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Abstract

In this paper, an optimal controller-based islanding detection scheme is pro-
posed for an inverter-based distributed generation system (DGS). Islanding is
both harmful and unsafe but unavoidable state in a DGS. Therefore, islanding
state is required to be detected quickly and accurately. A reactive power
control strategy for islanding is presented in this work. It is reported that
the active and reactive power mismatches in a DGS forces its voltage or
frequency to deviate. That deviation is recorded continuously in this scheme
and islanding state is reported when the deviation touches the thresholds.
To help in this tracking process, a modified H8-based optimal controller
whose parameters are tuned with LMI is proposed. It can offer both feedback
and feed-forward control actions. The proposed DGS is modelled using
MATLAB/SIMULINK and tested taking several case studies. It is found that,
islanding condition is rapidly detected compared to that of the uncontrolled
scheme yielding an optimal solution. Further, it is an inexpensive, robust,
compact in structure and very easy to implement too.
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1 Introduction

Recently, DGSs are becoming integral part in the electrical distribution net-
work. But inclusion of DGS make the existing power grid more complicated
as they have great impact on the system stability. Therefore, DGS connected
to grid utility have to ensure reliability, good power quality and safety [1].
Also, it is also seen that DGSs suffer from planned or unplanned islanding
situations [2]. This islanding conditions in grid-tied DGSs are unavoidable
but quite hazardous. Hence, it is necessary to be tracked and addressed in
time [3].

This condition detection is quite an important topic of research. Several
islanding detection techniques are available in literature [4, 5]. This condition
can be estimated using two basic approaches passive and active methods.
Passive methods are used to look after the transient actions occurred in the
grid whereas active methods deal with the situation by guiding some sort
of indications from the various components of the system like inverter or
distribution point [4]. Passive techniques are based on the monitoring of
the parameters like voltage and frequency at the Point of common coupling
(PCC) but the active techniques are based on the observation of the responses
of the inverter externally. Active techniques have a faster response and
a smaller non-detection-zone (NDZ) compared to passive approaches [5].
Again, these islanding evaluation techniques are found to be using analytical
and simulation-based processes [6].

An analytical process that predicts the future outcomes of a power system
network by analysing its past performance data of the challenging network
components for stability is presented in [7]. Here, transient network stability
routine of the system is predicted and correlated with that of the predefined
threshold limits. If the quantity and positions of these new components
crosses the specified limit, islanding state is recorded. This prediction is quite
difficult and erroneous.

Another method is available in which tripping of local switching devices
are monitored [8]. Using this method islanding can both be detected and
eliminated. However, tripping of switching devices has certain negative
impacts on the dynamic performance of the power system. So, there is a
need of an inadvertent islanding detection technique that does not have an
undesirable impact on interconnected system performance [9]. The technique
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in [9] is a similar one that is an active technique. Here, the parameter for
detection of islanding is variation in negative sequence of DG output voltage.
The negative sequence of DG voltage resulted from the injection of the
negative sequence current. The injection is done through the VSC controller.
By doing this, the islanding at PCC using a device called unified three-
phase signal processor (UTSP) [10]. The major limitation of this technique
is that it can’t differentiate between a large load change and an islanding
condition [11].

An improved technique that is the combination of positive feedback,
voltage unbalance and THD was explained in [11]. But it is an active method
and has negative impacts on the inverter performance. Paper [12] proposed a
hybrid detection technique which is combination of both active and passive
techniques. In this work, an adaptive reactive power shift anti-islanding
algorithm is proposed. Further, paper [13] presented a method that is based
on the variation in the intermittent bilateral reactive power. In this the inverter
output with intermittent bilateral reactive power helps to detect the islanded
condition. In both the above techniques, step-size of reactive power variation
are fixed.

An adaptive islanding detection algorithm where variable perturbation-
size of reactive power for DG system is considered in [14]. In this scheme,
PCC frequency is recorded at each transient period. Then corresponding
deviation in reactive power is calculated. It is seen that PCC frequency
surpasses its set threshold value in islanding state. The deviation in the value
of reactive power at PCC is usually depends on the resonance frequency of
connected load. However, the design of this scheme is such that this deviation
is minimum in islanding state. Therefore, this signal is intermittent in nature
and false detection of islanding may occur due to zero-crossing of reactive
power [15].

Another technique is present in literature that is based on monitoring the
Q-f droop characteristic of DGS interface [15]. The Q-f droop is maintained
in stable region in normal operation and goes out of its stable region in
islanded condition. Therefore, islanding is detected observing the Q-f droop
characteristic. This technique is found to be very sluggish due to absence of
any controller.

An active islanding detection method for an inverter-based DGS is pre-
sented in [16]. Here, two control methods are analysed. In one of the methods,
the DG provides only active power for power factor improvement. Same
power factor improvement is done using both active and reactive powers
in the other method. However, NDZ in case of the over voltage protection
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(OFP), under voltage protection (UVP), over frequency protection (OFP) and
under frequency protection (UFP) are determined using each of these control
methods. Further analysing of the DGS interface control mechanism, it seen
that the NDZ of the OVP/UVP and OFP/UFP is recorded more during power
factor improvement process. For the reduction of the NDZ, mismatches are
intentionally created between the reactive powers of the load and the DGS.
Hence, the frequency is forced to deviate from the threshold limits and
islanding state is detected.

Another work has used a basic two-degrees-of-freedom (2DOF) based
control scheme for islanding evaluation [17]. Here, data of the Averaged
Interruption Frequency (AIF) and the Average Interruption Duration (AID)
are recorded for one-year and a customer-oriented index is evaluated. This
concept is found to be very effective [17]. One of the major shortcomings of
this scheme is that stability analysis can’t be done using these basic islanding
indices. For further improvement in the tracking process and operating range,
implementation of Least Mean Square (LMI) based tools are proven to be
very useful even for large and complex power systems [18]. Further, custom-
oriented indices are applied here. However, they may not work efficiently in
systems with complex nonlinear dynamics [19].

Again, the LMI based 2DOF type islanding assessment methods are
classified into an sequential methods [20]. The randomness of renewable
generations is covered by non-sequential methods whereas the data of past
performance to predict the future islanding condition is feature of the sequen-
tial approach. The sequential methods are more flexible compared to that of
the non-sequential as the former schemes able to take account variation in the
PCC points.

A LMI based Simulation method is seen to be very useful in complex
non-linear systems and can provide sufficient information about islanding
evaluation in the presence of the disturbing periods like fault at each load
point [21]. This method is found to be fast with very less computational time.

Islanding assessment of a hybrid DGs based microgrid system under grid-
tied and islanded modes is offered in [22]. The hybrid network consists of the
following sources based on DGSs like solar, wind, microturbine and diesel
engine. This work has also used an LMI simulation algorithm. This study
displays that the penetration of different DGs such that the stability indices
of the distribution network are improved. However, there is a need to develop
an islanding detection technique which can detect islanding condition rapidly
and effectively in multiple DG interface. Therefore, a modification of exiting
LMI algorithm is necessary.
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From all the above discussion, it is clear that reactive power deviation
generally has negative impact on the power system equipment. This reactive
power deviation can be used as a factor to detect islanding condition. Again,
using a properly tuned controller makes the detection process faster and
more accurate. Therefore, this paper exploits these properties to design a new
islanding detection scheme in a studied DGS.

The contribution of this paper is as follows. It proposed a new reactive
power control-based detection scheme. It also comprises of a modified H8-
based controller whose parameters are tuned using LMI algorithm. Here, the
reactive power of the DGS is controlled in such a manner that it will force
the voltage or frequency to deviate from the thresholds and islanding state is
recorded.

2 Modelling of a Grid Connected DGS

The layout of a simple grid integrated power network is shown in Figure 1. It
consists of DG, inverter, load, transformer, circuit breaker (CB) and the utility
grid. The node at which load, DG and grid are interconnected is known PCC.

The layout of a microgrid operating in the islanding condition is shown
in Figure 2(a). Here, the parameters of a step-up transformer are combined
to the series filter and further connected to a medium-voltage (MV) based
transmission line. Also, the load is an unidentified but measurable one. Loads
of a power network are always indeterminate and topologically indefinite.

However, it is presumed that the current of the load is measurable and is
considered as a disturbance signal. This signal has a great influence on the
system performance. This situation is transformed into a non-convex opti-
mization problem. Therefore, it is required to formulate a control technique
to find a solution to this optimization problem.

The system under study consists of an inverter-based DG, a three-phase
parallel RLC load, filter to eliminate harmonics and the distribution network
as shown in Figure 2(b). The grid, the DG and the RLC load are connected at
a point, called as point of Common Coupling (PCC). The DG is placed near
the local load so the transmission line which connects them is short hence the

DG source TransformerInverter

Load

Utility 
Grid     CB

 
Figure 1 An overview of islanding mode in a grid-connected DG system [23].
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(a)

(b)
Figure 2 (a) The layout of a microgrid system [24] and (b) block diagram of the system for
islanding detection [25].

line loss is neglected. The dynamics of the DGS mathematically represented
as follows.

Vinv,abc = L
diinv,abc
dt

+Riinv,abc + Vabc (1)

iinv,abc = Cf
dvabc
dt

+ iL,abc (2)

Where, Vabc, Vinv,abc, iLabc and iinv,abc are the three-phase variables
vectors containing the usual meanings. Based on the instantaneous power
theory and the Park transformation, the DG’s instantaneous active and reac-
tive power output can be expressed in terms of the d–q axis components as
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follows.

PDG =
3

2
Vdid (3)

QDG =
3

2
Vdiq (4)

Where, Vd and Vq are d and q voltage components at PCC respectively.
Similarly, id and iq are d and q current components at PCC respectively.

The active and reactive power consumed by the RLC load while the DG
and the utility grid are connected to each other can be defined as follows.

PL = PDG + PG = 3
(VPCC)2

R
(5)

QL = QDG +QG = 3V 2
PCC

(
1

2πfL
− 2πfC

)
(6)

Where, VPCC and f are the phase voltage at PCC and its frequency
respectively.

The relation between the active and reactive power also can be re-
established from the Equations (4) and (5) as follows.

QL = PLR

(
1

2πfL
− 2πfC

)
(7)

Voltage and current of Equations (1) and (2) are transformed from abc-
frame to the dq-frame.

dVdq
dt

+ jω0Vdq =
1

Cf
iinv,dq −

1

Cf
iL,dq (8)

diinv,dq
dt

+ jω0iinv,dq = − 1

L
Vdq −

R

L
iinv,dq +

1

L
Vinv,dq (9)

Now taking iL,dq as a disturbing-noise signal, Equations (8) and (9) be
rewritten in standard form as follows.

ẋ = Ax+Bu+Bdd (10)

Yg = Cx (11)

where, x =
[
Vd Vq iinv,d iinv,q

]T
, u =

[
Vinv,d Vinv,q

]T
, d =[

iLd iLq
]T

and yg =
[
Vd Vq

]T
respectively. Now, A, B, Bd and C
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are identified as follows.

A =


0 ω0

1
Ct

0

−ω0 0 0 1
Ct

− 1
Lt

0 −Rt
Lt

ω0

0 − 1
Lt

ω0 −Rt
Lt

 (12)

B =

[
0 0 1

Lt
0

0 0 0 1
Lt

]T
(13)

Bd =

[
− 1

Ct
0 0 0

0 − 1
Ct

0 0

]T
(14)

C =

[
1 0 0 0
0 1 0 0

]
(15)

Again, in transfer functions of studied DGS dynamics are given as
follows.

G(s) = C[sI −A]−1B (16)

Gd(s) = C[sI −A]−1Bd (17)

Where, G(s) and Gd(s) are plant and disturbance transfer functions
respectively.

3 Problem Formulation in Grid Connected DGS

3.1 Islanding Detection Problem

During islanding mode, circuit breaker becomes open making grid to cut-
off from load even though the DG is still inserting power to the local load.
This type of situation occurs when the grid suffers some kind of erratic,
interruption due to the occurrence of certain abnormalities like a failure of
apparatus, voltage blackout, short circuit conditions.

The mismatch between the active powers during islanding can be defined
as follows.

∆P = PL − PDG (18)

This equation can be rewritten as follows.

∆P = PDG

(
1

(1 + ∆V )2
− 1

)
(19)
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Due to this mismatch in the active powers, there is variation in the PCC
voltage (∆V) expressed as below.

∆V =
V ∗PCC − VPCC

VPCC
(20)

Where, VPCC and V∗PCC are the phase voltages at PCC before islanding
and after islanding.

If there are no active power mismatches and the DGS is operating at unity
power factor then mismatch between the reactive powers during islanding can
be defined as follows.

∆Q = QL −QDG (21)

The mismatch in reactive power during islanding can be expressed in
terms of frequency as follows.

∆Q =
3(VPCC)2

2πfL

(
1− f2

(f + ∆f)2

)
(22)

Where, ∆f is the change in frequency before and after islanding.

∆f = f∗ − f (23)

Where, f and f∗ are the phase frequencies at PCC before islanding and
after islanding. It is known that ∆f depends on both the active and reactive
power when islanding occurs. Islanding can also be detected by tracking
upper limit and lower limit of ∆f by Over Frequency Protection (OFP)
and Under Frequency Protection (UFP) techniques. It should be noted that
thresholds value of voltage ranges from 0.88 to 1.1 pu and the frequency
ranges from 49.3 to 50.5 HZ according to the IEEE Std. 929-2000 and IEEE
Std. 1547-2003 respectively.

3.2 Formulation of Optimal Control Problem for Islanding
Detection

The control structure of the proposed DGS can be represented by a 2DOF
feedback-feed forward control system as shown in Figure 3.

Refering Figure 3, disturb-signal transfer function (T dyg) is given as
follows.

Tdyg = (1 +GK)−1(Gd +GK) (24)

To diminish effect of the disturbing-signal, a feed-forward controller with
gain (F = −G−1 Gd) is chosen. But, the major issue with this controller
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Figure 3 Block diagram of a control structure for the proposed DGS.

design is calculation of inverse of gain G as it is a strictly-proper transfer
function and gain Gd comprises of highly-uncertainty. Hence, instead of
nullifying effect of the disturbing-signal; the control problem is modified to
reduce the effect of the disturbing-signal. To achieve this function, the cost
function of the control problem is formulated as follows.

min

(
SUP
d=L2

‖yG‖L2

‖d‖L2

)
= min ‖Tdyg‖∞

= min ‖(1 +GK)−1(Gd +GK)‖∞ (25)

Where, ωd and L2 are weighing-function and disturbing-gain respectively.
The inequality constraint-function for this control problem is as follows.∥∥∥∥ω1 S

ω2 Tru

∥∥∥∥
∞
≤ 1 (26)

where,
S(s) = [1 +G(s)K(s)]−1 (27)

and
Tru(s) = K(s)[1 +G(s)K(s)]−1 (28)

where, ω1, ω2, S and Tru are the two required weighing-control-functions
and the two-necessary sensitivity-control-functions respectively. Applying all
these weighing and sensitivity functions in the controller-design problem, it
is restructured as follows.

min
F (s),K(s)

‖ωd(1 +GK)−1(Gd +GF )‖∞ (29)

This control problem is capable of diminishing the effect of uncer-
tain disturbing-signal satisfying the defined inequality constraint conditions.
However, this control problem is very complex to solve as the controller
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consists of two separate controllers such as a feedback controller and a feed-
forward controller. Therefore, a new controller technique is proposed in this
paper.

4 Proposed Techniques

4.1 Proposed Islanding Detection Algorithm

When islanding occurs, the ∆P results in the occurrence of ∆V. Then,
OVP/UVP can be utilised for the detection of islanding. Again, ∆f depends
on both ∆P and ∆Q. Therefore, OFP/UFP can also be utilised for the
islanding detection. However, the major limitation of the above techniques
is that islanding is not detected if ∆P and ∆Q are smaller than the respective
limits. Also, it may suffer from large NDZ as there is no significant changes
in the PCC voltage and frequency.

The proposed islanding detection technique is formulated based on the
reactive power control. It has the ability to detect islanding effectively and do
not suffer from NDZ (Figure 4).

Here, the value of load resistance (R) is varied to create ∆P (Figure 2).
Whereas, the value of load inductance (L) is varied to create ∆Q (Figure 2).
If the voltage or frequency at PCC deviates from the thresholds then islanding
condition detected.

Further, the proposed islanding detection algorithm has the following
features. (a) To create reactive power mismatches for elimination of NDZ
and to force the frequency to deviate from the threshold value, (b) It should
consistently vary the frequency caused by mismatches between both the
active and reactive power mismatches so that islanding can be detected
rapidly. The proposed islanding detection algorithm is derived in Figure 5.

Figure 4 Interface Controller of the proposed DGS [4].
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Start

Measurement of instantaneous
 Vpcc and Qload

0.88Vn ≤ Vpcc ≤ 1.1Vn

Vpcc ≥ Vn

Qref = -(k1+(Vpcc-Vn/Vn)*k2)(f-a) + Qload Qref = -(k1+(Vn-Vpcc/Vn)*k2)(f-b) + Qload

Measurement of instantaneous fpcc

49.3Hz ≤ f ≤ 50.5Hz

Islanding detected

End

Yes

No

No

    Yes

Yes

Figure 5 Flowchart of the islanding detection method.

According to the islanding detection algorithm, first it has to measure the
voltage at PCC and reactive power of the load. If the PCC voltage is not
within the range of threshold value then it will detect islanding. And if the
voltage is within the range then it will check either the PCC voltage is greater
than the nominal voltage or not. As the algorithm is based on reactive power
control strategy if the PCC voltage is monitored above the rated value than
the reference reactive power used by the DG can be expressed as follows.

Qref = −
(
k1 +

VPCC − VN
VN

× k2
)

(f − a) +QL (30)

And if the PCC voltage is monitored below the rated value than the
reference reactive power used by the DG can be expressed as follows.

Qref = −
(
k1 +

VPCC − VN
VN

× k2
)

(f − b) +QL (31)
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Where, a and b are constants whose values to be set below the lower
frequency threshold and above the upper frequency threshold respectively.
Here, the value of Qref of the studied DGS depends on the voltage and
thereby frequency at the PCC. In this proposed islanding detection algorithm
formulation, either the frequency or the PCC voltage are monitored using
OFP/UFP and OVP/UVP respectively. The proposed algorithm is able to
detect islanding rapidly and with zero NDZ property.

4.2 Proposed Optimal Control Technique for Islanding Detection

Further, a controller is necessary to help in the process of islanding detection
and activation. The proposed modified H8-based islanding detection control
technique is shown in Figure 6(a). It is a 2-Degree of Freedom (DOF) Feed-
back and Feedforward Controller whose parameters have been optimized
using LMI optimization method. The job of the optimization method is to
solve the optimization problem given by Equation (29) such as the optimal
set of control parameters of the given controller is obtained. Here, z1 and z2

(a) 

 
(b) 

Figure 6 (a) Block diagram of the proposed controller and (b) The proposed modified H8

controller set up.
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Figure 7 Block diagram of the studied DGS with the proposed optimal controller.

are the control-signals meant for the desired loop-shaping whereas zm is the
signal to reduce effect of disturbing-signal, d.

Here,

Z1 = W1(r −Gu1 −Gu2 −Gdd) (32)

Z2 = W2(u1 + u2) (33)

Z3 = Wd(Gu1 +Gu2 +Gdd) (34)

In this controller design, the weighing variable, ω is defined as ω =[
r d

]T
. Similarly, the loop-shaping control variable is designed as z =[

z1 z2 z3
]T

. Then, the control-gain between reference signal (r) and z
is Trz1,2. In that way, the control-gain between effective disturbing-signal (d-
zm) is Tdzm. These two control-gains are constructed as follows.

Trz12 =

[
ω1s
ω2ks

]
(35)

Tdzm = Wd(1 +GK)−1(Gd +GF ) (36)

The proposed feedback and feedforward controllers are augmented as
follows.

Kc(s) = [K(s)F (s)] (37)

The linear fractional representation of the plant, controller with optimiza-
tion algorithm block is shown in Figure 6(b).

In Figure 6, P, y1, y2, u1, and u2 are a representation of the overall
plant of the studied system, input to the feedback controller, input to the
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Table 1 Parameters for the studied System

DGS Components Parameter Value

Grid Voltage (V) 400

Frequency (Hz) 50

Grid Resistance (Ω) 0.1

Grid Inductance (mH) 1.6

DG Inverter Control Kp1/Ki1 0.025/2

Kp2/Ki2 1.5/0.01

KC [100 0.5]

Pref (KW) 200

Load R (Ω) 0.8

L (mH) 2

C (µF) 3000

feedforward controller, outputs of the feedback controller and outputs of
the feed-forward controllers respectively. In this controller design, proper
tuning of the weighting functions is necessary so that sensitivity function
S and hence K(s) would be properly tuned. This tuning is first done by only
the LMI optimization technique and then by optimized modified H8 control
technique.

5 Results and Discussion

5.1 For Islanding Detection Algorithm

Some cases are considered and simulated in MATLAB/SIMULINK to check
the performance of the studied DGS as shown in Figure 7.

The parameters for the main model are considered as described in the
Table 1. In this technique, Qref for the studied DGS is generated referring
Equations (30–31) by measuring the PCC voltage and its frequency. The
reference active power for the DGS is set to 200KW and several cases are
studied by creating mismatches in the active power by varying the load of
load resistances widely.

The voltage signal is retrieved at the PCC when islanding occurs. The
islanding is initiated at t = 0.3 sec at shown in the Figure 8. This voltage can
be used to detect islanding by UVP/OVP methods. To know the effect of the
different parameter settings on the proposed strategy five sets of value for k1,
k2, a and b are considered and simulated as shown in Table 2.
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Figure 8 Three phase voltage signals under islanding condition at the PCC.

Table 2 Different predefined test-cases of islanding detection parameters for testing pro-
posed detection algorithm

Predefined Test-Cases

Parameters 1 2 3 4 5

k1 1000 1000 800 1000 1000

k2 0 0 0 0 10000

a 49 49 49.4 49 49.4

b 50.8 51 50.8 50.8 50.8

∆P (KW) 0.55 0.55 0.55 0.5 0.5

Overshoot in f Present Present Present Not present Not present

Detection time (secs) 0.035 0.01 0.04 0.01 < 0.01

(a) For Test-Case-1
The considered values of k1, k2, a and b are as shown in Table 2. Further, the
active power mismatch ∆P is set to 0.55 KW by adjusting the load resistance.
From Figure 9(b), it is observed that the islanding is detected at about 0.335
sec. In this case as the active power mismatch is very low, frequency deviation
is only caused by the reactive power mismatch.

(b) For Test-Case-2
In this case, the other parameters remain approximately same as that of
the case-1, only b is set more than that of the case-1. Further the active
power mismatch is set to 0.55 KW. Figure 9(c) shows PCC frequency during
islanding for this test condition. From the Figure 9(c), it is observed that the
islanding is detected immediately around 0.31 secs. The result shows that
deviation of the frequency is observed faster than that of case-1.
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(c) For Test-Case-3
In this case, the other parameters remain approximately same as that of
the case-1, only k1 is set less than that of the case-1. Further the active
power mismatch is set to 0.55 KW. Figure 9(d) shows PCC frequency during
islanding for this test condition. Though other parameters remain constant as
the previous two cases, only the smaller value of K1 is taken in this case.
From the Figure 9(d), it is observed that more time taken (0.34 secs) for the
deviation of the frequency resulting in delayed detection as compare to case-1
and case-2.

(d) For Test-Case-4
The considered values of k1, k2, a and b are as shown in Table 2. In this case,
the other parameters remain approximately same as that of the case-1, only
∆P is set less than that of the case-1. From Figure 9(e), it is observed that the
islanding detection needs very less time (such as 0.31 secs) compared to that
of case 1 and 3. In case-2 also same time required for detection but there the
frequency has an over-damping notch which is absent in that of case-4. Here
both active and reactive power contribute for the deviation in frequency from
the threshold, making the detection time faster.

(e) For Test-Case-5
The considered values of k1, k2, a and b are as shown in Table 2. In this case,
the other parameters remain approximately same as that of the case-1, only
∆P is set less than that of the case-1. From Figure 9(f), it is observed that the
islanding is detected in less than 0.31 secs without any over-damping notch
in frequency. Here both active and reactive power contribute for the deviation
in frequency from the threshold, making the detection time faster.

In this case the value of k2 is considered a higher value than the previous
cases. It is seen from the figure that the detection time is approximately same
as in case 4. So, it is concluded from this case that k2 has negligible effect
on the control method. And here also the frequency is deviated due to both
active and reactive power mismatches.

The results of the above case studies can be summarized in Figure 10 and
Table 3. Before islanding the frequency at the PCC is 50 HZ. The islanding is
initiated at t = 0.3 sec. In case 1, 2 and 3, the deviation in frequency beyond
its threshold is only caused by the mismatches in the reactive power as the
mismatches between active power is very low in those cases. But in cases
4 and 5 both the active power and reactive power are responsible for the
deviation in the frequency. From the comparison of case (1) and (2) it is
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(a) 

 
(b) 

(c) 

(d) 

Figure 9 Continued
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(e) 

(f) 

Figure 9 (a) Mismatch in DG Active Power and PCC Frequency during Islanding for (b)
test-case-1, (b) test-case-2, (b) test-case-3, (b) test-case-4 and (b) test-case-5.

Figure 10 Frequency at PCC during islanding for different case studies.

known the smaller value of ‘a’ in case (2) cause larger mismatch in reactive
power which force the frequency to deviate from the lower threshold in less
time.

From case (3) it is seen that the smaller value of k1 results in small change
in reactive power, cause the islanding detection slower. In case (4) for the
same value of ‘a’ and ‘b’ as in case (3) the detection time is 0.31secs which
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Table 3 Comparison of results using proposed detection algorithm for different predefined
test-cases

Predefined Test-Cases

Parameters 1 2 3 4 5

Normal frequency (Hz) 50 50 50 50 50

Islanding time (secs) 0.3 0.3 0.3 0.3 0.3

Detection recording time (secs) 0.335 ˜0.31 0.34 0.31 < 0.31

Detection Response time (secs) 0.035 0.01 0.04 0.01 < 0.01

∆P (KW) 0.55 0.55 0.55 0.5 0.5

Overshoot present in f Yes Yes Yes No No

is lower than the other three cases as the frequency is deviated due to both
active and reactive power mismatches.

In case 5 though the value of k2 is not set to zero and considered a high
value the detection time is almost same as the case 4. In case 4 and 5 both the
active and reactive power mismatches cause the frequency to deviate from the
threshold value and k2 has negligible impact on the reactive power mismatch.
Thus, the detection technique based on the reactive power control method is
able to detect islanding rapidly and efficiently. This method is able to detect
islanding easily in less time with larger value of k1, k2, b and for smaller value
of a.

5.2 For Optimal Controller for Islanding Detection

As discussed in the previous sections, both islanding detection and execution
need to be very fast. Further, deviation in power and frequency overshoot
need to be very less as compared to values reported in Table 3 during this
period. Therefore, a well-tuned controller is required in the DGS sets. For
this an optimal controller is presented as discussed in the previous section.
To validate working of the proposed controller, a multi-DG-test-system con-
sisting of three DGs is used as shown in Figure 11. The dynamics of each of
these DGs are given in Table 4. Each DGs in Figure 11 are numbered by their
respective numbers. This test system is intentionally kept sufficiently small to
permit the execution of islanding calculations with reasonable computation
time. RLC-loads are taken in each phases of this system.

The studied test system is designed in the MATLAB/SIMULINK and
analysed in three pre-defined test conditions such as (a) balanced RLC-load
dynamics, (b) unbalanced RLC-load dynamics and (c) highly non-linear and
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Figure 11 MATLAB/SIMULINK model of studied DGS with three inter-connected DGs
for different case studies.

Table 4 Parameters of multi-DG-test-system and three-phase load during different loading
conditions

DG1 DG2 DG3

DG 3-φ AC, 25KV, 3-φ AC, 50KV,

Parameters 10MVA, 50Hz 3MVA, 50Hz DC, 2KV

Switching frequency (KHz) 1.98 2.00 1.98

Grid 13.8 KV, 40MVA, 50Hz

Loading conditions Balanced Unbalanced Nonlinear

Load Branch Parameters Phases Phases Phases

A B C A B C A B C

Resistance, R (Ω) 76 76 76 76 111.9 62.8 80 80 80

Inductance, L (mH) 111.9 111.9 111.9 876 111.9 72.86 — — —

Capacitance, C (µF) 62.86 62.86 62.86 1576 223.8 42.86 6 6 6

three-phase-diode-bridge
rectifier present

— — — — — — Yes Yes Yes

unbalanced load dynamics. The reference to the real power (PL) and reactive
power (QL) of load are set as 1.2 pu and 0 pu respectively as shown in
Figure 11.

5.3 Case-1 (Balanced RLC-load)

The studied system is verified using known balanced RLC-load whose param-
eters are given in Table 4. In this case, the controller of the studied system can
adjust its real and reactive powers. For this, the initial reference values of real
and reactive powers are set to Vd,ref = 0.6 pu and Vq,ref = 0 pu.
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The active and reactive powers of load PL and QL for this balanced
loading case are shown in Figure 12(a). The dq-axes currents Id and Iq are
shown in Figure 12(b). The load voltage and current waveforms are shown in
Figure 12(c) and (d) respectively. In these figures, all the waveforms are seen
to be a little distorted in transient period and settled with in 10 msecs. For,
further verification, FFT analysis of these waveforms has been done as given
in Figure 12(e) and (f). From these FFT analysis, it is found that the THD of
the load voltage and current are 0.12% and 1.38% respectively. Therefore, it
is verified that the output waveforms for the multi-DG-test-system with the
proposed controller are settling quickly with very less transient distortion in
balanced loading condition.

Case-2 (Unbalanced RLC-load)
In this case, a three-phase unbalanced RLC-load whose parameters shown in
Table 4 is attached parallel to the existing balanced load at 0.5 secs. The
reference signals of the DG 1 and DG 3 are set to Vd,ref = 0.6 pu and
Vq,ref = 0.8 pu. The waveforms of PL and QL for this unbalanced loading
case are shown in Figure 13(a). From this figure, it can be seen that QL has no
disturbances whereas PL is recovering within 25 msecs after the attachment
of unbalanced load. Similarly, the dq-axes currents Id and Iq are shown in
Figure 13(b). Here, also the recovery time is less than 25 msecs. Further,
the load voltage and current waveforms are shown in Figure 13(c) and (d)
respectively. In these figures, the load voltage and current waveforms are seen
to having controllable peak-overshoot in transient period and settled with in
25 msecs. For, further verification, FFT analysis of these waveforms has been
done as given in Figure 13(e) and (f). From these FFT analysis, it is found
that the THD of the load voltage and current are 0.23% and 2.23% at settling
time respectively. Therefore, it is validated that the output waveforms for the
multi-DG-test-system with the proposed controller are settling quickly with
very less transient distortion in unbalanced loading condition also.

5.4 Case-3 (Inclusion of Nonlinear Load Parallel to Balanced
RLC-load of Case-1 at 0.5 secs)

In this case, the considered nonlinear load is a three-phase-diode-bridge
rectifier combined to a RC-load as given in Table 4. The dq-voltage reference
signals Vd,ref and Vq,ref of the DG 1 and DG 2 are initially set to 0.6 pu
and 0.8 pu respectively. The results for this loading conditions are shown in
Figure 14. The waveforms of PL and QL for this unbalanced loading case are
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(a) 

(b) 

(c) 

(d) 

Figure 12 Continued
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(e) 

 
(f) 

Figure 12 Output waveforms from the studied DGS for case-1 showing (a) Real and
Reactive Power at Load Point or PCC Point, (b) dq-axes Currents, (c) load voltage waveform,
(d) load current waveform, (e) FFT analysis of load voltage and (c) FFT analysis of load
current.

shown in Figure 14(a). From this figure, it can be seen that PL and QL has no
disturbances whereas PL is recovering within 30 msecs after the attachment
of unbalanced load. Similarly, the dq-axes currents Id and Iq are shown in
Figure 14(b). Here, also the recovery time is less than same 30 msecs. Further,
the load voltage and current waveforms are shown in Figure 14(c) and (d)
respectively. In these figures, the load voltage and current waveforms are
seen to having peak-overshoot within control limit during transient period
and settled with in 20 msecs.

For, further verification, FFT analysis of these waveforms has been done
as given in Figure 14(e) and (f). From these FFT analysis, it is found that the
THD of the load voltage and current are only 0.14% and 2.32% at settling
time respectively. Therefore, it is again validated that the output waveforms
for the multi-DG-test-system with the proposed controller are settling quickly
with very less transient distortion in nonlinear loading condition also.
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(a) 

(b) 

(c) 
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Figure 13 Continued
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(e) 

 
(f) 

Figure 13 Output waveforms from the studied DGS for case-2 showing (a) Real and
Reactive Power at Load Point or PCC Point, (b) dq-axes Currents, (c) load voltage waveform,
(d) load current waveform, (e) FFT analysis of load voltage and (c) FFT analysis of load
current.

(a) 

Figure 14 Continued
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(b) 

(c) 
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Figure 14 Continued
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(f) 

Figure 14 Output waveforms from the studied DGS for case-3 showing (a) Real and
Reactive Power at Load Point or PCC Point, (b) dq-axes Currents, (c) load voltage waveform,
(d) load current waveform, (e) FFT analysis of load voltage and (c) FFT analysis of load
current.

Table 5 Comparison of results of the studied multi-DG-test-system with proposed optimal
controller for different three-phase loading conditions

Loading Conditions

Parameters Balanced Unbalanced Nonlinear

PL,ref (pu) 1.2 1.2 1.2

QL,ref (pu) 0 0 0

Vd,ref (pu) 0.6 0.6 0.6

Vq,ref (pu) 0 0.8 0.8

Switching time (sec) 0.0 0.5 0.5

Recovery time (msec) < 10 < 25 < 20

THD of load voltage (%) 0.12 0.23 0.14

THD of load current (%) 1.38 2.23 2.32

Output results of the studied test system with the proposed controller
for different loading conditions i.e.; balanced, unbalanced and nonlinear are
listed in Table 5. From the table, it can be observed that, for all cases the
voltage and current signals recovers very quickly without high surge or swell.
The THD values for load current in all the cases are also within admissible
limits
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6 Conclusion

In the paper, an optimal controller-based islanding detection scheme is pre-
sented. In this proposed scheme, generation of both active and reactive power
simultaneously under constant power control is possible. For checking work-
ing of proposed islanding detection scheme, an inverter-based single DG test
system is used. In the proposed islanding detection algorithm, five test cases
with different variation in voltage and deviation active power are considered.
With analysis of these case studies, a reactive power control strategy is
formulated to solve the problem of NDZ and effective and quick detection
of islanding condition. From the analysis it is again found that the frequency
deviation caused by both active and reactive power mismatches results in
fastest islanding detection compared to other test cases. This paper further
presents an optimal controller for support in the work of islanding detection.
The controller is an optimal modified H8-based controller. Here, the control
parameters are tuned by a modified LMI algorithm. To check efficacy of the
new detection scheme with proposed optimal controller, a multi-DG-test-
system have been used. For testing this proposed controller, three loading
conditions are considered such as balanced, unbalanced and highly non-linear
and unbalanced. It is observed that the increase in protection schemes in the
system improvises the system islanding detection.
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