
Abstract 
Background: Poor power quality is serious problem in power system. The introduction of harmonics in power system 
makes its quality poor. This paper describes the analytical study of different topologies of Multi Level Inverter, switching 
techniques used for MLI, different Active Power Filters and their control strategies for compensating the harmonics. 
Method: Multi Level Inverter based shunt Active Power Filter has been used to reduce the amount of harmonics which 
enhances the power quality in distributed power system. Findings: Conventional inverters produce more harmonics 
in power system which can be reduced with the use of active power filters. Multi Level Inverter (MLI) in conjunction 
with Pulse Width Modulation reduces the harmonic contents and achieves sinusoidal signals without add-on circuitry. 
The output voltage provided by MLIs has small voltage steps, which results in good power quality and low harmonic 
components. The system is simulated using MATLAB/SIMULINK platform. Improvements: Line current distortion caused 
by the nonlinear loads and power electronic devices can be efficiently neutralized by shunt Active Power Filter both in 
transient and distortion voltage conditions.
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1.  Introduction
The impact of power quality in low voltages and high 
voltages is much more pronounced now-a- days. Due to 
its impact on equipment’s (laptops batteries, chargers and 
on electronic devices) life cycle and in case of high voltages 
transmission line sag, swell and voltage dip which leads to 
increase in the economic aspects of both consumer end and 
industrial side. These power quality effects are caused due 
to the distorted sinusoidal wave also called harmonics.

In earlier to suppress these harmonics passive filters 
are used. In the advancement of Active Power Filters and 
power electronic convertors made passive filter to very less 
usage. The main disadvantages of these passive filters are 
many so: The filtering requirement depends on the source 
impedance which is not known exactly. In between filter 
and power system there will be parallel resonance1 and 

with aging of the components there will be de-tuning in 
frequency. These drawbacks of passive filters are overcome 
by Active Power Filters and made the passive filters to be 
restricted to very few applications. In case of APF, A high 
level of  appears in commutation for medium volt-
age. With the advancement of MLI (Multi Level Inverter) 
in high voltage usage made to be pronounced high in 
power electronics mainly in reactive power compensa-
tion and drive applications2. In earlier to suppress these 
harmonics passive filters were used. Conventional passive 
filters are nothing but tuned LC filters. The main objec-
tive of these filters is to tune the frequency of the filter 
to desired harmonic elimination. Taking into account of 
these drawbacks and economic aspects, scientists started 
experimenting on active filters and in the advancement of 
power electronic devices give a new vision to the power 
system. At present most of the Active Power Filters are 
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equipped with voltage source converter mainly Multi 
Level Inverters.

2. � Multi Level Inverter and their 
Topologies

Multi Level Inverters are mainly classified into three 
types3,4:

•	 Diode clamped MLI.
•	 Flying capacitor MLI.
•	 Cascaded H-Bridge MLI. 

Table 1 shows the device requirement in 3-phase MLI. 
Recently new topologies of MLI have been developed. 

•	 Static switch capacitance MLI
•	 Modular MLI

Static switch capacitance is having some limitations in its 
power ratings and it is has an advantage of less number of 
switching devices compared to same voltage levels pro-
duced in diode, flying and cascaded Multi Level Inverter. 
Increase in the sensor requirement when compared to 
capacitor voltage control. In this voltage balance capacitor 
technique it involves three steps. In the first step balance 
of the supply makes usage of lesser sensor i.e. three PI 
controllers for five level APF. In capacitor voltage balance 
technique2, the control is done by individual capacitor 
voltages which leads to current is made by voltage capaci-
tor control technique. In the second step is to maintain 
symmetrical loading of capacitors. This can be done by 
switching technique of provided to the MLI (Multi Level 
Inverter).

The switching to the MLI is provided by either of these 
CPS-PWM, level phase shift PWM, Space Vector PWM. 

The symmetrical loading of the capacitor can be done by 
any of following three techniques:

•	 Capacitor voltage control as a harmonic current 
extraction.

•	 Capacitor voltage balance.
•	 Predictive current control.

In capacitor voltage control technique the power balance 
can be done in a way that the difference of supply and 
load power should be compensated by capacitor instan-
taneously. Power balance is done by controlling the 
capacitor voltages using PI (Proportional Integral) con-
trollers. This technique has many advantages like sensor 
requirement and burden in computational is less. In this 
the sensor requirement is for supply current for load and 
Active Power Filter doesn’t require which). And the third 
step is to interchange the signals from gate driver circuit 
to the control circuit. In the third control technique, the 
reference voltages are estimated by using the reference 
values of supply voltage, current and Point of Common 
Coupling (PCC). These estimated output voltages from 
the inverter are used for switching the inverter.

3.  �Filter Classification and their 
Control Strategies

Filters are classified as passive, active and Hybrid filters. 
As passive filters are having more disadvantages and in 
the advancement in power devices, Active Power Filters 
are most likely used. Hybrid filters are nothing but the 
combination of APF (Active Power Filter) and passive fil-
ter. Shunt active filter is used for current controllability. 
It injects current harmonics in the line which are equal 
in magnitude and opposite in direction. The reference 

Table 1.  Device requirement in a 3-phase Multi Level Inverter 

MLIs
No. of

Switching device
Isolated DC 

supply
No. of Clamping 

Diodes
No. of Floating 

Capacitor
No. of Level capacitor

Diode Clamped MLI 
(Multi Level Inverter) 6*(m-1) 0 3(m-1)*(m-2) 0 (m-1)

Flying Capacitor MLI 
(Multi Level Inverter) 6*(m-1) 0 0 3(m-1)*(m-2)/2 (m-1)

Cascaded H-Bridge 
MLI (Multi Level 

Inverter)
6*(m-1) 3*(m-1)/2 0 0 3 (m-1)/2
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current is fed to the inverter circuit from which the output 
AC current is feed to line through the inductance.

Series Active Filter compensates voltage harmonics 
and improves voltage quality and maintains voltage con-
stant. Figure 1 shows shunt active filter for power line 
conditioning5. Series Active Filter is used to mitigate the 
voltage harmonics of non-linear source and/or load to 
improve voltage quality of non-linear load/source and 
done by injection of opposite polarity harmonic volt-
age with help of series injection transformer. The Series 
Active Filter also capable of mitigating voltage and/or 
current harmonics due to source load and/or source6.

4. � Control Strategies of Active 
Power Filter

4.1 � Generating Current Reference using 
P-Q Theory 

Instantaneous Real and Reactive power theory is used 
to control the shunt active filter. This theory is used to 
measure instantaneous current and voltage from that 
compensation to voltage and current harmonics are pro-
vided. The p-q theory performs a Clarke transformation 
matrix. In which stationary reference frame coordinates 
a-b-c axis’s are transferred into orthogonal coordinates 
á-â axis’s. In stationary reference frame each vector are 
separated by 120 degree and in orthogonal reference 
frame á-â axis’s are having a phase shift of 90 degree.

The instantaneous source voltages  are 
transformed into the á-â coordinate’s voltage  , 

by Clarke transformation. The instantaneous current are 
transformed in to á-â as follows:

	 � (1)

In a similar way the instantaneous voltage equations 
are transformed into á-â coordinates.

	 � (2)

4.2  Real Power Calculations
The instantaneous real power taken from the α-β axes of 
the current and voltage can be described as:

	 � (3) 

This instantaneous power ( ) is allowed to pass to 
first order LPF for discriminate the higher order harmonic 
components. The DC power loss is derived from comparing 
the DC-bus capacitor voltage of the cascaded inverter with 
the desired reference voltage. The PI controller describes 
the dynamic response of the DC-bus capacitor voltage5.

	 � (4)

The instantaneous power is the summation of 
 loss

u

	 � (5)

The instantaneous current obtained from the 
transformation axis’s having two components reac-
tive and real power loss. In this approach only real power 
losses are computed and reactive power (Q) component is 
assumed to be zero6.

	 � (6)

The α-axis of the instantaneous active current, 

	 � (7)

The β-axis of the instantaneous active current,

	 � (8)
Figure 1.  Shunt active filter for power line conditioning6.
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The instantaneous powers P(t) is given by,

	 P (t) = � (9)

In the above function P(t) substitute the orthogonal 
currents 

	 P (t) = � (10)

The instantaneous real power produces the required 
currents which compensates the harmonics of distorted 
line current and reactive power5.

4.3 � Generating Current Reference using 
Average Power Method

This technique gives improved results even distortion in 
the supply voltage. A PLL based unit vector template is 
used for getting fundamental voltages. The main volt-
age waveform is having fundamental component and 
distortion component. The unit vector template can be 
obtained by multiplying the input voltage with the gain 
and it is passed through a PLL (Phase Lock Loop) for 
synchronization of signals.

The reference value of peak current required to 
provide the losses in APF is  and obtained by com-
paring the reference voltage and actual capacitor voltage. 
The actual capacitor voltage is average voltage of capaci-
tors used in each phase. The estimation of  is shown 
in the below figure. The total peak reference source cur-
rent  is computed as sum of these two components. 
The three phase instantaneous reference source currents 
( , ) are computed by multiplying peak value 

with unit current templates ( ) derived 
from sensed bus voltages ( , )1. The desired ref-
erences of the APF currents ( , ) are computed 
by taking the difference between the three phase instanta-
neous reference source currents ( , ) and actual 
source currents. ( )

	 � (11)

The switching signals can be generated by comparing 
the reference currents with triangular carrier and the 
switching frequency can be determined by triangular 
carrier wave.

5. Analysis of Simulation Results
Analysis on the results of cascaded Multi Level Inverter 
switching with Carrier phase shift PWM for active power 
line conditioning is done and their simulations are per-
formed in MATLAB SIMULINK. The system parameters 
are; System frequency is 50 Hz; line to line source voltage 
is 440 V; Source impedance of LS is 1 mH; Filter imped-
ance of Rc, Lc is 0.1 Ω; 1 mH; diode rectifier RL, LL load: 
20 Ω; 100 mH.

DC side capacitance (CDC) is 2100 μF; Reference 
voltage (VDC, ref) is 150 V; Power devices are IGBTs with 
diodes. Simulation result of the six-pulse rectifier load 
current before compensation is presented5 in Figure 2. It 
shows the load current consists of fundamental and har-
monic components. The reference fundamental current is 
detached from the distorted current using the instanta-
neous real- power compensator as shown in Figure 3 and 
Figure 4.

The cascaded Multi Level Inverter based Active 
Power Filter must provide the harmonic filter current or 
compensation current as  .

From the simulation results it is shown that source 
current after compensation is sinusoidal which is repre-
sented in Figure 5. These simulation results prove that the 
proposed APF system have a good compensation effect 
at low device switching frequency which is an important 
aspect for high voltage applications7,8 .

The DC-bus capacitors voltage of the cascaded Multi 
Level Inverter is controlled by PI-controller that is shown 
in Figure 6. It serves as an energy storage element to sup-
ply real power to operate three-phase cascaded Multi 
Level Inverter5.

Figure 2.  Before compensation, load or source current.
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Figure 3.  Reference current extracted using real power 
theory.

Figure 4.  Compensation current from Active Power Filter 
(APF).

Figure 5.  Source current after compensation.

Figure 6.  DC bus capacitor voltage of the cascaded 
inverter6.

Figure 7.  (a) Load current or source without active filter. 
(b) Source current after compensation.

(a)

(b)

Figure 7(a) shows source or load current without 
active filter (THD 24.64%) and Figure 7(b) shows source 
current after compensation (THD 2.05%) which is limited 
to IEEE-519 Standard.
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6.  Conclusion
A review on improvement of power quality with MLI 
used in Active Power Filter (APF) and their different 
control strategies for filter and capacitor balance voltage 
methods are described. In this a cascaded five level MLI 
with CPS-PWM is used in Active Power Filter (APF). A 
2-level based Active Power Filter without transformer 
was applicable to low voltage distribution networks. Line 
current harmonic distortion can be reduced below 3% 
by using shunt Active Power Filter. The performance can 
be further improved by using Artificial Neutral Network 
techniques (ANN) and fuzzy logic controllers and FACTS 
devices with more number of levels.
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