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Abstract
This paper proposes a novel technique for the integration of Unified Power Quality
Conditioner (UPQC) in Distributed Generation (DG)-based Micro-Grid (μG) system
with Proportional Resonant (PR) controller has been presented here. The DG converters
and UPQC Active shunt Power Filter (APFsh) are placed at the Point of Common
Coupling (PCC) and a dc link is also integrated with the storage system. The series part
of the UPQC (APFse) is connected before the PCC and in series with the grid. During the
interconnected and islanded mode, DG converter with storage will supply the active
power and the shunt part of the UPQC will supply the reactive and harmonic powers
required by the load. DG converter will remain connected during the voltage
disturbances. An intelligent islanding detection and reconnection technique (IR) is
introduced in the UPQC and PR Controller is used as a secondary control. This
arrangement is termed as UPQCμG−IR. The simulation studies were conducted using
MATLAB/Simulink software. The advantage of this proposed UPQCμG−IR over the
normal UPQC in providing extra compensation during voltage interruption, voltage
sag/swell, harmonic and reactive power compensation during interconnected mode are
observed through simulation studies. Results obtained show the effectiveness of the
proposed controller under both Islanding mode as well as in grid-connected mode.
.
Keywords: Unified Power Quality Conditioner (UPQC), Micro-Grid, Distributed
Generation (DG), Islanding, Proportional Resonant Controller

1. Introduction
The issues pertaining to the successful integration of unified power qualit y
conditioner (UPQC) with PR controller in a distributed generation (DG)-based grid
connected micro generation (µG) system are primarily: 1) complexity for active
power transfer control 2) compensation of non-active power during the islanded
mode and 3) difficulty in the capacity enhancement in a modular way [1]. For a
seamless power transfer between the grid-connected operation and islanded mode,
various operational changes are involved, such as switching between the current
and voltage control mode, robustness against the islanding detection and
reconnection delays, and so on [2], [3]. Clearly, these further increase the control
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complexity of the µG systems. To extend the operational flexibility and to improve
the power quality in grid connected µG systems, a new placement and integration
technique of UPQC have been proposed in [4], which is termed as UPQC µG. In the
UPQC µG integrated distributed system, µG system (with storage) and shunt part of
the UPQC are placed at the Point of Common Coupling (PCC). The series part of
the UPQC is placed before the PCC and in series with the grid. The dc link is also
connected to the storage, if present. To maintain the operation in islanded mod e and
reconnection through the UPQC and fuzzy, communication process between the
UPQC µG and µG system is mentioned in [4].
In this paper, the control technique of the presented UPQC µG and Proportional
Resonant (PR) controller in [4] is enhanced by implementing an intelligent
islanding and novel reconnection technique with reduced number of switches that
will ensure seamless operation of the µG without interruption. Hence, it is termed
as UPQC µG-IR. The benefits offered by the proposed UPQC µG − IR over the
conventional UPQC are as follows.
1) It can compensate voltage interruption/sag/swell and non-active current in the
interconnected mode. Therefore, the DG converter can still be connected to the
system during these distorted conditions. Thus, it enhances the operational
flexibility of the DG converters/ µG system to a great extent, which is further
elaborated in later section.
2) Shunt part of the UPQC Active Power Filter (APFsh ) can maintain connection
during the islanded mode and also compensates the non-active Reactive and
Harmonic Power (QH) power of the load.
3) Both in the interconnected and islanded modes, the µG provides only the
active power to the load. Therefore, it can reduce the control complexity of the DG
converters.
4) Islanding detection and reconnection technique are introduced in the proposed
UPQC as a UPQC and µG is also provided in the secondary control. The DG
converters may not require to have islanding detection and reconnection features in
their control system.
5) The system can even work in the presence of a phase jump/difference (within
limit) between the grid and µG.
6) Thus, the UPQC µG− IR will have the total control of the islanding detection
and reconnection for a seamless operation of µG with a high-quality power service.
This paper has been organized as follows.
The working principle of the proposed system is described in Section II. Based
on the working principle, some of the design issues and rating selection have been
discussed in Section III. Section IV deals with the islanding detection and
reconnection techniques in detail. Section V deals with the design of PR controller.
Section VI shows the real-time performance study for the proposed control and
integration technique that has been verified using MATLAB/ SIMULINK.
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2. Working Principle of UPQC Connected Micro-Gird
The integration technique of the proposed UPQC µG− IR to a grid connected and
DG integrated µG system is shown in Fig. 1. Switches S2 and S3 are the breaker
switches that are used to island and reconnect the µG system to the grid as directed
by the secondary control of the UPQC µG− IR. The working principle during the
interconnected and islanded mode for this configuration is shown in Fig. 2 and 3.
The operation of UPQC µG − IR can be divided into two modes.

Fig. 1: Integration technique of the UPQC µG− IR
A. Interconnected Mode:
In this mode,
1) The DG source delivers only the fundamental active power to the grid, storage,
and to the load.
2) The APFsh compensates the reactive and harmonic (QH) power of the
nonlinear load to keep the Total Harmonic Distortion at the PCC within the IEEE
standard limit.
3) Voltage sag/swell/interruption can be compensated by the active power from
the grid/storage through the APF se. The DG converter does not sense any kind of
voltage disturbance at the PCC and hence remains connected in any condition.
4) If the voltage interruption/black out occurs, UPQC sends a signal within a
preset time to the DG converter to be islanded.

Fig. 2: Inter-connected Mode
B. Islanded Mode:
In this mode,
1) The APFse is disconnected during the grid failure and DG converter remains
connected to maintain the voltage at PCC;
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2) The APFsh still compensates the non-active power of the non-linear load to
provide or maintain undistorted current at PCC for other linear loads;
3) Therefore, DG converter (with storage) delivers only the active power and
hence does not need to be disconnected from the system;
4) Once the APFse is reconnected, the grid power is available.

Fig. 3: Islanded Mode

From Fig. 1-3, it is clear that the UPQC µG− IR requires two switches compared
with four, as required for UPQC µG in [4]. A detail of the switching mechanism is
discussed in the controller design section.
3. Design and Selection of Ratings
The system representation for fundamental frequency is shown in Fig. 4 and the voltage
and current relations are derived in (1) and (2). According to the working principle, the
APFse able to work during voltage interruption/sag/swell up to a certain level before it is
islanded. The APFsh always compensates QH power of the load.

Fig. 4: System representation for fundamental frequency
Therefore, design and rating selection for the APFse, APFsh, and series transformer
together with the sizing of dc link capacitor are very important.
VPCC   PCC  Vs  s  Vsag  sag

(1)

Iload  load  I s  s  I dg  PCC  I sh  sh

(2)

Under any condition assume that VPCC=Vdg =Vload and pcc =0.The phasor diagrams of
the proposed system in different conditions are shown in Fig. 5.
A. Shunt Part of UPQCμG−IR (APFsh)
For any condition, APFsh compensates the non-fundamental current of the load by
injecting Ish in quadrature to VPCC. When voltage sag appears in the supply side, APFse
compensates the sag by injecting the required voltage to maintain the constant voltage
and zero phase at PCC. To complete the task, APFsh draws additional current from the
source, to supply power to the APFse. The increased source current Is still remains in
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phase to the Vpcc. But this changes the magnitude and phase angle of the compensating
current, Ish as an additional active component of current (x) is added to the shunt
compensator current now, as shown in Fig. 5(e).

Fig. 5: Phasor diagram of UPQC μG-IR when (a) no DG and θs = θpcc; (b) with DG
and θs = θpcc,
(c) no DG and θs ≠ θpcc; (d) with DG and θs ≠ θpcc, (e) in-phase voltage compensation
mode.
In this case

 

I s  I PCC  I sh sin sh
I 'sh



(3)

I sh
'
cos sh

(4)

This ultimately increases the current at PCC and thus creates a VA loading impact on the
APFsh.
B. Series Part of U P QCμG−IR (APFse)
The APFse always appears in series with the grid. In the proposed integration technique
when no energy is available from the DG unit and shunt the APF compensates the
reactive and harmonic part of the load current, the active fundamental part of
the load current (Iloadf) flows through the APFse. Therefore, the APFse must have at
least the same current rating as the active load fundamental requirement.
I APFse , min  I loadfp

(5)

From Fig. 5(c) and (d), the general equation for voltage sag compensation by the APFse
can be written as
2
(6)
V sag  V s2  V PCC
 2V sV PCC cos  s   PCC 
The voltage rating of the APFse should be equal to the highest value of the injected sag
voltage, thus

Volume 9, Issue 12, 2019

183

https://pramanaresearch.org/

Pramana Research Journal

ISSN NO: 2249-2976

V APF , rated  Vsag , max  k.Vload , rated

(7)

Assume ‘k’ is the fraction of Vs that appears as a voltage sag.
Therefore, the VA rating of the APFse, can be calculated as
(8)

S APFse , rated  I APFse , ratedVAPDse , rated  k.Ploadf , rated

From Fig. 5, the active power transfer through the APFse can be calculated for the case
when Idg=0
 kVs

(9)
P
P
cos(   
)
APFse

loadf


Vload

s

PCC




Under stable and in-phase operating conditions, assume that
PAPFse 

s  PCC  0

then

kPloadf VS

(10)

Vload

Therefore, during voltage sag compensation, the source current that is transferred
through the series transformer of the APFse, as
shown in Fig. 5(e), can be calculated as
I 's 

Ploadf

1  k Vs



1

1  k 

(11)

I loadfp

Fig 6: Variation of source current, load Current with ‘k’ for voltage sag compensation.
Thus, the size and VA rating of the series transformer depends on the' amount of
sag to be compensated. Fig. 6 shows how the source current increases with the value of ‘
k’. Based on Eq. (6)–(11), and for a given value of k, there can be of multiple solutions
for Vsag, Is ,and PAPFse. Control strategies are based on the minimization of the energy
exchange during compensation or by reducing the voltage rating.
The voltage rating of the APFse is an important design parameter, as it determines some
other characteristics, such as the compensating range, the need to include (and size of)
energy storage devices, and the overall size of the series transformer. In addition, losses
tend to increase if the voltage rating of the APFse is increased.
Therefore, the voltage injection capability should be chosen as low as necessary to
reduce equipment cost and standby losses.
C. DC Link Capacitor
According to the working principle, the APFse should be able to work during a high sag/
swell condition and even in the case of interruption (depending on the interruption time)
before it goes to the islanded mode. At this stage, the dc link capacitor should be able: 1)
to maintain the dc voltage with minimal ripple in the steady state; 2) to serve as an
energy storage element to supply the non-active power of the load as a compensation;
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and 3) to supply the active power difference between the load and source during the
sag/swell or interruption period. For a specific system, it is better to consider the higher
value of Cdc so that it can handle all of the above conditions.
It also helps to get a better transient response and lower the steady-state ripples.
According to the calculation in[12],
Cdc 

2 Sload . n. T

(12)

2
4. c .Vdc

Where Sload is the total VA rating of the load, ‘n’ is the number of cycles to perform the
task, T is the time period, and c is the percentage of Vdc.
4. Design of Controller
The block diagram of the proposed UPQC μG−IR controller is shown in Fig. 7. It has the
same basic functionality as the UPQC controller except for the additional islanding
detection and reconnection capabilities. A communication channel (signals transfer)
between the proposed UPQC μG−IR and the μG is also required for the smooth
operation. These signals generation are based on the sag/swell/interrupt/supply failure
conditions. This task is performed in Level 2 (secondary control) of the hierarchical
control [13].
Level 1 deals with the primary control of the UPQC to perform their basic functions in
the interconnected and the islanded mode [14]. Fig.7(a) shows the block diagram of the
UPQCμG−IR.
Controller and Fig.7(b) shows the control algorithm

Fig 7: (a) Block diagram of UPQC µG-IR controller (b) Control algorithm
The overall integration technique and control strategy are to improve the power quality
during interconnected and islanded modes. This involves detecting islanding and
reconnection that ensures the DG converter remains connected and supply active power
to the load. This reduces the control complexity of the converter as well as the power
failure possibility in the islanded mode. The five main elements of the proposed
UPQCμG−IR controller are: 1) positive sequence detection; 2) series part (APFse)
control; 3) shunt part (APFsh) control; 4) intelligent islanding detection (IsD) and 5)
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synchronization and reconnection (SynRec). As the IsD and SynRec features are new in
UPQC, therefore, these have been described in details:
A. Intelligent Islanding Detection
Considering the future trends toward the smart-grid and μG operation in connection with
the distribution grid, the capability of: 1) maintaining connection during grid fault
condition; 2) automatically detecting the islanded condition; and 3) reconnecting after
the grid fault are the most important features of the μG system. In that case, the
placement of APFse in the proposed integration method of the system plays an important
role by extending the operational flexibility of the DG converter in the μG system. In
addition to the islanding detection, changing the control strategy from current to voltage
control may result in serious voltage deviations and it becomes severe when the islanding
detection is delayed in the case of hierarchical control [15].
Therefore, seamless voltage transfer control between the grid connected and isolated
controlled modes is very important [16]–[17]. Both indirect and direct current control
techniques are proposed in [2] and [15]–[19] to mitigate the voltage transients in
transition mode, but these then increase the control complexity of the μG converters.

Fig. 8: Algorithm for IsD method in UPQCμG−IR
Fig. 8 shows a simple algorithm (with example) that has been used to detect the islanding
condition to operate the UPQC in islanded mode. The voltage at PCC is taken as the
reference and it is always in phase with the source and the DG converters, the difference
between the Vpcc-ref (pu) and Vs (pu) is Verror. This error is then compared with the
preset values (0.1–0.9) and a waiting period (user defined n cycles) is used to determine
the sag/interrupt/islanding condition. In this example: 1) if Verror is less than or equal to
0.6, then 60% sag will be compensated for up to 50 cycles; 2) if Verror is in between 0.6
and 0.9, then compensation will be for 30 cycles; and 3) otherwise ifVerror≥0.9) it will
be interrupt/black out for islanding after 1 cycle.
B. Synchronization and Reconnection
Once the grid system is restored, the μG may be reconnected to the main grid and return
to its pre-disturbance condition. A smooth reconnection can be achieved when the
difference between the voltage magnitude, phase, and frequency of the two buses are
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minimized or close to zero. The seamless reconnection also depends on the accuracy and
performance of the synchronization methods.
In case of UPQCμG−IR, reconnection is performed by the APFse. In addition, due to the
control of sag/swell by the APFse, this UPQCμG−IR has the advantage of reconnection
even in case of phase jump/difference (up to a certain limit) between the voltage of the
utility and at the PCC. This obviously increases the operational flexibility of the μG
system with high-power quality. The phase difference limit depends on the rating of the
APFse and the level of Vsag-max required for compensation. This limit can be calculated
using (1) and Fig. 2. Assuming that the possible Vsag-max =Vs = VPCC, the θsag-max can
be found as
1
(13)
 sag  max  cos  s   PCC 1   60 0
2

(a)

(b)
Fig. 9: (a) Position of Vs and Vpcc for different phase differences to measure the Vsag
and Vsag-ref .
(b) Reconnection method
The relation for the phase difference and magnitude between Vs, Vpcc, and Vsag are
also shown in Fig. 9(a). It also shows the zero-crossing point of the Vsag-ref depending
upon the phase. This zero-crossing detection also indicates the point at which the
instantaneous voltage difference between the utility and the PCC becomes zero.
Detection of this zero-crossing point and activation of the switches S2 and S3, as shown
in Fig. 1, at the same time are the key control of this reconnection method for a seamless
transfer from the off-grid to the on-grid condition as well as changing the controller of
the DG inverter from voltage to current control mode.
The reconnection method is shown in Fig. 9(b). Conditions for reconnection are set as: 1)
assuming the phase difference between the utility grid and DG unit should be within
θsag-max; 2) instantaneous value of the two bus voltages becomes equal; and 3) these
should occur at the zero-crossing condition.
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5. Proportional Resonant Controller
The current controller can have a significant effect on the quality of the current supplied
to the grid by the PV inverter, and therefore it is important that the controller provides a
high quality sinusoidal output with minimal distortion to avoid creating harmonics A
single phase feedback current loop is used to regulate the grid current. A proportional
resonant control strategy is used as compensator to track a sinusoidal current reference
frame. The basic current control strategy with PR controller shown in Fig. 10.

Fig. 10: Basic current control strategy with PR controller
In order to reduce the harmonics generated during load fluctuations within short time
interval an additional PR harmonic compensator along with PR controller. The basic PR
current control strategy with additional harmonic compensation block is shown in Fig.11

Fig. 11: Basic current control strategy with additional harmonic compensator with PR
controller
Resonant Controllers are based on the Internal Model Principle (IMP) [16], which states
that a very good tracking for a reference or a rejection for disturbances signals is ensured
if the closed-loop system is stable. Its main characteristic is to introduce infinite gain at
certain resonant frequency that should equal to the periodic reference signal frequency.
The transfer function of this controller with sinusoidal internal model is The PR current
controller GPR(s) is represented by:

Gr ( s) 

r2

(14)

s 2r2

According to IMP, if the closed-loop stability is guaranteed, then the resonant controller
defined in (1) ensures zero steady state error for sinusoidal tracking (disturbance
rejection) at frequenc r .This PR controller described by is considered an ideal controller
and as shown from Bode diagram that it has a theoretically infinite gain at the frequency
r which enables it to ensure zero steady-state error at this frequency only and
introduces no gain or phase shift at other frequencies. This infinite gain of the ideal
controller may lead to difficulty in the implementation with either analogue or digital
system .Furthermore in this ideal controller it is not possible to select proper gain and
width for the controller which reduces the controller design flexibility and may lead to
stability problems. So instead of using this ideal controller described above, it is better to
use the non-ideal form of the controller which has a finite gain that is still relatively high
for good tracking performance to ensure zero steady state error.
The Bode plot of non-ideal PR control

Volume 9, Issue 12, 2019

188

https://pramanaresearch.org/

Pramana Research Journal

ISSN NO: 2249-2976

G PR ( s )  k p 

2ki c s

s 2 2c s r2

(15)

Results and Discussion
An A 3-phase, 3-wire active distribution network (230 VL −N) with the proposed
UPQC µG-IR and µG, as shown inFig.1, has been developed in the MATLAB.

Fig. 12: Normal Voltage sag/swell interrupt islanding

Fig. 13: Normal current sag/swell interrupt islanding

Fig 14: Performance of APFse in forward-reverse flow condition with compensating
voltage sag (80%)
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Fig. 15: Dynamic change of Source Current (is)

Fig. 16:Is increasing by I dg reverse-forward flow

Fig. 17: Is decreasing by idg forward-reverse flow
Total Harmonic Distortion THD (current) values obtained using various control
techniques with conventional PI controller and PR controller are depicted in the table 1.
Control
With
With PR
Technique
Conventional Controller (%)
PI Controller
(%)
Iload
30.31
30.16
Idg
0.04
0.03
IPCC
0.42
0.40
Table 1: Comparison of THD
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Conclusions
This paper proposes a power control and integration technique for a Micro-Grid with
UPQC using PR controller UPQC μG−IR. The performance in compensating voltage at
the Point of Common Coupling during the interconnected and Islanded modes has been
obtained using MATLAB/ Simulink simulations. The results show that the UPQC
μG−IR can compensate the voltage and current disturbance at the PCC during the
interconnected mode. Performance is also observed in bidirectional power flow
condition. In islanded mode, the DG converters just supply the dynamic power. Hence,
the DG converters don't should be separated or change their control methodology to keep
the μG working in whenever with any condition. Islanding recognition and consistent
reconnection strategy by the UPQC μG−IR and the dynamic change with bidirectional
power stream are approved continuously for a DG incorporated μG System without
settling on control quality. integrated μG system without compromising on power
quality. Simulation results show the superior performance in bidirectional power flow
condition using PR controller compared to conventional PI controller.
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