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A Novel Event-Triggered Secondary Control Strategy
for Distributed Generalized Droop Control in
Microgrid Considering Time Delay

Jiancheng Zhang ", Bo Sun

Abstract—With the wide use of new energy and power electronic
devices, the problem of low inertia of microgrid (MG) is becoming
more and more prominent. In order to solve the problem, this
article proposes an event-triggered secondary control strategy for
distributed generalized droop control (GDC) considering time de-
lay. First, a distributed event-triggered active power and frequency
controllers are established based on GDC, and a distributed voltage
controller is designed based on droop control. Second, due to the
different frequency parameters of each distributed generator (DG),
the tracking controller of frequency and frequency reference model
is established by using heterogeneous multiagent theory. Third,
the event-triggered function of communication between DGs is
constructed, and the stability of the proposed controller is proved.
The complicated Lyapunov equation is avoided in the proof process.
Finally, the effectiveness of the controller is verified by simulation.
The simulation results show that the controller effectively realizes
the secondary adjustment of frequency and voltage, reduces the
number of communications, and increases the inertia of MG.

Index Terms—Distributed generator, event-triggered control,
generalized droop control, microgrid, time delay.

1. INTRODUCTION

ICROGRID (MG) is a small distributed system, which
M usually consists of distributed generators (DGs) and load
and energy storage equipment [1], [2]. Due to its flexibility,
MG has been widely used in many fields, such as ships, smart
buildings, islands, and space stations. With the development of
information technology and power electronics in recent years,
the combined utilization of MG and clean energy has become
more popular. In order to ensure the stable and efficient operation
of MG, the effective control strategy is needed.

MG control strategy usually adopts a hierarchical control
mode [3]. The droop control usually acts as the primary control in
the MG. However, traditional droop control is susceptible to line
impedance and load fluctuation. The droop control belongs to
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proportional control, which will lead to steady-state errors in the
voltage and frequency of DG. In addition, when the traditional
droop control is adopted, due to the influence of impedance
mismatch of the DG feeders and the different ratings of the DG
units, the poor active and reactive power sharing problems are
inevitable [4]. Therefore, it is necessary to introduce secondary
control into MG to solve the shortage of primary control. When
considering the operation cost and economic dispatch of MG,
tertiary control should be introduced. The research object of this
article is secondary control.

In order to make up the deficiency of traditional droop control
and improve the reliability and flexibility of MG, the secondary
control based on multiagent theory has been widely studied [5],
[6], [7]. For example, Malik et al. [8] proposed a generalized
droop control method. This method is able to achieve power
sharing, and improve the frequency response characteristics of
MG. Riverso et al. [9] proposed a distributed hierarchical control
strategy. This strategy is used to stabilize the frequency and volt-
age with desired reactive power sharing. In addition to the above
methods, many other different secondary controllers for MG
are also considered, such as, fault tolerant control [10], robust
control [11], [12], and Hoo consensus-based control [13]. The
control techniques used in the above literatures adopt continuous
communication. These methods assume that multiagent systems
have unlimited memory and computing resources. But these
hardware resources are limited in actual use [14]. Therefore,
it is necessary to save communication resources.

In order to reduce the number of communications and save
communication resources, the MG consistency control using
continuous event-triggered communication is presented [15],
[16], [17]. For example, Choi et al. [18] proposed an event-
triggered frequency and voltage regulation strategy of islanded
MG. This control method uses event-triggered communication
to reduce the communication burden between DG controllers.
Chen et al. [19] proposed a hierarchical event-triggered con-
trol strategy. This control method also realizes the secondary
regulation of MG. Guo et al. [20] proposed a distributed volt-
age restoration and current sharing control without continuous
communication. The above three control methods both adopt
the continuous event-triggered control strategy. When using the
continuous event-triggered control strategy, this control strategy
needs to prove that the system does not have Zeno behavior.
In [21] and [22], a periodic event-triggered control method was
proposed. This method ensures that there is at least one time
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interval between adjacent trigger events. However, this method
may produce redundant packets, and some critical data may be
discarded. Typical event-triggered control methods for MG can
be found in [15], [16], [17], [18], [19], [20], [21], [22], [23]
and their references. However, for nonlinear multiagent systems
with directed graph, the event-triggered consensus control con-
sidering time delay is rarely studied.

The MG secondary control methods mentioned in references
(51, [6], [71, [81, [91, [101, [111, [12], [13], [14], [15], [16], [17],
[18],[19], [20], [21], [22], [23] are based on the traditional droop
control as the primary control. Due to the use of power electronic
devices in MG and the characteristics of DG, MG is a small
system with low inertia. Because the traditional droop control
method does not have the ability to adjust the inertia of MG.
Therefore, many scholars use virtual synchronous generator
(VSG) technology to enhance the inertia of MG [24]. VSG can
provide damping characteristics and virtual inertia for inverter.
This control method simulates the motion of traditional syn-
chronous generator rotor, but it only realizes the primary control
of frequency [25], [26], [27]. At present, many researchers use
the virtual governor method to realize the secondary control
of MG based on VSG technology [28]. In [29], an alternating
direction multipliers method for VSG is proposed to provide
additional inertia and damping moments. Shi et al. [30] proposed
a frequency secondary controller based on distributed VSG,
which can restrain frequency oscillation. But these methods
can not eliminate the frequency deviation. In addition, in these
literatures, the inertia parameters and damping parameters of all
controllers are set to the same values, respectively, but in fact
they may be different. If the inertia parameters and damping
parameters are set to different values, respectively, the parameter
design of secondary control based on VSG will be very complex
due to the influence of line impedance and load.

Although the above distributed control method based on VSG
can improve the inertia and damping characteristics of MG, the
frequency of MG will still experience low-frequency oscillation
when the load fluctuates or the structure changes in MG [31].
In [32], the authors proposed a generalized droop control (GDC)
method, which can improve the oscillation of the frequency of
MG. However, the author did not further design the secondary
control of MG to eliminate the frequency deviation. Inspired
by this, if GDC method is introduced into distributed frequency
secondary control, the inertia and damping characteristics of
MG will be improved. As far as the author knows, the secondary
control for distributed GDC in MG has not been studied yet.

In this article, based on the problems and shortcomings of
the research in the above literatures, a distributed GDC event-
triggered secondary control method considering time delay is
proposed. First, using feedback linearization method, a dis-
tributed event-triggered voltage controller with directed graph
for MG considering time delay is designed based on droop
control. Considering the same factors, an active power and
frequency controllers are established based on GDC. Second,
because the virtual inertia and damping of each DG are different,
the design method of heterogeneous multiagent theory is used
in the design of frequency controller. The reference model of
the frequency controller is established, and the consistency of
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multiagent is used to make the frequency controllers converge
with the reference model. Third, the event-triggered communi-
cation function of voltage controller, active power controller and
frequency controller are established, so that the controller can
communicate once when the trigger conditions are met. Finally,
the stability of the controller is proved by the Newton-Leibnitz
formula, and the effectiveness of the controller is verified by
simulation.

The innovations of this article can be summarized as follows.

1) Different from [5], [6], [7], [8], [9], [10], [11], [12],
[13], [14], [15], [16], [17], [18], [19], [20], [21], [22],
[23], this article presents a distributed event-triggered fre-
quency secondary controller and active power controller
based on GDC, and the distributed event-triggered voltage
secondary controller is designed by using the nonlinear
multiagent system theory, considering directed graph and
time delay. The proposed controller effectively realizes
the secondary regulation of frequency and voltage of MG.
Using event-triggered communication effectively reduces
the number of communications.

2) Different from the existing control methods VSG and
GDC [28], [29], [30], [32], the distributed GDC frequency
secondary controller is constructed by using the hetero-
geneous multiagent theory, which avoids the complex
parameter design and makes the control of MG more
flexible. This method makes MG have better inertia and
damping characteristics.

3) Different from the existing methods of proving the stabil-
ity of distributed event-triggered controllers based on mul-
tiagent theory, this article uses Newton—Leibniz formula
to strictly prove the stability of the designed controller.
This avoids constructing complex Lyapunov equations for
multiagent systems with directed graph considering time
delay.

The rest of this article is arranged as follows. The
Section II introduces the hierarchical control structure of MG
and the mathematical model of each controller. In Section III,
the stability of the proposed controller is proved by using related
theorems. In Section IV, a simulation example is used to verify
the effectiveness of the controller. Section V is the conclusion
of this article.

II. DISTRIBUTED CONTROL FRAMEWORK

The traditional droop control usually acts as the primary con-
trol in MG. Fig. 1 shows the internal structure of DG. Because
the LC filter is used in the circuit, the circuit is inductive. So, the
equation of the droop control can be written as

{wi = wWni — M (P — Pseti) 1)

Ui = Uni —ny (Q? - Qseti)

where m; and n; are the droop coefficients. Pser; and Qger;
are the active power command and reactive power command,
respectively. w; is the reference frequency output by the droop
controller. U; is the reference voltage output by the droop
controller. w,; and U,,; are nominal frequency and voltage.
@; and P; are the measured reactive power and active power,



ZHANG et al.: NOVEL EVENT-TRIGGERED SECONDARY CONTROL STRATEGY FOR DISTRIBUTED GDC

Physical system ofDG|

R Ln

| Y

U
Common bus|

vy
abc
dgq
Power
Measurement
ui wh Current
Controller P; i in
(]
‘T Primary
Voltage -«+—— Control
Controller
Secondary
Dual L Control
ual 00p Lontro Control

Fig. 1.

Internal structure diagram of DG.

respectively. The first item of the above equation can be written
as

Wi — Wni
— = —m,. 2
P, i P, seti i ( )
Since the droop control does not have the ability to adjust the
inertia of MG, this article uses the GDC as the primary control
of MG. Next, the primary controller and secondary controller
will be introduced in detail.

A. Primary Controller

The principle that VSG provides virtual inertia is to imitate
the rotor of synchronous motor. The mathematical expression of
its physical model can be written as [32]

dwi

Jiwniﬁ =

where D,,; is the damping factor, P is the active power
command, and J; is the rotor inertia.

Although VSG-based controller can improve the inertia of
the inverter, the frequency and power curves of MG will still
fluctuate violently when the topology structure or load of MG
changes [31], [32]. In order to further improve the inertia and
damping characteristics of the inverter, we need to further im-
prove the controller. Equation (3) can be written as

seti — -Pz - Dpi (wi - wni) (3)

Wi — Wni - 1
P, — Peti Jiwnis + Dy,
1 1
= 4

. Jiwni .
Dpi 7}3;”84—1

Comparing (2) and (4), we find that VSG control is equivalent
to the droop control when the inertia is not considered, i.e.,
J; = 0. Therefore, the droop control is a VSG control in a
special case. Inspired by this, we can further extend (4) as (5).
In (5), the — ﬁ term is similar to the VSG control method to
increase the inertia and damping characteristics of the system.
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T1;5 + 1 itemis to increase the phase margin [32]. T5;s + 1 item
is to reduce the high-frequency gain to ensure a smooth angular
frequency change when the load power change

Kz' (TliS + 1)
diS + €;

= 5
a;$? +bis+ ¢ ©)

Wi — Wny

Pi_Pseti:

The above equation can be extended to a more general form.
The specific design process of (5) can be found in [32]. In [32],
the authors only considered the response characteristics of the
frequency and power of DG, and did not make further secondary
adjustment to the frequency and power. This does not solve
the problem of frequency deviation mentioned above. Different
from [32], we use (5) as the primary controller of DG to improve
the inertia and damping characteristics of the inverter. On this
basis, a secondary controller is designed to adjust the voltage and
frequency of MG. In Section C, we will describe the contents of
this part in detail.

B. Mathematical Preliminaries

It is necessary to introduce the basic knowledge of multiagent
theory before introducing the controller based on multiagent
theory. The communication network of multiagent system can be
described by graph theory. The following controller introduction
and controller stability proof will use the relevant knowledge of
graph theory.

According to graph theory, the communication network of a
multiagent system can usually be expressed as G = {V, =, A},
where V' = {v1,vq,..., vy} is the node set. (v;, v;) means that
node i can receive information from node j. A = [a;;] € R™*"
is the weighted adjacency matrix. a,; is the weight of edge
(Uj7vi)~ If (’Uj,’l}i) €z, aij > 0, otherwise Qij = 0. Node i is
the neighbor of node j if (vj,v;) € =, and the set of neighbors
of node j is denoted as N, = {i € V|(v;,v;) € E}. The in-
degree matrix D" = diag{d‘"} is a diagonal matrix with d" =
ZjeNi a;;. L is a Laplacian matrix. There is L = D™ — A.
B = diag{by,bs,...,by} is the leader adjacency matrix. ||.||
denotes the induced 2-norm for matrix or the Euclidean norm
for vector.

Different from the undirected graph multiagent system stud-
ied by most scholars, the multiagent system studied in this article
is directed graph system. To enable information to be passed
from the root node to each node, we introduce the following two
assumptions.

Assumption 1: The directed graph G has a spanning tree
whose root node is at agent 0, i.e., from the root node agent
0, all the other nodes can be reached along the edge directions in
graph G. The communication weight a;; > 1 and the element
b; > 1 of the leader adjacency matrix B.

Assumption 2: In the directed graph G, the information is
transmitted from node ¢ to j in one direction, and the node
number satisfies¢ > jori < jVi,j =1,..., V.

In proving the stability of the proposed controller, we will use
some properties of the eigenvalues of matrices in graph theory.
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So we will introduce three lemmas about the eigenvalues of
matrices.

Lemma 1 ([33]): Under Assumption 1, the Laplacian matrix
L has an eigenvalue 0, and all eigenvalues of L satisfy the fol-
lowing relation: 0 = A1 (L) < Re(A;(L)) < --- <Re(An(L)),
where Re(A;(L)) denotes the real part of the characteristic root
Ai.

Lemma 2 ([34]): Under Assumption 1, the matrix L + B is
positive stable.

Lemma 3: Thereis Re(Any (T + N)) < 0, i.e., the maximum
value of the real part of the eigenvalue of matrix 7"+ N is less

. 0 0
than 0, where the matrix N = ( (L+B) —(L+B) )and
(0 Iy
= 0 0

Proof: We set that A is the eigenvalue of 7'+ IV and ¢ is the
eigenvalue of L + B. Then, there is

0—Aly In
—(L+B) —(L+B) -y
=det (\*Iy + A(L+ B) + (L + B))
= 0. (6)

From (6), we can get

0 (A +1ig+g)=0. )

1<i<N
By solving the above equation, we can get

—G + C,;2 —4g;

2

—Gi — §¢2 —4g;

Al = 5

®)

7)‘-i2 =

Let

\/$Z —4g =d+ig )

where i = y/—1, d and q are real numbers. Re(;) and Im(g;)
are the real and imaginary parts of eigenvalue ¢;, respectively,
ie.,

¢ = Re(s;) + iIm(s;). (10)
Then, there are
- _ (=Re()+d)+i(—Tm(si)+q)
et B Im(s)0) (1n
Aig = — .

Now we want to prove that Max(Re(A;1), Re(%;2)) < 0 holds,
ie., —Re(s;) +d < 0 and —Re(s;) — d < 0. It is equivalent to
Re(s;)? > d?. Square both sides of (9) and substitute (10) into
(9). Because the real part and imaginary part on both sides of
(9) are equal, respectively, we can get

Re(s;)Im(s;) — 2Im(s;) = dg
Re(g;)? — 4Re(s;) — Im(;)? = d? — ¢*.

12)
13)
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Substituting (12) into (13) yields
Re (¢;)? — d?
= Im (s;)> +4Re(s;) — ¢

_ 1 N2 2 N2
=3 (Im(gz) d” +4Re(s)d

“Re(s)?Im ()% — 4TIm (5;)? + 4Re (;) Im (ci)2>

= Imégi)Q (# - Re()?)

+ 1 (4 Re (¢;) d?* + 4Re (¢;) Im (¢;)* — 4Im (Ci)Q)

2
(14)
Then, there is
2
(Re (gi)2 —d2> (1 n Imégz) >
_ 4 (Re (i) d? + Re (;) Im (;)? —Im(g»)2) (15)
d2 i 7 7 7 .
|

Therefore, the proof of Lemma 3 is equivalent to the proof of
the following inequality.

Re(s;)d? + Re(s;)Im(g;)? — Im(g;)? > 0. (16)

We set L + B as shown in the following (17)—(18) shown at the
bottom of the next page.

According to Assumption 2, the information is transmitted
from node 7 to 7 in one direction. We assume without loss of
generality that7 < j. Based on the properties of graph theory, we
can conclude that (17) a lower triangular matrix. The eigenvalue
¢ of L 4+ B satisfies (18).

Then, we can get

G = Z (alj)+bl,z:1,,N
1<j<N

Because a;; > 1 and b; > 1, we have Re(s;) > 1. Then, (16)
holds.

19)

C. Secondary Frequency Controller

The schematic diagram of the proposed secondary controller
is shown in Fig. 2. It includes frequency control, voltage control,
and active power control. When the frequency of MG is adjusted
using VSG control method, we usually use a virtual governor to
adjust the frequency. Inspired by this, this article introduces the
distributed secondary controller into GDC by using the virtual
governor. Its theoretical equation can be expressed as

1
ke
where k,, is the frequency regulation factor. To realize secondary
frequency regulation, P,,; is the power compensation provided

by the governor. The derivative of both sides of (20) can be
obtained as following:

Poi (20)

Wni — Wi =

1 .
— P, 21
- @1

Wni = w; +
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Fig. 2. Proposed secondary control schematic diagram.

According to (5), the expression of frequency controller can
be designed as given in the following:

Wi = filwi) + i (22)

[(ais® + c;)w; (dis + €;) P; + Pseriei]

(23)

— CiWni —

flwi) = —bl

i

where u,,; is the control input. Comparing the first equation in
(1) with (20), we can find that the two equations are similar in
form. The secondary controller designed based on droop control
achieves active power sharing by obtaining the consistency
of m;(P; — Pset;). Inspired by this, we can indirectly realize
active power sharing by realizing the consistency of active
power compensation P,,; (to simplification, the coefficient k,,
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for all controllers is chosen to be the same value. Otherwise,
1 -Poi = L.p, wj 18 used to realize active power sharing). The
expresswn of active power controller can be designed as

Pwi = Up; (24)

Equation (21) can be rewritten as (25). Using (25), we can get
the nominal frequency wy,;

1 .
ni = 0; + — P, |dt.
w /(w + ™ )

Due to the different inertia and damping parameters of each
DG, a heterogeneous multiagent system is formed, so it is
necessary to use the heterogeneous multiagent theory to design
the frequency controller [35]. For the problem of heterogeneous
multiagent convergence, we first need to establish a reference
model of the state of each agent

(25)

w; = u;(t) (26)

where @; is the state of the reference model corresponding to
w;. According to (26), we can get (27) from (22)

Ui = — fiwi) — kb (t) + w; 27
where §; is the tracking error of w; to w;, expressed as

The frequency controller designed above realizes the sec-
ondary frequency regulation in two parts. The first part is to
realize the state w; of agent i tracking the state ; of the reference
model, i.e., lim; . 0;(¢) = 0. The second part is to realize the
convergence of the reference model state t; and the frequency
reference value wq based on (26), i.e., lim;_,o, @;(t) — wg = 0.

In order to reduce the number of communications between
agents and save communication costs, the event-triggered com-
munication considering time delay is used between agents. In
(26), we designed the event-triggered distributed controller as

L+B=
> (a1y) + b —a1z
15N
—aso1 Yo (ag;) +bo
142N
—ani —an?
> (@) +bi—¢ 0
152N
—az1 > (agj) +ba—¢
1<j<N
—an1 —an2
:11;1\7 Z (aij) +bi —s | =0.

—aiy —aIN
—a2; —aoN
o))
—an; > (anj) +bn
1<j<N
0 0
0 0
—an; > (anj)+bn =5
1<j<N
(18)



5968

(29). At this time, (26) and (29) constitute a control loop
ui(t) = qui(ty, — 7) + eiwi(t, — 7) — &t — 7))

where 7 > 0 denotes the time delay

(29)

N
Qui(t) = Z aij (wj(t) —wi(t)) + bi (wo —wi(t)).  (30)

The event-triggered time instants {ti} for agent i are de-
clined by ¢}, = inf{t > t}, f,i(t) > 0}, where f,;(t) is the
event-triggered function. We design the event-triggered function
fwi(t) as follows:

fui(t) = llewi(t)]| — Boe =) 31
where [, > 0 Yo >0, to is the initial time and
ewi(t) = qui(ty,) — qui(t). Let §uwi(t) = wi(t) —
wo(t),  Eult) = [E51 (1), &L (D), . EENDT,  eu(t) =
el (), ely(t),. ...l (#)]F. According to the above
equations, we can get (32) from (30)

folt) = cu(t =) = [(L+B)®@ LJEu(t = 7).  (32)
Equation (32) can be rewritten as
éw(t) =M€t —7) +eu(t —7) (33)

where M, = —[(L + B) ® I,,].

The variables described above need to meet certain constraints
to make the proposed controller stable. This constraint condition
will be used in the proposed controller stability proof. Therefore,
we make the following assumption for the above variables.

Assumption 3: We set

g = (@ = 7) 1€ ()]l — Mol b (1 — €77 — )
(1 =€) || M| [| M| €77

there are Z,, > ||&,(to)|| and 0 < 7, < .

Different from the existing control methods VSG and GDC,
such as [28], [29], [30], [32], the distributed control method
based on event-triggered multiagent consistency is introduced
into the proposed frequency secondary controller. This not only
meets the need of frequency regulation, but also makes fre-
quency secondary control more flexible.

D. Active Power Controller

Virtual governor is used to compensate the frequency in
this article. The principle of virtual governor is to adjust the
frequency by the power compensation P,;, shown as (20).
After introducing the virtual governor for secondary frequency
control, the frequency dynamic (5) based on GDC can be written

as
Wpi — Wi _ d;s+e; . (34)
Pseti+Pwi_Pi aisz-l-bis—i—ci

When GDC with virtual governor is in stable state, there is

(Pseti + Poi — Pi)e; + ci(wni —w;) = 0. (35)
Combining with (20), (35) can be rewritten as
Pwi
(Pseti + Pui — Py)es = —¢; (36)

k-~
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Further obtain

Ci
eiky
where P,,.; is the active power margin. We can choose ap-

propriate ¢;, e; and frequency regulation factor k, to make

ef]iw > 1. Then, (37) can be simplified to

Pma'r'i = Lseti — Pz’ = - (1 + > Pwi (37)

Ci
eikw
By selecting the same frequency regulation factor &, for all
controllers, there must be the following relationship:
. . . Pyeri — P Pserj — P
lim P,; = lim P,,; = lim e; sett L= e; sety L,
t—00 t—o00 t—o0 C; Cj

Pseti _Pi = - Pwi~ (38)

(39)

Shown as (39), if we set the active power command P.¢;
as the rated power value of DG and ¢; = 1, by selecting the
coefficient é of the same ratio with the rated power ratio,
then the active power sharing will be obtained, i.e., the active
power P; with the same ratio. The following question is how to
achieve the convergence of the active power compensation F,,;
to get the active power sharing. We designed the event-triggered
distributed controller of the active power compensation based

on the multiagent theory, shown as

up; = qpi(ty, —7) (40)
where
N
qpi(t) = aij (Pu;(t) — Pui(t)). (41
j=1

The event-triggered time instants ¢}, = inf{t > ¢}, fp(t) >
0}, the event-triggered function fp;(t) is designed as

fri(t) = llepi(t)]| — Bpe P
where Bp > 0, vp > 0, ep;i(t) = qpi(t},) — qpi(t), to is the
initial time.

Under the action of the controller (40), lim; .o P,; =
lim;_,, P, ;, then the accurate active power sharing is achieved.

(42)

E. Voltage Controller

The voltage of DG, like the frequency, will deviate from the
rated value under the influence of line impedance mismatch
and load fluctuation. Therefore, we need to design a secondary
voltage controller to regulate the voltage.

The system equation of MG based on inverter can be written
as the following nonlinear system equation:

{ii =k (z;) + f (z;) Di + 7 () uys

yi = w (2) (43)

where the output y; = w,q4; and control input ug; = Up,. k(z;),
f(x;), r(x;), and w(x;) are nonlinear functions of z;, D; is a
known disturbance. Their detailed expressions can be extracted
from [36, Section II-A].

For (43), we can get the relationship between the output y;
and the control input w; after the second derivative of y; as

§i = Ly, Lp,wiuy; + Ly, w; (44)
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where
Fi(x;) = fi(xs)Di + ki(x;) 45)
L ,w; is the Lie derivative of w; with respect to F;, there are
O(w;
Liw; = 20 g (46)
O(Lr w;
12 wr = L (L) — 2B . 47)
! ) ox;
We set the auxiliary control v; as
v; = L2F1’LU1 + L., Lp,wiuy;. (48)
By combining (48), (44) can be rewritten as
Ui = ;. (49)

By designing a suitable v;, we can get the consistency of the
output y;. From (48), there is

uy; = (Ly, Lp,w;) ™ (=L, w; + v;). (50)

We set y;(t) = ¢;(t). Combining this equation, (51) can be
deduced from

Ui(t) = gi(t)
{g’At)=vi<t),i=1,2,...,N. ©b
For the leader of the multiagent system, there is ¢o(t) = go(t)
and go(t) = 0. In (49), we choose the v;(t) as
vit) = qyi(ty = 7) + qgi(ty — 7) (52)
where
N
qyi(t) = aij (y;(t) — yi(t)) + bi (o (t) — wi(t))  (53)
j=1
agi(t Z aij (95(t) = 9i(1) +bi (90(t) = gi(1)).  (54)

The event-triggered time instants ¢}, = inf{t > ¢}, f;(t) >
0}. We design the event-triggered function f;(t) as follows:

Fi(8) = leyi @)l + leqi ()| — e
where 8> 0, v > 0, eyi(t) = qyi(t}) —

(55)

4yi(1). and cq(t) =

Qgi(t}.) — dgi(t). Let ni(t) = gi(t) — go(t), &(t) = wi(t) —
yo(t), n(t) = [nf (¢),m3 (1), -y (D], €(2) = [ (1), €3 (1),
ENDNTL eg(t) = [egi (1), ega(t), - egn (D], ey(t) =
[eg1(t), epa(t), - . - epn ()] According to the above equations,
we can get (56) from (51)
E(t) = n(t)
i(t) = ey [(L+B) @ Ln]n(t —T)

eyt —7) +eg(t—71)—
—[(L+B)® L&t —T)

(56)
then (56) can be rewritten as

E(t) = Ere(t) + Me(t — 7) + Ea(ey(t — 7) + eg(t — 7))
(57)
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Fig. 3. Physical structure diagram of MG.
T T T 0 I’ﬂ
where e(t) = [£' (t),n" (¥)]", Ey1 = 00 ) E, =

0 0\, _ ( 0 0 >
0 1, )M =\ w+ByerL] —(L+B)eL] )
Similarly, the variables described above need to meet certain

constraints to make the proposed controller stable. Therefore,

we make the following assumption for the above variables.
Assumption 4: We set

—(@ =) [leto)ll = IMI[ [ Eoll (1 — ™ =)
(L =) (IM| Bl + 1M || M| erm)

Z =
there are Z > ||e(tp)|| and 0 < v < .

III. STABILITY ANALYSIS OF THE SYSTEM

Theorem 1: Suppose Assumptions 1-3 hold, the frequency
of each DG will be adjusted to the frequency reference value by
the distributed frequency secondary controller (29), and there is
no Zeno behavior.

Proof: Please see Appendix A for the detailed proof process.
This means that the frequency of each DG will converge to the
reference value. u

The proof process of the stability of the active power controller
is similar to that of the frequency controller, and will not be
repeated here.

Theorem 2: Suppose Assumptions 1-2 and 4 hold, the voltage
of each DG will be adjusted to the voltage reference value by
the distributed voltage secondary controller (52), and there is no
Zeno behavior.

Proof: Please see Appendix B for the detailed proof process.
This means that the voltage of each DG will converge to the
reference value. u

IV. SIMULATION VALIDATION

The physical structure and communication topology of MG
are shown in Figs. 3 and 4. The simulation model consists of
six DGs. We will use the model to verify the effectiveness of
the method. The simulation tool used in this article is MAT-
LAB/Simulink.
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Fig. 4. Communication topology of MG.
TABLE I
SIMULATION PARAMETERS
DG1&DG2& DG3 DG4&DG5&DG6
Rflyz,g 0.1Q Rf4,5,6 0.1Q
Lf1’273 1.35 mH Lf4,5,6 1.35 mH
Cri1,2,3 S0pF Cras.6 S50pF
DGs T11,2,3 0.78 T14,5,6 0.78
T11,2,3 4 Ti4,5,6 4
121,23 0.1 To4.5,6 0.17
K1,273 5x 107° K475,6 1x 104
n1,2,3 1x 1074 n4,5,6 2x 104
Pset1,2,3 10kW Pseta,5,6 SkW
Linel Line2 Line3
Re1 0.1Q Reo 0.1592 Rc3 0.2Q2
. Ler | 035 mH | Leo 0.5 mH Les 0.7 mH
Lines - - -
Line4 Line5 Line6
Reca 0.0892 Res 0.0592 Res 0.3Q2
Ley 0.3 mH Les | 0.15mH | Leg 1.05 mH
Loads PlLoad 22kW
QLoad 22k Var
. ke 100
gain
k 10

The rated voltage value Uy is 380 V, the rated value of angular
frequency wq is 1007 (rad/s). Let 8 =11, B, =1, Bp = 2,
{y=0.1,7, =0.5,7p = 0.3} < Re(rao(L + B)). Time delay
71,2 =30ms, 73 4 =60ms, and 75 ¢ =90 ms. Note that the delay
time is usually more than ten milliseconds or tens of millisec-
onds [37], which meets the actual needs. The other simulation
parameters are given in Table 1. In addition, the parameters in
Table I are selected according to the following principles. First,
the selection of control parameters should meet Assumptions
3 and 4. Second the selection of relevant parameters of GDC
controller is referred to [32]. Third, for the physical parameters
of MG, such as rated voltage, rated frequency, line impedance
value, and the value of LC filter, etc., their values refer to [38].
Finally, other parameters are obtained by trial-and-error method
to make the whole system run stably.

We use four simulation examples to verify the effectiveness of
the proposed controller. Case 1: Verify the secondary regulation
capability of the controller. Since the traditional primary control
method makes the frequency of MG deviate from the rated
value, we first verify the regulation ability of the controller in
this aspect. Case 2: Verify the plug-and-play capability of the
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Fig. 5. Performance test of the proposed controller. (a) Frequency. (b) Active

power. (c) Voltage.

proposed controller. Case 3: The superiority of the proposed
control strategy is proved by comparing the proposed distributed
GDC secondary control with distributed VSG secondary control
and distributed droop control. Case 4: Verify the performance
of the controller under communication interruption.

A. Regulation Performance of the Controller

To verify the secondary regulation ability of the controller,
by switching the load, we observe whether the frequency and
voltage of MG can be stabilized at the rated values. When ¢ = 10
s, we reduce the load by 10 kW. When ¢ = 20 s, we restore the
load. The total simulation time is 30 s. Shown as Fig. 5, when
the load drops, the frequency of DG recovers to the rated value
after a short oscillation. At this time, the power of each DG
also decreases, but it keeps 2:2:1:1. When the load returns to the
original value, the frequency will continue to operate stably at the
rated value after a short adjustment. The active power remains
shared. The fluctuation of the load has little effect on the voltage.
The voltage of each DG is always stable at the rated value.
Therefore, the control method proposed in this article solves
the shortcomings of traditional droop control, and realizes the
control objectives of power sharing and voltage and frequency
secondary regulation.

The event-triggered communication method proposed in this
article also reduces the number of communications between
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Fig. 6. Event trigger instants for DG1.

agents. The event-triggered time of frequency, voltage, and
power communication of DG1 is shown in Fig. 6. When the
load fluctuates, the communication mechanism of the agents is
triggered, and the agents start to communicate. When the fre-
quency, voltage, and power become stable, the communication
between agents stops. Taking the controller of DG1 as an exam-
ple, after calculation and comparison, when the event-triggered
communication is not used, the communication times are 102
times more than that when the event-triggered communication
is used. This control method greatly reduces the transmission of
useless information. Therefore, this communication mechanism
effectively reduces the number of communications between
agents.

In addition, in order to fully verify the adjustment ability of
the proposed controller, we observed the operation of MG by
adjusting the load size under the maximum limit condition of
DG. We take time delay as an example. Except for the time delay
parameters, other parameters are selected according to Table I,
and then the maximum time delay allowed by the system can be
calculated as about 350 ms by using Assumptions 3 and 4. The
simulation results are shown in Fig. 7. Shown as Fig. 7(a), when
the delay time is less than 350 ms, the system can operate stably.
Shown as Fig. 7(b) and (c), when the time delay is greater than
350 ms, the system becomes unstable and the operation curve
oscillates. This reduces the quality of the power provided by
MG. Therefore, the control method proposed in this article can
provide a theoretical basis for the design of system parameters.
The calculation and simulation of other parameters are similar
to the above, and will not be repeated here.

B. Plug-and-Play

In this section, we will verify the plug-and-play capability of
the proposed controller. By disconnecting and connecting DGS,
we observe whether the frequency and voltage of MG can be
stabilized at the rated values. The communication topology of
MG is shown in Fig. 8. When ¢ = 10 s, we disconnect DGS5,
and when t = 20 s, reconnect DG5. The total simulation time is
40s. Shown in Fig. 9, when DGS is disconnected, the frequency
of DG recovers to the rated value after a short oscillation. At
this time, the active power of DGS is zero, and the active power
of other DGs is still shared. The voltage of DG barely changes
during this process. When DGS is reconnected, DGS5 suddenly
starts to work from the no-load state, which causes the frequency
to drop rapidly. It can be seen from the negative sign on the right
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Fig. 7. Performance test under time delay limit conditions. (a) 300 ms. (b)

360 ms. (c) 400 ms.

Fig. 8. Communication topology of MG.

side of (5) that the change direction of frequency and power is
opposite. At this time, DG5 power generation rapidly increases.
As the total load remains unchanged, the power generated by
other DGs decreases. Then, the frequency and voltage continue
to operate stably at the rated values after a short adjustment.
The active power remains shared. Therefore, the control method
proposed in this article has the plug-and-play ability. This makes
the control of MG more flexible.

The event-triggered time of frequency, voltage, and power
communication of DG1 is shown in Fig. 10. When the commu-
nication structure is switched, the communication mechanism
of DGs is triggered, and the frequency controller, voltage con-
troller, and power controller of DG1 start to communicate. When
the system becomes stable, the communication between DGs
stops. The trigger times of other DG controllers are similar to
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Fig. 9. Controller plug-and-play performance. (a) Frequency. (b) Active
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Fig. 10.  Trigger time of DG1 communication.

those of DG1, but not all are given here. This communication
mechanism effectively reduces the number of communications
between DGs.

C. Performance Comparison of Different Controllers

In this section, we compare the proposed controller with
distributed droop control [39] and distributed VSG control.
In the distributed VSG control, VSG is used as the primary
control. The distributed GDC control method proposed in this
article is based on (5). Equation (5) is replaced by (4), and the
same design process can be used to build the distributed VSG
control. In the distributed secondary control based on VSG,
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Fig. 12.  Performance comparison of the controller under switching topology:

comparison of frequency response curve with distributed VSG.

we select parameter values according to [32]. Taking DGS5 as
an example, let the inertia J5 = 32 kg.m? and the damping
coefficient D5 = 5000. When ¢ = 10 s, we reduce the load by
10 kW. When t = 20 s, we restore the load. The total simulation
time is 30 s. The simulation results are shown in Fig. 11. As
shown in Fig. 11(a), the droop control method does not have the
ability to increase the system inertia. When the load fluctuates,
the frequency curve using the droop control method fluctuates
violently. Using the distributed VSG and GDC control method,
the frequency fluctuation is greatly reduced.

In Fig. 11(b), comparing distributed GDC with distributed
VSG, when the load fluctuates, the fluctuation peak of the
frequency curve of DGS5 using distributed GDC decreases and
the degree of change of the curve slows down. Similarly, the
plug-and-play simulation results of DG5S are shown in Fig. 12.
When the communication topology of MG is changed, the fre-
quency curve of the distributed VSG control method is obviously
shaken, and the proposed method makes the frequency curve
change more smoothly. Therefore, the simulation results show
that the proposed control method is better than other methods in
improving the inertia and damping characteristics of MG.
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Fig. 14.  Performance test of the controller under communication interruption.

(a) Frequency. (b) Active power. (c) Voltage.

D. Performance Test of the Proposed Controller Under
Communication Interruption

We analyze the influence of communication interruption on
the controller in this section. When ¢ = 15 s, the communication
between DG1 and DG6 and between DG4 and DGS5 is inter-
rupted, shown as Fig. 13. When ¢ = 25 s, we reduce the load
by 10 kW. When ¢ = 35 s, we restore the communication. The
total simulation time is 50 s. The simulation results are shown
in Fig. 14. As shown in Fig. 14, when the communication is
interrupted at £ = 15 s, since the MG is in the stable operation
state at this time, there is no need for communication between
the DGs, so the communication interruption has no impact on
the operation of the MG. When the load changes, the original
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balance state of MG is broken, and the DG starts communication.
The frequency of each DG is restored to the rated value after a
shortadjustment. Since DG5S and DG6 cannot communicate with
other DGs at this time, their active power cannot be shared. The
active power of other DGs still maintains power sharing. When
the communication of MG is restored, the frequency of each DG
is stabilized at the rated value after a short adjustment. At this
time, the active power of each DG is restored to the state of power
sharing. It can be seen from the figure that the communication
interruption has little effect on the voltage. Simulation results
show that the proposed control method has a certain ability to
resist communication interruption.

Note that the microgrid simulation structure used in this article
is an equivalent simulation model, which is equivalent to the load
at a point [40]. However, the line impedance at the output end of
DG is different, which means that the distance between DG and
load is different. Therefore, the simulation structure adopted in
this article is as universal as other simulation structures [15].

V. CONCLUSION

This article presented an event-triggered control strategy of
distributed GDC considering time delay. The distributed GDC
frequency secondary controller is constructed by using hetero-
geneous multiagent theory, which avoids complex parameter
design. This method can not only adjust the frequency and realize
active power sharing, but also make MG have inertia and damp-
ing characteristics. The distributed voltage controller realizes the
secondary regulation of voltage. Using event-triggered commu-
nication can effectively reduce the number of communications.
The stability of the proposed event-triggered controller is strictly
proved and the Zeno behavior does not occur. The complicated
Lyapunov equation of the system is avoided in the proof process.
Simulation results show the effectiveness of the method.

In addition, the research group where the author works is
currently building an experimental platform of MG, but the
experimental platform has not been completed, and part of the
experimental equipment is still lacking, so the conditions for
experimental verification are not yet available. The combination
of simulation and experimental verification can fully verify the
effectiveness of the controller, which will be the focus of the
research group in the future.

APPENDIX

A. Proof of Theorem 1

Proof: Combining (22) and (27), the derivative of (28) can
be obtained

bi(t) = wi(t) — wi(t)
= fz (wz) + Uwi
= —kd;.

—@i(t)
(58)

The equation of the tracking error controller is simple, so we can
directly use the simple Lyapunov equation to prove its stability.
Let

Vo (t) = %5T(t)5(t). (59)
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Then, we can get the derivative of (59) with respect to the
tracking error 9, as

Vo (t) = 67 (—kd) = —ké% < 0. (60)
Note that the above equation (60) is equal to zero if and only

if ¢ is zero. This means that lim;_,, §;(t) = 0. Therefore, there
must be

t—00

(61)

|
The frequency controller realizes the secondary frequency
regulation in two steps. The first step is to realize the state w; of
agents tracking the state w; of the reference model. This step has
been completed. The second step is to realize the convergence of
the reference model state c; and the frequency reference value
wo. The second step will be demonstrated below.
Using Newton—Leibniz formula, we obtain

§u(t—1) =E&u(t) — - éw(s)ds

t—1
t
:gw(t)f/t_ M€, (s — 1)ds
t

- / eu(s — 7)ds. (62)
t—7
There is

€olt) = Mubo(t) = My [ (Mubul(s=7) g3y

+ ew(s—7))ds + ey (t — 7).

Solving the differential equation (63) yields

§u(t) = Mo (titO)fw (to)
t s
eMW(tis)Mw {/ (ngw (Z - 7—)
to S—T

+eu(z—7))dz — eu(s T)}ds. (64)

Equation (64) can be further deduced by using the properties
of the eigenvalue of matrix in graph theory. Using Lemma 1
and Lemma 2, we can easily get Re(An (M,,)) < 0. So there are
k > 1 and « > 0 for (65) to be true

léw (D] < re™ 10 |lg, (to)]

t s
w [ e { [ il
0 S—T

T llew(z = 7Y dz + lew(s — )] }ds.
(65)
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Combined with the event-trigged function ||e,(t — 7)|| <
B, 7= (t=t0) and (65), we can get

e (D] < re= 1 jg, (ko)

t s
b oo { [ e -1
to S—T

M| B G0 dz 4| My | ﬂwewtw} as

= re 210 g, (o)

t s
+ H/ et {/ M| (1 (z—7)| dz}ds
to 5T
t s
+ Ii/ et (/ | M|l 5we_%(z_t°)dz) ds
to ST
t

[ e g e
to

(66)
Further obtained

lew (O] < re 1 |lg, (to)l]

t S
+/€/ e a(t=s) {/ ||Mw||2||§w(2—7)||dz} ds
to 5T

K || My || Bu
Yo (@ = 7)

% (e—%a—to) _ ew(t—to)) )

(1—e"" —~,)

(67)
In order to prove the convergence of the system (30), the
following equation can be proved:

€0 ()] < nwZue 710 (68)
where 7, > 1. Substituting (68) into (67) yields
1€ ()l

< re” g, (o)

t s
+ H/ emo(t=s) {/ | M, |17 anwe_%(z_T_tO)dz} ds
to S—T

K (| Mo || Bo
Yo (@ = 70)

% (effyw(tfto) - efa(tfto)) '

(1 —emT — ’Vw)

(69)
If Inequality (68) does not hold, there must be ¢* > ¢ so that
Nk Zge Y =t0) < €, (t*)||. When t = t*, Inequality (69)
can be written as

1€ @)

< ke g, (to)

t* s
eet=) {/ (| M, |2 r]wae'Y“(Ht”)dz} ds

to ST

+K
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k|| Mo || Beo
—Yw (Oé - 'Yw)

% (efvw(ﬁ4¢o)__ efa(ﬁ4¢0)>

(1 —em™T — 'Vw)

< KTw L (1 - e%ﬂ—) ||]Mw||2 e
o —Yw (@ =)

4 Bl [ Mo B (1 — €77 — ) o~ Yu (t'—to)
—Vw (a - ’Yw)

FlwZu (1 = €747 (| Mo || [[ M || €77)

T <nan§w(t0)|+' Voo (=)

B | M| B (1 — €77 — %J)> e—alt'—to) (70)
—Yw (@ = Yw)
According to Assumption 3, we can get
Nk Zwe ) < e, ()]
<Nk || (to)]| e 0)
< Nk Zy,e Vet —to) (71)

So Inequality (68) is true. This means that the consistency of the
distributed frequency controller can converge exponentially.
The Dini derivative of ||e; (¢)]| satisfies the following relation-

ship:
D* el = o feT (Dextt) < llea(r)].

Substituting (30) and (31) into (72) yields

(72)

D* Jlews(t)]|
léwi (D]
1L+ B2 ||&w (8 —7)|| + IL + Bl|Boe~ " (t7—t)

+ L+ Bl léu(t = 7)l| + 1L + B e =77 10)

IN

IN

< ||L + B|| Zoe = (t0) 4 || L + B|| Zye e (tt0)
+ (2L + B|?Z, + ||L + B||B.,) (e—ma—rfto)

pem(iri).
(73)
At the event-triggered instant ¢ = t%, e,,;(t) will be reset to 0.
From (73), we can obtain
e (2||L + B|[*Z., + | L + B||8.)
Yw

lewi(®)] < (

4 ML+ Bl Z, (eﬂw(t;fto) _ e—m(t—m)
Yew
+ (|IL + B||Zs, + €7 (2||L + B||*Z.,

L+ Blgw) e ) (1~ 1)
(74)
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where ¢ € [t .t} ], when the event-triggered function (31) is
triggered, there is
Bue 110 < ey (1)) (75)

According to (75), the next event will be triggered at the zero
crossing of (31), and there is

ﬂwefvw(%+lfm)

§ ( (211L + BIZo +||L + B 5.,
Ve

. L+B||Z> (eeltito) — el
Yw

+ (|IZ + B||Zs, + €7 (2| L + B||*Z.,

+ L+ Bl|B)) e = tt0) (6, —h) . (76)
Let T} = t};_ﬂ — t}, there is
BueTh < 7 (2||L + B|*Z. + ||IL + B|8.,)
Yoo
4 I+ BliZ. (1 B emT,g)
Yo

+ (IL + B||Zo, + €7 (2||L + B||*Z.,
+ ||IL + BJ|8.)) T} (717)

Since the right side of (77) is greater than zero, (78) must be true

TP > 0. (78)

Therefore, the frequency controller does not have Zeno be-
havior.

B. Proof of Theorem 2

Proof: Using the Newton—Leibnitz formula, we obtain

e(t—71)=¢e(t) — /ti £(s)ds

t t
Eqe(s)ds — Me(s —T)ds

t—7

— <) -
- E; (ey(s —7) +ey(s—T))ds.

t—7

(79)

Then, we have

)= Byt M)e(t)— M [ Fae(s)+ Me(s — 1)

+ By (ey(s —7) +eg(s — 7)) ds

+ By (ey(t —7) +eg(t — 7)) . (80)
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Solving differential equation (80), there is

g(t) = ePrTMto) g (1)

t s
,/ (Er+M)(t=s) pr {/ Ere(2)
to S—T

+Me(z—7)+ Es(ey(z2—7) + eg(z — 7)) dz

—Es (ey(s —7) +eg(s—1)) }ds. 81

Similar to the proof process of Theorem 1, the property of matrix
eigenvalue is also used to further deduce (81). Using Lemma 3,
we can easily get Re(An(E7 + M)) < 0. So there are x > 1
and o > 0 that make (82) hold

lle@l

< ke 1) e (to)
t s
. / et a1 { / 1B @)l
0 s—T
Mz = 7)) + [ Bsl ley(z — 7) + egz — 7] d

Bl ley(s —7) + egs — ) }ds.

(82)
Combining the event-triggered function |le, (¢t —7)|| +
lleg(t—7)| < Be=7(t=t0) and (82), we can obtain

le@)ll

< ke~ e (to) |

—I—n/t: p—a(t=s) {/ Bl M|z (2)]
+ M2 e(z = 7)) + || Eal | M| Be™ 70 d
Al ,@eﬂstw} ds

= ke [ (1)

t s
p / galt=s) { / VB 1M (=) 1d=
0 S—T

< ||M||2||s<z—7>||dz}ds

t s
+ n/ e—o(t=5) (/ | B2l ||M||Be_7(z_t°)dz) ds
to §—T

t
+/@/ e=0=3) || By | | M || G761 ds.
t
’ (83)
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Finally, there is

le@)]] < re= 1) le (t0) |

+ s
p / ealt=s) { / 1M B ()]l dz
N S—T

[ NPl = 7y}

sl M| Eell 8 e

b 1 e | iy S L e~ (t=to)

—y(a—7) ( K (

— el (84)
[ |

In order to prove that the voltage distributed controller (52)
can converge, the following equation can be proved to be true:

le(®)]| < nze ) (85)
where 17 > 1. Substituting (85) into (84) yields
lle@)l

< ke~ e (to) |

t s
v [ e {7 i ze e
to 5—T

-|-/ ||M||277Z6’Y(2Tt0)d2}d5

S—T

L A 8
—v(a—7)
_ e—a(t—to)) '

(1—e'™ —7) (efv(tfto)

(86)

If Inequality (85) does not hold, there must be t* > ¢y for

nrZe V") < ||g(t*)||. When t = t*, Inequality (86) can be
written as

lle (#)1

< ke ) e (to)|

t* S
+/$/ ea@*s){/ | M|| ||Ey|| nZe 1) dz
to S§—T

S
+ / ||M||2nZe‘7(Z‘T‘t°)dz}ds

—T

+ KM ]| 2] 8 (1— e —n) (e—"/(t*—to) _ e—a(t*—to))
—Y(a=17)
<————(nZ (1 =) (| M| | Er|| + | M]|*e™
_W(Q_v)( ( ) (1M B + || M]%e77)

Rl M| Bl 8(1 = € 7)) €70 4+ (e (8]
- (kmZ (1 — ") (|| M]| | E1|| + | M]]?e™
oy (02 (=) (IMI B+ )

+ | M| Eal| B (1 — €7 —)) e,
87)
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According to Assumption 4, we can conclude that

nrZe ) < e (¢)]]
<nr e (to)|| e )

< nrZe Y t0), (88)

So Inequality (85) is true. This means that the consistency of the
distributed voltage controller can converge exponentially. The
following will prove that the controller has no Zeno behavior.
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Let T} =t | — ti, we have
1
fe 7t <~ (IL+BIZ +e (2L + BI*Z
+ 1L+ BIB) (1—e) + (1L + B| 2
+ e (2L + BI?Z+ || L+ BIIB)) Ti.  (93)

The right side of (93) is greater than zero, then Inequality (94)
must be true

Substituting (53)—(55) into (72) yields Té > 0. (94)
Dt lleyi(t) + eqi (1)) There’s no Zeno behavior.

< léyi(t) + éqi(®)| REFERENCES

< ||L + BH HT] (t;c) H + HL + BH2 Hf (t;C — T) H [1] B.Liu, T. Wu, Z. Liu, and J. Liu, “A small-AC-signal injection-based de-

+ | L+ Bln(@)]| + |L + B||ge~(t-7t)

+ 1L+ BI?||n (t, —7)|| + 1L+ Bl?[In(t — 1)l
+||L+ BI?|£(t — )| + || + B||Be T H0)

[2]

[3]
< |IL + B[ ze(tt0) 4 ||L + B ze (1) 4
[4]

+ (2|IL + B|*Z + ||L + BJ|B) (e—w-T_to)
[5]

+e(timr)) (89)

At the event-triggered instant t = ¢, e;(t) will be reset to 0.

6
Through (89), we can get °}

1
e (®) < N (IL+B||Z+ e (2|L+ B|*Z [7]
+ L+ BB)) (e (tte) — et
[8]
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where ¢ € [t} 1} ,]. When the event-triggered function (55) is [10]
triggered, we obtain

B < Jley(t)] + lea . oD

[11]
According to (91), the next event will be triggered when (55)

crosses zero. We obtain [12]
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+ L+ B|g))e o) (11— 1) . 92)

centralized secondary frequency control for droop-controlled islanded mi-
crogrids,” IEEE Trans. Power Electron., vol.35,no. 11, pp. 11634-11651,
Nov. 2020.

V. Nasirian, Q. Shafiee, J. M. Guerrero, F. L. Lewis, and A. Davoudi,
“Droop-free distributed control for AC microgrids,” IEEE Trans. Power
Electron., vol. 31, no. 2, pp. 1600-1617, Feb. 2016.

M. A. Awal, H. Yu, H. Tu, S. M. Lukic, and I. Husain, “Hierarchical control
for virtual oscillator based grid-connected and islanded microgrids,” IEEE
Trans. Power Electron., vol. 35, no. 1, pp. 988-1001, Jan. 2020.

Y. Han, H. Li, P. Shen, E. A. A. Coelho, and J. M. Guerrero, “Review
of active and reactive power sharing strategies in hierarchical controlled
microgrids,” IEEE Trans. Power Electron., vol. 32, no. 3, pp. 2427-2451,
Mar. 2017.

Y. Han, K. Zhang, H. Li, E. A. A. Coelho, and J. M. Guerrero, “MAS-based
distributed coordinated control and optimization in microgrid and micro-
grid clusters: A comprehensive overview,” IEEE Trans. Power Electron.,
vol. 33, no. 8, pp. 6488-6508, Aug. 2018.

A. J. Abianeh, Y. Wan, F. Ferdowsi, N. Mijatovic, and T. Dragicevic,
“Vulnerability identification and remediation of FDI attacks in islanded
DC microgrids using multiagent reinforcement learning,” IEEE Trans.
Power Electron., vol. 37, no. 6, pp. 6359-6370, Jun. 2022.

Y.Jiang, Y. Yang, S.-C. Tan, and S.-Y. R. Hui, “Distribution power loss mit-
igation of parallel-connected distributed energy resources in low-voltage
DC microgrids using a Lagrange multiplier-based adaptive droop control,”
IEEE Trans. Power Electron., vol. 36, no. 8, pp. 9105-9118, Aug. 2021.
S. M. Malik, Y. Sun, W. Huang, X. Ai, and Z. Shuai, “A generalized droop
strategy for interlinking converter in a standalone hybrid microgrid,” Appl.
Energy, vol. 226, pp. 1056-1063, Sep. 2018.

S. Riverso, M. Tucci, J. C. Vasquez, J. M. Guerrero, and G. Ferrari-Trecate,
“Stabilizing plug-and-play regulators and secondary coordinated control
for AC islanded microgrids with bus-connected topology,” Appl. Energy,
vol. 210, pp. 914-924, Jan. 2018.

A. Afshari, M. Karrari, H. R. Baghaee, G. B. Gharehpetian, and S. Karrari,
“Cooperative fault-tolerant control of microgrids under switching commu-
nication topology,” IEEE Trans. Smart Grid, vol. 11, no. 3, pp. 1866—1879,
May 2020.

A.Rafiee, Y. Batmani, F. Ahmadi, and H. Bevrani, “Robust load-frequency
control in islanded microgrids: Virtual synchronous generator concept and
quantitative feedback theory,” IEEE Trans. Power Syst., vol. 36, no. 6,
pp. 5408-5416, Nov. 2021.

J. Hu and P. Bhowmick, “A consensus-based robust secondary voltage and
frequency control scheme for islanded microgrids,” Int. J. Elect. Power
Energy Syst., vol. 116, Mar. 2020, Art. no. 105575.

M. Raeispour, H. Atrianfar, H. R. Baghaee, and G. B. Gharehpetian,
“Resilient hoo consensus-based control of autonomous ac microgrids
with uncertain time-delayed communications,” IEEE Trans. Smart Grid,
vol. 11, no. 5, pp. 3871-3884, Sep. 2020.

K. Liu, P. Duan, Z. Duan, H. Cai, and J. Lu, “Leader-following consensus of
multi-agent systems with switching networks and event-triggered control,”
IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 65, no. 5, pp. 1696-1706,
May 2018.

M. Chen, X. Xiao, and J. M. Guerrero, “Secondary restoration control of
islanded microgrids with a decentralized event-triggered strategy,” IEEE
Trans. Ind. Inform., vol. 14, no. 9, pp. 3870-3880, Sep. 2018.



5978

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

J. Lai, X. Lu, X. Yu, and A. Monti, “Stochastic distributed secondary
control for AC microgrids via event-triggered communication,” /EEE
Trans. Smart Grid, vol. 11, no. 4, pp. 27462759, Jul. 2020.

Y. Wang, T. L. Nguyen, Y. Xu, Z. Li, Q.-T. Tran, and R. Caire, “Cyber-
physical design and implementation of distributed event-triggered sec-
ondary control in islanded microgrids,” IEEE Trans. Ind. Appl., vol. 55,
no. 6, pp. 5631-5642, Nov./Dec. 2019.

J. Choi, S. I. Habibi, and A. Bidram, “Distributed finite-time event-
triggered frequency and voltage control of AC microgrids,” IEEE Trans.
Power Syst., vol. 37, no. 3, pp. 1979-1994, May 2022.

Z.Chen, X. Yu, W. Xu, and G. Wen, “Modeling and control of islanded DC
microgrid clusters with hierarchical event-triggered consensus algorithm,”
IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 68, no. 1, pp. 376-386,
Jan. 2021.

F. Guo, L. Wang, C. Wen, D. Zhang, and Q. Xu, “Distributed voltage
restoration and current sharing control in islanded DC microgrid systems
without continuous communication,” IEEE Trans. Ind. Electron., vol. 67,
no. 4, pp. 3043-3053, Apr. 2020.

B.Fan,J. Peng, Q. Yang, and W. Liu, “Distributed periodic event-triggered
algorithm for current sharing and voltage regulation in DC microgrids,”
IEEE Trans. Smart Grid, vol. 11, no. 1, pp. 577-589, Jan. 2020.

J. Dai and G. Guo, “Event-triggered leader-following consensus for multi-
agent systems with semi-Markov switching topologies,” Inf. Sci., vol. 459,
pp. 290-301, Aug. 2018.

Z. Zhang et al., “An event-triggered secondary control strategy with
network delay in islanded microgrids,” IEEE Syst. J., vol. 13, no. 2,
pp. 1851-1860, Jun. 2019.

A. Fathi, Q. Shafiee, and H. Bevrani, “Robust frequency control of mi-
crogrids using an extended virtual synchronous generator,” IEEE Trans.
Power Syst., vol. 33, no. 6, pp. 6289-6297, Nov. 2018.

K.Jiang, H. Su, H. Lin, K. He, H. Zeng, and Y. Che, “A practical secondary
frequency control strategy for virtual synchronous generator,” IEEE Trans.
Smart Grid, vol. 11, no. 3, pp. 2734-2736, May 2020.

M. Ren, T. Li, K. Shi, P. Xu, and Y. Sun, “Coordinated control strategy
of virtual synchronous generator based on adaptive moment of inertia and
virtual impedance,” IEEE Trans. Emerg. Sel. Topics Circuits Syst., vol. 11,
no. 1, pp. 99-110, Mar. 2021.

X. Liang, C. Andalib-Bin-Karim, W. Li, M. Mitolo, and M. N. S. K.
Shabbir, “Adaptive virtual impedance-based reactive power sharing in
virtual synchronous generator controlled microgrids,” IEEE Trans. Ind.
Appl., vol. 57, no. 1, pp. 4660, Jan. 2021.

M. Eskandari, L. Li, M. H. Moradi, P. Siano, and F. Blaabjerg, “Active
power sharing and frequency restoration in an autonomous networked
microgrid,” IEEE Trans. Power Syst., vol. 34, no. 6, pp. 47064717,
Nov. 2019.

L.-Y.Luand C.-C. Chu, “Consensus-based droop control of isolated micro-
grids by ADMM implementations,” IEEE Trans. Smart Grid, vol. 9, no. 5,
pp. 5101-5112, Sep. 2018.

M. Shi, X. Chen, J. Zhou, Y. Chen, and J. Wen, “Frequency restoration and
oscillation damping of distributed VSGs in microgrid with low bandwidth
communication,” IEEE Trans. Smart Grid, vol. 12, no. 2, pp. 1011-1021,
Mar. 2021.

J. Liu, Y. Miura, and T. Ise, “Comparison of dynamic characteristics
between virtual synchronous generator and droop control in inverter-based
distributed generators,” IEEE Trans. Power Electron., vol. 31, no. 5,
pp. 3600-3611, May 2016.

X. Meng, J. Liu, and Z. Liu, “A generalized droop control for grid-
supporting inverter based on comparison between traditional droop control
and virtual synchronous generator control,” I[EEE Trans. Power Electron.,
vol. 34, no. 6, pp. 5416-5438, Jun. 2019.

W.Ren and R. Beard, “Consensus seeking in multiagent systems under dy-
namically changing interaction topologies,” IEEE Trans. Autom. Control,
vol. 50, no. 5, pp. 655-661, May 2005.

J.Huand Y. Hong, “Leader-following coordination of multi-agent systems
with coupling time delays,” Physica A, Statist. Mechanics Appl., vol. 374,
no. 2, pp. 853-863, Feb. 2007.

L. Zhu, Z. Chen, and R. H. Middleton, “A general framework for robust
output synchronization of heterogeneous nonlinear networked systems,”
IEEE Trans. Autom. Control, vol. 61, no. 8, pp. 2092-2107, Aug. 2016.
N. Pogaku, M. Prodanovic, and T. C. Green, “Modeling, analysis and
testing of autonomous operation of an inverter-based microgrid,” IEEE
Trans. Power Electron., vol. 22, no. 2, pp. 613—625, Mar. 2007.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 38, NO. 5, MAY 2023

[37]

[38]

[39]

[40]

C. Ahumada, R. Cardenas, D. Saez, and J. M. Guerrero, “Secondary
control strategies for frequency restoration in islanded microgrids with
consideration of communication delays,” IEEE Trans. Smart Grid, vol. 7,
no. 3, pp. 1430-1441, May 2016.

A. Bidram, A. Davoudi, F. L. Lewis, and J. M. Guerrero, “Distributed
cooperative secondary control of microgrids using feedback linearization,”
1IEEE Trans. Power Syst., vol. 28, no. 3, pp. 3462-3470, Aug. 2013.

F. Guo, C. Wen, J. Mao, and Y.-D. Song, “Distributed secondary volt-
age and frequency restoration control of droop-controlled inverter-based
microgrids,” IEEE Trans. Ind. Electron., vol. 62, no. 7, pp. 43554364,
Jul. 2015.

J. W. Simpson-Porco, Q. Shafiee, F. Dorfler, J. C. Vasquez, J. M. Guer-
rero, and F. Bullo, “Secondary frequency and voltage control of islanded
microgrids via distributed averaging,” IEEE Trans. Ind. Electron., vol. 62,
no. 11, pp. 7025-7038, Nov. 2015.

Jiancheng Zhang received the B.S. degree in me-
chanical engineering and automation from Huabei
Polytechnic University, Tangshan, China, in 2010, the
M.S. degree in mechanical and electronic engineer-
ing from Harbin Institute of Technology, Shenzhen,
China, in 2013, and the Ph.D. degree in control sci-
ence and engineering from Harbin Institute of Tech-
nology, Harbin, China, in 2022.

From 2014 to 2018, he worked in the 513 Research
Institute of China Aerospace Fifth Research Institute,
JIER Machine Tool Group Co., Ltd. and Oriental

Bluesky Titanium Technology Company, Ltd., where he served as an Engineer
and was responsible for product R&D. He is now a postdoctoral fellow of control
science and engineering in Shandong University, Jinan, China. His research
interests include multiagent cooperative control, artificial intelligence, and their
application in microgrid.

Bo Sun (Member, IEEE) received the B.S. and Ph.D.
degrees in control theory and control engineering
from Shandong University, Jinan, China, in 2004 and
2009, respectively.

He joined Shandong University, in 2010, where
he is currently a Professor with the School of Con-
trol Science and Engineering. His current research
interests include optimal control of engineering and
combined cooling, heating, and power system.

Daduan Zhao (Member, IEEE) received the B.S.
degree in electronic information science and technol-
ogy from Qufu Normal University, Rizhao, China, in
2015 and the M.S. degree in signal and information
processing from Southwest University, Chongqing,
China, in 2018. He is currently working toward the
Ph.D. degree in control theory and control engineer-
ing with Shandong University, Jinan, China.

His current research interests include multia-
gent systems, distributed optimization, and ac/dc
microgrids.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


