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Abstract
This paper presents a new control technique for reference current generation for
shunt active power filter to eliminate harmonics and to compensate the reactive
power required by non-linear load using adaptive hysteresis band control. Twophase lock loop (PLL) controllers are utilised here to extract the phase angles of
distorted load side current and source voltage. The normalisation and delaysignal cancellation techniques are utilized to extract the positive sequence of
distorted signals, which is necessary to get the accurate information of phase
angle. The peak current magnitude and the phase angle information of signals are
used to generate the appropriate signals for the reference current. The adaptive
hysteresis band controller, proposed in the literature is adopted here to generate
the constant frequency switching pulses for the firing of 6-active switches of the
inverter. The capacitor voltage is maintained constant through a voltage feedback
utilising PI controller. The performance of the new active power filter (APF) is
evaluated in MATLAB/Simulink power system toolbox. Simulation study
provides quite satisfactory results for the elimination of harmonics and
compensation of reactive power of the utility grid current under different load
conditions. The total harmonic distortion (THD) is found effective to meet IEEE
519 standard recommendation on the harmonic level.
Keywords: Adaptive hysteresis band current controller, Compensation reference
current signal, Phase lock loop control, Shunt active power filter,
Total harmonic distortion.

1. Introduction
The rapid increase of industrial infrastructure, which utilizes power electronic
devices, increases the non-linear load in power supply network. Various threephase loads which are nonlinear in nature such as variable frequency drives,
thyristor converters, arc furnaces, etc., are accountable for creating the voltage and
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Nomenclatures
C
fc
Ica
I*c,a
i
La
ia, ib, ic
idc
M
n
Vss
v
vsa

Capacitance of DC link voltage, µF
Average switching frequency, kHz
Actual current of phase A, amp
Current command in phase A, amp
Instantaneous load current of phase A, amp
Compensating current references for all three phases, amp
d-axis compensating current, amp
Slope of the command current wave
Harmonic order
The voltage stabilization feedback
Dc link voltage, volt
Instantaneous phase voltage of grid side bus, volt

Greek Symbols
𝜃1 , 𝜃2
𝜃̂
𝜑

Phase angle information of voltage and current from the
respective PLLs, deg
Output of voltage control oscillator (VCO)
Phase angle difference between the output current and
voltage, deg

Abbreviations
ANN
APF
DSC
EMI
PCC
PID
PLL
PWM
SRF-PLL
THD
VCO
VSI

Artificial neural networks
Active power filters
Delay signal cancellation
Electromagnetic Interference
Point of common coupling
Proportional-Integral-Derivative
Phase-Locked Loops
Pulse width modulation
Synchronous-Reference-Frame Phase Locked Loop
Total harmonic distortion
Voltage control oscillator
Voltage source inverter

current harmonics in power distribution system and draws large amount of reactive
power. Power quality can be improved by suppressing the harmonic pollution and
performing reactive power compensation. A great deal of attention has been
focused to mitigate it as they overload the utility, cause reliability problems on the
equipment such as higher line losses, transformer overheating, machine vibration
and a waste of energy [1-3]. The voltage profile of the grid is also distorted because
current harmonics in power networks leads to voltage harmonics [3]. The passive
harmonic filter has been widely used in industries because of low cost and ease of
interfacing. However, with a change in load current the current filtering effect
changes and it also leads to series and parallel resonance in the utility network [46]. Alternatively, active power filters (APFs) are considered as an effective solution
for the above-mentioned problems though they are critical to design and costly in
nature [7, 8].
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Many research works incorporated active power filters APF, for the elimination
of harmonic pollutions and compensation of reactive power in the utility grid [911]. The main categories of three-phase, three-wire active power filters are the
shunt, series, and hybrid configurations. Their merits and demerits are discussed in
[12]. There are many research papers [13, 14] on series APF where a transformer
is connected in series to the transmission line to inject the required voltage to filter
out the harmonic current. The main disadvantage of series APF is being costly due
to the presence of transformer. Series hybrid APF approach proposed by different
researchers has the potential for harmonic compensation in high voltage grid with
lower APF rating [15].
The instantaneous reactive power theory proposed [16] has been applied earlier
for the control of shunt APFs to remove harmonic pollution of grid side current
loaded by non-linear load [17]. Artificial neural networks (ANNs) have been
applied to various power system problems for extracting the harmonic current to
eliminate the harmonics [18-20]. This technique has been successfully applied for
making the current perfectly sinusoidal in active power filters and replaces the
conventional Proportional-Integral-Derivative (PID) controllers. Hybrid active
filter proposed by Peng and Adams, [15] is a combination of active filters and
passive filters, to solve the distortion of utility current of power network [21].
The above researches are based on only three-phase balanced voltage with nonlinear load. However, in practical application load and source may be unbalanced
in nature. For unbalanced condition, if negative sequence current is not extracted,
it will be included in reference current command and affect the information of
phase angle. This raises the question of the robustness of APFs. Some researchers
[22, 23] have used the hysteresis band controller to generate the pulses to trigger
the active switches of voltage source inverter which is the heart of APFs. The main
drawback of hysteresis band controller is the variable switching frequency, which
affects the reliability of operation of voltage source inverter. Adaptive hysteresis
band controller proposed in [24, 25] has been successfully used in APFs to make
the switching frequency constant.
This paper proposes a new control technique, which takes care of both
unbalanced grids and loads side voltage. It also keeps the capacitor voltage constant
under different load conditions. In the proposed technique, an adaptive hysteresis
band current controller is used to keep the switching frequency constant. The
independent estimation of the peak value of load current and the phase angle
removes the injection of the negative sequence current in the reference current
command generation. The phase angle information is derived from conventional
phase lock loop (PLL) controller with normalization and delay signal cancellation
(DSC) which separate out the positive and negative sequence.

2. Structure of Shunt Active Power Filter
Shunt active power filter is the current controlled voltage source inverter (VSI)
powered by a capacitor, connected parallel to the load terminals of the non-linear
load. The control technique used to compensate the harmonic injection to the grid
current by the non-linear load is called active harmonic filter, otherwise, it is called
active power filter if it is used to compensate both harmonic and reactive power.
The block diagram of grid connected non-linear load with active power filter at the

Journal of Engineering Science and Technology

June 2018, Vol. 13(6)

A Proposed Reference Current Signal Generation Technique for Shunt . . . .1837

point of common coupling (PCC) under study is shown in Fig. 1. In this research
work, for generation of the compensating current, a current controlled VSI is used.
This compensating current consists of harmonic current and instantaneous reactive
current required for the non-linear load. This current is injected to the utility grid
to meet the harmonic current and reactive current demands of non-linear load. Thus,
the grid provides only the active current demand of the load and keeps the utility
current sinusoidal . To generate the compensating current, a reference current signal
consisting of both actual harmonic current and reactive component of the non-linear
load current is required [26-29]. This paper proposes a new method for reference
current generation in which two PLLs are used.

Fig. 1. Block diagram of active power filter
connected to grid with non-linear loads.

3. Proposed Compensation Current Reference Signal Generation Technique
In the proposed method, two PLLs are used to estimate the phase angle information
of utility voltage and load current. The cosine of phase angle difference between
the output current and voltage PLLs is multiplied with the maximum value of load
current signal and sine of the phase angle of the voltage signal to get the
instantaneous active current signal. The compensating reference current signal is
the difference of load current signal and instantaneous active current signal.
The instantaneous phase voltage of grid side bus is:
𝑣𝑠,𝑎 = 𝑉𝑚 𝑠𝑖𝑛𝜔𝑡

(1)

The instantaneous load current of phase A is:
𝑖𝐿,𝑎 = 𝐼𝑚1 sin(𝜔𝑡 + 𝜑1 ) + ∑∞𝑛=2 𝐼𝑚𝑛 sin(𝑛𝜔𝑡 + 𝜑𝑛 )

(2)

Equation (2) can be rewritten as:
𝑖𝐿,𝑎 = 𝐼𝑚1 𝑠𝑖𝑛𝜔𝑡 𝑐𝑜𝑠𝜑1 + 𝐼𝑚1 𝑐𝑜𝑠𝜔𝑡 𝑠𝑖𝑛𝜑1 + ∑∞𝑛=2 𝐼𝑚𝑛 sin(𝑛𝜔𝑡 + 𝜑𝑛 )
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The first term, 2nd term and 3rd term of Eq. (3) represent an instantaneous active
component, reactive component and harmonics component of current signal respectively.
Let 𝜔𝑡 = 𝜃1 and 𝜔𝑡 + 𝜑1 = 𝜃2
Hence,
𝜃2 − 𝜃1 = 𝜑1

(4)

The phase angle information of the voltage (𝜃1 ) and current (𝜃2 ) can be
estimated through respective PLLs.
The second and third terms of Eq. (3) are used as reference compensating
current signal of phase A. Similarly, reference compensating current signal for
phase B and C are derived.
The compensating current references for all phases are:
𝑖𝑎∗ = 𝐼𝑚1 𝑐𝑜𝑠𝜔𝑡 𝑠𝑖𝑛𝜑1 + ∑∞𝑛=2 𝐼𝑚𝑛 sin(𝑛𝜔𝑡 + 𝜑𝑛 )

(5)

𝑖𝑏∗ = 𝐼𝑚1 cos(𝜔𝑡 − 2𝜋⁄3) 𝑠𝑖𝑛𝜑1 + ∑∞𝑛=2 𝐼𝑚𝑛 sin(𝑛𝜔𝑡 + 𝜑𝑛 − 2𝑛𝜋⁄3)

(6)

𝑖𝑐∗ = 𝐼𝑚1 cos(𝜔𝑡 + 2𝜋⁄3) 𝑠𝑖𝑛𝜑1 + ∑∞𝑛=2 𝐼𝑚𝑛 sin(𝑛𝜔𝑡 + 𝜑𝑛 + 2𝑛𝜋⁄3)

(7)

The injection of the current to the grid produced by VSI is made equal to the
compensating current reference. The voltage stabilization feedback (Vss) signal is
added to compensating current reference to keep the capacitor voltage constant. To
compensate only the harmonic current and avoiding unit power operation, the
second term of compensating current reference should be separated out. This type
of control may be called an active harmonic filter. Different types of current control
technique can be used to generate the proper gate signals of the inverter to make
the grid side current of inverter equal to compensating current reference. Some of
the current control methods are instantaneous current control, peak current control,
deadbeat control and hysteresis band control. In this paper adaptive hysteresis band,
current control technique is used. Switching harmonic current ripple can be
partially removed due to the inclusion of inductor in VSI. Control diagram for
current command generation and pulses of VSI shown in Fig. 2. Peak current
command generation from load current is shown in Fig. 3.
IL,abc

Sin

VSS

VS,abc
PLL1

θ1

Cos
+ ɸ
1

IL,abc
PLL2

θ2

x

_+

+
+

Pulses
Adaptive HB
Controller

Im1

Fig. 2. Control diagram for current command generation and pulses for VSI.

Journal of Engineering Science and Technology

June 2018, Vol. 13(6)

A Proposed Reference Current Signal Generation Technique for Shunt . . . .1839

Fig. 3. Peak current generation from load current.

4. Structure of PLL
Nowadays, the phase angle information of grid voltage and current can be found
out by PLL technique. The PLL control technique consists of phase detector, loop
filter and voltage control oscillator (VCO). The loop filter consists of PI controller
and output of the PI controller is the grid frequency. The accuracy of the phase
angle information depends on grid harmonic, notches, frequency disturbances,
voltage offset and unbalanced condition. Though this algorithm have a better
rejection capability for the above power quality problems on grid compared to zero
crossing method, still additional improvements are required, especially for the
unbalanced condition. This is because the compensation of harmonic current and
reactive power depends on the accuracy of phase angle information. Under the
unbalanced condition, the phase angle information is affected by the second order
harmonics produced by the negative sequence components, which will merge with
the positive sequence current component. To overcome this, the stationary αβ
voltages must be free from negative sequence voltages. This is possible by filtering
out the negative sequence voltages. There are various methods to separate out
positive sequence component current from unbalanced grid voltage. These methods
are notch filter, band stop filter and low pass filter [30-32]. This paper uses the
modified DSC methods, which not only removes the negative sequence current but
also removes the harmonic components of current.
The positive sequence component of unbalanced voltage appears as dc quantity
in the DQ-frame rotating in the same direction with grid frequency, while negative
sequence voltage appears as 100Hz ac quantity. The multiple of 3rd harmonics
appears as 2nd harmonics [33-35]. The (2n±1) harmonics appear as 2n harmonics
where n=2, 3, 4. This behaviour of harmonics and negative sequence voltage
distorts the phase angle information. If the three phase voltages are sinusoidal and
balanced then αβ voltages are sinusoidal and orthogonal. When the terminal
voltages are unbalanced with harmonics, the αβ voltages are no longer sinusoidal
or orthogonal. Therefore, to get accurate phase angle information, the grid side
voltages and load side currents are acquired and the harmonics are filtered out with
the help of low pass filter. The outputs of the filter are transformed to αβ frame by
the abc to αβ transformation. To make it orthogonal, the αβ voltage should be
normalised by the normalisation circuit. The DSC method is used to separate out
the positive and negative sequence components. The implementation circuit of the
proposed PLL is shown in Fig. 4. Here, first order harmonic filter is used with a
cut-off frequency of 60 Hz. The output of the 1st order filter is defined as:
𝑣αβ1 = [𝑣α1

𝑣β1 ]𝑇

(8)

To make 𝑣αβ1 orthogonal, the normalising circuit must be used. The
normalisation waveforms are:
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𝑣αβ11 =

1
√(𝑣α1 )2 +(𝑣β1 )2

. 𝑣αβ1

(9)

The DSC circuit can be used to separate out the positive sequence and negative
sequence of normalised waveforms is shown in Fig. 5.

Fig. 4. Structure of PLL.

Fig. 5. Separation of +ve sequence from distorted signal
through normalisation and delay signal cancellation.
The mathematical expressions are:
1

1
1
𝑣̂
αp = [𝑣α1 − 𝑣β1,del ]

(10)

2

1

1
1
𝑣̂
βp = [𝑣β1 + 𝑣α1,del ]

(11)

2

1

1
1
𝑣̂
αn = [𝑣α1 + 𝑣β1,del ]

(12)

2

1

1
1
𝑣̂
βn = [𝑣β1 − 𝑣α1,del ]

(13)

2

𝑇

𝑇

where [𝑣α1,del1 𝑣β1,del1 ] = [𝑣α11 (𝑡 − ) 𝑣β11 (𝑡 − )] and subscripts p and n
4
4
stands for positive and negative sequence respectively. T is the period of the signal.
The signals (𝑣̂
αp , 𝑣̂
βp ) from DSC is transferred to synchronous reference (dq) by
using unit vector, which is represented as:
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̂
𝑇𝑒 (𝜃̂) = (𝑐𝑜𝑠𝜃
𝑠𝑖𝑛𝜃̂

−𝑠𝑖𝑛𝜃̂ )
𝑐𝑜𝑠𝜃̂

(14)

where 𝜃̂ is the output of VCO.

5. Stabilisation of DC Link Capacitor Voltage
It is necessary to keep the DC link voltage across the capacitor to be constant and
equal to the reference command value under sudden disturbances of the load. To
achieve this closed-loop control technique must be required. This technique will
provide the best result if it will get associated with a proportional-integral (PI)
controller which posses satisfactory behaviour for regulation of DC variables.
The mathematical model of the DC link dynamics can be found out by
considering the input-output power balance for active VSI under no load condition.
The governing equations are:
3
2

(𝑣𝑑 𝑖𝑑𝑐 + 𝑣𝑞 𝑖𝑞𝑐 ) = 𝐶𝑣0

𝑑𝑣0

(15)

𝑑𝑡

The small signal analysis of the above for linearization leads to:
3
2

{(𝑉𝑑 + 𝑣̂)(𝐼
̂)(𝐼
̂)
𝑑
𝑑𝑐 + 𝑖̂
𝑑𝑐 ) + (𝑉𝑞 + 𝑣
𝑞
𝑞𝑐 + 𝑖̂
𝑞𝑐 )} = 𝐶(𝑉0 + 𝑣
0

𝑑(𝑉0 +𝑣̂0 )
𝑑𝑡

(16)

So here, the dc link voltage 𝑣0 can be controlled through the d-axis compensating
current 𝑖𝑑𝑐 and therefore other perturbation can be considered to be null.
Neglecting second order signal perturbations and
leads to:
3

𝑉 𝑖̂
2 𝑑 𝑑𝑐

= 𝐶𝑉0

3
2

(𝑉𝑑 𝐼𝑑𝑐 + 𝑉𝑞 𝐼𝑞𝑐 ) = 𝐶𝑉0

𝑑𝑣̂0

𝑑𝑉0
𝑑𝑡

,

(17)

𝑑𝑡

Thus the transfer function is:
𝑣̂(𝑆)
0
𝑖̂
𝑑𝑐 (𝑆)

=

3𝑉𝑑

(18)

2𝐶𝑆𝑉0

Based on the above transfer function the PI controller can be designed for the
DC voltage loop. It must have sufficiently lower band width with respect to
hysteresis band controller so as to have a proper decoupling. The closed-loop block
diagram is shown in Fig. 6.

Ic,abc

8000

+

-

Kp 

Ki
s

++

3Vd V0
2CSV0

Fig. 6. Voltage stabilisation circuit.
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6. Adaptive Hysteresis Band Current Controller
Among all PWM techniques [36, 37], the hysteresis band controller has been
popularly used in various applications to control the flow of current in a limited
bandwidth as per command current value. This is because of fast response, easy
implementation, inherent peak current limiting capabilities, unconditional stability
and good accuracy. However, the basic hysteresis band controller suffers due to the
large variation of switching frequency. The switching frequency of hysteresis band
controller depends on system mathematical equations at each instant and band
width of hysteresis band controller. This demands the band width should be adopted
at every instant in order to keep the switching frequency constant. The band width
of hysteresis band controller is adopted depending upon the rate of rising and rate
of fall of controlled current as proposed by Bose [24]. This paper uses the same
analysis to adapt the bandwidth of hysteresis band controller for removing the
harmonics and compensation of reactive power from the utility, connected with the
non-linear load.
The conventional hysteresis band controller is shown in Fig. 7, composed of
hysteresis around the current command signal. Let the current command in phase a
∗
is denoted as 𝐼𝑐𝑎
and the actual current of phase a on ac side of the voltage source
inverter is 𝐼𝑐𝑎 .The switching pattern for phase a of VSI can be described as:
∗
If 𝑖𝑐𝑎 < (𝑖𝑐𝑎
− 𝐻𝐵) ; upper switch is ON and lower switch is OFF for leg a
∗
and 𝑖𝑐𝑎 > (𝑖𝑐𝑎
− 𝐻𝐵); upper switch is OFF and lower switch is ON for leg a

Similarly, other two legs, switching pattern can be determined. Since the width
of hysteresis controller is constant, the switching frequency operation in VSI is
uneven. This creates problems such as designing the filter, noise formation,
Electromagnetic Interference (EMI) problem and failure of operation of the active
switch due to the very high switching frequency, which is beyond the capacity of
the switch. By changing the bandwidth at every instant, the average switching
frequency is made to be constant, which nullify the above-mentioned problems.
Figure 7 shows the falling and rising of current inside the band to generate the
pulses for operation of VSI. The equation can be written as:
+
𝑑𝑖𝑐𝑎

1

= (0.5𝑉0 − 𝑣𝑠 )

𝑑𝑡

𝐿

−
𝑑𝑖𝑐𝑎

1

= (0.5𝑉0 + 𝑣𝑠 )

𝑑𝑡

𝐿

0 < 𝑡 < 𝑡1

(19)

𝑡1 < 𝑡 < 𝑡2

(20)

From the geometry of Fig. 7, the equations can be written as:
𝑡1 (
𝑡2 (

+
𝑑𝑖𝑐𝑎

𝑑𝑡
−
𝑑𝑖𝑐𝑎

𝑑𝑡

−
−

𝑡1 + 𝑡2 =

∗
𝑑𝑖𝑐𝑎

𝑑𝑡
∗
𝑑𝑖𝑐𝑎

𝑑𝑡

) = 2𝐻𝐵

(21)

) = −2𝐻𝐵

(22)

1
𝑓𝑐

(23)

On simplifying the equations, the bandwidth becomes
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𝐻𝐵 =

𝑉0
8𝐿𝑓𝑐

[1 −

4𝐿2 𝑣𝑠
𝑉02

2

( + 𝑚) ]

(24)

𝐿

where 𝑓𝑐 is the average switching frequency and 𝑚 =
command current wave.

∗
𝑑𝑖𝑐𝑎

𝑑𝑡

is the slope of the

Fig. 7. Voltage and current envelopes with hysteresis
band current control for active power filters (APF).
The implementation of adaptive hysteresis band controller for pulse generation
in MATLAB simulink is shown in Fig. 8.

Fig. 8. Implementation of adaptive hysteresis band controller.

7. Results and Discussion
The circuit used for simulation consists of utility grid of phase voltage 4160 V with
source inductance of 100 mH and a non-linear load. A load current of 6000. A flow
through the two-diode rectifiers, connected via two isolation 1:1 Delta-Delta and
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Delta-Star transformers. The Delta-Star rectifier is connected after 10 cycles to
increase the load current from 3000A to 6000A. The load draws the reactive power
from the utility grid and injects the harmonics, which distorts the grid side current
(Is). According to IEC standard-50, the grid should not have a total harmonic
distortion larger than 5% [38]. The distortion limit for all odd harmonics is given
in Table 1. To compensate for the reactive power and to mitigate the harmonics, a
shunt APF is used. The design specification and circuit parameters used in the
simulation are indicated in Table 2.
Table 1. Distortion limits for distributed
generation system set by IEC standard-50.
Odd harmonics

Distortion limit

3rd -9th
11th -15th
17th -21st
23rd -33rd

< 4%
< 2%
< 1.5%
< 0.6%

Table 2. Design specification and parameters (to be specific).
Switching frequency
Grid frequency
Grid phase voltage(rms)
Transmission inductance
Load current
DC link Voltage across capacitor
Inverter side inductance
Capacitor value

10 kHz
60 Hz
4160 V
100 mH
3000A-6000 A
8000 V
1 mH
500 µF

As per the proposed algorithms, the current command generation for
compensation of reactive power and elimination of harmonics is shown in Fig. 9.
The actual current generated through VSI using adaptive hysteresis band controller,
which is injected to the utility grid at PCC, is shown in current command Fig. 9 for
comparison. It demonstrates that actual current can keep track of the current
command. The source current before and after the compensation is illustrated in
Fig. 10. A comparison is made not only for single load but also for different loads
by operating another diode bridge rectifier load after 10 cycles. The reactive power
flows before and after compensation shown in Fig. 11 illustrates the reactive power
compensation capability of APF for different load conditions.
Due to capacitor voltage, feedback the voltage across the capacitor is held
constant through the load is increased. It is illustrated in Fig. 12. The total harmonic
distortion (THD) is computed in the source current for one rectifier and two
rectifiers in operations as shown in Fig. 13. For one rectifier with a load current of
3000 A, the THD of source current is 20.57% before compensation, whereas the
THD of source current is 2.26 % after compensation, which is far below than IEEE519. For both rectifiers with a current load of 6000 A, the THD of source current
before compensation is 4.81%, which remains within the harmonic standard limit
of IEEE-519 [39]. It is changed to 1.55% after compensation. However, THD is
lying less than IEEE-519 standard, reactive power compensation may be required
in two-diode rectifier’s load, which demands active power filter. The THDs with
respect to fundamental for different load condition before and after compensations
are shown in Fig. 13.
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Reference current command and injected current to grid through VSI
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Fig. 9. Reference current command and injected current to grid through VSI.
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Fig. 10. Source current before and after compensation.
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Fig. 11. Reactive power flow from grid before and after compensation.
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THD analysis of source current loaded by one rectifier(Before compensation)
Fundamental (60Hz) = 3299 , THD= 20.57%
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(a)
THD analysis of source current loaded by one rectifier(After compensation)
Fundamental (60Hz) = 3232 , THD= 2.26%
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(b)
THD analysis of source current loaded by both rectifiers(Before compensation)
Fundamental (60Hz) = 6598 , THD= 4.81%
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THD analysis of source current loaded by both rectifiers(After compensation)
Fundamental (60Hz) = 6362 , THD= 1.55%
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Fig. 13. THD analysis of source current (a) before compensation with one
rectifier (b) after compensation with one rectifier (c) before compensation
with two rectifiers (d) after compensation with two rectifiers in operation.
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8. Conclusions
This work describes the validity of the proposed reference current command
generation technique for injecting current to the utility grid through VSI, which is
used for compensation of reactive power and harmonics. In the proposed work
through two PLLs are used, the control structure is simple and straightforward. The
structure of PLLs for getting the information of phase angles of the source voltage
and load current is designed and made robust under distorted conditions. The
voltage profile of capacitor is kept constant throughout the operation with the
different load by providing a voltage feedback signal to reference current
command. The dynamics of voltage feedback is explained in detail. Adaptive
hysteresis band controller explained in [24], has a bandwidth, which is programmed
as a function of system parameters to keep the switching frequency fairly constant
is implemented here in order to optimise the PWM performance.
The simulation study results of the proposed APF are found suitable not only
for single load current but also for the different level of load current for the
elimination of the harmonics and compensation of the reactive power from utility
current. The simulation study shows that it is effective for harmonic elimination
and keeps the THD level well within the IEEE standard for different types of nonlinear load. The study also reveals that the injection of reactive power to the utility
through VSI is accurately controlled to operate the grid at unity power factor. The
validity of the proposed control technique was effectively proved through
simulation results only. Experimental verification of the proposed technique is
being carried out and test results will be reported in the future papers.
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