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Abstract— This paper proposes a reliability-aware secondary
control scheme for power-electronics-dominated DC microgrids
with an additional goal of enhancing the microgrid’s reliability.
The main goal of the paper is to enforce components’ reliability,
modeled as time-varying parameters, into a reliability-oriented
power sharing and voltage balancing. To this end, a DC
microgrid under the degradation process of power converters’
parameters is modeled by a linear parameter varying (LPV)
system. By virtue of this novel description and leveraging tools
from stability analysis and control synthesis of LPV systems, as
well as insights from the physics of microgrids, the paper de-
velops a novel reliability-oriented distributed secondary control
scheme. The proposed scheme does not rely on the topology of
microgrids nor the parameters of power lines; it guarantees
stability, voltage balancing, and current sharing while taking
the reliability aspects and stability constraints into the control
design process. Simulation results verify the performance and
effectiveness of the proposed secondary control approach.

I. INTRODUCTION

Microgrids are examples of cyber-physical systems that
include electrical components (physical layer) as well as
sensing, control, computing, and communication elements
(cyber layer) [1]. Such systems are subject to several sources
of stress in their cyber layer, such as cyberattacks [2].
Besides the cyber stresses, the physical layer of microgrids is
exposed to physical stresses, e.g., component aging, fatigue,
and degradation [3]. Due to the tight interaction between
the cyber and physical layers in microgrids, local stresses
in any part of these layers can propagate throughout the
microgrid and threaten its reliable and normal operation.
Due to the relatively low system inertia of microgrids,
cyber or physical stresses might result in large disturbances,
deteriorate microgrids’ normal functionalities, threaten their
stability, and also cause physical damage to loads and power
electronics devices.

Conventional control systems for microgrids consider ro-
bustness to modeling uncertainties including load variation
and plug-and-play operation of converter-based resources, in
their design. However, they are not intrinsically robust to
cyber and physical stresses in power-electronics-rich micro-
grids. Given that the main goal of microgrids is to enhance
the reliability and resilience of energy supply, it is crucial to
enhance microgrids’ reliability and their resilience to cyber-
physical stresses.

The main focus of this paper is on enhancing the reliability
of microgrids against physical stresses, particularly on the
reliability of power electronics converters. Capacitors and
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semiconductor devices that are the most failure-prone com-
ponents in power electronics converters are exposed to aging
and wear-out failures, as a result of intermittent operating
and environmental conditions (e.g., power loading, ambient
temperature, and humidity) [4]. Such failures challenge the
reliability of power-electronics-interfaced microgrids, as the
failures might propagate into the whole system (cascading
failure) and lead to serious performance degradation at the
system level and unscheduled costly maintenance or result
in overall system failure. The investigation of the reliability
of PV systems in [5] reveals that the most frequently failed
subsystem is power converter converters.

The existing research on the reliability of power-
electronics-dominated microgrids can be classified into two
groups, converter or component-level approaches, see the
survey papers in [6], and system-level approaches, e.g., [7].
The existing methods on the converter or component-level
reliability mostly rely on condition monitoring and online
parameter identification (dc-link capacitors, equivalent series
resistance (ESR) of transistors, etc.), e.g., [8]–[10]. While
the research in the reliability of power electronics converters
(component level) is substantial, the reliability at the system
level (microgrid level) has not been fully investigated. The
existing methods for system-level reliability in microgrids
mostly focus on reliability-oriented power sharing. The main
idea is to share load power among power converters such that
those with higher damage contribute less and healthier con-
verters contribute more in the power-sharing scheme [7]. This
is done by adjusting the droop coefficients in a power-sharing
scheme. The reliability-oriented power-sharing enforces the
redistribution of power among converters to prolong the
lifetime of the entire system. However, adjusting droop gains
based on the health of power converters in this approach
is open-loop and does not consider the stability constraints
in the design of droop gains. To address this issue, in
[11] a framework of stability-constrained reliability-oriented
droop control is proposed. However, this approach suffers
from the lack of rigorous stability analysis. To the best of
our knowledge, concise stability certificates in reliability-
oriented control of microgrids is missing in the literature.

Inspired by the existing gaps and drawbacks of system-
level approaches for enhancing reliability in microgrids,
this paper aims to develop a reliability-aware secondary
control solution that enforces reliability measures in the
control design phase. To this end, a DC microgrid under
the degradation process of power converters’ parameters is
described by a linear parameter varying (LPV) system [12],
a modeling framework suited for capturing the time-varying
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changes in the parameters of a dynamical system. Under
this novel description and leveraging tools from stability
analysis and control synthesis of LPV systems, as well as
insights from the physics of microgrids, the paper develops a
novel reliability-aware distributed secondary control scheme.
Such a reliability-by-design control approach presents a clear
advantage over conventional secondary control mechanisms
in microgrids, where stability and performance criteria are
only considered. The efficiency of the proposed control
strategy is evaluated by simulation case studies.

Notation: The notations used in this paper are standard. In
particular, matrix In is an n×n identity matrix, 0n×m is an
n × m matrix of zeros, and 1n is an n-dimensional vector
of all ones. The symbols AT , rank(A), ker(A), det(A),
trace(A), ⋆, and diag(a1, . . . , an) respectively denote the
transpose, the rank, the kernel (null space), the determinant,
the trace of A, the symmetric block in a symmetric matrix,
and a diagonal matrix whose diagonal elements are ai. For
an n × n diagonal matrix X , vec(X) is an n × 1 vector
whose elements are diagonal entities of X . For symmetric
matrices, P ≻ 0 (P ≺ 0) and P ⪰ 0 (P ⪯ 0) respectively
indicate the positive-definiteness (negative-definiteness) and
the positive semi-definiteness (negative semi-definiteness).

II. MODELING OF DC MICROGRIDS

Consider a Kron-reduced DC microgrid composed of n
converter-interfaced distributed generation (DG) units that
are interconnected by m resistive–inductive distribution lines.
Using the circuit theory, the converter-interfaced DG unit i
is mathematically modeled as follows:

Cti V̇i(t) = Iti(t)− YiVi(t)−
m∑

k=1

Be,ikIk(t),

Lti İti(t) = −Vi(t)−RtiIti(t) + Vdc,idi(t),

(1)

for i ∈ {1, . . . , n}, where Vi(t) ∈ R, Iti(t) ∈ R, di(t) ∈ R
are the voltage at the Point of Common Coupling (PCC) i,
the filter current, and the duty cycle of the DC-DC converter
i, respectively. In the dynamic equations in (1), Lti , Rti , Cti ,
Yi, and Vdc,i represent the filter inductance of the converter
i, the ESR of the inductance Lti , a shunt capacitance, load
conductance and the DC voltage at the input side of the
converter i, respectively. The dynamics of the line k are
described as follows:

Lk İk(t) = −RkIk(t) +

n∑
j=1

Be,jkVj(t), (2)

for k ∈ {1, . . . ,m} where Ik(t), Rk, and Lk are the line
current, resistance, and inductance, respectively. The term
Be,ik is formulated as follows [13]:

Be,jk =


1 if line k leaves DG j,

−1 if line k enters DG j,

0 otherwise.
(3)

Given the dynamics of DG units in (1) and lines in (2)
and denoting V = [V1, . . . , Vn]

T , It = [It1 , . . . , Itn ]
T , I =

[I1, . . . , Im]T , and d = [d1, . . . , dn]
T , the physical layer of

DC microgrids can be described in a vector form as follows:

CtV̇ (t) = It(t)− Y V (t)− BeIk(t),

Ltİt(t) = −V (t)−RtIt(t) + Vdcd(t),

Lİ(t) = −RI(t) + BT
e V (t),

(4)

where Ct = diag(Ct1 , . . . , Ctn), Lt = diag(Lt1 , . . . , Ltn),
Rt = diag(Rt1 , . . . , Rtn), Y = diag(Y1, . . . , Yn), Vdc =
diag(Vdc,1, . . . , Vdc,n), L = diag(L1, . . . , Lm), R =
diag(R1, . . . , Rm), and Be is the incidence matrix of the
graph representing the topology of the microgrid.

A. An LPV-based Modeling Framework of DC Microgrids
Power electronics converters are prone to degradation and

failure due to several reasons including aging and operational
conditions, e.g., operating under electrical stress and variable
power sources in power conversion applications, such as
electric vehicles and renewable energy resources [14]. In
these applications, some key components such as electrolytic
capacitors degrade over time due to the evaporation of the
electrolyte [14]. In general, DC link capacitors are one
of the most vulnerable components in power electronics
circuits [15]. In this section, an LPV framework is proposed
for power-electronics-based DC microgrids to model the
time-varying characteristics of their key components such
as capacitances, inductances, and their ESRs. To this end,
Cti , Lti , and Rti in (1) are considered as time-varying
parameters. The microgrid dynamics in (1) can be embedded
into a linear parameter-varying representation as follows:

ẋ(t) = A(ρ)x(t) +B(ρ)u(t),

y(t) = Cx(t),
(5)

where x(t) = [V T (t) ITt (t) I
T (t)]T is the state, u(t) = d(t)

is the input, and y(t) = [V T (t) ITt (t)]
T is the output. The

state space matrices in (5) are defined as follows:

A(ρ) =

 −C−1
t (t)Y C−1

t (t) −C−1
t (t)Be

−L−1
t (t) −L−1

t (t)Rt(t) 0n×m

L−1BT
e 0m×n −L−1R

 ,

B(ρ) =

 0n×n

L−1
t (t)Vdc

0m×n

 , C =

[
In 0n×n 0n×m

0n×n In 0n×m

]
.

(6)

In the LPV representation in (5), the scheduling param-
eters are ρ = [vec(Ct(t))

T vec(Lt(t))
T vec(Rt(t))

T ]T ∈
R3n×1.

Due to the degradation process and wear-out, the value of
capacitors and inductors decreases while the value of their
ESR increases. The recent studies show that in aluminum
electrolytic capacitors, the capacitance reduction is up to
20%, whereas in film capacitors, the reduction values are
up to 2% to 5% [16]. Hence, the scheduling variable ρ is
assumed to belong to a polyhedron Φ defined by

Cti,min ≤ Cti(t) ≤ Cti,nom,

Lti,min ≤ Lti(t) ≤ Lti,nom,

Rti,nom ≤ Rti(t) ≤ Rti,max,

(7)

2851



where the index “nom”, “min”, and “max” respectively
define the nominal, minimum, and maximum values. In
addition, the rate of variation of these parameters (ρ̇) is
bounded and satisfies the following constraints [16]:

d

dt
Cti(t) ≤ 0,

d

dt
Lti(t) ≤ 0,

d

dt
Rti(t) ≥ 0. (8)

for i = 1, . . . , n.

III. RELIABILITY-ORIENTED CONTROL

A. Current Sharing and Voltage Balancing Objectives

Current sharing is one of the objectives in the secondary
control of DC microgrids where the aim is to proportionally
share total load demands amongst DG units at the steady-
state according to the rated currents of DG units, i.e.,

lim
t→∞

(
Iti(t)

Iratedi

−
Itj (t)

Iratedj

)
= 0, i, j ∈ {1, . . . , n} , i ̸= j,

(9)
where Iti(t), Itj (t), I

rated
i , and Iratedj are the current of the

converter i and converter j, the rated current of converter i,
and the rated current of converter j, respectively.

The second secondary control objective in DC microgrids
is the voltage balancing defined as follows:

lim
t→∞

1

n

n∑
i=1

Iratedi (Vi(t)− V ∗) = 0. (10)

where V ∗ is a given nominal voltage reference of microgrids.
The main objective of this paper is to develop a secondary

control scheme to ensure the current sharing and voltage bal-
ancing objectives in (9) and (10) while taking the reliability
aspects into the design process.

B. Proposed Primary Control Scheme

The proposed primary control scheme is based on a PI
controller whose structure is given as follows:

ui(t) = KPi
Vi(t) +KIivi(t) +Kiwi(t),

v̇i = −Vi(t) + V ∗ − wi(t),
(11)

where ui(t) = Vdc,idi(t), KPi
is the proportional gain,

KIi is the integral gain, Ki is a control gain, and wi(t)
is the correction term sent by a secondary control layer (see
Subsection III-C). Theorem 1 in Subsection III-D discusses
the design of the control parameters KPi

, KPi
, and Ki for

guaranteeing closed-loop stability.
Note that when the secondary control scheme is inactive,

the correction term wi = 0 in (11). In this case, exact
voltage regulation can be achieved via the PI-based primary
controller in (11). However, the current sharing objective
in (9) is no longer ensured. The secondary control layer
is designed to achieve both current sharing and voltage
balancing objectives formulated in (9) and (10). In the
following, a consensus-based reliability-oriented secondary
control scheme is proposed.

C. Proposed Reliability-oriented Secondary Control Scheme

To achieve the current sharing objective in (9), a dis-
tributed consensus-based integral secondary control scheme
is required. To this end, a control state xc

i (t) is considered
whose aim is to ensure the current sharing among DG units
by sharing or coordination through distributed computations.
The dynamics of xc

i (t) are described as follows:

ẋc
i (t) = α

n∑
i=1,i̸=j

ηij

(
Iti(t)

Iratedi

−
Itj (t)

Iratedj

)
, (12)

where α ∈ R>0 is an integral gain and ηij ∈ R≥0 is a
communication weight between DG i and DG j, determined
based on the communication topology in the cyber layer
of microgrids. The secondary controller sends the following
correction term to the PI-based primary controller in (11):

wi(t) =
1

Iratedi

n∑
i=1,i̸=j

ηij(xci(t)− xcj (t)), (13)

Assumption 1. The undirected graph in the proposed sec-
ondary control scheme is assumed to be connected.

D. Equilibrium (Steady-state) Analysis

Denoting xc(t) = [xc
1, . . . , x

c
n]

T , w(t) = [w1, . . . , wn]
T ,

and v(t) = [v1, . . . , vn]
T , the proposed cyber-physical DC

microgrids can be described in a vector form as follows:

ẋcl(t) = Acl(ρ)xcl(t) +Bcl(ρ)V
∗,

y(t) = Cclxcl(t),
(14)

where xcl(t) = [xT (t) xT
c (t)]

T is the closed-loop state
vector, xc(t) = [vT (t) xcT (t)]T is the augmented primary-
secondary control state vector and state space matrices
are given in (15). In (15), Lc is the Laplacian matrix
associated with the communication topology in the sec-
ondary control layer, W = diag( 1

Irated
1

, . . . , 1
Irated
n

), K =

diag(K1, . . . ,Kn), KP = diag(KP1 , . . . ,KPn), and KI =
diag(KI1 , . . . ,KIn).

Remark 1. Under Assumption 1, it can be shown that the
control state trajectories xc(t) in (12) satisfy the following
condition:

1T
nxc(t) = 1T

nxc(0), ∀t > 0. (16)

The above equation is a conservation law for the dynamics
of (12).

For the closed-loop system in (14), the set of equilibrium
points is defined as follows:

E = {x̄cl ∈ R4n+m | Acl(ρ)x̄cl +Bcl(ρ)V
∗ = 0(4n+m)×1}.

(17)
According to (14), the equilibrium point x̄cl =

[V̄ T ĪTt ĪT v̄T x̄cT ]T of the closed-loop dynamics in (14)

2852



Acl(ρ) =


−C−1

t (t)Y C−1
t (t) −C−1

t (t)Be 0n×n 0n×n

L−1
t (t)(−In +KP ) −L−1

t (t)Rt(t) 0n×m L−1
t (t)KI L−1

t (t)KWLc

L−1BT
e 0m×n −L−1R 0m×n 0m×n

−In 0n×n 0n×m 0n×n −WLc

0n×n αLcW 0n×m 0n×n 0n×n

 , Bcl(ρ) =


0n×1

0n×1

0m×1

1n

0n×1

 ,

Ccl =
[
C 02n×2n

]
.

(15)

satisfies the following algebraic equations:

0n×1 = Īt − Y V̄ − BeĪ , (18a)
0n×1 = (KP − In)V̄ −RtĪt +KI v̄ +KWLcx̄c, (18b)

0m×1 = −RĪ + BT
e V̄ , (18c)

0n×1 = −V̄ + V ∗1n −WLcx̄c, (18d)
0n×1 = αLcWĪt. (18e)

Let Assumption 1 hold and KI is a non-singular matrix.
Using the properties of kernel of Lc and 1T

nBe = 01×m,
from the above equations, one can obtain that

Īt =
1

1T
nW

−11n
W−11n1

T
nY V̄ , (19a)

Ī = R−1BT
e V̄ , (19b)

v̄ = K−1
I

(
(In −KP +K)V̄ +RtĪt −K1nV

∗) , (19c)

x̄c =
1

n
1n1

T
nxc(0) + L+

c W
−1
(
−V̄ + 1nV

∗) , (19d)

0 = 1T
nW

−1V̄ − 1T
nW

−11nV
∗ (19e)

where L+
c is the generalized inverse of Lc and (V̄ , Īt)

satisfies the following equations obtained by Kirchoff’s law:

Īt = (Y + BeR
−1BT

e )V̄ . (20)

From (19a) and (20), we have

1

1T
nW

−11n
W−11n1

T
nY V̄ = (Y + BeR

−1BT
e )V̄ . (21)

Hence, V̄ can be obtained by the solution of the following
equation:

AV V̄ = BV , (22)

where

AV =

[ 1
1T
nW−11n

W−11n1
T
nY − (Y + BeR

−1BT
e )

1T
nW

−1

]
,

BV =

[
0n×1

1T
nW

−11nV
∗

]
.

(23)

The solvability of (22) was discussed in [17].

Proposition 1. Let Assumption 1 hold. The current sharing
and voltage balancing in (9) and (10) are simultaneously
achieved at the equilibrium point of the closed-loop system.

Proof: According to (14) and the dynamics of xc
i (t) in

(12), at equilibrium point Īt, one has LcWĪt = 0n×1. Under
Assumption 1, Lc has a simple zero eigenvalue [18]. Thus,

WĪt = I∗t 1n is the solution of LcWĪt = 0n×1, where I∗t ∈
R is the consensus value. Moreover, based on the dynamics
of vi(t) in (11) and the properties of the Laplacian matrix Lc,
at equilibrium point V̄ , one has 1T

nW
−1V̄ = 1T

nW
−11nV

∗.

IV. STABILITY ANALYSIS

This section analyzes the stability and performance of the
DC microgrid with the dynamics given in (14).

Theorem 1. Consider the closed-loop LPV microgrid system
in (14) and (15) with the scheduling parameters in (7) whose
rate of variation is given in (8). If the parameters of the PI-
based primary control in (11) and secondary control in (12)
belong to the following set:

X[i] =

KPi
< 1, 0 < KIi <

Rti

Lti

(1−KPi
) ,

Ki = KPi
− 1, α > 0

 . (24)

for i = 1, . . . , n. Then, the equilibrium x̄cl of the LPV model
presented by (14) is asymptotically stable.

Proof: We consider the following parameter-dependent
Lyapunov function:

Vp = (xcl(t)− x̄cl)
TP (ρ)(xcl(t)− x̄cl), (25)

where

P (ρ)=


Ct 0n×n 0n×m 0n×n 0n×n

⋆ −Rtβ
−1 0n×m KIβ

−1 0n×n

⋆ ⋆ L 0m×n 0m×n

⋆ ⋆ ⋆ (KP − In)KIβ
−1 0n×n

⋆ ⋆ ⋆ ⋆ In


(26)

where β = KI + L−1
t (KP − In)Rt. First, we show that

P (ρ) ≻ 0, ∀ρ ∈ Φ. According to the Schur complement
lemma [19], P (ρ) ≻ 0 if and only if the following conditions
are satisfied:  Ct 0n×n 0n×n

⋆ −Rtβ
−1 0n×n

⋆ ⋆ L

 ≻ 0,

 Ct 0n×n 0n×n

⋆ −Rtβ
−1 −KIβ

−1(KP − In)
−1Lt 0n×n

⋆ ⋆ L

 ≻ 0.

(27)

By direct calculation, it can be shown that Rtβ
−1 +

KIβ
−1(KP − In)

−1Lt = Lt(KP − In)
−1. The set of

the control parameters in (24) implies that β ≺ 0 and
Lt(Kp − In)

−1 ≺ 0. As a result, the inequality conditions
in (27) are satisfied for ∀ρ ∈ Φ; hence, P (ρ) ≻ 0, ∀ρ ∈ Φ.
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According to the Lyapunov theory, the closed-loop micro-
grid dynamics in (14) is exponentially stable if

Q = AT
cl(ρ)P (ρ) + P (ρ)Acl(ρ)︸ ︷︷ ︸

QP (ρ)

+

q=3n∑
i=1

ρ̇i
∂P (ρ)

∂ρi︸ ︷︷ ︸
Ṗ (ρ)

≺ 0, ∀ρ ∈ Φ,

(28)
where ρ1 = Ct, ρ2 = Rt, and ρ3 = Lt. By direct calculation,
QP (ρ) is obtained as follows:

Qp(ρ) = −


2Y 0n×m 0n×m 0n×n 0n×n

⋆ −2R2
tβ

−1 0n×m 2RtKIβ
−1 0n×n

⋆ ⋆ 2R 0m×n 0m×n

⋆ ⋆ ⋆ −2K2
Iβ

−1 0n×n

⋆ ⋆ ⋆ ⋆ 0n×n

 .

(29)

As the following constraints are satisfied, based on the
Schur complement lemma, Qp(ρ) ⪯ 0, ∀ρ ∈ Φ.

−

 2R 0m×n 0m×n

⋆ −2K2
Iβ

−1 0n×n

⋆ ⋆ 0n×n

 ⪯ 0,

−

 2R 0m×n 0m×n

⋆ 0n×n 0n×n

⋆ ⋆ 0n×n

 ⪯ 0.

(30)

In the next stage, Ṗ (ρ) is obtained in (32), where ∂β−1

∂Rt
=

−β−1L−1
t (KP − In)β

−1 and ∂β−1

∂Lt
= β−1L−2

t (KP −
In)Rtβ

−1. Taking into account the set X[i], it can be shown
that ∂β−1

∂Rt
is a diagonal matrix with positive diagonal entities

while and ∂β−1

∂Lt
is a diagonal matrix with negative diagonal

entities. By applying the Schur Complement Lemma, it can
be shown that ∂P (ρ)

∂ρ2
≺ 0 and ∂P (ρ)

∂ρ3
≻ 0. Taking into account

the rate of variation of ρ in (8), one can shown that

ρ̇1
∂P (ρ)

∂ρ1
⪯ 0, ρ̇2

∂P (ρ)

∂ρ2
⪯ 0, ρ̇3

∂P (ρ)

∂ρ3
⪯ 0, ∀ρ ∈ Φ.

(31)
Thus, it can be shown that Q ⪯ 0, ∀ρ ∈ Φ. We

then use the LaSalle’s invariance principle to show that the
state trajectories of (14) converge to the largest invariant
set contained entirely in Ψ = {xcl : V̇p = (xcl(t) −
x̄cl)

TQ(ρ)(xcl(t) − x̄cl) = 0}. It can be shown that the set
Ψ only contains x̄cl. Hence, x̄cl is asymptotically stable.

Remark 2. It can be shown that the set of X[i], for i =
1, . . . , n is not empty. Furthermore, the integral control gain
KIi should be chosen so that 0 < KIi <

Rti
,nom

Lti,nom
(1−KPi

).

V. SIMULATION RESULTS AND ANALYSIS

In this section, the performance and effectiveness of the
reliability-aware secondary control scheme is evaluated by
a set of simulation case studies. To this end, we consider
a meshed DC microgrid with 6 DG units whose topology
is depicted in Fig. 1. The parameters of the DG units and
power lines are taken from [20].

In the following, two case studies are conducted to eval-
uate the performance of the proposed control scheme in

Fig. 1. Schematic diagram of the physical layer of a meshed DC microgrid
consisting of n = 6 DG units connected by m = 7 power lines.

voltage balancing and proportional current sharing while
under inductance and capacitance uncertainties.

In the first case study, it is assumed that the value of ESR
and inductance of the power converter of DG 1 is changed
at t = 3 s. The inductance value is continuously decreasing
from its nominal value to 0.7 of its value while its ESR
is increasing from its nominal value to 1.7 of its value.
Fig. 2 shows the voltage and current of the power converter
(Vi, Iti), i = 1, . . . , 6, with the proposed secondary control
scheme. As one can observe from this figure, upon parameter
time-varying changes at t = 3 s, the proposed secondary
control scheme allows voltage balancing and proportional
current sharing amongst all DG units.

In the second case study, the robustness of the proposed
distributed secondary control scheme is validated against the
time-varying changes in the capacitance value. To this end,
it is assumed that the value of the capacitor of DG 5 is
changing as follows:

Ct5(t) =


Ct5,nom for t ≤ 3,

(1− 0.1(t− 3))Ct5,nom for 3 < t < 5,

0.8Ct5,nom for t ≥ 5
(33)

where Ct5,nom is the nominal value of Ct5 . The microgrid
voltage and current trajectories are shown in Fig. 3.

VI. CONCLUSIONS

This paper developed a reliability-aware distributed sec-
ondary control scheme for cyber-physical DC microgrids.
In the proposed approach, the DC microgrid under the
degradation process of power converters’ parameters was
modeled by a linear parameter varying (LPV) dynamical
system. By leveraging tools from the stability analysis of
LPV systems, as well as insights from the physics of
microgrids, a novel reliability-oriented distributed secondary
control scheme was proposed. The DC microgrid with the
proposed secondary control scheme guarantees stability and
ensures voltage balancing and current sharing while taking
the reliability aspects and stability constraints into the control
design process. Simulation results demonstrated the perfor-
mance and effectiveness of the proposed control scheme.

2854



Ṗ (ρ) = diag(Ċt,0n×n,0m×m,0n×n,0n×n) +


0n×n 0n×n 0n×m 0n×n 0n×n

⋆ −Rt
∂β−1

∂Lt
L̇t 0n×m KI

∂β−1

∂Lt
L̇t 0n×n

⋆ ⋆ 0m×m 0m×n 0m×n

⋆ ⋆ ⋆ (KP − In)KI
∂β−1

∂Lt
L̇t 0n×n

⋆ ⋆ ⋆ ⋆ 0n×n

+


0n×n 0n×n 0n×m 0n×n 0n×n

⋆ (−β−1 −Rt
∂β−1

∂Rt
)Ṙt 0n×m KI

∂β−1

∂Rt
Ṙt 0n×n

⋆ ⋆ 0m×m 0m×n 0m×n

⋆ ⋆ ⋆ (KP − In)KI
∂β−1

∂Rt
Ṙt 0n×n

⋆ ⋆ ⋆ ⋆ 0n×n

 .

(32)
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Fig. 2. Voltage and current trajectories of the meshed DC microgrid with
the proposed secondary controller in the presence of time-varying changes
of the inductance and ESR of the power converter of DG 1.
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