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There are different control strategies being used for the
calculation of reference currents in active power filter
namely Instantaneous Reactive Power Theory (p-q theory),
Unity Power Factor method, One Cycle Control, Fast
Fourier Technique etc. Here, SRF theory is used to extract
the three-phase reference currents (ica*, icb*, icc*) used by
the active power filters

Abstract— The large scale use of power electronics
equipment has led to increase in harmonics in the power
system, which results in power factor reduction, decrease in
efficiency, power system voltage fluctuations and
communication interfaces.
The SAPF will suppress the harmonic content present in
the line and make the current waveform sinusoidal. The most
efficient ways of generating reference current are p-q theory
and synchronous reference frame theory (SRF).
In this paper, the SRF strategy is used to generate current
reference for compensation of the three-phase shunt active
power filter (SAPF) currents under distorted and/or
imbalanced source voltages in steady state. The simulation
results have been done by using MATLAB/SIMULINK.

II. SRF CONTROL METHODS
The reference currents are estimated for controller
design which is based on p-q, d-q theories. The description
of the conventional p-q and d-q (SRF) methods are
presented, and the SRF based controller is modeled.

Keywords— Shunt active filter, Harmonics, STATCOM,
THD, Voltage Source Inverter

A) Instantaneous Active Power Theory (p-q Theory)
The instantaneous active, reactive power method,
proposed by Akagi [4], for calculating the reference
compensation currents required to inject into the network at
the connected point of the nonlinear load. It remains one of
the most popular SAPF control schemes. Network at the
connected point of the nonlinear load. Since then, the
theory has inspired many works dealing with active power
filter compensation strategies. One of the peculiar features
of a shunt APF is that it can be designed without active
energy source units, such as batteries, or in other forms in
its compensation mechanism. In other words, an ideal APF
does not consume any average power supplied by source
[5].

I. INTRODUCTION
In modern electrical distribution systems there has been
a sudden increase of single phase and three-phase nonlinear loads. These non-linear loads employ solid state
power conversion and draw non-sinusoidal currents from
AC mains and cause harmonics and reactive power burden,
and excessive neutral currents that result in pollution of
power systems. Shunt active filters based on current
controlled PWM converters are seen as viable solution. The
techniques that are used to generate desired compensating
current are based on instantaneous extraction of
compensating commands from the distorted currents or
voltage signals in time domain. Time domain compensation
has fast response, easy implementation and less
computation burden compared to frequency domain.
Most of the active power filter topologies use voltage
source converters, which have a voltage source at the dc
bus, usually a capacitor, as an energy storage device.
Voltage source converters are preferred over current source
converter because it is higher in efficiency and lower initial
cost than the current source converters.
The higher-order harmonics can be eliminated by using
converters without increasing individual converter
switching rates.
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Figure 1: Power Components in P-Q theory

B) Synchronous Reference Frame Method (d-q Method)
A synchronous reference frame method for obtaining the
load currents at the fundamental frequency, which will be
the desired source currents. The APF reference
compensation currents are then determined by subtracting
the fundamental components from the load currents.
Another important characteristic of this theory is the
simplicity of the calculations, which involves only
algebraic calculation. The basic structure of SRF controller
consists of direct (d-q) and inverse (d-q)-1 park
transformations below. These can useful for the evaluation
of a specific harmonic component of the input signals

Figure 2: SAPF Basic compensation principle

A) Principle of operation:
The basic compensation principle of a shunt active
power filter is controlled to drawn or supply a
compensating current ic from or to the utility, so that it
cancels current harmonics on the AC side, and makes the
source current in phase with the source voltage.. So, SAPF
operates mainly in two modes
1) STATCOM mode of operation:
Static Synchronous Compensator (STATCOM) is a part
of the Flexible Alternating Current Transmission systems
(FACTS) device family.
STATCOMs can be used for Voltage regulation at the
receiver end of ac transmission lines, thus replacing banks
of shunt capacitors. STATCOMs are commonly used for
dynamic power factor correction (i.e., dynamic reactive
power compensation) in industrial plants operating with
large random peaks of reactive power demand.

One of the main differences of this method from p-q
theory is that the d-q method requires the determination of
the angular position of the synchronous reference of the
source voltages; for this a PLL algorithm is used. After the
transformation of load currents into the synchronous
reference, a low-pass or high-pass filter is using to separate
the fundamental and harmonic components. Finally, the
reference currents are transformed to the three phase
reference using the inverse synchronous transform. [5]

2) Harmonic Compensation:
Harmonics can be detected in two main forms firstly in
time domain and secondly in the frequency domain
methods. In this paper Fast Fourier Transform (FFT) is
used to find harmonics in frequency domain. Other
frequency domain techniques are discrete Fourier transform
(DFT); recursive discrete Fourier transform (RDFT).The
main target is to reduce THD of supply current with the
help of hysteresis band current controller. There are two
type of hysteresis current controller namely, adaptive
hysteresis current controller and fixed band current
controller.

III. SHUNT ACTIVE POWER FILTER (APF)
Shunt active filters mainly consist of two main blocks,
The PWM converter (power processing) and the active
filter controller (signal processing)
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IV. SYNCHRONOUS REFERENCE FRAME THEORY
Reference frame transformation refers to transformation
from a-b-c to d-q-0 axes. Coordinates from a three-phase ab-c stationery coordinate system to the d-q-0 rotating
coordinate system
Figure 4: Schematic of SAPF Model

Where

voltages generated by inverter,
are currents of inverter and
are
voltages of grid/source.
From the fig 7, Voltage equation in stationary a-b-c
frame is

=

…

(5)

Figure 3: Illustration of rotating reference frame concept

The above equation is assumed under the power system
is balanced, harmonics are absent and R is small. The a-b-c
frame equations can be transformed according to α-β
theory.

The voltages Vabc are transformed to d-q components
such that with an added advantage of d-q theory the voltage
axis is aligned in with the d-axis such that the component
along the q or quadrature axis will be zero.
The same transformation applied for currents Iabc such
phase angle. Such that from figure

…

and

(6)

The α-β components transformed to d-q components
From basic definitions of Active power and Reactive
power

…. (7)
….. (8)

By using the equations (7), (8) the physical system
which consists of converter connected to AC system is
modelled. In the above equation
,
are PI
controller outputs of respective current control loops.

So for a given system voltage will be constant so,
and
.
―So, active power control indirectly means controlling of
Id component and reactive power control indirectly means
controlling of Iq component.‖

A) Controller for SAPF:
The equations (3) & (4) obtained after transformation,
consists of ―ω‖ term, coupled with current components
such as Id, Iq. Due to this coupling term, the reference
current tracking capability of controllers is not rapid
enough for coupled systems.
The main objective of the controller is to improve the
performance and to make controllers as independent one, a
decoupled controller is necessary. [9][10]

V. MATHEMATICAL MODELLING OF THE COMPENSATOR
For the purpose of developing the controller for the
compensator, mathematical modeling is proposed below.
The below figure shows the compensator where VSI is
connected to grid through a coupling reactor of inductance
L and resistance R.
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Figure 5: Controller diagram for SAPF

VI. SIMULATION & RESULTS

Figure 6: MATLAB/ Simulink model with SAPF

Figure 7: source, load & inverter currents of DBR & TBR with SAPF

Figure 8: Harmonic spectrum of TBR without & with SAPF
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Figure 9: Harmonic spectrum of DBR without & with shunt active power filter
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VII. CONCLUSION
Among all other control strategies for obtaining the
reference compensation currents for shunt active power
filter, the SRF based controller gives better harmonic
elimination and maintaining sinusoidal source currents
supplying average real power to the load. This proposed
controller provides real time applications relating to Digital
implementation and other sophisticated controller
applications. The proposed controller is designed using
MATLAB/SIMULINK model and the THD obtained as
according to IEEE standards i.e.…, less than 5%.
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