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Abstract— The paper addresses the synchronization problem
for a network of identical, linear time-invariant state-space
models. The notion of synchronizability is investigated and a set
of sufficient and necessary conditions relating synchronizability
to the dynamical properties of the subunits are provided.
The paper also extends recent results about synchronization
of passive linear systems by proving that networks of linear,
detectable, passive systems can be synchronized by any (possibly
directed) connected interconnection topology. The theory is
illustrated with several examples.

I. INTRODUCTION

Synchronization has been recently a popular subject in
systems and control motivated by many applications in
physics, biology, and engineering [1], [2].

Coordination problems, typical in the engineering world,
can often be addressed as synchronization problems in which
both the dynamical aspects of the subunits and the limited
communication aspects governing their interaction play a
role. Designing control laws and investigating interconnec-
tion structures that can ensure synchronization is therefore a
problem that has attracted quite some attention in the recent
years [3]–[7].

The present paper focuses on the synchronization problem
in the linear case. Assuming N identical dynamical systems,
each described by the linear, time-invariant (LTI), state-space
model (A,B,C), we investigate conditions on the individual
dynamics for the existence of a static distributed controller
that synchronizes the network.

Several papers have been published on synchronization
of linear systems [8]–[15]. Synchronization using static
controllers is addressed in [14]–[17], and partially in [9].
These results focused mainly on neutrally stable systems
(such as harmonic oscillators), and double integrators. Some
of these limitations can be overcome by using dynamic
controllers. In [9] a condition for synchronizability using a
class of dynamic controllers is presented while [8] presents a
fairly general solution to the synchronization problem when
the interconnection topology is time-varying. Finally [10]
provides synchronization conditions when the systems are
not assumed to be identical.

After presenting a preliminary result that relates synchro-
nization to the eigen-structure of the interconnection matrix,
in the first part of the paper we provide sufficient and
necessary conditions for the synchronizability of a collection
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of LTI systems. In short a collection of LTI systems is
synchronizable if it is possible to find a distributed controller
(including the communication topology) that synchronizes
the network. The results draw a connection between synchro-
nizability and output-feedback stabilizability of the subunits
and provide the minimum requirement for synchronization
by a static controller. The results are derived for general
interconnection structures, where the weights are not con-
strained to be nonnegative, and for general LTI systems
(the dynamics are not supposed to be stable). The results
are then specialized to graphs with nonnegative weights and
undirected graphs. By leveraging on these results, we then
prove that networks of passive and detectable systems can
be synchronized by any connected communication topol-
ogy with nonnegative weights, thus extending recent results
where the communication topology was assumed to satisfy
certain symmetry conditions (Theorem 4 in [8]).

This paper is organized as follows. In Section II the
notation used throughout the paper is summarized. Section
III introduces the synchronization problem. In Section IV
and V the main results are presented. The theory is illustrated
with several examples.

II. BACKGROUND AND NOTATIONS

Throughout the paper we will use the following notation.
Given a set of vectors xi ∈ Rn, i = 1, 2, . . . , N we
indicate the stacked vector as x = [xT1 , x

T
2 , . . . , x

T
N ]
T . Given

a complex matrix P we indicate with P ∗ its conjugate
transpose. We use 1N and 0N to denote the column vectors
in RN containing a 1 in every entry and a zero in every entry
respectively. We use IN to indicate the identity matrix with
N elements.

Let QN be a (N − 1) × N real matrix satisfying the
following properties:

QN1N = 0, QTNQN = ΠN , QNQ
T
N = IN−1, (1)

where ΠN := IN− 1
N 1N1TN . QN exists but it is non-unique.

QN will consistently denote one of such matrices. It can
be easily verified that QN is a matrix whose rows form an
orthonormal basis for 1⊥N (the vector space orthogonal to the
linear space spanned by the vector 1N ). Given the stacked
vector x = [xT1 , x

T
2 , . . . , x

T
N ]
T we define

xs :=
1

N
(1TN ⊗ In)x,

xn := (QN ⊗ In)x,
(2)

and express x as

x = (QTN ⊗ In)xn + (1N ⊗ In)xs. (3)
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The vector xs is the average of the vectors xi, i = 1, . . . , N ,
while xn vanishes whenever xi = xj for every i, j =
1, . . . , N .

A. Graph theory

A directed graph G consists of the triple (V, E ,Σ), where
V = {1, 2, . . . , N} is the set of nodes, E ⊆ V × V is the set
of edges and Σ ∈ RN×N is a weighted adjacency matrix.
Each σi,j (an element of Σ) will be nonzero if and only if
(i, j) ∈ E , otherwise σi,j = 0. When (k, j) ∈ E , node j is
called a neighbor of node k. We assume that there are no
self-loops, i.e. σi,i = 0 for i = 1 . . . N . Unless differently
stated, we allow for negative weights σi,j . The set of graphs
with the properties above is denoted with the symbol G. Two
subsets of G are given special notations: G+ is the subset of
all graphs with non-negative weights (σi,j ≥ 0); and Gu is
the subset of graphs with symmetric matrices Σ.

Given a graph G ∈ G we define the interconnection matrix
L as the N ×N matrix with elements

li,j :=

{∑N
k=1 σi,k, i = j,

−σi,j , i 6= j.
(4)

The matrix L always contains 0 and 1N as an eigenvalue-
eigenvector pair (since L has zero row sum). L has special
properties when restricted to G+ and Gu.

For graphs contained in Gu, L is a symmetric matrix,
hence has real eigenvalues. For graphs contained in G+,
the associated interconnection matrix L is called Laplacian
matrix. All the eigenvalues of a Laplacian matrix have non-
negative real part and the zero eigenvalue has multiplicity
one if and only if the graph is connected1. According to
Proposition 1 in [18], the spectrum of an N -dimensional
Laplacian matrix is localized to a subset of

Γ :=
{
δ + iω : ‖ω‖ ≤ ‖δ‖cot

π

N
, δ ≥ 0

}
. (5)

Given the matrix Q satisfying properties (1) and an inter-
connection matrix L, we define the reduced interconnection
matrix by

L̃ := QLQT . (6)

When L is a Laplacian matrix, L̃ is called the reduced
Laplacian matrix.

The spectrum of the (N − 1) × (N − 1) matrix L̃
will be denoted by Λ. Λ is the spectrum of L with one
zero eigenvalue removed [19]. Furthermore, for a reduced
Laplacian matrix, Λ is contained in the closed right-half
plane.

1A path between two nodes n1, nl is a sequence of nodes
{n1, n2, . . . , nl} such that ni, ni+1 is an edge for i = 1, . . . l − 1. A
graph is connected if it has one node to which there exists a path from
every other node

III. PROBLEM STATEMENT

Consider a collection of N identical LTI systems

ẋi = Axi +Bui,

yi = Cxi,
(7)

where xi ∈ Rn, yi ∈ Rl and ui ∈ Rm, i = 1, . . . , N , N ≥ 2.
Given a graph G with N nodes we associate each system

(7) to a node. We assume that each system can receive infor-
mation only from its neighbors according to the following
coupling structure

ui = K

N∑
j=1

σi,j(yj − yi), i = 1, . . . , N. (8)

where K is a suitable matrix to be designed.
The next Definition formalizes the notion of network

synchronization.

Definition 1. The network defined by (7), where ui are
defined by (8) is said to synchronize if

lim
t→∞

(xi(t)− xj(t)) = 0

for any initial conditions and for all i, j = 1, 2, . . . , N .

One of the main contributions of this paper is to investi-
gate under what conditions the collection of systems (7) is
synchronizable in the sense specified by the next definition.

Definition 2. The collection of LTI systems defined in (7) is
statically-synchronizable with respect to a set of graphs S if
there exist a static controller (8) and a graph G ∈ S such
that the network synchronizes.

IV. CONDITIONS FOR STATIC SYNCHRONIZABILITY

In order to study the synchronization properties of (7), (8),
we will make use of the notion of synchronization region
[20], [21].

Definition 3. Given a LTI system (A,B,C) and a m × l
real matix K, the synchronization region SK is the subset of
the complex plane defined by

SK := {s ∈ C : A− sBKC is Hurwitz}. (9)

The term synchronization region is justified by the syn-
chronization criterion presented below.

Theorem 1. The network (7), (8) synchronizes if and only
if Λ ⊂ SK , where Λ is the spectrum of L̃.

Proof. The closed loop system (7) with (8) reads

ẋ = (IN ⊗A− L⊗BKC)x. (10)

Notice that the network synchronizes if and only if for any
initial conditions of (10), limt→∞ xn(t) = 0, where xn has
been defined in (2).

After some algebraic manipulations and by using (3), the
dynamics of xn can be written as

ẋn = (IN−1 ⊗A− L̃⊗BKC)xn. (11)
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Let L̃ = PΩP−1 where Ω is the Jordan normal form of L̃.
Because (IN−1⊗A−L̃⊗BKC) = (P⊗In)(IN−1⊗A−Ω⊗
BKC)(P ⊗ In)

−1, the matrix (IN−1 ⊗ A− L̃⊗ BKC) is
Hurwitz if and only if (IN−1⊗A−Ω⊗BKC) is Hurwitz.
Notice that the matrix (IN−1 ⊗ A − Ω ⊗ BKC) is block
upper-triangular and therefore it is Hurwitz if and only if all
diagonal blocks A−λiBKC are Hurwitz, where {λi}N−1i=1 =
Λ. This implies that system (7), (8) synchronizes if and only
if Λ ⊂ SK .

Some comments on the synchronization region SK are
now in place. It is clear from (9) that it depends only on the
structural properties of (7) and the choice of the feedback
matrix K, it is therefore independent of the interconnection
topology. The region SK is an open set and it is symmetric
with respect to the real axis because the eigenvalues of
A − sBKC and A − s∗BKC are complex conjugated. In
general, SK has a non-trivial topology. Section 2 of [21]
provided examples of systems with bounded, unbounded, or
disconnected synchronization regions.

Due to Theorem 1, once the matrix K is chosen, the
synchronization region SK provides information on the set
of interconnection topologies required for synchronization,
as the following example illustrates.

Example 1. In certain situations it turns out that, once
the matrix K is fixed, for the network to synchronize the
adjacency matrix Σ must contain some negative entries. In
other words the network will not synchronize for any graph
belonging to the set G+ but synchronize for some graphs in
G. As an example consider a network of three LTI systems
each with dynamics

A =

[
2 0
0 −8

]
, B =

[
0 1
1 0

]
, C = I2, (12)

and choose K = I2. From elementary computations the
synchronization region is

SI2 =

{
δ + iω : ω2 >

δ2 + 32

1− δ2

36

, ‖δ‖ < 6

}
,

(shaded region in Fig. 1). Suppose that G ∈ G+ and let L be
the associated Laplacian matrix. From (5) the eigenvalues
of L are contained in the set R = {δ + iω : ‖ω‖ ≤
‖δ‖cotπ3 , δ ≥ 0} (dashed region in Fig. 1). Since the sets
are disjoint, any graph G ∈ G+ will not synchronize the
network.

Given a set of interconnection topologies, the spectrum of
the associated interconnection matrices can discriminate the
set of feedback matrices K that guarantee synchronization.
For example let G ∈ Gu, the set of undirected graphs. Undi-
rected graphs are associated to symmetric interconnection
matrices which possess all real eigenvalues. From Theorem
1, if the graph is undirected, synchronization requires the
existence of a matrix K such that SK intersects the real
line. If SK ∩ R = ∅ for every K, any synchronizing
graph is associated to an asymmetric interconnection matrix.
The next result provides a first characterization of static

Fig. 1: Synchronization region and eigenvalues region for
any graph in G+ (Example 1). The synchronization region is
denoted by the shaded area. It is bounded inside the region
{δ + iω : ‖δ‖ < 6, ‖ω‖ > 6} indicated by dotted lines.
The eigenvalues of any Laplacian matrix are contained in
the dashed region. Since the two regions are not intersecting
synchronization is not possible with any graph in G+

synchronizability with respect to different sets of graphs by
making use of the notion of synchronization region.

Lemma 1. Consider the collection of systems (7), the
following facts hold true:

i) The collection is statically synchronizable with respect
to the set of graphs G if and only if there exists a matrix K
such that {

SK ∩ R 6= ∅, if N is even;

SK 6= ∅, if N is odd.
(13)

ii) The collection is statically synchronizable with respect to
the set of graphs Gu if and only if there exists a matrix K
such that

SK ∩ R. 6= ∅ (14)

Proof. Proof of i):
(⇒) When N is even, the reduced interconnection matrix L̃
has an odd number of eigenvalues. Therefore, Λ contains at
least one real number. By Theorem 1, there exists a matrix K
such that SK contains Λ. We conclude that SK must intersect
the real axis. When N is odd, Λ ⊂ SK . Thus, SK 6= ∅ since
N ≥ 2.
(⇐) If N is even and SK∩R 6= ∅, there exists a real p ∈ SK∩
R. Consider the complete graph σi,j = p

N for all i 6= j. It can
be readily checked that the eigenvalues of L are {0, p, . . . , p}
and therefore all eigenvalues of L̃ are contained in SK . If N
is odd and SK 6= ∅, there exist p ∈ SK and p∗ ∈ SK (where
∗ denotes complex conjugation). Define L as:

L = P


0 0

R
. . .

0 R

P−1,
R =

[
Re{p} −Im{p}
Im{p} Re{p}

]
,

(15)
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where P is any invertible real matrix with first column 1N .
The eigenvalues of every R block are Re{p} ± iIm{p} ∈
{p, p∗}. Therefore, all eigenvalues of the reduced intercon-
nection matrix are contained in SK . It remains to ensure
that L is a interconnection matrix. This is true as long as
L is a real matrix satisfying L1N = 0. Clearly, L is a
real matrix. By construction of P , P [1, 0, . . . , 0]

T
= 1N or

equivalently P−11N = [1, 0, . . . , 0]
T . Therefore, L is a valid

interconnection matrix with all the non-zero eigenvalues
contained in SK .

Proof of ii): any Laplacian matrix in Gu has real eigen-
values. Therefore, from Theorem 1, it is necessary that the
synchronization region SK intersects the real axis for some
K for synchronization to take place. The sufficiency part
follows from the same construction in the proof of fact i).

Lemma 1 indicates that static synchronizability mainly
depends on the synchronization region of the constituent
system, which is exclusively a property of the systems
dynamics. The next results, based on Lemma 1, relate static
synchronizability to output-feedback stabilizability.

Theorem 2. Consider the collection of systems (7). Then
following facts hold true

i) Assume that N is even. The collection (7) is statically
synchronizable with respect to the set of graphs G if and
only if the system triple (A,B,C) is output-feedback-
stabilizable.

ii) The collection (7) is statically synchronizable with re-
spect to the set of graphs Gu if and only if the system
triple (A,B,C) is output-feedback-stabilizable.

Proof. Proof of i):
(⇒) output-feedback-stabilizability guaranties that there ex-
ists some real matrix K such that A−BKC is Hurwitz. This
in turn implies that SK intersects the real axis at s = 1. By
Lemma 1, the collection of systems (7) is therefore statically
synchronizable with respect to the set of graphs Gu and
therefore statically synchronizable with respect to the set of
graphs G.
(⇐) Because the collection is statically synchronizable with
respect to the set of graphs G and N is even, Lemma 1
guarantees the existence of a real matrix K and s ∈ R such
that A − sBKC is Hurwitz. Hence, the system is output-
feedback stabilizable.

Proof of ii): from Lemma 1 static synchronizability with
respect to the set of graphs Gu is equivalent to static
synchronizability with respect to the set of graphs G when
N is even. This proves fact ii).

The previous theorem does not characterize static synchro-
nizability with respect to G when N is odd. The next theorem
completes the picture.

Theorem 3. Assume N is odd. The collection (7) is statically
synchronizable with respect to G if and only if the following
conditions are satisfied:

i) (A,B) is stabilizable;
ii) (A,C) is detectable;

iii) There exists real matrix K, complex number s, and
Hermitian positive-semidefinite P such that

(A+ sBKC)
∗
P+P (A+ sBKC)+C∗C+C∗K∗KC = 0.

(16)

Proof. (⇒) Because the collection is statically synchroniz-
able for some odd N , Lemma 1 guarantees the existence
of a real matrix K and of a complex number s such that
A− sBKC is Hurwitz (SK is not empty). Let (A,B,C) be
expressed in the canonical Kalman form

A =


A1,1 A1,2 A1,3 A1,4

0 A2,2 0 A2,4

0 0 A3,3 A3,4

0 0 0 A4,4

 , B =


B1

B2

0
0

 ,
C =

[
0 C2 0 C4

]
,

(17)

where A1,1 is the controllable/unobservable mode,
A2,2 the controllable/observable mode, A3,3 the
uncontrollable/unobservable mode, and A4,4 the
uncontrollable/observable mode. The matrix A − sBKC
can be rewritten in the block matrix form

A1,1 A1,2 − sB1KC2 A1,3 A1,4 − sB1KC4

0 A2,2 − sB2KC2 A2,3 A2,4 − sB2KC4

0 0 A3,3 A3,4

0 0 0 A4,4

 . (18)

Since A − sBKC is Hurwitz the matrices A1,1, A3,3, and
A4,4 are Hurwitz. This guarantees that the uncontrollable
mode and the unobservable modes of the system are asymp-
totically stable and therefore the system is stabilizable and
detectable.

It remains to prove statement iii). Define matrices G =
A − sBKC and H = C∗C + C∗K∗KC. G is Hurwitz
and H is Hermitian and positive-semidefinite because C∗C
and C∗K∗KC both are. The matrix eG

∗tHeGt satisfies the
following property:

d

dt
eG

∗tHeGt = G∗
(
eG

∗tHeGt
)

+
(
eG

∗tHeGt
)
G, (19)

∀t ∈ R. Integrating both sides from zero to infinity and using
the fact that limt→∞ eGt → 0 we get

−H = G∗P + PG, (20)

where P =
∫∞
0
eG

∗tHeGtdt. The existence of P is guaran-
teed by the observation that ‖eGt‖ converges exponentially
to zero. Moreover, P is Hermitian and positive-semidefinite
because eG

∗tHeGt is. We therefore conclude that property
iii) holds.

(⇐) Given K, P , and s satisfying (16), let M = A +

sBKC and J =

[
C
KC

]
. Note that (16) is equivalent to

M∗P+PM+J∗J = 0. We want to show that M is Hurwitz.
The equation M∗P + PM + J∗J = 0 implies that:∫ t

0

eM
∗τJ∗JeMτdτ = −

∫ t

0

eM
∗τ (M∗P + PM) eMτdτ

= P − eM
∗tPeMt.

(21)
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Since P ≥ 0 the matrix eM
∗tPeMt is also positive-

semidefinite. Therefore for any complex vector x,∫ t

0

x∗eM
∗τJ∗JeMτxdτ = x∗Px− x∗eM

∗tPeMtx

≤ x∗Px.
(22)

Assume by contradiction that M is not Hurwitz. Then M
has an eigenvalue λ satisfying Re{λ} ≥ 0. Let v be a
corresponding eigenvector, then eMtv = eλtv. Substituting
v into (22) we obtain

v∗J∗Jv

∫ t

0

eλ
∗teλtdτ ≤ v∗Pv. (23)

The only way for (23) to hold is that Jv = 0.
Detectability of (A,C) implies the existence of a real

matrix D such that A + DC is Hurwitz. Notice that =
A + DC = M +

[
D −sB

]
J . Post-multiplying by the

eigenvector v we obtain that
(
M +

[
D −sB

]
J
)
v = λv

and therefore A+DC cannot be Hurwitz, contradicting the
hypothesis. We conclude that M is Hurwitz and by Lemma
1, that the collection is static synchronizable when N is
odd.

The main theorem in [22] provides necessary and sufficient
conditions for output-feedback-stabilizability in LTI systems.
The conditions are similar to the conditions in Theorem 3
except the additional constraint that s is real in (16). This
implies that the conditions in Theorem 3 are weaker than the
conditions in Theorem 2. We conclude that the conditions of
Theorem 3 are the minimum requirement for synchronization
by a static controller.

Remark 1. If a collection is statically synchronizable with
respect to the set of graphs G for even N then satisfies
the same property for odd N . In fact, by Lemma 1, static
synchronizability with respect to the set of graphs G for even
N implies the existence of controller K such that SK ∩
R 6= ∅. Therefore, SK 6= ∅ and the collection is statically
synchronizable for any odd N . It is natural to ask whether
the converse holds. The answer is no, counterexamples exist
and one is presented in the next example.

Example 2. We provide an example of a collection of systems
that is statically synchronizable with respect to the set of
graphs G+ if and only if N is odd. Consider the system

A =


0 1 0 0
0 0 1 0
0 0 0 1
1 1 −1 −2

 , B =


0
0
0
1

 ,
C =

[
0 6.4 6.4 4.4

]
.

(24)

To prove that the system is not synchronizable when N is
even, it suffices to show (A,B,C) is not output-feedback-
stabilizable (Theorem 2). Notice the special structure of A−
BKC:

0 1 0 0
0 0 1 0
0 0 0 1
1 1− 6.4K −1− 6.4K −2− 4.4K

 . (25)

Fig. 2: Circulant interconnection topology used in Example
2. Each system has two neighbors, it is attracted by one and
repelled by the other.

The characteristic polynomial of A − BKC is
χA−BKC(λ) = λ4 + (4.4K + 2)λ3 + (6.4K + 1)λ2 +
(6.4K − 1)λ − 1. By the Routh-Hurwitz criterion, it can
be easily shown that A − BKC is non Hurwitz regardless
the choice of K. Static synchronizability of odd collections
is guaranteed by Theorem 1 by observing that A − sBKC
is Hurwitz for K = 1 and s = i and by choosing an
interconnection matrix with purely imaginary eigenvalues.
As an example, suppose that N = 3. By choosing K = 1
and the interconnection shown in Fig. 2, the eigenvalues
of the reduced interconnection matrix are ±i ∈ SK . By
Theorem 1 the network synchronizes.

V. SYNCHRONIZATION OF PASSIVE LTI SYSTEMS

In the previous Section we focused on conditions for the
existence of a distributed feedback (8) (involving the feed-
back matrix K and a graph G) that yields synchronization.
The next result deals with a different question: under what
conditions on (7) is it possible to find a feedback matrix
K such that the network synchronizes for any connected
graph in G+? We prove that passivity and detectability are
such conditions. Synchronization of passive systems have
been studied in literature (see e.g. Theorem 4 in [8]). Since
detectable passive systems are output-feedback-stabilizable,
from Theorem 2 we can conclude that detectable passive
linear systems are synchronizable with respect to the set
of graphs Gu. Moreover, since for detectable passive LTI
systems A− kBC is a Hurwitz matrix for any positive real
scalar k, the synchronization region SI contains the positive
real line. In conjunction with the properties of Laplacian
matrices, this implies that any connected-undirected graph
with non-negative weights, G ∈ G+ ∩ Gu, is sufficient to
synchronize a collection of passive systems (in agreement
with e.g. [8]). With the next result we show that this result
can be generalized and synchronization of passive-detectable
systems can be achieved by choosing any connected graph
in G+.

Theorem 4. If (A,B,C) is passive and detectable then
i) The collection is statically synchronizable with respect to
the set of graphs Gu.
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ii) The network synchronizes for any connected graph in G+
and any symmetric and positive definite feedback matrix K.

Proof. Proof of i): since detectable-passive systems are
output-feedback-stabilizable the result follows directly from
Theorem 2.

Proof of ii): by Theorem 1 we need to prove that A −
λiBKC is Hurwitz for any K = KT > 0 and any graph
G ∈ G+, where {λi}N−1i=1 = Λ. Since Λ is contained in the
open right-half plane for Laplacian matrices associated to
connected graphs in G+, it suffices to show that A− sBKC
is Hurwitz for any s satisfying Re{s} > 0, and any K =
KT > 0. We will proceed by contradiction. Assume that
there exists a complex number s̄, with Re{s̄} > 0, and a
symmetric real matrix K̄ > 0 such that A − s̄BK̄C is not
Hurwitz. Let λ be an eigenvalue of A − s̄BK̄C such that
Re{λ} ≥ 0. Let v be the corresponding eigenvector, then
(A− s̄BK̄C)v = λv and

v∗
(
P
(
A− s̄BK̄C

)
+
(
A− s̄BK̄C

)∗
P
)
v

= 2Re{λ}v∗Pv ≥ 0
(26)

for any complex P = P ∗ > 0.
Since (A,B,C) is passive, there exists a real symmetric

matrix P̄ > 0 such that

P̄A−AT P̄ ≤ 0 , (27)
BT P̄ = C. (28)

By substituting P̄ into (26) and by using (28) we obtain

v∗
(
P̄
(
A− s̄BK̄C

)
+
(
A− s̄BK̄C

)∗
P̄
)
v

= v∗
(
P̄A+AT P̄ − 2Re{s̄}CT K̄C

)
v

= 2Re{λ}v∗P̄ v ≥ 0.

Since K > 0, v∗(P̄A + AT P̄ )v ≤ 0 and
−Re{s̄}v∗CT K̄Cv ≤ 0, it follows that Cv = 0. But this
means that v belongs to both an unstable eigenspace of A
and to the kernel of C implying that the (A,B,C) is not
detectable thus leading to a contradiction.

VI. CONCLUSION

In this paper we have related the synchronizability prop-
erty of a collection of LTI systems with the dynamical
properties of the subunits. We defined the notion of syn-
chronizability as the existence of a distributed feedback that
synchronizes the network. We showed that synchronizability
is strictly related to the property of output feedback stabi-
lizability of each subunit. We showed next that a network
of passive and detectable LTI systems can be synchronized
with any communication topology, assuming non negative
weights.
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