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Abstract-The nonlinear loads in residential area is increasing
day by day. Due to this nonlinear loads, harmonics are
generated and this further complicated by the installation of
capacitor banks connected to the distribution system. The
harmonic resonance will be introduced by this capacitor banks
in distribution system and the harmonics are compensated by
using active or passive filters. However, distributed generation
(DG) system such as photovoltaic (PV), wind and fuel cells with
the DG grid interfaced converters are controlled properly to
improve the power quality of the system. This paper mainly
discuses on the residential system harmonic mitigation through
PV grid interfacing inverters. In this work, a system model
containing the DG and residential loads are first developed.
Simulation results using MATLAB program shows the
effectiveness of harmonic compensation strategies under
different conditions. As in depth analysis and comparison of
different compensation methods and effects of the capacitor
banks in the system are also studied. Fuzzy based controller is
designed to mitigate the harmonics and improve the harmonic
performance and also reduces the harmonic distortion. This
paper mainly discuss the effectiveness of harmonic
compensation methods under different conditions.

Key Words:Residential distribution system, Distributed
generation (DG), Photo voltaic (PV), power quality
improvement, harmonic compensation.

LINTRODUCTION

The utilization of power electronics devices are rising
concern. Due to this power electronics devices operation,
harmonics are generated. This will be further complicated by
some system components such as power factor correction
(PFC) capacitors connected to the residential distribution
system. The harmonic currents are flow to the nearby system
dispersed nature of the residential loads. The bulge
compensation provided to this dispersed load is not effective.
So that this topic is very important to compensate the
dispersed load harmonics and improve the power quality of
the residential system.
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Fig.1.Residential load system with PV interfaced inverters

With the growing concerns on renewable energy cost,
energy security and greenhouse gas emissions, the power
industry is experiencing fundamental changes as more
distributed energy resource based DG systems are being
connected to the grid. The installation of rooftop
photovoltaic (PV) system is increased day by day. This PV
systems are connected to the grid through DG-grid
interfacing inverter is shown in fig,1.This interfacing
inverters are controlled properly to give some ancillary
services such as flicker mitigation, power factor
compensation, voltage support, imbalance voltage
compensation, system harmonic compensation in addition
to the primary function of real power injection. Then the
additional power rating is achievable due to the
interfacing inverters. The concept of harmonic
compensation using DG-grid interfacing PV inverters has
been described in [7] and [8]. In the previous paper,
considered system is usually very simple e.g., the system is
again comprised of some lines and loads to give realistic
results. In the previous paper, the effects of the harmonic
resonance with some system components such as
capacitors are not sufficiently considered. Additionally, a
system with distributed loads and distributed generation
system  specifies the importance of harmonic
compensation to provide best compensation results is an
important topic but it not be addressed in the literature.

This paper addresses the effects of the harmonic
resonance. As a first step, an existing residential
distribution system with distribution transformers, line
impedances, and typical home loads is modeled. The home
load models are developed by the load characteristics of
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residentialappliances for the analysis of the effects of tietracted and the reference current of the DG system is produced
harmonics in the by thel;:=Veiar/Rn. This method is suitable for the residential

. . . . . rooftop PV inverters when the current is controlled
residential system and is used to investigate the effects of

nonlinear loads on the power quality of the modeled residentia;, py INVERTER CONTROL BY VIRTUAL
distribution system. This distribution system models are JARMONIC RESISTANCE

connected to the PV interfacing inverters are controlled tOThe PV inverter work as an R-APF with virtual harmonic
improve the power quality of the system by harmonics dampingresistance control. The PV system used in this work is a
virtual impedance. The PV locations on harmonic compensationtwo stage conversion system as shown in fig.2. First the

has some effects such as aidine [2] and distributed DC-DC converter that step up the output of PV to level of

compensation [11], [12] are investigated. DC lipk voltage by using MPPT (maxim}lm power point
tracking) method and then transfers this dc into ac by

providing suitable inverter that connects the system to the
grid. The PV output current reference (Izz) has two
components, fundamental component (If) and harmonic

component ({;).The reference harmonic current was

II. DG -GRID INTERFACING INVERTER
VIRTUAL HARMONIC IMPEDANCE CONTROL

At high frequencies, the residential ssgm harmonics are

. . : . i It= Vgun/Rn. Th h i f
compensated by controlling the PV inverters operation by usmgzlll)::;etd i:y ro duge d V;h/ chombifl]inn t ih egrlfi ngz;r:;i
virtual harmonic impedance. The virtual impedance i b y 8

_ 'S current (I ) and the reference harmonic current (I%). The
implemented by the voltage or current reference or the PWI\/IPV system output current has two control loops, inner

signal modification through digital control of the inverters. (LC) filter inductor current control loop and output DG
Virtual impedance can be either at the harmonic frequencies or &urrent (Ipg) control loop. For the harmonic current

fundamental frequency. The fundamental frequency virtualcontrol and fundamental current tracking, P + Resonant
impedance is mainly used to promote DG power flow control andcontroller are used (1).

grid disturbance ride through. The virtual harmonic impedance is ~ Gc=Kp+ Zp=1 57, 1

mainly used for active damping and harmonic compensation OfVVhere, Ke is the proportional control gain at all
the distribution system. The virtual harmonic impedance has tW@requencies, Ki, is the integral gain at each frequency, @
components: 1) Virtual harmonic inductor and 2) Virtual is the cut-off bandwidth at each frequency and wy is the
harmonic resistance. system fundamental harmonic frequency. To improve the
dynamic response and stability of the control loop, a
proportional controller is used for the inner (LC) filter
inductor current feedback loop.

Zr,
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IK gl £
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A.VIRTUAL HARMONIC INDUCTOR

The voltage controlled DG unit§l4]are compensate the
harmonics, where the DG units is represented as controlle
voltage source (M) with output series impedancepy,). Then

the Harmoniccomponents of the controlled voltage sourggs.Y

are compensated at the point of common cogp{PCC), \occh

Tap 1 V4

Distribution
transformer 1

Hot wire 1

Home

model 2 model 1 N

Hot wire 2

Home 1

c |
Filter

Home 12 Home 2

Power electronic interfaced DG

with a feedback gain G. SthatVpgn= T G pdc; MHerefore, PVpanedl  DCDC x

the equivalent harmonic impedance of DG unit becomgs Z PWM modulator Harmonic

W/(1+G) and Gattains valueof -1 t o Thddefore, this virtual 2 for

harmonic inductor method is very attractive for migrad. current control synchronization
et

B.VIRTUAL HARMONIC RESISTANCE . jsf}(iff RL <

In this method, the DG opates like a shunt active powgiter Fig.2. Harmonic damping with R-APF based DG

(APF) andthe harmonic currergroducedby the norlinear loads

are absorbedCurrent controlled grid interfacingverter is used“l' MODELING OF DISTRIBUTION SYSTEM

Lor |mpr0V|dr1_g th?dIStr]:b:tgg Sylstem har;nonlcSo (';hat ;Otal In this model, consider the residential house load,
armonic_distortion o voltage Is decreased and SOUrCH; i iption system model with PFC capacitors and PV

current will be harmonic free. However, for improving this j,verters (with virtual harmonic impedance) are first

function of DG system behaves like a ResisthRF (RAPF).
The harmonic components ofthe grid sidaltage (Msig.n) are

developed.
A.RESIDENTIAL LOAD MODELING
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The home models are designed for different home
appliances as a harmonic current source (iLy) connected in
parallel with the fundamental impedance (Z¢) as shown in
fig.3.
Where,

Iih = Zhez57. in (2)
To obtain the home model, first generate the individual
home appliances models, including TV, refrigerator,
compact fluorescent light (CFL), personal computer (PC),
adjustable speed drive (ASD) fridge, dryer and washer.
The appliance harmonic load current data are measured
practically, where the data are collected from [9] and [15].
To construct the home model, these home appliances are
connected to hotwire 1, 2 and neutral N as shown in fig.4.
Then, the constructed home models are connected to the
distribution system model (fig.5) [10]. All the home
appliances are connected between hotwire 1 and neutral
N (except dryer) for home model 1 and for home model 2,
the appliance models are connected between neutral N
and hotwire 2. Finally, the dryer model is connected
between hotwire 1 and 2 for both home models (1 and 2).
In this paper, the system parameters are used to model the
distribution system are listed in table 2 [10].

e

Fig.3. Home load model with harmonic current source in parall

with fundamental impedance §Z
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Fig.4.Connection configuration of home model 1.

The distribution system is connected to the 12.47 KV
distribution feeder through a 34.4 KV transmission line,
transmission  transformer (Xf.) and distribution

OOAT O A&l Q) Thed3-phase distribution transformer
has 11 nodes and each node has 12 home groups and
these loads are connected to the distribution feeder. This
distribution feeder connected to the DG to compensate the
harmonics produced by the load.

TABLE 1: HARMONIC LOAD CURRENT DATA FOF HOME
APPLIANCES

Harmonic Appliance model of

Load

current CFL PC

data Mag Ang Mag Ang
1st 15 21.2 83 50
3rd 13 539 65 1.6
5th 09 105.5 | 41 3.6
7th 07 169.4 | 16 8.6
gth 07 - 10 58.1
11th 06 1348 | 12 168.7
13th 039 -84.2 12 178.0

-21.8

TABLEZ2: SYSTEM PARAMETER

Parameters Value
Distribution feeder | 7200 V (L-N)
voltage
Distribution line | T o m7T El dH/kmuv T
impedance

| Distribution 7200V/1200V,
transformer 0.015+0.03j p.u.
PFC capacitor 4uF to 12uF
Number of
distribution node 11
House load in each
node 12
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Fig.7. Equivalent circuit of an N node distribution feeder
B.DISTRIBUTIOM SYSTEM MODELING WITHOUT
CAPACITOR BANK

In this model, simplified distribution feeder of the
distribution system with DG connect to the secondary side
of the distribution transformer as shown in fig.5. Here n
represents the no. of nodes in the distribution feeder
j T EpFlc F]XQ-GYR)(%C qgn); ZYn(RYnC En)and Zin
(Rin C  End represents the distribution line, distribution
transformer and fundamental load impedance at the nth
node. DGpand In,represents the DG current and harmonic
current of the non linear load at the nt node. Referring to
system to the primary side of the transformer, an
equivalent circuit of the N node distribution feeder is
shown in fig.7. The voltage at the n* node is V, and 4,

48 8n-2 are current flow through the impedances Z 13,
Z12.... Zin. To modeling the distribution system without
capacitor, 1,2 8 AOA OAEAI
input variable and V, is taken as the output variable of the
state space model of the system. The 1-N, N+1 to 2N and
2N+1 to 3N equations given below (3) to (5),

! Tan—zRin + ¥an-alpn

Ry

l‘_J'-rl =y =Xap ot Xan st

n=1
N

n=1 n=1

w

U2N+H = Xan_1 t Xansz = Xan (2)
n=1

The Ayx and By matrices of state space model can be
obtained by solving equations (3) to (5) and the equation
(6) of the system output gives the Cy and Dy matrices of
tt}e state space model.

U = Vpog  XapByn + 'f!i’!‘t'l'i"!{ﬁ:]

n=1

The state space model of the system is obtained from the
following equations (7), (8)

*y ITny

X3 Thz
=4y |+By| (D

Xan Ton
7y Xy Thy
vz X Ths

Ty Xaw RN
By solving this state space model, the transfer function of
the sifstem is find out easily using (9)

v, ls

——=Cy$By+D,09

G = B+ Dy

Where, B= (sl-Ay)?, [ is an 4Nx 4N identity matrix and
TEph ¢ch o0888. 38

C.DISTRIBUTION SYSTEM MODELING WITH PFC
CAPACITOR

The installation of the PFC capacitor in the distribution
system makes the harmonic issues more complex and can
be amplified. Although, implementation of an active power
filter (APF) mitigates the harmonics and it will creates the
whack and mole effect [2]. To study the different
harmonic compensation schemes in the situation where
the capacitors are connected to the distribution bus. The
DG system connected to the secondary side of the
distribution transformer with power factor correction
(PFC) capacitors.Fig.8 shows the typical distribution
feeder with DG and PFC capacitors. Referring the system
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to the primary side of the distribution transformer, the
equivalent circuit of an N node distribution feeder with
PFC capacitors is shown in fig.9. Zc1, Z¢28 8cx represents
the impedances of the capacitors (Cc1,Cczh 8 & at the nth
node and x;,x:8 8.@re taken as state variables. There are
4N state equations for a N-node system. The 1-N, N+1 to
2N, 2N+1 to 3N and 3N+1 to 4N equations are given
b$low,

= Tgn-aflpn + Eanslin
L P FRECE SR R
mn

n=1
nN n

(10)

UN-I_H_'Z{'I” 1 By + Zan_sbyn) — Xan_aBRen — Zyn_slyn —-1'4:«—

n=1 n=1
nN

U IN+n = xgn o+ Xypnia = Xgn_y T X4nCpm

n=1
N
U N+ﬂ—'Z{x4r- 1Ran + Eanalun = x4

n=1 n=1

(12)

(13)
The Ax and By matrices of the state space model can be
obtained by solving the equations (10) to (13). The
equation (14) of the system output gives the Cy and Dy
rr‘}ratrices of the state space model.

U Vg = Vp_y + Fan_ g Ryn + %oy Ly (14)

n=1

The state space model of the system is obtained from the
following equation (15) and (16).

1 Rt
X3 Ihz
= Ay + By (15)

Koy Iy -

1y Xy I

= Xg I,

= EN +'DN {lﬁj
Py Xaw ki

By solving this state space model, the transfer function of
theé}jstem can be find out easily using (17).
v

= Cy$ By + D, (17)
I I (s w$ By + Dy
W}Eere, B= (sI-An)'%, 1 is a 4N*4N identity matrix and n=1,
¢ho88. 8

Fig.8. Typical distribution feeder with DG and PFC

capac1tor

DISTRIBI&;)N SYiﬁljSM HARMONIC

TOMPENSATION USING DG

The effects of harmonic compensation using photovoltaic
(PV) inverters will be discussed in this section. Let us
consider, a simple two node system for initial
implementation. The locations of residential PV systems
are usually not controlled properly as they depend on the
installed residential system. The compensation methods
are used for obtaining the good harmonic compensation
performance and controlling the PV inverters in the
system is possible. Two compensation strategies are used
for the harmonic compensation using DG interfacing
inverters are;
1) The END OF LINE COMPENSATION is executed by
allocating the harmonic compensation priority to the PV
inverters connected at the end of the distribution feeder.
2) The DISTRIBUTED COMPENSATION is executed by
operating all PV inverters with  equal priority in the
harmonic compensation scheme.

Fig.9. Equivalent circuit of an N node distribution feeder
with PFC capacitors.

For example, a two node system is used in this section, for
studying the effects of different compensation techniques
as shown in fig.6. The equivalent circuit of an N node
distribution feeder system is shown in fig.7 with N=2.
Solving this analysis, assumed that both nodes 1 and 2
have identical loads (i=Ini=In2, Z11=Z12), same transformer
(Zx=Zx¢1=Zxr2) and same line parameters (Zy=Ziine,1=Ziine,2)-
In this situation, x1,X2x3Xs and xs are taken as state
variables, i is taken as input variable and V; and V; are
taken as output variables of state space model of the
system. The frequency related performance of different
compensation techniques can be explained by an
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equivalent circuit is shown in fig.10 The impedances ZX,
ZY and Zf are much higher than the ZVR1 and ZVR2 at high
frequency region. The most of the adjacent harmonic load
current flowing through the inverter harmonic virtual
impedances (ZVR1 and ZVR2) when, this impedances are
connected. In case of DG at node 1las shown in fig.10.(a),
most of the harmonic current (Ih1) will be absorbed by
ZVR1 but Ih2 flows through node 1 and 2. So, that VTHD is
high at both nodes 1 and 2. In case of DG at node 2 as
shown in fig.10.(b) , [h2 is absorbed by ZVR2, most of [h1
flows through ZY and the harmonic current flowing
through V; is less. However, in case of DG at node 1 and
node 2 as shown in fig.11.(c), most of harmonic currents
(Inn and Inz) will be absorbed by virtual harmonic
impedances (Zvri and Zygr; ) respectively and the voltage at
both nodes 1 and 2 will be less. When, the harmonic
frequency increases, Zx and Zy also increases but the Zyr:
and Zyr; remains same resulting the constant level of
damping to the harmonics in case of DG at both nodes 1
and 2. In any case of DG location (node 1 or 2), the
harmonic current flowing through node 1 is same in both
cases (Zy<<Zx). At low frequency range, Zvr1 and Zyry of
$' 60 AOA
Therefore, most of the harmonic current flows to source
through the distributed feeders resulting higher harmonic
voltages in the system. The performance difference of
single DG and distributed compensation is commonly
related to the system impedance at low frequency region.
An examined earlier with Zy<<Zx we can assume Zx%Zy+Zx.
If the virtual impedances | /£ A1 | $
impedances at Ini and In; will be same in case of
distributed compensation. But the impedances at Iy and
Ih2 will be different, in case of a single DG at node 1 or 2.
Therefore current flowing to the source will be

k1 C 20 Al O AEOOOEAOOEIT 1
w1C 2 A1 O OETCIA
frequency, Iza or Iz will be very small when the
compensation at node 1 or 2 is used due to the small
damping resistance from the DG for single compensation.
AsaresOl Qi B)za )C 722 ) A O A 44 @rd I) have
different phases. The damping resistance of the DG equals
to Zx at low frequency and for single DG compensation

TAA »p
dlfference. Therefore, the current Iz« or Iz of single DG
compensation will be higher compared with distributed
compensation. The total current flowing to the source will
be lower and provide the best performance with single DG
compensation is important in the low frequency region.
Therefore, the end-of-line compensation is the best option
for single DG compensation as it resulted in the lowest
feeder harmonic feeder voltage drops.

V. HARMONIC COMPENSATION IN AN 11 NODE
DISTRIBUTION SYSTEM

In this section, different harmonic compensation
performance under an 11 node residential distribution
system without PFC capacitors is discussed. In this

AT 1 P AoD Ahk 1 cBmpedtion. :

60 AO

$ AT i

10 ¢aixHizd)y dAAROCKHTOI

method, provides clear similarities of different harmonic
compensation strategies and the criterion that the total

EAOITTEA 2-3 AOOOAT O &EOT I

Zy Zy 2y A
[C:'i* « fh". Lyt Lz
H ze1
i —— J‘n -,
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(a) (h)
Z v, Zu Vs
fnc] Zxy Zx.

(]
Fig.10. Equivalent circuit of DG (a) at node 1, (b) at node 2,
and (c) atnodes 1 and 2

Kept same regardless of the compensation techniques and
distribution system configuration is taken for this study.
With this criterion in case of the distribution
compensation in an 11 node system, the virtual resistance
IREpT¥8uy m EO OAI AAOAAS
to a total 76.4 A RMS DG harmonic current and about 2%
of the total RMS load current. Fig .11 shows the time
domain simulation results of an 11 node distribution
system.
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Fig.11 (a) current through distribution line, (b) Current
flowing from node 11 to primary side of distribution
transformer 11 (c) Distribution voltage at node 1, (d)
voltage at node 11, (e) Hot wire 1 to neutral voltage of
distribution transformer 11, (f) Hot wire 1 to hot wire 2
voltage of distribution transformer 11, (g) Current flowing
through hot wire 1 of distribution transformer 11 and (h)
DG harmonic current at 11t node.

VI.LHARMONIC COMPENSATION WITH THE PRESENCE

OF PFC CAPACITORS

For voltage regulation and reactive power compensation,
the PFC capacitors are installed in the distribution system.
These PFC capacitors are affects the harmonic
compensation performance and may cause harmonic
resonances. The voltage profile along the distribution line
with PFC capacitors are affected A U OEEO

reactance value and capacitors location. However, the
most efficient capacitor placement depends on the line
parameter of the distribution system, load power factor,
load and reactive value. Generally, the capacitors are
installed at the end of the distribution system provides the
better performance for improving the voltage regulation,
power factor and power factor capability.
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Fig.12 (a) Current through distribution line, (b) Current
flowing from node 11 to primary side of distribution
transformer, (c) Current flowing through hot wire 1 of
distribution transformer 11, and (d) DG harmonic current
atthe 11 th node

Fig.12 shows the time domain simulation results 11 node
system with PFC capacitors. For different compensation
methods, the harmonic content throughout the
distribution line shows that the low order harmonics are
lower throughout the entire line for end-of-line
compensation at high frequency. In the case of end-of-line
compensation, Vrup is lower throughout the distribution
feeder, a load model with higher frequency equipment
could changes the compensation results. Then, the Vrup
along the distribution line is decreased by distribution
compensation but increased by end-of-line compensation
compared with no compensation method.

A A YWIRFUVEZ®HL0GIE EONTROLLER
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Fuzzy logic controller, approaching the human reasoning
that makes use of the tolerance, uncertainty, imprecision
and fuzziness in the decision making process and manage
to propose a very satisfactory operation, without the need
of a detailed mathematical model of the system, just by
integrating the experts knowledge into fuzzy rules. In
addition, it has essential abilities to deal with noisy date or
inaccurate, thus it has able to develop control capability
even to those operating conditions where linear control
techniques fails i.e., large parameters variations. They
consists of an fuzzification block, interference system and
defuzzification block.

1)Fuzzifiztion Block: Fuzzification is the process where
the input crisp quantities are converted into fuzzy sets and
also converts numeric ( non fuzzy) input variables to
linguistic (fuzzy) variables. The membership function is
defined as errors and changes in error as Positive Small
(PS), Positive Medium (PM), Positive Big (PB), Negative
Small (NS), Negative Medium (NM) and Negative Big(NB).
Fig.13 and 14 shows the input and output membership

function. _
Membership function plots  Plot points: 181

mif1 mf2 mf3
1

input variable "input1”

(a)
Membership function plots ~ Plot points: 121

NEB NS ZE PS PB

1 1 L = 1 = 1 1

-2 -3 -2 -1 0 1 2 3 e
input variable "input1®

(b)

Membership function plots  Plot points: 181

NB NS ZE PS PB

input variable “input2”

()

Fig.13 (a) to (c) the input membership function

Membershp funcion plos  Plot peints: 181

// \\ y '
V/ /N

1 I 1 = 1 1

(=]

uu‘:putvaria;&'uutpuf‘l" ol

Fig.14. fuzzified output membership function

2) Rule Base: It consists of a number of If-Then rules.
Then side of rules is called the consequence and If side is
called antecedent. These rules are very similar to the
human thoughts and then the computer use the linguistic
variables. Rule base of FLC is listed in table 4

3) Inference Mechanism: It performs the inference
procedure on the Min-Max and Max-Dot rules and to
provide a reasonable output. The output membership
function perform of every rule is given by minimum and
most operator.

TABLE 3.MEMBRSHIP FUNCTION TABLE

FUZZY E(n)
RULES

NB [NS [ZE [PS [PB
NB ZE |PS |Ps [ZE |NS
NS PB |PS |ZE |ZE |NS
ZE PB |PS |ZE |NS |NB
PS PS |ZE |ZE |NS |NB
PB PS |ZE |NS |NS |ZE

4) Defuzzification: It means conversion of fuzzy sets into
crisp sets. Generally, a defuzzier is required only when the
mamdani fuzzy model is used for designing a controller.
Finally, fuzzy outputs are applied to the main control
system.

Fuzzy logic controller is used by replacing the PI
controller. Better performance can be observed using FLC
as shown in fig.15. Table 5 summarizes the harmonic
performance using MATLAB/simulink software. The FLC
limits the THD to 1.80% of fundamental fundamental
value. So, we can see the FLC has ability to improve the
harmonic performance and limits the THD below the
threshold limit.
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Fig.15. fuzzy logic controller
Table 4: THD performance comparison table
Node Total harmonic distortion (THD)
Number Without Fuzzy | With Fuzzy
In1 1.90% 0.86%
Inz 3.84% 1.21%
Ins 3.87% 1.23%
Tha 3.85% 1.25%
Ihs 3.87% 1.26%
Ihe 3.89% 1.27%
Ing 4.65% 1.49%
Inh11 5.77% 1.80%

VIII.CONCLUSION

This paper discussed the opportunities of power quality
improvement and to mitigate the dispersed load system
harmonics using residential system DG interfacing
inverters and also using fuzzy controller. Both the end-of-
line and distributed compensation method have been
considered and their relevant priorities have been
investigated and compared. Specifically, the analysis and
simulation results shows that the distributed

compensation provides better damping for higher order
harmonics whereas end-of-line compensation provides
better damping for lower order harmonics if the equal
equivalent rating of the DG was maintained. In the system
with PFC capacitors, the crossover frequency reduces to
7t harmonic, so the decision about which compensation
method to use must be made according to the load
characteristics of dispersed load system. However, the
system without PFC capacitors, the end-of-line
compensation performs better when the crossover
frequency is higher. In this paper, the effects of capacitor
size, length on the crossover frequency and line
impedances are also analyzed. By using fuzzy controller,
total harmonic distortion is reduced and harmonic
performance is improved.
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