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Abstract — Instantancous reactive power theory was the most
popular control theory used when dealing with harmonics
compensations. [n conjunction with the instantancous theory,
switching signal generation techwigues plays an important role to
ensure the correct compensation signal injected in the system..
Therefore, this paper discussed on comparative study of five (5)
methods used in instantancous theory namely; p-g method, modificd
p-tfy d=-¢ methed, p-g-r method and vectorial with three (3) types. of
signal gencration namely;  carrvier current control, hysteresis
currenf control and space vector modulation control. Continuous
reductions of the total harmonics distortion (THD) are expected at
the supply current when applicd different types of switching
technique. The comparison was examining using MATLAB/Simulink
(MLS) eavironment,

Kepwords—instantancous reactive power theory, shunt Active
Filter, switching signal generation

1. INTRODUCTION

Power electronics application is dependent on the use
of power switching devices that inadvertently: results with
a non-sinusoidal current being drawn from the supply,
containing harmful harmonic components which are then
fed back to the supply system creating various problems.
Various methods have been proposed in an cffort to solve
these problems. Amongst others is the use of passive
filters connected in parallel with nonlinear loads |17,
resulting with improvements in power factor and harmonic
suppression [2]; designed to exhibit lower impedance at a
tuned harmonics frequency [3]. This approach is popular
due to its simplicity, reliability, cfficiency and low cost
[4], but at the expense of providing incomplete solutions

particularly when compensating random {requency
variations in the current, tuning and parallel resonant
problems,

In recent years, various active power filters (APF)
configuratton with their respective control strategies have
been proposed and have been recognized as a viable
solution to the problem created by harmonics [1-4].
Control is most important element in the success of
implementation of active power filter. The APF control is
based on the instantaneous reactive power theory with
different approaches [5-17]. The instantaneous reactive
power theory was first introduced by Akagi et al. [7] for
controlling of APFs. The control strategy derived from the
p-g theory was efficient to reduced harmonics in the
supply current hence provide the sinusoidal source current

with same characteristic with voltage supply. Two
formulations have been precursor from the origin p-¢
theory with great interesting contributions with respect to
the original theory namely; modified p-¢ theory [10, 11]
and p-g-r theory [14-16]. On the other hands, d-¢ theory
[12, 13] and vecrorial theory [18] were developed at the
end of 1980'. This formulation was found obtaining
identical result as compared to p-¢ theory in balance
nonlinear load conditions.

This paper presents a comparative study of five
harmonics detection algorithms incorporating with three
different signal generations conditions. A brief description
of each algorithm with necessary equation is explained in
Section 1. Hence, switching generation of three types of
switching techniques is briefly explained in Section Il
The simulation results from the operations are compared
in Matlab/simulink (MLS) environment presented in
Section V. Three-phase three-wire shunt APF circuit
consists of main supply connected to a non-finear load as
shown in Figure 1. Four essentiab éléments in the APT are
namely; (i) signal conditioning, (ii) reference current
generation, (iii) signal generation and (iv) three-phase
inverter. The signal conditioning circuit used to provide
accurate system information from the voltage and current
trom the grid. The reference current generator is used to
generate the required harmonics current to be amplified
and injected into the lines, at the point of common
coupling (pcc). The switching generation for the inverter
is generated at the controller circuit by comparing the
reference current (i,*, iy*. ic*) with the injected currents
(ia- ibo ic)
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Figure |. Block Diagram of Shunt Active Power Filter
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[I. INSTANTANEOUS REACTIVE POWER THEORY

This section discussed briefly about five (3) harmonics
delection algorithms and relevant equations that have been
studies.

A. p-q and Modified p-q Formulation

The p-g theory transform the three-phase system
voltages and current from phase coordinate to #-a-f
caordinates based on Clarke-Coordinate transformation,
which represent by the following matrix (1);

1 1 1
-1z v e,
[A] = 3| ! ~ T, Asb] ®
V3 =3y | e

fr TV

where A can be either current or voltage. [n the new
coordinate system, three power terms are expressed
namely; zero-sequence instanlancous real power (p,).

instantaneous real power (g and instantancous
imaginary power (¢uz).

Po Vo 0 011is
{PapJ =0 vy vl )
Gap 0 ~vg Vo ip

Finally allows the expression of current as a function of
power quantities

’Eu 1 uéﬁ 0 0 Po
b | = —7 0 vy, —v,vg||Pas €))
g oYef 0 YoUg Vg Vg Gap.

- — 2
Where; v5p = vi+vg

On the other hand, the modified p-q formulation defines
the instantaneous real power (p,) and instantancous
reactive power vector (g) as follows;

Pu = Volo + Valq + Vpig

gty =% xXi=[9 Ga 45]" (4)
It assume that the three inslantaneous imaginary power
golf)s qul?}. gp(t) are not independent, where; v,q, -+
VaGe + vpqp = 0.

o v, 0 v —y, [P

: 1 #1149
e | = 7 Ve —vg 0 U |lg,l G
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Where: v3_q-p = V& + v + v} (6)

B. d-q Transformation

The transtormation of d-q uses matrix [P} with (1) =
w! as the phase current transformation. For this case, w
represent the voltage fundamental wave pulsation. d-q
formulation only works in the instantaneous active current
id and instantaneous imaginary current Jg. Park
transformation is used to transform the supply current into
stationary coordinate.

cos8,(t)

2l —gi
[P] z\[g sznlel(t)

N V2 V2

cos8,(8)  cosBy(t)

—siné —sinfd
sm1 L {t) sml 1 (t) @

C. p-g-r Formulation
n this formula, current are translated from 0-a-f to
p-g-r coordinates by means of the following;

Yy Vg vp
iy 1 0 — Vo-a-g Yo-a-gifi,
iq = va}? va,&’ ia (8)
i, Yosaf Vag ol %]l
U“ﬁ Uap

D. Vecrorial Formulation

The technique does not need 1o undergo any
transformation. Same power variable as original theory are
define in instantanecus imaginary power § (1) in phase
coordinates.

) =B,0 = —|Ve = Va||ly| = Fup(t) €
¥ \/§ Vg — Vp. <ic “f

The equation that determines the currents are as

follows;
la Va Vo Vp ~ Ve
; p 1 p, 1 q
tb] o= —i{vb +'—"‘—2 {UO] +—"""5 Ve = Vg (10)
Lc v v, V3vs Vo V3v | Va — Vp.

111, SWITCHING TECHNIQUE

Switching technique can be divided into two categories;
current control and voltage control. Carrier and hysteresis
fall under current control while space vector fall under
voltage control category. Briefly explanations of the
swilching techniques explain in the subsequence.

A. Carrier Curvent Control

This method used to generate two switching function
consists of positive and negative cycle of PWM as shown
in Figure 2. The pulses are the result of intersection
between the error signals with frequency of carrier signal.
Furthermore, the switching frequency is also the carrier
operating frequency. This method used in current control
loop to foree the actual current according to the reference.
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Figure 2. Carrier Current Control
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B. Hysteresis Current Control

The earliest and most commonly proposed time-domain
corrective technique is the hysteresis method [19, 20].
Preset upper and lower tolerance limits are compared to
extracted error signal. No switching action is taken as long
as the error is within the tolerance band. Switching action
occurs when the errors leaves the tolerance band. These
technique yields instantaneous and fast response controller
[21]. The conditions of switching devices are tabulated
below:

Switch Hysteresis Band (HB)

Lower switch on fror - laer <-HB

Upper switch on frer = it > HB

Referenge Signal

Hysleresis
Bands

Switching Paltern

Figure 3. Hysteresis Method

C. Space Vecror Modulation

Space Vector Modulation has been widely use in APF
system. This method have an advantages over carrier
based such as fower Total harmonics Distortion (THD),
higher efticiency easier digital implementation and wider
linear modulation range {22]. It is shown that in the linear
range modulation. the index modulation will goes high
and reduce the inverter DC link voltage in APF [23]. In
implementation of SVM technique, there are TWO (2)
rutes that must be followed. First rule, each leg have two
switches that cannot gated at the same time and at lease
one switch must be turn "ON" due to the system
inductance.

1V. MODELLING APF SYSTEM IN THREE-WIRE SYSTEM

To carry out the comparalive analysis among five
compensation strategies with different types of signal
generations, a simulation platform has been design. Figure
4(a) shows the simulation scheme with control system for
the APF in three-phase three-wire system. The non-linear
load was constructed using (ull bridge rectifier connected
in parallel with a resistor and a capacitor as the load. AC
link inductors use to attenuate the switching ripple hence
prevent high harmonics switching frequency. In Figure 4
(b). (¢) and (d) shows the harmonics detection algorithm
for p-q. d-¢ and vectorial. While modified p-¢ and p-g-r
block diagram are based on p-¢ algorithm block with
additional transformation needed. In the system low pass

filter used to obtain the ac components that arise due to the
harmonics of the load current.

[f\__r«-égr\__
D1 590, 30, Three
Phase
] ~ Noniiner
[P A s AY N load
Three- Phase
Reclifier
d ¢ e P Swilching
¢ / F. Genamtion
l l 1@., -
1
|
' 1
! 1
. i
: 1 GV} -
S S, S !
3 ) U
: t
H ]

(a)

IRPT Algorithm for p-q

27 ltg,,[

fesstuse %

V“’:'f_{_” o aB pass
fter Ve—s] VO'igge
Requlator
Vie
(b)

IRPT Aigorithm for d-q

. P
load tavet | abe = l: Synchranizin ,/‘Z .
! g unit it
Lo pass liltor

bC

Vasuapiy, PLL Voltage |e— Vi
Regulator
Ve
(c)
IRPT Algorithm for veciorial
fhnd fa
""‘”ﬂ, itand » Dot 1) »int
-» product
) pAy >in®
Fapptr abes )
W Fepple Cross ft) .t
»! product '% ‘
o rorl
£ i
(d)

Figure 4. APF schematic diagramn ;

(a) Shunt APF layout scheme

(b) Block diagram of IRPT algorithm for p-g

(c) Block diagram of [RPT algorithm for d-q

(d) Block diagram of IRPT algorithm for vecroriaf
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V.  SIMULATION RESULT

This section presents the general simulation block
diagram of the shunt APF in MLS environment in Figure
5, while the simulation paramelers are tabulated in Table
.

2
s

THD AFTER THE COMPENSATIONS WITH [0% OF HYSTERESIS BAND

After Compensation Hysteresis (Y TIID)
P 250
NModified p-g 242
-t 249
p--r 2.31
Vectorial 241

It clearly shown that in Table llI, SVPWM ofters the
best reduction of harmonics compares to others switching
techniques. High percentage of distortion exist in d-g
algorithm when apply the carrier signal which effect the
overall power is shown in Figure 7. On the other hands,
Figure § shows the best reduction of THD when applying

Figure 5. Simuiation diagram of shunt APF in MLS enviromment

Table
Simulation parameters of the APF

Parameters Value
Valtage Sonrce 311 Frms

DC link Voltage (V1) 4001
DC link capacitar, C 1000uF”

‘Noun-tinecr 1oad R = [kQY, C = 1200uF

Load Inductors (L;) Im#

Filter Inductor (L) St

2T order Butierworth filter 20H=

In the simulation studies, the swilching frequency is set
20kHz for carrier and SVPWM, while the hysteresis band
is set 0% of the maximum current injected. Total
harmonic distortion (THD) from the simulalions was
found achieve the standard tEEE 519 standard from each
algorithm. Even though, the THD result different from
each algorithm, however the waveforms show otherwise.

Figure 6 and 7 shows the waveform of supply current after

the compensation with different algorithm and switching
generation. Whilst, the (phase b) corrected supply current,
compensation current and load current shown in Figure 8.
All results from the simulation ave tabulated in Table HI.

Table 11
THD AFTER THE COMPENSATIONS WITH SWITCHING FREQUENCY

20kHz
After Compensation (;;or;c]: S;g""’ ("i; \I/I;]\ 1\)/;‘ !
D-q 4.79 243
Madified p-¢ 471 238
d-ty 4.8 240
peg-r 4.78 220
Vectorial 4.80 2.35

SVPWM in n p-g-r '11 aonlhm

|

i

/™, A/\”\\U/»"\\U/

Figure 8. Supply. compensation and load current afier compensation

VI,

In this paper, the most commonly control algorithms of
the instantaneous reactive power
compares with three switching generations;
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CONCLUSION

theory have been
carrier,



hysteresis and SVPWM for three-phase three-wire active
shunt active power filter system. From the simulation
results, it can be concluded that all the control strategies
combine with different types of switching techniques
passed the THD requirement of [EEE 519 standard, which
SVPWM switching techniques offer the best switching

generation compares to another two techniques in terms of

THD and switching control.
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