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NOMENCLATURE

Z ui Avirtual signal fi ki ’ F ’ hi Nonlinear Functions

Di An Uncertainty a, b Nonnegative Real Number

Vet DG Output Voltage jmn Receiving Node

DG Distributed Generator jth Sending Node

DAFC Distributed Adaptive Frequency Controller L Laplacian Matrix

DSC Distributed Secondary Control ui=[Ti wil Output Of Secondary Controller
DVAC Distributed Adaptive Voltage Controller G Pinning Matrix

D pi ) Dai Droop Coefficients D, q Positive Numbers

f . Frequency Consensus Error Pi , Qi Output Real and Reactive Powers
f&v Frequency and Voltage é’ Pi Real Power Neighbors Tracking Error
&ii local Neighborhood Consensus Error SCL Secondary Control Layer

MG Microgrid Ti | @i Set Points

Ao Minimum Eigenvalue B Steady State Error

Omin Minimum Singular Value VSC Voltage Source Converter

Z oi Avirtual signal fi ’ ki 90 hi Nonlinear Functions

Di An Uncertainty i Receiving Node

V ref DG Output Voltage
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1. INTRODUCTION

Currently, renewable energy sources have a significant
share of modern power networks [1]. MG is a cluster of
small power networks made of several renewable energy
sources (photovoltaics, wind turbines, micro-turbines,
etc.), energy storage units and, electrical loads [1-2].
MGs can operate in both grid-connected and islanded
operating modes. In grid-connected mode, the main grid
directly control the frequency and voltage (f & V) of MG,
whereas, in islanded mode, all DGs are responsible to
maintain these quantities within pre-specified limits [2,
3]. Proper control of microgrid is a prerequisite for stable
and economically efficient operation [4,5]. To maximize
the use of resources and improve the effectiveness of
DGs, a modern control approach is required to increase
the microgrid reliability and to provide global stability
for the system [6, 7].

In general, the MGs control ststem is carried out at
three levels of hierarchy including primary, secondary,
and tertiary control levels [7]. The primary control level
is related to the local control loops along with droop
control of the DGs without requirements for the
communication infrastructure. It stabilizes the microgrid
f & V and shares the active and reactive power between
individual DG units using local current, voltage, and,
droop power control loops [8, 9]. The main drawback of
this control scheme is the steady-state f & V deviations
from their reference values. The secondary control layer
(SCL) is utilized to overcome this drawback and
compensate for f & V deviations result from the droop
control method. The SCL can be implemented in three
manners: centralized [10-12], decentralized [13, 14], and
distributed [15-21]. The centralized control method
employs a central control module and a communication
grid between each DG and the central controller.
Therefore, it demands extensive communication system
to collect and process the massive information of all DGs.
As a result, this control method suffers from the
drawbacks of the presence of a single point of failure and
low reliability [10]. The decentralized control strategy is
not usually employed in the secondary control due to the
lack of sufficient information to coordinate and
harmonize all available MGs resources [13, 14]. To
overcome the centralized and decentralized controls
problems, inspired by the idea of multi-agent systems,
distributed control methods using sparse communication
networks have been recently presented [15-21]. In the
distributed control scheme, each agent only
communicates with the neighboring agents employing a
sparse communication grid. The control method reduces
the communication grid complexity and is needless of a
central controller, and consequently enhance the overall
microgrid reliability [22-26]. The third and highest level
of control system structure is the tertiary control and
essentially deals with economic dispatch and optimal

power flow [27].

So far, different types of distributed secondary
control (DSC) algorithms have been developed [22-25].
Thanks to the graph theory, consensus protocol is the
base of the great number of these algorithms [20,21]. In
multi-agent systems, reaching an agreement on a certain
amount that depends on the status of all agents is called
consensus. When each DG is considered as an agent,
returning f & V to the reference values (synchronization
process) can be a matter of consensus. Distributed
synchronization process necessitates that each agent
(i.e, each DG) exchange information with other
agents by a consensus protocol. A DSC scheme for
islanded microgrids is presented by Dehkordi et al. [25].
Two individual f & V controllers are separately designed
and examined. A distributed finite-time approach is first
proposed to ensure the finite time restoration of voltage
magnitude. The frequency restoration algorithm is then
presented so that correct real power sharing is achieved.
A two-layer DSC prorocol is proposed by Bidram et al.
[28],. Voltage source inverters (VSls) are utilized in the
first layer for maintaining f & V of the microgrid. The
second layer which consists of current source inverters
(CSIs) shares the reactive and active powers among DGs
in a appropriate manner. The effects of delays and noises
in communication channels among DGs have been
discussed by Shahab et al. [29] thorough stochastic
and/or distributed time-delay control methods.
Moreover, detail discussion about communication
delays’ effect on the control of an islanded MG has been
investigated by a small-signal model in literature [10,18].
A distributed voltage averaging method was proposed by
Amoateng et al. [22] to provide a simple compromise
between the incompatible objectives of bus voltages
regulating and good reactive power sharing.

A novel DSC approach is proposed by Bidram et al.
[30] . The proposed approach is fully distributed and its
structure needs a sparse communication grid. To
transform the secondary voltage control to a linear
synchronization  problem, input-output feedback
linearization technique was employed. Anyway, the
control method is so complex and heavily depends on
DGs parameters and network dynamics. Multi-functional
DSC structure was proposed by Li et al. [31] with
individual frequency, voltage and active power regulator
modules. The method, however, needs normalized power
information of all DGs.

Microgrid along with its control system is an
unknown nonlinear and time-variable system and always
prone to uncertainties which are caused by internal
disturbances such as parametric variations and
unmodeled dynamics or external disturbances such as
load changes and DG tripping events [29-32]. Currently
to face these challenges, the development of model-free
distributed adaptive controllers has become the focus of
researchers. Bidram and Davoudi [33] proposed an
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adaptive secondary voltage control scheme for
microgrids in islanded mode. The paper has used the
input output feedback linearization technique like [29] to
achieve a linear dynamic system. The fault tolerant
consensus-based control of multi agent systems, when
the faults and disturbances coexist, have recently been
presented in the literature to control multi-agent systems
[34]. Anyway, the control method is very complex and
heavily depends on DGs parameters and network
dynamics. A new cooperative adaptive distributed
consensus protocol was presented in the presence of
unmodated dynamics by Amoateng et al. [22]. To
achieve this goal, a smart secondary adaptive control
protocol is proposed which uses two neural networks
based identifier and controllers. High computational
complexity, knowing DGs information for training
neural networks and, need for a specially designed
switching scheme between the two controllers are the
three disadvantages of this method. Dehkordi et al. [27]
proposed a fully DSC to restore f & V, irrespective of
parametric uncertainties. However, the paper still needs

DGs parameters.

In this paper, a new adaptive fully DSC is proposed.
The MG system is considered as an unknown nonlinear
dynamic system. A Novel control scheme as a consensus
problem is introduced and a Lyapunov proof is presented
to assure the asymptotic stability of the control system.
The upper bound of the consensus error is also explicitly
derived. The proposed controller covers the uncertain
dynamics and nonlinear nature of MGs and requires only
active and reactive droop coefficients. The followings are
the main novelty of the paper:

a. The proposed adaptive protocol is fully distributed
and ensures MG asymptotic stability.

b. The goal of any controller design is to maintain
system performance despite of inaccuracies and
model changes. The proposed adaptive protocol is
less dependent on system parameters and DGs than
existing distributed adaptive control methods.

c. The proposed secondary controller is adaptive and

robust and it can easily respond to severe
uncertainties such as communication link failures
and DG outages.
The reminder of this paper is structured as follows:
section 2 presents the modeling approach. The
proposed Algorithm is presented in section 3. In
section 4, simulation results are discussed and
finally, conclusions are summarized in sections 5.

2. MODELING APPROACH

2. 1. Preliminaries of Graph Theory A rooted-
out branching (directed tree) topology is commonly
assigned as a sparse communication network for
microgrid systems. In this topology (Figure 1), DGs are

considered as the nodes of the communication digraph
and the edges denote the communication links. Each edge
establishes a connection between a pair of nodes, and
each node receives information, only from one node
(except the root node). In fact, the information exchange
among DGs is done on a directed graph G = (v, €, A) that
consists of N nodes called v = (1,2,...,N), a set of
linkse, and its associated adjacent matrix A(N X N). aj

is the weight of edge (v;,v;). For 4;-1, i™ node

th

receives information from j™ node, otherwise 4; =0.

The Laplacian matrix L is assigned as |; =3 ,4; and
Lij =-ajj - Theeigenvalues of L has one zero entry (,=0)

with all other have positive real parts, i.e.,
0<4,<4:<...< 4y [25].

It is noteworthy that in the proposed control strategy,
any type of directed graph (digraph) can be employed and
the only necessary condition for the selected digraph is to
have a spanning tree. If there is a directed path between
the root node and any other node in a digraph, the digraph
will actually have a spanning tree.

2. 2. Modeling of MGs Figure 2 shows an islanded
MG depicting its power network, communication grid,
and control layers. The power network interconnects the
primary DC source to the voltage source converter (VSC)
including power, voltage, and current control loops. VSC
is connected to the network thorough an LCL filter. The
primary control loops regulate the desired outputs of the
inverter bridge. D—q reference frame is utilized to
formulate the nonlinear dynamics of the system [30].

Frequency and voltage values must be readjusted
after any disruption. The local droop method is adopted
to balance the generation and consumption of active and
reactive power. A relationship between the active power
and frequency and the voltage amplitude and reactive
power is assigned by the power controller block as
follows:

w; = w; — Dp; P; (1)

Voai = Ti — DgiQ; + Voqi =0 2
where p; and Q, are the measured real and reactive
power at DG output, respectively. T; and ; are the set
pointsand Dp; and D are the droop coefficients.

A microgrid has a nonlinear nature and resembles a
multiagent system. In distributed control structure, each

root

ref

Figure 1. Topology of the communication graph
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DG communicates with its neighbor units through a
communication grid. The nonlinear dynamics of the it*
DG can be written as Equation (3) in state equations
form:

Xi = fi(xi)+ki(xi)Di +gi(xi) u;
y, =h(x) i=0,...N
Details of DG and its components equations are given in
literature [33]. p, is considered as an uncertainty.
ui =[Ti =] isthe output of secondary controllers. They

are assigned such that f & V of all DGs regulated to the
reference values. f;, ki, g. and h; are nonlinear

@)

I
functions.

So far, two types of methods have been proposed to
design an adaptive secondary control for a microgrid
modeled with nonlinear Equation (3). In the first type,
neural networks are used instead of nonlinear model. In
order to train these networks, the microgrid information
must be available. In the second type, input—output
feedback linearization technique is utilized to transform
the nonlinear dynamics into the linear form. This

technique needs f, (x,), g, (x,) and their derivative to x,

for the design and implementation of the distributed
secondary controller. Hence, they have high dependence
on the system and DGs parameters.

In this paper, the modelling of the MG system is
performed in the form of an unknown nonlinear dynamic
system. However, having active and reactive droop
coefficients of DGs is sufficient to ensure the
synchronization process. The controller protocol only
requires the measured output signals of the DGs and there
is no need to modify the controller parameters if there
exists inaccuracies or changes in the power network

DG1

Voi .

Microgrid

Secondary i
control

. : * Linen
Secondary Power Voltage Current \ | IS8 -
control controller controller controller,

Figure 2. Schematic diagram of a MG including inverter-
based DGs with their primary and secondary controllers

parameters. The set point for primary control is provided
by secondary controller. The secondary control also
restores the outputs of individual DG units to a reference
value by the communication network that shares
information among DGs.

3. PROPOSED ALGORITHM

3. 1. Distributed Adaptive Voltage Controller
(DAV(Q) This section aims to develop a novel
consensus based DAVC for microgrids in islanded mode.
DAVC is responsible for elimination of the voltage
deviations caused by primary droop mechanism. The
compact form of secondary voltage control equations can
be written as Equation (2). Differentiating these equation
yields:

Voai = ¥ — DgiQi = Zy; 4

DAVC should guarantee that the DG output voltage
magnitudes all synchronises with \/ . The proposed

adaptive control law is as follows:

Z.vi = —(dyi + pui)éui
dy; = Egifvi > Pvi = fgi{vi

where &,; is the local neighborhood consensus error:

®)

&ui = X1 Lij(Woai = Vouj) + Gij(Voai = Vres) = (6)
Z?’:l Lij(vodi - Ure,r‘)

G is a diagonal matrix and called the pinning matrix. The
pinning gain (the diagonal element of the pinning matrix)
is nonzero only for the nodes that are directly connected
to the root (leader) node. The nodes for which the pinning
gain is nonzero are referred to as the pinned or controlled
nodes.

In matrix form, Equation (6) may be given as:

S =UL+G6)e, = ZSV (7

It is easy to prove that [35]:

el
G ()

omin(L) depicts the minimum singular value of matrix ~.

In multi-agent systems the main problem is the definition
of a consensus protocol. The protocol describes the rules
by witch each agent interacts with its neighboring agents
so that all agents can reach the desired state.

Figure 3 shows a rooted-tree graph with 6 nodes used
in this paper. Each node (except the root node) takes
information from its neighbor and sends it to the next
node. The numbers shown on the links are the
contribution of the state of each node to the next node.

&,

v

®)
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As the root node is the only pinned node in Figure 3, all
elements of G are zero except the first element which is
one. Therefore, L is as follows:

1 00 0 « 0 O
[-1 10 0 - 0 0]
L=|: + + :+ ~ = = 9)
0 00 - -1 1 0
000 - 0 -1 1

From Equation (6), we have:
f.vi = Zévi = Z"jodi = ZZvi (10)
Let the Lyapunov function candidate is [36]:
V= Z?’:l%mi@dvi + Pvi)Pvi + Zivzlémi(dvi - (11)
B)?

where Mi 20are the diagonal elements of a diagonal
matrix M. The derivative of Lyapunov function is:

M=

V =Y (md, p, +m 4,0, +m,0)+ XM @, - A,
i=1

N .
:Zmi(dvi +p:)p +M (d, +p, - ),

=1

(12)

The matrix form of Equation (12) can be written as:
V=D+p)Mp+(@D+p—pMD (13)
By substituting Equation (5) into Equation (13), we have:
V=2(D+p)M§55v+(D +p—PIMESS, (14)

=25,(D +p)M&, + &5 (D +p — f)ME,
Placing éfrom Equation (10) into Equation (14) yields:
V=28 [—(D + p)*ML]§, +&5[(D +p —
BM]E,  (15ML can be written as é(MZ +
L"M)[37, 38]. Then:
V=8[=(D +p)*(ML+L"M) + (D +p —
BMIE,  V=E[-AHD+p)?+D+pM - (16)
BM]E,

where Ao is the minimum eigenvalue of (ML + L™ M).
Lemma 1 [39]: If a and bare nonnegative real number
and pand g are positive numbers such that %+$= 1,

P q

absai_’_bi

then Poa
By applying Lemma 1 and assumed that

a:J}&D+p)b= BM ,p=q=

can be written as:

V<&[-22BM(D +p) + (D +p)MIE, V<
§ 1D + pY(M — 2/ AoM)IEy

Equation (16)

17

Hence, if ) Ao then V < Oand the
proof is completed. Indeed, according to Equation (10),

B represents steady state error and qualifies the ultimate
boundedness of consensus error.

Figure 4 shows the DVAC block diagram. The controller
output Ti could be written as:

T, =](@, +Dy Q) )t (18)

3. 2. Distributed Adaptive Frequency Controller
(DAFC) DFAC should assign ; in Equation (1)

for synchronization of all DGs frequency. In fact, this
controller simulates the governor and its set point
mechanism from a synchronous generator. By
differentiating of Equation (1), we have:

@; = @; = DpiP; = Zoyi (19)

where Z @i is a virtual signal. As the frequency is a global
quantity among a MG, the DAFC can be proposed in such
a way that in addition to frequency synchronization, the
sharing of DGs output real powers are divided according
to their nominal (rated) powers. It means that:

P; _ Dp; ..
P Dr’ Vi) EN (20)

Similar to the previous section, the control law is
introduced as follows:

Zgi = —(dyi + Poidéwi (21)

where Sol is the frequency consensus error:

§wi = Lj=1 Lij(wi — w)) + Gij(@; — wrep) (22)
;1S written as:
@; = [(Zui + DpiP))dt @3)

For appropriate active power sharing, the following
signal £Pi is introduced:

oy 1 1 1
1
ref
000060
Figure 3. Topology of the communication grid with six
nodes

Y

Vi
V ref Z . odr
Vg i

JeN;

Figure 4. Schematic of the proposed DAVC
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Zp; = —(dp; + ppi)épi (24)

where Shi is the real power neighbors tracking error:
&pi = X101 a;j(DpiP; — DpjP)) (25)

Now, Equations (21) and (24) can be combined to design
the @; as the controller output.

@; = [(Zoi + Zp)dt (26)
Figure 5 shows the DAFC block diagram.

4. SIMULATION RESULTS

An typical MG is used for demonstration the
effectiveness of the proposed control strategy. For this
purpose, A 50 Hz, 380 V, islanded microgrid with six
DGs, five loads and several lines is considered (Figure
6). The communication topology is depicted in Figure 3.
DG1 (the reference DG ) is the only agent which accesses
to the f & V reference values. The specifications of DGs,
RL loads, transmission lines, and the control system are
summarized in Table 1. MATLAB/SimPower software
environment is used to test all the simulation scenarios.
It should be note that although the proposed
distributed control method is analyzed by a 6-node
microgrid, the design procedure is modular and scalable
and can be implemented in larger microgrid with more
DGs.
The results of the proposed control strategy are also
compared with the data reported in literature [28], which
is one of the main and last activities accomplished in this
field. By doing this, better capabilities of the proposed
method are represented in compare to the conventional
distributed methods. Four different cases, with different
degree of uncertainty and disturbance levels are used for
evaluation the behavior of the proposed controllers.

4. 1. Case 1: Load Changes In this section, the
behavior of the proposed method is investigated in
response to the load change and compared with the
method of Bidram et al. [28]. The following is the
simulation scenario:

Oref

ieN;

Co—{an -

Pi

jeN;

Figure 5. Schematic of the proposed DAFC

TABLE 1. Parameters of the test MG

DG #1&28&5 DG #3&4&6
DP 1.06x10 DP 1.06x10
DQ 5.02x10 DQ 5.02x103
Ze 0.015+j0.65Q Z 0.03+j0.65Q
Lol 1.35,0.27mH Ll 1.35,0.27mH
DGs R1Rp 0.1,0.05Q Ri1,Rp 0.1,0.05Q
Cs 47uF Cs 47pF
Kpv 0.1 Kpyv 0.05
Kiv 420 Kiv 390
Kec 15 Kec 105
Kic 20000 Kic 16000
Ziine1 0.12+0.1Q Ziines 0.175+j0.58Q
Lines Ziine: 0.175+j0.58Q Ziines 0.12+40.1Q
Ziines 0.12+0.1Q Ziine? 0.175+j0.58Q
Ziines 0.12+j0.1Q Ziines 0.175+j0.58Q
RL Load #1  P=13kW, Q=7.5kVar

Load #3 P=7 kW, Q=7 kVAR
Loads  |oad #2

Load #5 P=14 kW, Q=6 kVar

P=13 KW, Q=7.5 kVar
Load #4 P=6 kW, Q=6 kVAR

DG #2 Load#1

Load # 2 Load # 3

Figure 6. Islanded test MG

1) t = 0 s is the simulation starting time. The secondary
controllers are off and only the primary control is
working.
2) At t = 0.5 s, the secondary controllers are applied. It
should be noted that in practical applications, the
secondary voltage control should be applied immediately
after the disturbance occurs. However, in this paper, the
secondary controller is intentionally delayed by 0.5 s. to
highlight its effectiveness.
3) Att=2s, aload with P= 6 kW and Q = 6 kVar is
connected to the busl (parallel to the existing load).
4) Att=4s, loads 3 and 4 are disconnected from the MG.
Figures 7a and (8a) show the voltage (frequency) of
DGs deduced by the method of Bidram et al. [28] and
Figures 7b and (8b) represent the voltage (frequency) of
DGs obtained by the proposed method. As it can be seen
in these figures, at the beginning and once the primary
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control is applied, DGs operating f & V all go to a
common values that deviate from the nominal values.
After the secondary controllers are applied att=0.5s, a
short transient occurs and both f & V quickly return to
their nominal values.Then, load changes occur at t=2 s
and t=4 s. Transient periods are zoomed to show details
that are not shown in the original figures. The zoomed
regions show that both overshoot and settling time
resulting from the proposed method are less than those
parameters obtained from the method [28].

Figures 9a and 9b represent the output real power
ratio of the six DGs using Bidram et al. [28] method and
the proposed strategy, respectively. As shown, the
proposed strategy presents appropriate real power
sharing among all DGs.
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(a) method of Bidram et al. [28]
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400 [ E
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(b) the proposed method
Figure 7. DGs output voltage magnitudes
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(a) method of Bidram et al. [28]
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(b) the proposed method
Figure 8. DGs output frequency
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Figure 9. DGs output real power ratio
4. 2. Case 2: Plug and Play Capability In this

case, a higher disturbance level is assumed and the plug-
and-play capability of the proposed controllers is
investigated. For this purpose, att = 3 s, DG 6 is
unplugged from the MG and is plugged back inatt=4s.
Although this DG is instantly turned off, the power
measurements exponential decay to zero because of the
existing low-pass filters. The control parameters are the
same as in case 1. The results are displayed in Figures
10(a), 11(a) and 12(a) for method of Bidram et al. [28]
and in Figures 10(b), 11(b) and 12(b) for the proposed
method. As it is seen, the proposed controller responds
well to the outage and reconnection of the DG unit, which
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can be considered as a large disturbance. Also, the
proposed controller maintains accurate proportional
power sharing and frequency and voltage regulation
before, during, and after the plug-and-play event with
much less transients than those of Bidram et al. [28].
After unplugging of DG6 at t=3 s, the other units share
the excess power among themselves in proportion to their
power ratings. It should be noted that although DG 6 is
disconnected from Bus 6, the bus voltage is still
available.

4. 3. Case 3: Failure of Communication Links In
this case, resiliency to a single link failure is investigated.
It is assumed that at t = 3 s, the comunication link
between DG1 and DG2 is deliberately disconnected and
reconnected after 1 m.s.
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Immediately after reconnection of this link, the link
between DG 5 and DG6 is disconnected for 1 m.s and
then reconnected. The results are given in Figures 13(a)
and 14(a) for the method of Bidram et al. [28] and 13(b)
and 14(b) for the proposed method. The results depicts
that under such conditions, the islanded MG is still stable
and f & V restores to their nominal values, but the
proposed method has much better transient response. For
example, for the proposed method, voltage magnitude
achieves a steady state after 10 m.s. while for the method
of Bidram et al. [28], this time is 25 msec. Moreover, the
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rate of frequency change obtained from [28] is 2.2 Hz/m.
s while in the proposed method this parameter is equal
0.3 Hz/m.s As the figures shown, the worst behavior
belongs to DG6, because this DG is the farthest one from
the leader node. Remarkably, DGs and their control
mechanism typically have much slower dynamics than
communication systems, which commonly use low-
delay, wide-bandwidth communication protocols. This is
especially true for distributed control methods where
each controller only communicates with its neighbors.
Because of that, we do not discuss about delays in this

paper.

4. 4. Case 4: DG Parameters Change In this case,
the performance of the proposed ADVC is verified
subsequent to the changes in network parameters. It is
assumed that at t = 1 s, the filters capacitors are randomly
changed from 49 to 51 uF. Figure 15 shows
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the results of the output voltages of DGs over time under
this condition. As the figure shows, the DGs voltages
remain in the permissible range and the system tolerates
parameter changes. In fact, these changes are the events
that occur in real situations due to the tolerances,
temperature, aging and etc. The result shows that
performance of the adaptive voltage controller does not
deteriorate as a result of the changes in filter capacitors.

5. CONCLUSION AND FUTURE WORKS

Based on an adaptive fully distributed algorithm, two
secondary controllers were presented in this work to
improve the behavior of MGs during islanded operation.
The nonlinear nature of MGs has been covered in the
algorithm. In spite of other methods that require complete
DGs information, in this method only the power droop
coefficient is needed. A consensus-based strategy was
developed to returns and to synchronize f & V of MG to
their referenced values after any disruption. The
stabilization of the synchronization problem was proved
using a rigorous Lyapunov analysis. The effectiveness of
the proposed method was examined using a typical six-
DGs network. The obtaining results were compared to
method introduced by Bidram and his coworkers to
validate the method. The results show the efficacy of the
proposed secondary controllers which are less sensitive
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to intense disturbances and presents low overshoot and
settling time during load changes, plug and play and
communication links failure. Indeed, the proposed
controllers enhance the resiliency of MGs. The proposed
distributed adaptive control is very simple in terms of
structure and unlike centralization methods, does not
require a large and complex communication network.
Also, it can be easily implemented and used in software.

Limitations and future applications: Communication
is indispensable to access neighbor data and, thus, to the
operation of the distributed control system. Accordingly,

channel non-idealities such as communication
transmission/propagation  delay/noises and limited
bandwidth, may compromise the overall system

performance. A few aspects listed below attract the

authors’ interest to do research on them in future works:

- A detailed discussion about the voltage drop as a
result of a communication link failure.

- The proposed secondary control scheme can be
extended to address the communication network
related issues, such as data loss, packet jamming,
link failure, cyber attack, etc.

[=)]
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