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Multilevel inverter plays very important role in the area power electronics, it is used in high power
applications because it contains less harmonics. In multilevel inverters, there are three main
topologies are used there are diode clamped inverter, capacitor clamped and cascaded multilevel
inverter with separate dc sources. In this Paper mainly focused for the implementation of a three
level neutral point clamped (NPC) voltage source inverter using space vector pulse width
modulation (SVPWM) techniques, inverter which is controlled by field oriented control (FOC) by
the feeding of an electrical system, this implementation of the control technique is achieved by
using intelligent techniques and also the operation of the electrical system is verified in steady
state and transient state responses. This total performance is done by using MATLAB/SIMULINK
software environment. This Paper also gives the comparison between SVPWM three phase three
level with neutral point clamped and without neutral point clamped. Finally, the comparative
study of different techniques was implemented.
Keywords: Vector control (VC), Space vector pulse width modulation (SVPWM), Induction motor (IM), PI
controller, fuzzy logic controller (FLC), ANFIS controller and Genetic Algorithm (GA).

1. INTRODUCTION
Three-level diode-clamped inverter also known as neutral point clamped (NPC).The
neutral-point clamped (NPC) inverter topology was introduced by Nabae, et al. The early
nineties the concept of the three-level converter was extended further and some new
multilevel topologies were proposed [1]. The new concept of neutral-point clamped (NPC)
inverter topology converter had many advantages over the conventional two-level inverter.
In this paper were discussed mainly balancing control Problems due to neutral-point
voltage unbalancing and narrow pulse width modulation. The output waveforms are
generated using Space vector PWM (SVPWM) technique with low switching losses. In
addition to that this waveforms also having less harmonic content and the voltage stress on
each switch is reduced compare to the various pulse width modulation (PWM) techniques.
This results compared to the sinusoidal PWM technique with the higher magnitude of
fundamental output voltage.
Coming to the electric system, the control scheme of field oriented control (FOC)
technique of multi-phase AC motor is used. The principles of multi-phase AC motors first
developed by Nikola Tesla in 1882, the control method is used by using Intelligence
techniques such as pi controller, fuzzy logic controller, an ANFIS controller and genetic
algorithm, the rotor speed is controlled by using inverter current control.
Finally this paper presents implementation of a new space vector pulse width modulation
technique on a Neutral point clamped inverter using Matlab / Simulink environment. The
operation of the electric system is performed in both cases considering neutral point
clamped (NPC) and without neutral point clamped (NPC).
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2. DYNAMIC D-Q MODEL OF INDUCTION MOTOR
In figure 1 is shows that the dynamic performance of a Three-phase induction motor. The
dynamic model of motor is slightly complex because of the rotor windings and stator
windings moves with respect to each other due to its coupling effect.
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Figure 1. (a) Stator and Rotor winding of a three phase motor by considering with coupling effect, (b) Equivalent
of two-phase machine.

The conversation of three-phase to two-phase analysis using Park’s transformation is
discussed in [2]. It is used to transform the stator variables of an induction machine into a
d-q reference frame
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For the two phase machine shown in figure 1(b). We need to represent both ds-qs and drqr circuits and their variables in asynchronously rotating de-qe frame.
Stator circuit equations,

Vds = Rs ids +

Vqs = Rs iqs +

dψ ds
− ωeψ qs
dt
................... (1)

dψ qs
dt

+ ωeψ ds
………….. (2)

Rotor circuit equations,

dψ qr

+ (ωe − ωr )ψ dr
dt
… (3)
dψ dr
Vdr = Rr idr +
− (ωe − ωr )ψ qr
dt
… (4)

Vqr = Rr iqr +
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Figure 2. Dynamic de-qe equivalent circuits of Machine (a) q e -axis and (b) d e – axis.

The flux linkage expressions in terms of the currents can be written as follows:
ψ ds = Lsids + Lmidr

……………………... (5)

ψ qs = Ls i qs + Lm iqr

…………………… (6)

ψ dr = Lsidr + Lmids

………………………. (7)

ψ qr = Lr iqr + Lmiqqs

………………………. (8)

Therefore the voltage equations in the arbitrary reference frame are given by
−ωcLs
−ωcLm idsc
Lmp
vdsc  Rs +Ls p
v  
 
ωcLm
Rs +Ls p
Lmp iqsc
 qsc = ωcLs
vdrc  Lmp
−(ωc −ωr)Lm Rr +Lr p −(ωc −ωr)Lr idrc
  
 
Lmp
(ωc −ωr)Lr Rr +Lr p iqrc
vqrc (ωc −ωr)Lm

The development of torque by the inter action of air gap flux and rotor mmf; it will be
expressed in general form, relating the d-q components of variables.

Le =
Where

3 P
( )(ψ ds iqs −ψ qs ids )
2 2
………… (9)

Ls=Lls+Lm …….. (10)
Lr=Llr+Lm. …….. (11)

Ls & Lr = Self-inductance per phase of the stator and rotor windings.
Rs & Rr = Resistance per phase of the stator and rotor windings.
Lm = Mutual inductance of stator and rotor Windings.
Wm = Angular velocity of rotor
310

J. Automation & Systems Engineering 11-4 (2017): 308-320

P = Number of poles
J = Load Inertia Constant respectively.

3. DYNAMIC D-Q MODEL OF INDUCTION MOTOR
Vector control method is also known as field-oriented control (FOC) or variablefrequency drive (VFD) control method. In this method the representation of three-phase AC
motor stator currents by two orthogonal components likely One of the component is
magnetic flux and another component is torque.
By taking the current component as a reference of the drive is derived from the flux and
torque references. Typically controllers are used to measure current components at their
reference values. Such complex stator motor current is represented in space coordinate
system of orthogonal components the field flux linkage component of current aligned
along the d axis and torque component aligned along the q axis [3]-[4]. In the Block
diagram, it is shows that Torque and Rotor Flux can be independently controlled by q-axis
stator current and d-axis stator current respectively.The q-axis Stator Current Reference
i*qs is calculated from Command Torque Signal T*e as shown in below equation 12.

2 2 Lr Te∗
iqs = ∗ ∗ ∗
3 p Lm ψ r

est

…………… (12)

is the Estimated Rotor Flux Linkage. It can be calculated by equation shown
13.

ψr

τr =

est

=

Lmids
1 + τ r s …………………..….…… (13)

Lr
Rr is the rotor time constant

Where
The direct-axis stator current reference i*ds is obtained from reference rotor flux input
|ψr|*.
∗
ds

i =

ψ r∗
Lm ………………………………….. (14)

The rotor flux position Өe required for coordinates transformation is obtained from the
rotor speed ωr and slip frequency ωsl. Өe is calculated as

θ e = ∫ ωe dt = ∫ (ωr + ωsl )dt

………… (15)
The slip frequency ωsl is calculated from the stator reference current i*qs and the motor
parameters.

ωsl

is given by

ωsl =

Lm Rr
i
ψ r Lr qs …………………….…….. (16)
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Figure 3: Block Diagram of Indirect Vector Control Technique.

4. THREE LEVEL MULTILEVEL INVERTER
Multilevel inverters is used to for the conversion of DC-to-AC for power conversion in
high-power applications. The term multilevel means the multiple voltage levels are present
in output, there are three basic types of multilevel inverters namely diode clamped,
capacitor clamped and cascaded types of multilevel inverters in this paper we are focused
on the diode clamped inverter early introduced in 1980s, the topologies have drawn
tremendous interest [3].However the three voltage levels useful for the applications of
active power transfer, such as motor drives, etc.
The three level Diode clamped inverter is shown in figure 4.one of the leg of three level
Diode clamped inverter is shown in figure 5.
It is operated as
When Q1 and Q2 are ON

V0 = +Vdc

When Q2 and Q3 are ON

V0 = 0

When Q3 and Q4 are ON

V0 = −Vdc
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Figure 4. Diode Clamped Three Level Inverter.

Vo

Figure 5. Phase A of Three Level Inverter.

4.1 Space Vector Pulse Width Modulation:
When compare to PWM method the space vector pulse width modulation (SVM) is
moderately different from the PWM methods. In case of PWM method it create each phase
waveform independently, but in the case of SVM treats the inverter as a single unit, i.e. the
inverter can be driven to eight unique states [5].In eight switches, six switches are active in
active state and two zero states. These vectors are in the shape of hexagon consisting of six
sectors spanning 60° each other. The reference vector is taken for the representation of
three-phase sinusoidal voltage is generated by using SVPWM, it is generated by switching
between two nearest active vectors and zero vector [6].

Figure 6. Sectors and their Regions for Three-level Inverter.

5. SPEED CONTROLLER
5.1 PI Controller:
The PI (proportional and integral) controller is used to increase the speed and also to
eliminate the steady state error in the system.
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The block diagram of PI controller shown in fig 7.
W∗

W

n

∑
j = 1

Figure 7. Block Diagram of PI Controller.

Te = K p e + K i ∫ edt

………………….. (17)

K

K

Where Te is the Command Torque of the signal and p is the proportional gain and i
is the integral gain.
5.2 Fuzzy Logic Controller:
Fuzzy Logic control (FLC) is helpful to drive the operation of the speed control of
induction motor indirectly by using the torque control, in which voltage is directly
proportional to the frequency. The speed is controlled by fuzzy logic controller whose
output is the reference current of the inner dc current controller.
In figure 8 the block diagram shows that the internal structure fuzzy logic controller.

Figure 8. Internal Structure of the Fuzzy Logic Controller

5.3 ANFIS Controller:
Adaptive Neuro-Fuzzy Inference System (ANFIS) is an Artificial Intelligence technique
which creates a fuzzy inference system based on the input-output model data pairs of the
system. ANFIS combines neural network and fuzzy system together. ANFIS can be
employed in a wide variety of applications of modelling, decision making, signal
processing and control. ANFIS is a class of adaptive network that is functionally equivalent
to Fuzzy Inference System. In fig.9 shows that block diagram of the ANFIS control
scheme.

Figure 9: Block diagram of the ANFIS control scheme.

In figure 10 shows that block diagram of the schematic representation of ANFIS
architecture.
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Figure 10. Schematic of the ANFIS architecture.

5.4 Genetic Algorithm:
Genetic Algorithm is a stochastic global adaptive search optimization technique based on
the mechanisms of natural selection [3]. GA was first suggested by John Holland and his
colleagues in 1975.
The Generic algorithm consists of three stages there are Selection, Crossover and
Mutation. This algorithm (in figure 11) is repeated for many generations and finally stops
when reaching individuals that represent optimal solution to the problem. Genetic
Algorithm can be used to tune the gains of PI Speed Controller as shown in figure 12.

Figure 11: Genetic Algorithm Architecture.

Figure 12. Structure of the technique of optimization of the PI controller by GA.

315

L. M. Krishna et al: Improved Dynamic Performance of a Multilevel Inverter fed Variable Speed Drive

The Objective Function can be written as shown below
Fitness =

2 (t) dt =

ω*(t) – ω (t)) 2 dt

Where
ω*(t) is the reference speed.
ω (t) is real seed of induction motor.
The PI speed controller obtained according to the procedure of optimization by the
technique of the GA are given as Kp = 11.32, Ki = 0.57.
In this section, the simulation of the ‘‘electric system, three-level inverter’’ system
is studied. The switching pattern is generated by using SVPWM .Comparisons are made by
using with neutral point (NP) and without neutral point (NP) clamped and steady state and
transient response of the systems are observed.
The system is simulated for a period of t = 3s. During this period, the speed
response (change of reference speed), the torque response (change of reference torque) and
steady state of the induction motor are considered. The switching frequency is set to Fs = 5
kHz and the dc bus voltage is Vdc = 460 V. The following subsections validate the system
behaviour in speed and torque response. The steady state operation is also shown.
SIMULATION RESULTS
6.1 Speed changes from Wr = 110rad/s to Wr = 140 rad/s, Without Neutral point
Balancing:
The induction motor is considered to have pass the starting period and operates with
reference speed Wr = 110rad/s and reference torque TL = 100 Nm. At time t = 3 s the
reference speed changes from Wr = 110rad/s to Wr = 140 rad/s, while the reference torque
from TL=100Nm and TL=150Nm .In the below figures, the system behaviour is Shown
during the speed response and Torque response without Neutral Point Clamped.

Figure 13. Phase Voltage (Vabc) of the Inverter without Neutral Point Clamped.

Figure 14. Current (Iabc), Torque and Speed using PI controller.
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Figure 15. Current (Iabc), Torque and Speed using Fuzzy Logic Controller.

Figure 16. Current (Iabc), Torque and Speed using ANFIS Controller.

Figure 17. Current (Iabc), Torque and Speed using Genetic Algorithm.

6.2 Speed changes from Wr = 110rad/s to Wr = 140 rad/s, With Neutral point
Balancing:
The induction motor is considered to have pass the starting period and operates with
reference speed Wr = 110rad/s and reference torque TL = 100 Nm. At time t = 3 s the
reference speed changes from Wr = 110rad/s to Wr = 140 rad/s, while the reference torque
from TL=100Nm and TL=150Nm .In the below figures, the system behaviour is shown during
the speed response and Torque response with Neutral Point Clamped.

Figure 18. Phase Voltage (Vabc) of the Inverter without Neutral Point Clamped.

317

L. M. Krishna et al: Improved Dynamic Performance of a Multilevel Inverter fed Variable Speed Drive

Figure 19. Current (Iabc), Torque and Speed using PI Controller.

Figure 20. Current (Iabc), Torque and Speed using Fuzzy Logic Controller.

Figure 21. Current (Iabc), Torque and Speed using ANFIS Controller.

Figure 22. Current (Iabc), Torque and Speed using Genetic Algorithm.

6.3 Performance Comparison:

Figure 23. Total harmonic distortion of Current (Ia) - without Neutral point clamped.
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Figure 24. Total harmonic distortion of Current (Ia) –with Neutral point clamped.

Figure 25. Total harmonic distortion of Voltage (Va) –without Neutral point clamped.

Figure 26. Total harmonic distortion of voltage (Va) – with Neutral point clamped.
Table 1: Specifications of Total Harmonic Distortion.

Total Harmonic Distortion
Voltage(Volts)
without Neutral
41.26%
point clamped
with Neutral point
40.90%
clamped

Current(A)
4.32%
3.21%

Table 2: Results for Speed=1330rpm without Neutral point Clamped and with Neutral point Clamped.

Parameters

Controllers
PI Controller
Fuzzy Logic
Controller
ANFIS Controller
Genetic Algorithm

Torque Ripple(Nm)
Without
Neutral point
Clamped
28.7%
25.9%
24.5%
21.2%

With Neutral
point Clamped
26.9%
24.3%
22.1%
19.7%
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Table 3: Results for Speed=700rpm without Neutral point Clamped and with Neutral point Clamped.

Parameters
Controllers
PI Controller
Fuzzy Logic
Controller
ANFIS Controller
Genetic Algorithm

Torque Ripple(Nm)
Without
With Neutral
Neutral point
point
Clamped
Clamped
22.7%
20.9%
20.5%
18.3%
19.4%
17.5%

17.6%
15.7%

CONCLUSION
A complete implementation and analysis is done regarding the application of the
SVPWM control scheme on the three-level voltage source inverter and induction motor
presented using MATLAB/SIMULINK. The steady state and transient responses of the
induction motor is observed with NPC and without NPC combined with the proposed
SVPWM using different methods are like induction motor, PI controller, Fuzzy logic
controller, ANFIS controller and Genetic Algorithms. Using of NPC small capacitors
voltage ripples during speed and torque response are minimized. The advantage of the
proposed SVPWM combined with the NPC technique was established. Finally, concluded
that the Genetic Algorithm is preforms better performance results compare with all
Conventional PI controller, Fuzzy Logic controller and ANFIS Controller.
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