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Admittance based algorithm of dynamic voltage restorer for improved
power quality

Rajagopal V*, Sabha Raj Arya**, Bangarraju J***, Sanjay K Patel** and Nagamalleswari V*

Abstract: This study deals with the admittance estimation algorithm for DVR for improvement of PQ in
PDS (Power Distribution System). This admittance estimation algorithm based DVR is simple and easy
to implement in simulation/hardware. In this admittance estimation algorithm, the estimation
of active/reactive power components of load voltages are based on unit vectors in time domain and
Low-Pass Filter (LPF). The mathematical analysis is easy, accurate and is used for fast estimation
of reference load voltages using proposed algorithm. A three phase DVR using admittance estimation
algorithm is modeled and implemented on real time hardware under balanced/unbalanced voltage sag,
balanced/unbalanced voltage swell and harmonics compensation using Real Time Hardware
Simulation and MATLAB under Simulink. Performance of admittance estimation algorithm
for DVR in PDS shows quite satisfactory results using RT-LAB and MATLAB for the above power
quality problems as per IEC and IEEE standards.

Index Terms: DVR, harmonics, admittance estimation algorithm, voltage sag/swell, distribution System

1.0 INTRODUCTION VSC, ac inductor and ripple filter at injecting
transformer. To mitigate PQ problems such as
balanced sag/unbalanced sag, balanced swell/

unbalanced swell and harmonics are mitigated

The power quality (PQ) is an one of the key
area of research in electrical engineering mostly

in distribution and utilization system [1]. The
main attention has been concentrated towards
PQ issues caused by linear/non-linear loads and
nonlinear ac mains. Generally the non-linear
loads due to power converters used in paper,
refrigeration, textile, cement and transportation
industries [2,3]. Series active line conditioners
are used for compensation of voltage-based
distortions such as voltage sag/swell, harmonics
and unbalanced voltage sag/swell etc. DVR
is one of series active conditioners to mitigate
voltage based PQ (Power Quality) Issues.
The primary components of proposed DVR
consists of injecting transformer, capacitor based

using capacitor based DVR [4].

The main purpose of proposed DVR is it injects
voltage in 900 phase shift with supply current so
that under steady state the active power required
is zero. The prime disadvantage of capacitor
supported DVR

under balanced/unbalanced voltage sag/swell is
the voltage at load is not in phase with balanced/
unbalanced pre-voltage sag/swell. The balanced/
unbalanced pre-sag/swell compensation the
proposed DVR will injects/absorbs required
active power from distribution system [5]-[6].
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The design, protection and many topologies
of DVR are discussed in literature [7]-[9]. To
compensate voltage related PQ problems the
capacitor supported DVR has to respond quickly
for estimation of reference load voltages using
control strategies. Different control algorithms
for proposed DVR are Space Vector PWM
Based Control Strategy [10], PQR Instantaneous
Power Theory [11], Adaline Based Control
Algorithm [12],ISCT (Instantaneous Symmetrical
Components Theory) [13], SRFT (Synchronous
Reference Frame Theory) [14] etc, These
traditional control algorithms of DVR takes more
time for estimation of reference load voltages.

This paper proposes admittance estimation
algorithm for DVR to mitigate balanced voltage
sag/unbalanced voltage sag, balanced voltage
swell/unbalanced voltage swell, and harmonics.
The proposed admittance estimation algorithm
is simple, robust and takes less execution time
for estimation of reference load voltages. The
proposed admittance estimation algorithm based
DVR is modeled in RT-LAB and MATLAB
2013b under Simulink & performance results are
validated.

2.0 CONFIGURATION OF DVR AND
CONTROL ALGORITHM

A three phase DVR based on VSC (Voltage
Source Converter) is depicted in Fig.1, where
three phase ac source impedance (Z;) is feeding
to three loads.

v LR
¥ Re s w gl
»

, ia | Three phase
Loads

FIG.1 CAPACITOR BASED DVR IN DISTRIBUTION

SYSTEM
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The main required components for DVR are
three phase VSC, injecting transformer, series
connected ripple filter (Rrand Cy) and interfacing
inductor (Ly). Fig.1 shows the three phase supply
voltages (Vg,Ve,Vsc), per phase source currents
(1sa> 1sb» 1sc), per phase load voltages (Via,Vip,Vic)s
injecting transformer voltages (Vayra,VavibsVavic)s
dc bus voltage(v,.) and terminal PCC voltage(v,).
Fig.2 shows diagram of admittance estimation
control algorithm based DVR for estimation of
reference load voltages (vi,',Vip »Vic )

2.1 Estimation of Direct and Quadrature
Unit Templates

The instantaneous supply currents (is, 1, Is
of distribution system having zero and negative
sequence components, these supply currents are
given LPFs (Low Pass Filters) to eliminate noise
and harmonics.

The estimated magnitude of supply currents (i,
1y, 1) are determined by squaring instantaneous
supply currents as follows

= by = oy — e,
by = 2(3)’ltb \/2(3)’lm \/2(3)3 (1)

The total resultant magnitude of source current
(1) is estimated from each phase source currents
(1t 11 1i) 18 given by

ist = (im +itb +itc)/3 (2)

The direct axis component unit-templates (Ugas, Udbs,
uqes) of three phase supply currents are estimated as

I I i
__ sa . _ sb . _ sc .
udus _._’udbs _._’udcs ] (3)

st st st
The dc bus error (V) is the difference of reference
dc bus voltage (v4.') and sensed magnitude of dc
bus voltage (v4.) of VSC at rth sampling instant
is estimated as,

Vdce(r) = _vdc(r) + vdc (r) (4)

The output voltage error at DC bus (vq.) is feeding
to DC bus PI controller and this output(plsd) is
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required to regulate DC bus voltage of DVR at
r'™ sampling instant is given as

plsd(r) = plsd(r—l) + kdp (vdce(r) - vdce(r—l)) + kdivdce(r) (5)
Where vdce (r) and vdce (r-1) are output voltage
error in the DC bus voltage at rth and (r-1)

th sample instants and kdp and kdi are DC bus
PI gain constants. The Py 1s taken as loss
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The Py corresponding loss conductance (Gyy) is
estimated as,

Gy = Pra /|:V§t {(ujas + g, + ”is)}} -.(6)

The three phase instantaneous active load power
(pv) is estimated as

pL = pLac + pde = {vst (udaslsa + udbslsb + udcslsc )}

(7
component of supply power.
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FIG.2. REFERENCE VOLTAGES USING ADMITTANCE ESTIMATION ALGORITHM
A LPF (Low Pass Filt.er) is used for extraction. of U = (<l it / 3 ..(10)
the dc component active power (Pp4) from active
load power .
p (pL) Z’lqbs = (3udas +udbs _udcs )/2\/g (1 1)
The fundamental source voltage corresponding
conductance (Gsd) is estimated as Uy = (=3t + Uy _udcs)/ 23 ..(12)

2 2 2
{(udas + udbs + udcs )}:|

The direct-axis components of reference load
voltages (v, v,, , V,,) are estimated as,

Lad” “lbd 7 lcd

Gsd = pde /|:vs2t ---(8)

v _ lstudas Sy _ lstudbs . studcs .
Lad — >V Lbd T H

GL GL

(9

The quadrature axis unit-templates (Ugas, Ugps,
uy) of three phase supply currents are estimated
as

The terminal voltage error (V,,) is the difference
of reference ac bus terminal voltage (v') and
sensed magnitude of ac terminal voltage (vy) at
r'" sampling instant is estimated as,

Vert = v:l(r) -V

st(r)

~(13)

The output voltage error at AC bus (V") is
feeding AC bus PI controller and this output (qs)
is required to regulate AC bus voltage of DVR at
r sampling instant is given as
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PERFORMANCE OF ADMITTANCE ESTIMATION ALGORITHM BASED DVR FOR
20% UNBALANCED VOLTAGE SWELL IN ONE PHASE

Qsairy = Disae-ny + qu (Vm(r) _Vm(r—n) + invert(r) (14)
Where vert (r) and vert (r-1) are the output
voltage error in the AC bus voltage at rth and
(r-1)th sample instants and K, and K, are AC
bus PI gain constants. The qqq 1s taken as loss
component of supply power.

The sensed magnitude of AC bus terminal voltage
(vg) is estimated as

f2
_ w02 2 2
Va = 5 (Vie + Vi + Vi)

The qyq corresponding loss susceptance (Blsd) is
estimated as,

..(15)
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By =y /[sz {(ujas + ”:bs + “jm)ﬂ -..(16)

The three phase instantaneous reactive load power
(qu) is estimated as

4. =91ac + rac = {vst (uqm isa + uqbs isb + uqcs L )} (17)

A LPF is used for extraction of the dc component
reactive power (qq.) fromreactive load power (qy).
The fundamental source voltage corresponding
susceptance (By,) is estimated as

B, =q../ [Vf, {(”3 +ihgy, + u;)}} ..(18)

The total susceptance (Bp) of the distribution
load is sum of loss admittance (B, and

fundamental source admittance (Bs)
B, =B, +B, ~(19)

The quadrature axis components of reference
load voltages (vLaq, vLbq, vLcq) are estimated
as,

iu iu iu

_ 'st”qas _ Ust7qbs _ Ust7qes

VLaq - B >VIbg — B > Vleg B 4 (20)
L L L

The reference load voltages (Vi,", Vi, Vi) are
estimated as,

* * *
Via = Viad T ViagVie = Visa T VirgsVie = Vied T Viegs A21)

These reference load voltages (VLa s Vib ; Vic ) are
La Lb Lc compared with sensed load voltages
(VLas VLbs VLo) in current controller.

These error voltages are given to PWM controller
to generate switching signals for VSC.

3.0 SIMULATION MODELING

MATLAB based simulation models of Admittance
Estimation Algorithm based DVR in three
phase distribution system is developed to simulate
their dynamic performance for validating control
algorithm for various PQ problems. The proposed
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distribution system consists of three phase source,
VSC based DVR, injecting transformer, ripple
filer and admittance estimation control algorithm.
To demonstrate  performance of admittance
estimation control algorithm based DVR, the
linear/ nonlinear loads are considered. The
MATLAB simulations are analyzed in discrete
mode at 5e-6 fixed step size with ode23tb (stiff/
TR-BDF2) solver.

4.0 SIMULATION RESULTS AND
DISCUSSION

In this investigation, power quality problems
such as voltage harmonics, balance/unbalanced
voltage sag, balanced/unbalanced voltage swell
are demonstrated to verify admittance estimation
algorithm based DVR for satisfactory results.
The dynamic performance analysis of admittance
estimation algorithm based DVR is simulated for
voltage harmonics, balance/unbalanced voltage
sag, balanced/unbalanced voltage swell for linear/
non- linear loads. The performance waveforms of
admittance estimation algorithm based DVR
are observed and gives satisfactory results at
different PQ problems.

4.1 Performance of Admittance Estimation
Algorithm based DVRoperation under
Balanced Voltage Sag/Unbalanced
Voltage Sag

The performance of DVR based on Admittance
Estimation Algorithm during balanced voltage
sag/unbalanced voltage sag at linear load is
depicted in Fig.3-Fig.4. The dynamic performance
indices of Admittance Estimation Algorithm
based DVR are supply voltage (vq), DVR
compensating  voltage (vq4,), load voltage (vi),
source current(is), DC bus voltage(v,.), terminal
voltage(v,), source current(iy) are shown in
Fig.3-Fig.4 for balanced voltage sag/unbalanced
voltage sag during t= 0.45sec to 0.65sec. Fig.3
shows, at t=0.45 to 0.5sec and t=0.6 to 0.65sec,
the source voltage (v,), source current (is), load
voltage(vy) are highly balanced, purely sinusoidal
and harmonic free. It is also observed from Fig.3
that when 30% of voltage sag was created at the
source between t=0.5 to 0.6sec, the performance
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of Admittance Estimation Algorithm based DVR
injecting voltage (vq,) injecting such a way that
the source current(i), load voltage(v;) are highly
balanced in simulation. Fig.4 shows, At t=0.45
to 0.65 sec one of phase is reduced by 20% but
other two phases are maintained at rated value.
It is observed from Fig.4, Admittance Estimation
Algorithm based DVR injecting voltage (Vay)
injecting such that the source current(is), load
voltage(vy) are highly balanced and harmonic
free even when one of phase voltage reduced by
20%. Fig.3-Fig.4 shows the terminal voltage and
DC bus voltage are maintained at 339V and 200V
using Admittance Estimation Algorithm based
DVR during balanced voltage sag/unbalanced
voltage sag. The performance waveforms of
fig.3 and fig.4 are shows satisfactory results for
balanced voltage sag/unbalanced voltage sag in
simulation.
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4.2 Performance of Admittance Estimation
Algorithm based DVR Operation under
Balanced Voltage Swell/Unbalanced
Voltage Swell

The performance of DVR based on Admittance
Estimation Algorithm during balanced voltage
swell/unbalanced voltage swell at linear load is
depicted in Fig.5-Fig.6. The dynamic performance
indices of Admittance Estimation Algorithm
based DVR are supply voltage (vs), DVR
compensating voltage (vdvr), load voltage (vL),
DC bus voltage(vdc), terminal voltage(vt), source
current(iL) are shown in Fig.5-Fig.6 for balanced
voltage swell/unbalanced voltage swell during
t= 0.45sec to 0.65sec. Fig.5 shows, at t=0.45 to
0.5sec and t=0.6
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to 0.65sec, the source voltage(vs), source
current(i), load voltage(vy) are highly balanced,
purely sinusoidal and harmonic free in simulation.

It is also observed from Fig.6 that when 30%
of voltage swell was created at the source
between t=0.5 to 0.6sec, the performance of
Admittance Estimation Algorithm based DVR
injecting voltage (vq4,) injecting such a way
that the source current(is), load voltage(v,) are
highly balanced.

Fig.6 shows, At t=0.45 to 0.65 sec one of phase is
increased by 18% but other two phases
are maintained at rated value. It is observed from
Fig.6, Admittance Estimation Algorithm based
DVR injecting voltage (vg,) injecting such a
way that the source current(is), load voltage(vy)
are highly balanced and harmonic free even
when one of phase voltage increased by 18%.
Fig.5-Fig.6 shows the terminal voltage and DC
bus voltage are maintained at 339V and 200V
using Admittance Estimation Algorithm based
DVR during balanced voltage swell/unbalanced
voltage swell. The performance waveforms of
fig.5 and fig.6 are shows satisfactory results for
balanced voltage swell/unbalanced voltage swell
in simulation.

4.3 Performance of Admittance Estimation
Algorithm based DVR Operation During
Harmonics Mitigation

The performance of DVR based on Admittance
Estimation Algorithm duringharmonics mitigation
under non-linear load is depicted in Fig.7. The
dynamic performance indices of Admittance
Estimation ~ Algorithm based DVR are supply
voltage (v;), DVR compensating voltage (vq.),
load voltage (v.), DC bus voltage(v,.), terminal

voltage(v,), source current (i;) are shown in
Fig.7 under = harmonic = mitigation. During
t=  0.45 to 0.65sec, Admittance Estimation

Algorithm based DVR injecting in such a way
that load voltage (v;) and source current (i) are
highly balanced and harmonic free even though
source voltage(v,) has high harmonic content.
Fig.7 shows the terminal voltage and DC bus
voltage are maintained at 339V and 200V using
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Admittance Estimation Algorithm based DVR
during harmonic mitigation. The performance
indices of Admittance Estimation Algorithm
based DVR are source has voltage (v;) of 241.4
V and its THD of 8.9%,whereas the load has
voltage (vL) of 238.2V and its THD of 3.50%
are shown in Fig.8(a)-Fig.8(b).

5.0 REAL TIME IMPLEMENTATION
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A prototype 100kW 415V 50-Hz Y-connected
source and distribution load along with
admittance estimation algorithm based DVR is
developed and implemented in real time. A diode
universal with R- L load is taken as consumer
loads to demonstrate harmonic compensation.
Distribution load is taken as balanced R-L load.
The admittance estimation control algorithm
based DVR is modeled and implemented in
real time with fixed step size of 40us and
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ODE4 (Runge-Kutta) solver. A three leg IGBT-
based VSC is used as DVR for a 100KW
415V 50Hz Y-connected system at PCC through
injecting transformer and inductor filter. A dc
bus capacitor value of 3000pF is used and is
regulated at 200 V. Performance parameters are
recorded using a Fluke 43B power analyzer.

6.0 EXPERIMENTAL RESULTS AND
DISCUSSION

The real time hardware results of Admittance
Estimation Algorithm based DVR under balanced
voltage sag/unbalanced voltage sag, balanced
voltage swell/unbalanced voltage swell harmonics
compensation are shown in Fig.9-Fig.13. The
parameters indices of distribution system such as
supply voltage of ‘a’ phase (vy,), compensating
voltage (v4.), load voltage of ‘a’ phase (v.), dc
bus voltage(vy), source terminal voltage(vst),
load terminal voltage(vy,) are shown in Fig.9-
Fig.13.

6.1 Experimental results of Admittance
Estimation Algorithm based DVR under
Balanced Voltage Sag /Unbalanced
Voltage Sag

The hardware results of DVR on Admittance
Estimation Algorithm during balanced voltage
sag and unbalanced voltage sag are depicted
in Fig.9 and Fig.10. A 30% of balanced voltage
sag is introduced in linear load condition. When
source voltage (vg,) of 216.9V, the proposed
Admittance Estimation Algorithm based DVR
injects compensating voltage (v,.) such that load
voltage (vi,) are highly balanced, sinusoidal and
maintains at voltage of 238.7V. The dc bus voltage
(V4e) of Admittance Estimation Algorithm based
DVR is maintained at 194.2V under balanced
voltage sag is shown in Fig.9. The source
terminal voltage (vy) and load terminal voltage
(vi) are maintained at 300.3V and 330.9V in the
real time hardware.

Under unbalanced voltage condition, A 20%
reduced voltage in ‘c’ phase is introduced

compared to ‘a’ and ‘b’ phases under linear load
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condition. The proposed Admittance Estimation
Algorithm based DVR injects compensating
voltage (vdvr) in such a way that load voltage
(via) are purely sinusoidal, highly balanced. It
was observed that from fig.10 that dc bus voltage
(V4.) 1s maintained at 195.24V in the real time
hardware.
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6.2 Experimental Results of Admittance
Estimation Algorithm based DVR under
Voltage Swell

The hardware results of DVR on Admittance
Estimation Algorithm during balanced voltage
swell and unbalanced voltage swell are depicted
in Fig.11 and Fig.12. A 30% of balanced voltage
swell is introduced in linear load condition. When
source voltage (vy) of 274.8V, the proposed
Admittance Estimation Algorithm based DVR
injects compensating voltage (vg,) such that
load voltage (v.,) are highly balanced, sinusoidal
and maintains at voltage of 240.1V. The dc bus
voltage (v4.) of Admittance Estimation Algorithm
based DVR 1is maintained at 202.1V under
balanced voltage sag is shown in Fig.11. The
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source terminal voltage (vst) and load terminal
voltage (vi,) are maintained at 382.2V and
334.6V in the real time hardware.

Under unbalanced voltage condition, A 20%
increase voltage in ‘c’ phase is introduced
compared to ‘a’and ‘b’ phases under linear load
condition. The proposed Admittance Estimation
Algorithm based DVR injects compensating
voltage (v4,) In such a way that load voltage
(vi.) are purely sinusoidal, highly balanced. It
was observed that from fig.12 that dc bus
voltage (v4) is maintained at 196.21V in the real
time hardware.

1000:1
1000:1

=
ACRMS - FS{ 1]
226.63V

20%unbalanced voltage sag

ACRMS - FS[2):

Vae

BCRMS-FS[E)
187.23V

Avg - FS(A)
195.24¥

Via Vv Vi
. f

243.53v |
Vae A AMS - F(2)
243.53v |
ACANG - Fﬂ ]
______248.4v
Rug - FS{3)
196 .24y

FIG.10 HARDWARE SIMULATION OF ADMITTANCE
ESTIMATION ALGORITHM BASED DVR FOR
20% UNBALANCED VOLTAGE SAG

6.3 Hardware Results of Admittance
Estimation Algorithm based DVR under
Harmonics Compensation

The hardware results of DVR on Admittance
Estimation ~ Algorithm  during  harmonics
compensation at non-linear load is depicted
in Fig.13. A highly non-linear load is connected
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at distribution load to demonstrate harmonics
compensation. The proposed admittance
estimation algorithm based DVR injects
compensating voltage(vy,,) in such a way that load
voltage (v,) are purely sinusoidal, harmonic
free and it maintains at voltage of 238.5V. It
was observed that from fig.13 that dc bus voltage
(v) is maintained at 198.91V in the real time
hardware. Fluke 43B power analyzer is used
to demonstrate %THD of source voltage and
load voltage. The source voltage of %THD of
8.9% and its fundamental voltage of 240.1V
whereas load voltage of %THD of 3.5% and
its fundamental voltage of 238.2V are shown in
Fig.14(a)- Fig.14(b).
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30% BALANCED VOLTAGE SWELL

7.0 CONCLUSION

The proposed paper improves PQ in distribution
system using Admittance Estimation Algorithm
based DVR. This proposed DVR is modeled,
designed and developed in RT-LAB and
MATLAB/SIMULINK, it consists of three-leg
VSC, admittance estimation algorithm, linear/
non- linear load, ripple filter, injecting transformer.
Performance of DVR primarily depends on
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control algorithms to extract reference  load
voltages for regulating terminal voltage and
dc bus voltage along with PQ improvement. For
extracting reference load voltages, some new
and modified control algorithms are used such
as SRF, IRPT, PBT, ISCT, Icos®, Adaline and
single phase pq theory. The admittance estimation
algorithm is more stable to mitigate PQ problems
compared above algorithms. This paper
proposes admittance estimation algorithm based
DVR shows satisfactory simulation and hardware
results under load fluctuations for various PQ
problems as per IEC and IEEE standard.

FIG.12 HARDWARE SIMULATION OF ADMITTANCE
ESTIMATION ALGORITHM BASED DVR FOR
20% UNBALANCED VOLTAGE SWELL
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FIG.14 (A)SOURCE VOLTAGE(VS) HARMONIC
SPECTRUM
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FIG.14 (B) LOAD VOLTAGE (VL) HARMONIC
SPECTRUM

FIG.13 HARDWARE SIMULATION OF ADMITTANCE
ESTIMATION ALGORITHM BASED DVR

UNDER HARMONIC MITIGATION

APPENDIX
The parameters of Admittance Estimation
algorithm based DVR are:

Source voltage: 415 V (L-L), 50 Hz Source
Impedance: Rs=0.02 Q, Ls=2.5 mH Distribution
loads: Single phase diode bridge rectifier with
R=20 Q and L=200mH Ripple filter: Rf =5 Q
and Cf =5uF DC bus capacitor Cdc =3000 puF
DC voltage PI controller: kdp=1.214, kdp=3.02
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PCC voltage PI controller: kqp=4.1, kqp=1.4 AC
inductor: 3.00 mH

[1]

REFERENCES
Bhim Singh, Ambrish Chandra and
Kamal Al- Haddad, @ Power Quality:

2]

[3]

[4]

[5]

[6]

(7]

Problems and Mitigation Techniques,
John Wiley and Sons,West Sussex, pp.
1-40, 2014.

Ewald F. Fuchs and Mohammad
A. S. Mausoum,Power Quality in Power
Systems and Electrical Machines, Elsevier
Academic Press, London, pp. 1-54, 2008.

Math H. J. Bollen, Understanding
Power Quality Problems: Voltage

Sags  and Interruptions, IEEE Press, New
York, 2001.
K.R. Padiyar, FACTS Controllers in

Power Transmission And Distribution,
Age International, pp. 467-494, 2008.

Arindam Ghosh and Gerard Ledwich,
Power Quality Enhancement Using Custom
Power Devices, Springer International
Edition, Delhi, pp.333-376, 2009.

P. M. Garcia-Vite, F. Mancilla-David and J.
M. Ramirez, Per-Sequence Vector-Switching
Matrix Converter Modules for Voltage
Regulation, IEEE Transactions on Industrial
Electronics, Vol. 60, No. 12, pp. 5411-5421,
Dec.2013.

A. M. Massoud, S. Ahmed, P. N. Enjeti and
B. W. Williams, Evaluation of a Multilevel
Cascaded-Type Dynamic Voltage Restorer
Employing Discontinuous Space  Vector
Modulation, IEEE Transactions on Industrial
Electronics, Vol. 57, No. 7, pp. 2398-2410,
July 2010.

[10]

[11]

[12]

The Journal of CPRI, Vol. 13, No. 2, June 2017

Peter Dahler and G Knap, Protection
of a Dynamic Voltage Restorer, US Patent
6633092, Oct.14, 2003.

A. M. Rauf and V. Khadkikar, An
Enhanced Voltage Sag Compensation
Scheme for Dynamic Voltage Restorer,

IEEE  Transactions on Industrial
Electronics, Vol. 62, No. 5, pp. 2683-
2692, May 2015.

Hongfa Ding, Shu Shuangyan, Duan

Xianzhong and Gao Jun, A Novel Dynamic
Voltage Restorer and its Unbalanced Control
Strategy Based on Space Vector PWM,
International Journal of Electrical Power and
Energy Systems, Vol.24, No.9, pp.693-
699,Nov 2002.

Sang-Joon Lee, Hyosung Kim, Seung-Ki
Sul, and F. Blaabjerg, A Novel Control
Algorithm For Static Series Compensators
by Use of PQR Instantaneous Power Theory,
IEEE Transactions on Power Electronics, Vol.
19, No.3, pp. 814- 827, May 2004.

Y. Han, L. Xu, M. M. Khan, C. Chen, G.Yao
and L. D. Zhou, Robust Deadbeat Control
Scheme for a Hybrid APF with Resetting Filter
and ADALINE-based Harmonic Estimation
Algorithm, IEEE Transactions on Industrial
Electronics, Vol. 58, No. 9, pp. 3893-3904,
Sept. 2011.

[13] Arindam Ghosh and Avinash Joshi, A New

[14]

Algorithm for the Generation of Reference
Voltages of a DVR wusing the method
of Instantanecous Symmetrical Components,
IEEE Power Engineering Review, Vol.22,
No.1, pp.63-65, Jan.2002.

B. Singh and J. Solanki, A Comparison of
Control Algorithms for DSTATCOM, IEEE
Transactions on Industrial Electronics,
Vol. 56, No. 7, pp. 2738-2745, 2009.



