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Abstract—Harmonic contamination is a serious issue in power
distribution systems employing various types of non-linear loads
e.g. rectifiers, choppers, IGBT/MOSFET based inverters, variable
speed drives, Switched Mode Power Supply, etc. Each of these load
handles non-sinusoidal quantities and overheat the low tension
distribution transformers including the power distribution network.
Hence, it is essential to limit the harmonics to meet IEEE:519-2014
guidelines. To compensate the harmonic currents, the traditional
techniques of using tuned harmonic traps alone cannot mitigate all
harmonic components and there are some limitations on their use.
Hence, hybrid filtering incorporating passive and active filters
offers the solution for the present power distribution systems. The
harmonic active filters can be connected either in series or parallel
with the supply mains. Digital signal processor controlled hybrid
harmonic filter comprising tuned passive filters and shunt active
filter, developed in this paper is an effective solution for harmonic
elimination for enhancing the power quality. The simulation results
have been validated with the hardware implementation of hybrid
harmonic filter and are presented in this paper.
Keywords—Shunt Active Filter; Passive Filter; Hybrid Filter;
Harmonics; Power Quality; Non-linear Load; Reactive Power
Compensation; Digital Signal Processor

I.

INTRODUCTION

The large applications of power electronics based
equipment has produced crucial impact on the quality and
reliability of electric power supply network. The industrial,
transportation and domestic loads cause harmonics in the
mains voltages. Besides, at the same time several equipment
causing the disturbances is quite sensitive to deviations from
the ideal sinusoidal line voltage. Therefore, power quality
issues originate in the power system and are becoming a major
concern of today’s power system engineers. Harmonics play
significant role in deteriorating power quality, called harmonic
distortion. Harmonic distortion in electric distribution system
is increasingly growing due to the widespread use of nonlinear

loads. Large considerations of these loads have the potential to
raise harmonic voltage and currents in an electrical
distribution system to unacceptable high levels that can
adversely affect the power system. IEEE standards have
defined limits for harmonic voltages and harmonic currents for
their compliance by the designers and researchers [1, 2].
For an increasing number of complex applications,
conventional equipment is proving inadequacy for elimination
of the power quality problems. Harmonic distortion has
traditionally been dealt with the use of tuned passive LC filters
termed as harmonic traps. However, the application of passive
filters for harmonic mitigation result in parallel resonances
with the network impedance, over compensation of reactive
power at fundamental frequency, interference in telephone
network and poor flexibility for dynamic compensation of the
different frequency harmonic components. These drawbacks
restrict use of passive filters alone for harmonic compensation.
The increased severity of power quality in power networks
has drawn the attention to develop dynamic and adjustable
solutions to the power quality problems. Such equipment,
generally known as active filters, are also called active power
line conditioners and are able to compensate current and
voltage harmonics, reactive power, regulate terminal voltage,
suppress flicker and to improve voltage balance in three phase
systems. The advantage of active filtering is that it
automatically adapts to changes in the network and load
fluctuations. They can compensate for several harmonic orders
and are not affected by major changes in network
characteristics, eliminating the risk of resonance between the
filter and network impedance [3, 4].
A systematic combination of passive filters and active
filters termed as hybrid harmonic filters have been considered
a potential candidate to bring these harmonic distortions
within the IEEE acceptable limits. A tuned LC filters designed
for specific harmonic frequencies and Voltage Source Inverter
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(VSI) with Pulse Width Modulation (PWM) is employed to
form the hybrid harmonic filter. For performance evaluation
and qualification of the developed hybrid harmonic filter, a
diode rectifier feeding capacitive-resistive load has been
considered as nonlinear load on AC mains in this paper. The
results highlighting elimination of harmonics by enhancing the
power quality has been presented in this paper [5-7].
Harmonics to be measured and eliminated the most
frequently encountered harmonics in three phase distribution
networks are the odd orders. Harmonic amplitudes normally
decrease as the frequency increases. Above order 50,
harmonics are negligible and measurements are no longer
meaningful. Sufficiently accurate measurements are obtained
by measuring harmonics up to order 30. Utilities monitor
harmonic orders 3, 5, 7, 11 and 13. Generally, harmonic
conditioning of the lowest orders up to 13 is sufficient. More
comprehensive conditioning takes into account harmonic
orders up to 25. Harmonics in the electric power system
combine with the fundamental frequency to create distortion.
The level of distortion is directly related to the frequencies and
amplitudes of the harmonic current. The contribution of all
harmonic frequency currents to the fundamental current is
known as “Total Harmonic Distortion” or THD. This THD
value is expressed as a percentage of the fundamental
component. THD values of over 10% are reason for concern.
Harmonic reduction by passive filtering is shunt connected LC
tuned filter or high-pass damped filter whereas active means is
shunt connected active filter [8-10].
II. DESIGN OF HYBRID HARMONIC FILTERS
Based on the components used to build the passive filter, a
band-pass filter is a common passive filter that is built using a
capacitor connected in series with a resistor. A high-pass filter
has a resistor connected in parallel with a reactor. This helps
in reducing the q value of the filter, which will in turn help to
reduce the higher frequencies. A high-pass filter when used in
combination with a band-pass filter will provide a solution for
medium voltage and sub-transmission voltage networks,
which have moderate harmonic distortions. This filter will
provide the load with reactive power and avoid forming
parallel resonance circuits with the load. The typical circuit
diagrams of tuned or high-pass damped filters are shown in
Fig.1 [11, 12].

Fig.1 Circuit diagram of tuned or high-pass damped filter
A series-tuned filter is a capacitor and reactor combination
such that XL=XC at the frequency Fn. To design series-tuned
following steps are followed:
Determine the capacitor size Qc in MVAR, reactive power
required by the source.
The capacitive reactance is Xc= V2/QC
Capacitor for filters is calculated by, C = 1/2πnfXC
where n = number of filters to be designed
The resonance condition will occur when capacitive reactance
is equal to inductive reactance as, XL=Xc
To trap the harmonics of order h, reactance should be of size,
L = 1/(2πhf)2C
The resistance of filter depends on the quality factor (Q) by
which sharpness of the tuning is measured.
R = (√L/C)/Q
Where Q is the quality factor and its value for series-tuned
filter is 30<Q<100.
Active harmonic filter is based on the principle of injection of
harmonic currents into AC mains of the same amplitude but
1800 opposite in phase to that of the load harmonic currents.
Designing of active filter includes the sensing of line current
and line voltage feeding a non-linear load. This voltage and
current is transformed into instantaneous active and reactive
component by Park transformations and instantaneous active
and reactive power through the oscillation component of
active power and whole reactive power has to be compensated
for improving harmonic distortion and overall power factor of
the system. This compensated active and reactive component
is converted into reference current signal with the help of
inverse Park transformations for PWM inverter. Further, in a
closed loop manner it is compared with high frequency carrier
wave and resultant PWM signal is utilized for switching the
Insulated Gate Bipolar Transistors (IGBT's). The DC link
capacitor is connected across the IGBT inverter and is charged
by the grid supply. To maintain the voltage across capacitor,
Proportional Integral (PI) controller is introduced and power
required for charging this capacitor is also compensated along
with oscillatory component of active power. Hence, the
harmonic current required by the non-linear load is fed by
IGBT inverter i.e. active filters and mains supply need to feed
only sinusoidal current. Thus, at the Point of Common
Coupling (PCC) the voltage waveform becomes sinusoidal.
Fig.2 shows the typical configuration of shunt active harmonic
filter [13, 14].
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Ia =

Iα

Ib = (-

) Iα +

Iβ

Ic = () Iα Iβ
6. Now compare these compensated abc currents with
triangular signal for generation of PWM signal for IGBT
inverter i.e. active harmonic filter as shown in Fig. 4.
Fig.2 Typical configuration of shunt active harmonic filter.
While designing active harmonic filters, initially three
phase a, b, c voltage and current phasers need to be converted
to α, β two phase components as shown in Fig.3.

Fig. 4 PWM signal generation for active harmonic filter
7. The output of inverter is fed to the AC mains system.
Fig.3 Phaser diagram of three phase to two phase conversion
From the above phasor diagram,
α component = (phase a)+(phase b) Cos (240)+(phase c) Cos (120)
β component = (phase a) Cos (90) + (phase b) Cos (30) + (phase c)
Cos (150)

Thus we obtain
α component = phase a
β component = √ (3/2) (phase b – phase c)
To equalize the power of abc to αβ, we multiply the above
equation with √ (2/3) to get
=
Iβ =
Vα =

(Ib-Ic)
Va

III. SIMULATION OF HYBRID HARMONIC FILTER
Simulation means creation of a model of a system or
process, usually on a computer, and exploring the behavior of
the model by running a simulation. A simulation consists of
several trails and each trial is an experiment where one supply
numerical values as an input variables, evaluate the model to
compute numerical values for outcomes of interest and collect
these values for latter analysis. In this Section, the circuit
simulation model of non-linear load, mains supply sytem with
no filter, with passive LC filter, with shunt active harmonic
filter and then finally with hybrid harmonic filters have been
carried out, presented and analysed.
In this paper, six pulse diode rectifier fed by three phase
AC mains has been chosen as the non-linear load as shown in
Fig.5.

Vβ =
(Vb-Vc)
1. From these values, find P and Q as
P = VαIα+VβIβ
Q = VαIβ-VβIα
2. By using low pass filters find only fundamental component
of power.
3. By using subtraction block, recover only unwanted
component of active and reactive power.
4. Convert these active and reactive components of power to
compensated Iαβ
Iα = (Vα P + Vβ Q) / (Vα2+Vβ2)
Iβ = (-Vα Q + Vβ P) / (Vα2+Vβ2)
5. From the compensated Iαβ, find abc component of
compensated current as

Fig. 5 Six pulse diode rectifier fed by three phase AC mains
The simulation of non-linear load has been carried out and
it is found that the input AC waveform contain 23% THD
matching with the theoretical value for six pulse diode
rectifier. Fig. 6 shows the input AC current waveform feeding
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diode rectifier. The waveform contains fundamental, 5th, 7th,
11th, 13th and all other odd harmonics except 3rd. Fig. 7
highlights the result of Fast Fourier Transform (FFT) showing
5th and 7th dominating harmonic components, however, other
harmonic components are also present in the system.

Fig. 6 Input AC current waveform feeding diode rectifier

Fig.7 Result of FFT showing 5th and 7th dominating harmonic
As 5th and 7th harmonics are the dominating harmonic
components in the main, it is necessary to attenuate these
components by designing LC passive filters tuned to those
harmonics. For attenuating rest of the harmonic components
whose magnitudes are small, design of shunt active harmonic
filter is essential such that the THD reduces within the IEEE:
519 allowable limits [15]. In view of the above considerations,
tuned passive LC filters for 5th and 7th harmonic frequency
have been designed and LC parameter values have been
calculated and put into simulation as shown in Fig. 8.

improved THD whereas Fig.10 shows the frequency domain
spectrum of AC mains with incorporation of passive filters.

Fig. 9 Line current waveform of one of the phase of AC
mains with the connection of 5th and 7th order passive filters

Fig.10 Frequency domain spectrum of the AC mains with the
incorporation of 5th and 7th order passive filters
It is seen that the improvement in THD is from 22.9% to
7.9% with the incorporation of 5th and 7th order tuned LC
passive filters. However, as it is not within the limit of IEEE,
the appropriate design of shunt active harmonic filters has
been worked out calculating all the parametric values of the
various components of the design and the simulation has been
carried out as shown in Fig.11. The PWM signal generation
from compensated three phase current by comparing with 1
kHz triangular waveform has been done and fed to IGBT
driver to obtain the inverter output which feeds the AC mains.
A substantial improvement in the wave shape of AC mains
and THD value has been noticed after carefully analysis of the
simulation results.

Fig. 8 Simulation of diode bridge rectifier with passive filters
Fig. 9 indicates line current waveform of one of the phase
of AC mains with the connection of passive filters with

INTERNATIONAL JOURNAL OF RESEARCH, SCIENCE, TECHNOLOGY & MANAGEMENT
E-ISSN: 2455:2240, Volume 6 Issue 5
CONFERENCE PROCEEDINGS: ICEMPS-2017

Page 11

International Conference on Mechanical, Energy & power Systems, OIST, Bhopal
ICMEPS-2017

20-21 Jan
2017

INTERNATIONAL JOURNAL OF RESEARCH, SCIENCE, TECHNOLOGY & MANAGEMENT
E-ISSN: 2455:2240, April 2017, Volume 7 Issue I
CONFERENCE PROCEEDINGS: ICEMPS-2017

Fig.11 Simulation of shunt active harmonic filter
However, it is also observed from the design values that
the use of shunt active filter alone in the circuit has increased
the current rating fundamental boosting overall ratings of the
components of active filter to meet the fundamental current
magnitude. Fig.12 shows line current waveform of one of the
phase of AC mains with the use of shunt active filter alone
which is very close to sinusoidal shape whereas Fig.13
highlights the FFT spectrum of AC mains with utilization of
shunt active filter alone.

Fig.12 Line current waveform of one of the phase of AC
mains with the use of shunt active filter alone

It has been observed that the THD value which is only
0.56% with the use of shunt active filter alone is within the
limit of IEEE. However, fundamental component of current is
increased to 58.9 Amps requiring bulky components of active
filter circuits. Hence, techno-economical design is proposed in
this paper having both passive and active filters together.
Fig.14 shows the complete simulation diagram of the
hybrid harmonic filter comprising shunt active filter and 5th
and 7th harmonic LC passive filters. The simulation includes
non-linear load, passive filters, shunt active filter and mains
supply system. Each block in Fig.14 represents as subsystem.
The measurement of three phase currents and voltages has
been done by using sensors. These three phase currents and
voltages converts into two phases using which compensating
active and reactive power is obtained. From these
compensating active and reactive power, compensating two
phase current is obtained. This two phase compensating
current converts into three phase compensating current, which
are used to generate gate pulses for the inverter of active filter.

Fig.14 Complete simulation diagram of hybrid harmonic filter
Fig.15 and 16 shows the line current waveform of one of
the phase of AC mains and the FFT spectrum of AC mains
respectively with the use of hybrid harmonic filter.

Fig.13 FFT spectrum of AC mains with utilization of shunt
active filter alone

Fig.15 Line current waveform of one of the phase of AC
mains with the hybrid harmonic filter

INTERNATIONAL JOURNAL OF RESEARCH, SCIENCE, TECHNOLOGY & MANAGEMENT
E-ISSN: 2455:2240, Volume 6 Issue 5
CONFERENCE PROCEEDINGS: ICEMPS-2017

Page 12

International Conference on Mechanical, Energy & power Systems, OIST, Bhopal
ICMEPS-2017

20-21 Jan
2017

INTERNATIONAL JOURNAL OF RESEARCH, SCIENCE, TECHNOLOGY & MANAGEMENT
E-ISSN: 2455:2240, April 2017, Volume 7 Issue I
CONFERENCE PROCEEDINGS: ICEMPS-2017
without any filter circuits. Further, LC passive filters for
attenuating 5th and 7th harmonics have been made, tested and
connected in parallel with the AC mains. Subsequently IGBT
based shunt active harmonic filter has been assembled using
DC link capacitor, TMS make floating point experimenter
DSP kit of part no. TMS320F28335, Signal conditioning card,
Logic power supply, Gate driver card including Integrated
Development Environment (IDE) device used for developing
code, flashing it into DSP and online debugging feature, etc.

Fig.16 FFT spectrum of AC mains with hybrid harmonic filter
It is noticed that with the utilization of hybrid filter which
consists of typical shunt active filter and LC passive filters
tuned for 5th and 7th harmonic frequency, shows the best
performance of attenuating the harmonics by improving the
power quality of the power system network. The simulation
result shows the compliance of the IEEE limits of harmonics.
With the use of passive filters along with shunt active filter,
the fundamental frequency component of current reduces from
58.9 Amps to 43.37 Amps maintaining the THD value of
3.15% which is the acceptable limit as per IEEE standard.
Table I shows the comparison of individual harmonic
magnitude including fundamental current and THD values at
combinations of passive and shunt active filters by simulation
Table I Comparison of individual harmonic by simulation
Harmonic
Magnitude in % with respect to fundamental
Order
Without
With
With Shunt With Passive
(H)
any Filter Passive Active Filter and Shunt
Filter alone
alone
Active Filter
1
100
100
100
100
(38.62 A) (41.09 A)
(58.9 A)
(43.37 A)
2
0.06
5.70
0
0.7
3
0.07
4.94
0.01
0.21
4
0.06
15.38
0.03
0.19
5
21.18
3.20
0.38
0.6
6
0.04
1.42
0
0.4
7
6.94
4.42
0.21
0.3
8
0.02
1.82
0
0.08
9
0
0.72
0
0.08
11
4.25
2.57
0.14
0.12
13
2.15
0.42
0.12
0.10
17
1.50
0.11
0
0.04
THD
22.9
7.9
0.56
3.15

A DSP has a 32 bit floating point CPU and it works at 150
MHz clock frequency. It is a 176 pin IC. It is designed to meet
a wide range of digital control and other embedded control
applications. The kit includes a control card and docking
station which has a slot to place the control card. All General
Purpose Input Output (GPIO) pins of the DSP are connected
to a berg stick on the docking station which can be used for
delivering the signal output from DSP or giving signals to
DSP. Docking station also has an inbuilt USB EMULATOR
which is used for flashing code into DSP. Code Composer
Studio V 6.0 is used to develop, debug and flash code. After
code has been developed it is flashed into DSP. During debug
mode, values of all the internal registers can be observed on
PC. The DSP card has been used for applying the control
algorithm. To implement the control algorithm, voltage and
current magnitude and phase has to be known to perform the
Clark and inverse Clark transformation. For this the hall effect
based current and voltage sensors have been placed in feeder
line near the load. The signal conditioning card converts the
reading of voltage and current sensor into desired values.
Further the signal is going to DSP card where all the
transformation and mathematical operation is completed. The
final output of PWM signal is generated at the GPIO pins of
DSP. This PWM signal is fed to gate driver card of the IGBT
inverter which generate three phase currents for feeding to
PCC of AC mains. The hardware set-up is shown in Fig.17.

IV. HARDWARE IMPLEMENTATION OF HYBRID FILTER USING
DIGITAL SIGNAL PROCESSOR
To validate simulation results, hardware implementation of
40kVA capacity has been carried out at Electrical Test
Laboratory using DSP. Initially a non-linear load of six pulse
diode rectifier circuit of prototype scale has been configured,
tested and the monitoring of harmonics have been carried out

Fig.17 Hardware set-up of hybrid harmonic filter
The performance evaluation of hardware of hybrid filter
has been executed satisfactorily. Fig.18, 19 and 20 shows
hardware results highlighting the current waveforms of one of
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the phase of AC mains without any filter, with 5th and 7th
harmonic passive filters and with hybrid filters respectively.

[5]

[6]

Fig.18 Hardware current waveform of AC mains without filter

[7]
[8]
[9]

Fig.19Hardware current waveform of mains with passive filter
[10]

[11]

Fig.20 Hardware current waveform of mains with hybrid filter
The hardware results with respect to THD has been
analyzed and it is observed that they are closely matching
(with in 1%) with simulation results.The, the simulation
results are found validated with hardware results and hence
can be scaled up appropriately for design of actual hybrid
harmonic filter of required capacity.
V. CONCLUSIONS
The simulation results matches closely with the hardware
results and are validated. The hybrid harmonic filter gave the
best performance enhancing the power quality of the power
supply network. Active filter alone can be able to reduce the
harmonic content improving THD to a very low value.
However, the fundamental component of current gets
increased making the components of the active filter bulky.
The passive filters designed and tuned for a particular
frequency works satisfactorily reducing the magnitude of
those critical harmonics but it somewhat increase the
magnitude of neighboring harmonics. After analyzing the
results, it is felt that the hybrid harmonic filter having
combination of passive, shunt active and series active filters
may show the best performance for harmonic attenuation.
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