multilevel inverters have been 

used in various industrial applications. Depending on the 

application and the multilevel inverter, many different 

modulation algorithms have been created or changed. Each 

one has its own pros and cons. In this paper, the 

modulation techniques Nearest Vector Control (NVC) and 

Nearest Level Control (NLC) have been implemented for 

three phase five level cascade H-bridge multilevel inverter 

in simulation with the help of MATLAB/Simulink. The 

NVC and NLC are compared with their total harmonic 

distortion factor in the output voltage. Using the WAVECT 

controller in an experimental setup, the results of the 

simulations are tested. NLC provides a better total 

harmonic distortion factor and fundamental peak value 
as compared with NVC. 
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I. INTRODUCTION 

The current and voltage ratings of power semiconductor 
switches in power inverters have to be high in high 
power applications [1]. Researchers have been working 
for more than 60 years to make new power inverter 
topologies with higher rated power that use the low rated 
power semiconductor devices that are already on the 
market [2]. Serially connecting power semiconductor 
devices increases the inverter voltage and power rating. 
Based on this, the Multilevel Inverters (MLI) works [3]. 
The MLI not only minimizes the dv/dt stress upon the 
switching devices, but it also decreases the voltage Total 
Harmonic Distortion (THD) to fulfill the utility's 
required standards. They have the capability of 
enhancing the power quality as well as the dynamic 
stability of the utility systems. This technology also 
makes it possible to reduce electromagnetic interference 
(EMI) and reduce the amount of power that 
semiconductor switches lose [4]. MLIs are classified by 
their architecture as Neutral Point Clamped (NPC), 
Cascaded H-Bridge (CHB) and Flying Capacitor (FC). 

CHB's modular design and ability to be modified to any 
number of levels are key to its popularity [5]. The 
number of components and drive circuits in conventional 
multilayer inverters increases with the number of levels. 
This complicates the control unit's implementation. 
Adding discrete components reduces the system's 
reliability. To make the most of the components and 
optimize the output voltage shape, novel multilayer 
inverter topologies have been developed in recent years 
[6, 7].  
MLI gating signals are generated using modulation 
techniques. Modulation techniques synthesizes reference 
control signals and balance voltage sources. The 
multilevel modulation algorithm requires high voltage 
quality, modular design, low switching frequency of 
power semiconductor devices, equitable load 
distribution, a simple control algorithm, and low 
implementation cost. Switching frequency classifies 
modulation schemes. Fig. 1 shows MLI control options 
[3, 8]. Switching frequency modulation techniques NVC 
and NLC. NVC is a Space Vector Control (SVC) 
alternative to SHE [9]. This approach uses an MLI's 
many voltage vectors. To do this, one need only make a 
rough estimate of the voltage vector that can be 
generated along the α–β axis that does not necessitate 
additional modulation. The NLC, which is also known as 
the round approach, is the per-phase time-domain 
equivalent of the NVC in some ways [10-11]. The 
fundamental concept is utilized, although the application 
focuses on voltage levels rather than space vectors. 
Because of this, the inverters have the capability to select 
the voltage level that is closest it can get to the intended 
output voltage reference. 
Entuple Technologies Pvt. Ltd. created the WAVECT 
Controller, a real-time control system in a small, 
lightweight package and depicted in Fig. 2. Fig. 3 depicts 
the WAVECT Controller desktop programme. It has 
been designed to address today's most pressing 
challenges [12]. 



 
Fig. 1 Classification of Modulation Techniques 

Xilinx's Integrated Software Environment builds the 
system generating blocks (ISE). ISE uses HDL-based 
programme paradigms. These digital designs can then be 
implemented on an FPGA target device. Synthesis of 
these modules creates netlist files for implementation. 
After generating netlist files, the logic design can be 
turned into a physical file [13]. 

 
Fig. 2 WAVECT Controller  

 
Fig. 3 WAVECT Controller desktop application 

Herein this paper, a three phase five level CHB MLI is 
operated using NVC and NLC modulation methods and 
hardware is implemented with the help of the WAVECT 
Controller.  The organization of this article is as follows: 
Section II examines the operation of a three-phase five 
level CHB MLI. Methods for putting the NVC and NLC 
into action are outlined in Section III. In Section IV, the 
results of the simulation and the hardware are presented, 
and a comparison between NVC and NLC for a three-
phase, five-level CHB MLI employing WAVECT 
Controller is shown. Section V provides the conclusion. 

II. OPERATION OF THREE PHASE FIVE LEVEL CHB MLI 

On the AC side, the cascaded H-bridge inverter has 
series-connected power conversion cells. Each DC cell is 
powered by batteries, fuel cells, or ultra-capacitors [14-
15]. This design allows modularization of each bridge's 
modulation, control, and protection needs. Contrary to 
diode-clamped and flying-capacitor topologies, every 
cell in every phase of operation needs a distinct DC 
source. Fig. 4 shows the three-phase, five-level CHB 
MLI circuit. Each cell has a rectifier, DC-link, and H-
Bridge inverter [16]. The bridge rectifier in each cell gets 
its DC supply from a single-phase AC transformer.Each 

cell's DC source is Vdc. The output voltage of the phase 
is the sum of the voltages in each cell of the respective 
phase. The output voltage of the phase R (VRN) is the 
sum of voltages in cells R1 and R2 is 
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The output voltage of the phase R is shown in Fig. 5.  If. 
Each phase having two number of cells so the maximum 
output of the phase is  
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Fig. 4 Circuit of three phase five level CHB MLI 

  

Fig. 5 Voltage of one leg of three phase five level CHB MLI (a) Cell 
R1 (b) Cell R2 and (c) Phase R 

III. IMPLEMENTATION OF NVC AND NLC 
In this, vector duration modulation and voltage level 
oriented modulation are compared and contrasted. Both 
of these types of modulations are relatively new and 
have recently undergone simplification. The 
methodological approach is the same as that used for 
SVC, and the pulses are altered in any way necessary 
solely on the basis of the vector duration. Therefore, in 
order to produce pulses that are utilized by the inverter, 
the NVC makes use of a method that has already been 
devised. This approach involves comparing the position 
of the reachable vectors to the position of the reference 
vector. The other type of signal modulation is known as 
NLC, and it generates pulses in the signal through the 
application of a specialized logical method. This tactic 
makes use of rounded levels as a reference point in its 
operation. In addition to being very straight forward to 
put into practice, it also features a straightforward and 
rational method for producing the gating pulses. The 
following explains why the selected and recommended 
NVC and NLC modulation-related discussions were 
chosen and how they were put together: 

(2) 

(1) 



A. Nearest Vector Control 

The fundamental concept behind this strategy is to make 
use of the large number of voltage vectors that are 
produced by a multilevel converter. This is done by 
directly approximating the voltage vector in the − plane, 
eliminating the need for modulation. This method is 
called NVC instead of modulation since it does not use 
reference moment estimation. It's unnecessary. Fig. 6 
illustrates NVC's functioning concept. Each dot indicates 
a potential voltage vector that the inverter could produce; 
the hexagons around them denote the region in which 
that voltage vector is the nearest accessible vector. The 
inverter produces the hexagon's vector when the 
reference enters it. Fig. 6's illustrative vectors are blue 
[2, 8]. 
Compared to systems where a modulator is used to 
compel commutations, those using natural selection of 
the closest vector experience far lower switching losses. 
In contrast, this approach does not eliminate low-order 
harmonics (like SHE) and, due to its low and variable 
switching frequency, may instead inject low-order 
harmonics into the load voltage. To address this 
problem, multilevel converters with a large number of 
levels (usually more than seven levels) might be used. 
More state-space vectors are readily available in these 
converters, allowing for more accurate vector 
approximation and fewer conversion failures. Due to the 
low dv/dt, they also have a low THD that mitigates the 
effects of low-order harmonics. An alternate method for 
reducing common mode voltages. 
 

B. Nearest Level Control 

The NLC is the each period equivalent of the NVC. 
Instead of space vectors, voltage is employed. Inverter 
chooses voltage level closest to user-set output voltage 
reference. In contrast to the SVC, where all three phases 
are directly controlled by the vector selection, all three 
phases are controlled individually utilizing 120-degree 
out-of-phase references. It's easier to understand than 
NVC. Finding the nearest level is easier than the closest 
vector [2, 8]. Round evaluates the normalized value. Fig. 
7 depicts NLC reference voltage operation. This nearest 
integer multiplied by Vdc corresponds to the reference 
voltage level, and the inverter generates it. Maximum 

estimate error is Vdc/2. 

  
Fig. 6 Operating principle of Nearest Vector Control 

 
Fig. 7 Operating principle of Nearest Level Control 

NLC makes it impossible to reduce harmonics because 
there is no procedural tracing in its operating conditions. 
Harmonics can't be removed. If the inverter's output is 
high enough, AC harmonics would be eliminated. It's 
easy to use and implement. Low computing complexity 
makes NVC and NLC easier to implement. They're 

compatible with any topology-based inverter. 

IV. RESULTS AND DISCUSSION 

The NVC and NLC are implemented with the counters 
and constants from the HDL Coder Blocks. While using 
the HDL Coders, the output data types are chosen with 
more care. The Zynq-7000 XC7Z020-CLG484-1C/I 
FPGA controller is inside the WAVECT and has a clock 
frequency of 40 MHz.  The switching pulses generated 
by the NVC and NLC are at a frequency of 50 Hz. For 
this, first the counter generates an 18 kHz signal and then 
50 Hz [17].  
The counter value for 18 kHz signal is calculated as 
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The counter is counting from 0 to 2221 with a sample 
time of 25e–9.  The counter value for 50 Hz from 18 kHz 
signal is calculated as  
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=
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The counter is counting from 0 to 359. The block 
diagram of the hardware implementation is shown in Fig. 
8. In each phase of CHBMLI consists of two cells of H-
bridge inverters with an individual uncontrolled bridge 
rectifier. The H-bridge inverter is made with Semikron 
IGBT stacks. The WAVECT controller is used to 
provide switching pulses for three phase five level 
CHBMLI. The other purpose of the WAVECT controller 
is to sense voltage and current and display them. The 
hardware setup for three phase five level CHB MLI is 
depicted in Fig.9. As a load for the three-phase five level 
CHB MLI, a 300 Ω and 2 A per phase three-phase 
resistive load is connected. The single phase AC supply 
for each H-bridge is supplied from an isolated 
transformer. In a three-phase five level CHB MLI, each 
cell receives 100 Vdc from an uncontrolled bridge 
rectifier. 



 
Fig. 8 Block diagram for hardware setup of three phase five level CHB 

MLI 

The simulated and hardware results of a three-phase five 
level CHB MLI with NVC modulation strategy are 
depicted in Fig. 10-15. Figs. 10 and 11 show the phase 
voltage and its frequency spectrum for simulation and 
hardware. In the simulation, the maximum voltage is 200 
V, whereas in hardware it is 197 V. In the frequency 
spectrum, the fundamental peak value in simulation is 
175.5 V, whereas in hardware it is 172.41 V. In 
simulation and hardware, the %THD is 31.19% and 
31.32%, respectively. 

 
Fig. 9 Hardware setup of three phase five level CHB MLI 

 
Fig. 10 Phase voltage of NVC (a) simulation and (b) hardware 

 
Fig. 11 Frequency spectrum of phase voltage of NVC (a) simulation 

and (b) hardware 

 
Fig. 12 Phase current of NVC (a) simulation and (b) hardware 

Figs. 12 and 13 show the phase current and its frequency 
spectrum for simulation and hardware. In the simulation, 
the maximum voltage is 0.66 A, whereas in hardware it 
is 0.64 A. In the frequency spectrum, the fundamental 
peak value in simulation is 0.59 A, whereas in hardware 

it is 0.56 A. In simulation and hardware, the %THD is 
31.19% and 31.62%, respectively. 

 
Fig. 13 Frequency spectrum of phase current of NVC (a) simulation 

and (b) hardware 

Figs. 14 and 15 show the line voltage and its frequency 
spectrum for simulation and hardware. In the simulation, 
the maximum voltage is 400 V, whereas in hardware it is 
395 V. In the frequency spectrum, the fundamental peak 
value in simulation is 303.9 V, whereas in hardware it is 
296.61 V. In simulation and hardware, the %THD is 
16.62% and 16.85%, respectively. 

 
Fig. 14 Line voltage of NVC (a) simulation and (b) hardware 

 
Fig. 15 Frequency spectrum of line voltage of NVC (a) simulation and 

(b) hardware 

The simulated and hardware results of a three-phase five 
level CHB MLI with NLC modulation strategy are 
depicted in Fig. 16-21. Figs. 10 and 11 show the phase 
voltage and its frequency spectrum for simulation and 
hardware. In the simulation, the maximum voltage is 200 
V, whereas in hardware it is 198 V. In the frequency 
spectrum, the fundamental peak value in simulation is 
209 V, whereas in hardware it is 205.99 V. In simulation 
and hardware, the %THD is 17.37% and 17.54%, 
respectively. The magnitude of the third harmonic is 
reduced and the fundamental peak value is also increased 
as compared with the NVC. 

 
Fig. 16 Phase voltage of NLC (a) simulation and (b) hardware 



 
Fig. 17 Frequency spectrum of phase voltage of NLC (a) simulation 

and (b) hardware 

Figs. 18 and 19 show the phase current and its frequency 
spectrum for simulation and hardware. In the simulation, 
the maximum voltage is 0.66 A, whereas in hardware it 
is 0.64 A. In the frequency spectrum, the fundamental 
peak value in simulation is 0.69 A, whereas in hardware 
it is 0.66 A. In simulation and hardware, the %THD is 
17.37% and 18.82%, respectively. Figs. 20 and 21 show 
the line voltage and its frequency spectrum for 
simulation and hardware. In the simulation, the 
maximum voltage is 400 V, whereas in hardware it is 
396.5 V. In the frequency spectrum, the fundamental 
peak value in simulation is 361.2 V, whereas in hardware 
it is 355.77 V. In simulation and hardware, the %THD is 
16.42% and 16.69 %, respectively. The comparison of 
fundamental peak value and %THD of phase voltage, 
phase current and line voltage in NVC and NLC is 
depicted in Table I. The NLC provides lower %THD as 
compared with NVC for all the parameters. The NLC 
fundamental peak value is also higher as compared to 
NVC. The comparison of simulation and hardware 
%THD of phase voltage, phase current, and line voltage 
for NLC and NVC is depicted in Fig. 22. The hardware 
implementation with the WAVECT Controller provides 
the same results as simulation. 

 
Fig. 18 Phase current of NLC (a) simulation and (b) hardware 

 
Fig. 19 Frequency spectrum of phase current of NLC (a) simulation 

and (b) hardware 

 

Fig. 20 Line voltage of NLC (a) simulation and (b) hardware 

 
Fig. 21 Frequency spectrum of line voltage of NLC (a) simulation and 

(b) hardware 

TABLE I 
FUNDAMENTAL PEAK VALUE AND %THD OF PHASE VOLTAGE, PHASE 

CURRENT AND LINE VOLTAGE IN NVC AND NLC 

S. 
N
o 

Paramet
er 

Modulati
on 

Techniqu
e 

Fundamental Peak %THD 

Simulati
on 

Hardwa
re 

Simulati
on 

Hardwa
re 

1 Phase 
Voltage 

NVC 175.5 172.41 31.19 31.32 

NLC 209 205.99 17.37 17.54 

2 Phase 
Current 

NVC 0.59 0.56 31.19 31.62 

NLC 0.69 0.66 17.37 18.82 

3 Line 
Voltage 

NVC 303.9 296.61 16.62 16.85 

NLC 361.2 355.77 16.42 16.69 
 

 
Fig. 22 Comparison of simulation and hardware %THD for NLC and 

NVC (a) phase voltage, (b) phase current, and (c) line voltage 

V. CONCLUSION 
In this paper, the modulation techniques NVC and NLCs 
for three phase five level CHB MLI are implemented in 
the simulation using MATLAB/Simulink. The 
simulation results are validated by the hardware; the 
NVC and NLC are implemented with the help of the 
WAVECT Controller. From the discussion of results, it 
is clear that the simulation and hardware results match 
each other. The implementation of NVC and NLC in 
both simulation and hardware is very simple. Finally, the 
NLC provides better %THD and fundamental peak value 
as compared with the NVC. 
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