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Abstract: We investigate the issue of synchronizing a blinking coupling mobile agent network through a blinking
adaptation strategy, where each agent with blinking wave emission behavior not only adjusts its blinking period
according to the local property of its neighbors, but also coordinates its blinking phase with those of neighboring
agents. In leading the agents to blink orderly with a blinking period commensurate with the characteristic time of the
dynamical oscillator, the presented blinking adaptation strategy works effectively in guaranteeing the synchronous
motion of the considered network when the power density is large. In addition, the influence of the controlling
parameter and moving velocity on network evolution is studied by assessing the convergence time.
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1 Introduction

In the past decade, network-based approaches
have attracted an increasing interest and have been
proved to be prominent candidates to investigate the
collective dynamics in many branches of science and
engineering (Boccaletti et al., 2002; 2006; Barabási,
2009). As a typical collective motion, synchroniza-
tion in complex dynamical networks has been exten-
sively studied. Many studies have pointed out that
topological structure plays a significant role in the
formation of network synchronization (Pecora and
Carroll, 1998; Wen et al., 2007; Arenas et al., 2008).
Thus far, synchronized behaviors have been stud-
ied mostly in the limit of static networks; i.e., the
topological structures do not change as time evolves.
Obviously, these static connection topologies do not
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fit most realistic network systems; e.g., in biologi-
cal networks, epidemiological networks, communica-
tion networks as well as social networks, the con-
nection topology of the network generally changes in
time. Therefore, researchers have recently devoted
their efforts to time-varying complex networks (Be-
lykh IV et al., 2004; Belykh VN et al., 2004; Skufca
and Bollt, 2004; Lu and Chen, 2005; Frasca et al.,
2006; Chen, 2007; Wu, 2008; Qin et al., 2009; Zhang
et al., 2010). Particularly, taking into account the co-
evolution of dynamics states and network structures,
many adaptive networks have been proposed and the
corresponding synchronization issues have been in-
tensively investigated (Zhou and Kurths, 2006; Wang
and Sun, 2009; Zhu et al., 2010).

In this paper, we focus our discussion on the
synchronization issue in a power-driven mobile agent
network (Shi et al., 2010). Since this type of agent
network has a remarkable feature of switching topol-
ogy, it could be used as a good representation to
explore many kinds of real-world problems, e.g., syn-
chronous motion in clock of mobile robots (Buscarino
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et al., 2006), bulk oscillations of yeast cells (Dano
et al., 1999), and collective reaction of a group of
animals (Peng et al., 2009). Different from the exist-
ing agent network models (Frasca et al., 2008; Wang
and Sun, 2009; Shi et al., 2010; Wang et al., 2010a;
2010b), we assign each agent a blinking emission
power, so as to establish a blinking coupling mech-
anism, which can be used to characterize the inter-
mittent influence capabilities of the mobile agents.
It has been found that the intermittency feature of
influence capabilities widely exists in individuals of
real-world systems. For instance, in firefly flashing
(Lewis and Cratsley, 2008), fireflies emit rays during
one time interval and enter the non-luminous state
in the following interval. In wireless sensor networks
(Hart and Martinez, 2006), sensors are generally in
the non-transmission state for energy efficiency, and
switch to the transmission state only when needed.

Based on the moving agent network with blink-
ing coupling structure, we propose a blinking adap-
tive rule to guarantee its synchronous behavior. The
general idea behind the adaptation strategy covers
two aspects: one is to regulate the blinking period of
each agent to a proper common value according to
the local synchronization property, and the other is
to coordinate the blinking phase of each agent with
those of its neighbors. In the following sections, we
will show that when power density is large, synchro-
nization of the considered network can be effectively
guaranteed under the blinking adaptation strategy.
In addition, by assessing the convergence time, we in-
vestigate the influence of the controlling parameter
and moving velocity on network synchronization.

2 Blinking coupling mobile agent net-
work

Consider a set of N moving agents, denoted by
agent i, i = 1, 2, · · · , N . Agent i is assigned to
be equipped with a chaotic oscillator xi(t) ∈ R

n,
which is used to characterize the dynamical state
agent i. Assume that all the agents move randomly
in a two-dimensional plane. The plane satisfies pe-
riodic boundary conditions and is of linear size L.
The positions and orientations of agents are evolving
according to

{
yi(t+Δt) = yi(t) + vi(t)Δt,

θi(t+Δt) = ηi(t+Δt),
(1)

where yi(t) is the position of agent i in the plane
at time t, vi(t) with constant module (denoted by
v) and direction angle θi(t) is the velocity of agent
i, ηi(t), i = 1, 2, · · · , N are N independent variables
chosen randomly from the region [−π, π] according
to uniform probability, and Δt is the time unit.

First of all, we recall the power-driven mecha-
nism (Shi et al., 2010; Wang et al., 2010b) to establish
directed connections among the mobile agents. Each
agent is regarded to be a wave source with emission
power P i

e , which reads

P i
e = 4πd2Si(d), Si(d) ≥ Sc, (2)

where d indicates the distance from agent i, Si(d)

as a function of d is the intensity of wave emitted
by agent i, and Sc is a critical wave intensity. If
the intensity of wave is beyond Sc, then agents can
perceive it accurately. If agent i has emission power
P i
e , then there exists an influence radius, denoted by
Ri =

√
P i
e/(4πSc), within which Si(d) ≥ Sc. That

is, directed couplings from agent i to its neighbor-
ing agents will be established immediately when the
neighboring ones move into its influence range. Note
that once the emission powers of agents are settled,
couplings among agents are determined merely by
their relative geographical locations in the plane.

However, not only the relative positions of the
agents, but also their intermittent influence capabil-
ities, can have an effect on the switching coupling
structure among them. One can easily find many
cases in nature as well as in man-made systems where
the intermittency feature of influence capabilities has
direct impact on couplings among individuals; e.g.,
in firefly flashing, no signal can be perceived by the
neighboring fireflies if the firefly does not emit rays,
even though the fireflies are in close proximity to
each other (Lewis and Cratsley, 2008). As well as
in wireless sensor networks, even if the sensors are
within the service area of each other, they still can-
not establish communications among them when in
idle mode (Hart and Martinez, 2006). In this pa-
per, we introduce a blinking coupling mechanism in
order to have a better depiction of the widely ex-
isting intermittency feature in individuals’ influence
capability. Concretely, agent i takes a counter Ci(t)

which counts repeatedly from zero to a value of Cu

as follows:

Ci(t+Δt) = Ci(t) +Ki(t), (3)
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where Cu is a positive constant. Once the value
of Ci(t) equals Cu, Ci(t) restarts counting from zero,
andKi(t) controls the blinking period. Denoting the
blinking period of agent i by T i

b, we then derive that
T i
b = Cu/Ki(t) ·Δt. Moreover, we define a duty ratio
ψ. Agent i remains in idle mode asCi(t) is lower than
ψCu, and agent i switches to emission mode when
Ci(t) counts to larger than ψCu. During the period
of idle mode, wave emission of agent i is turned off,
and then, even if the other agents locate inside the
influence range of agent i, they still cannot obtain in-
formation from agent i, which is very different from
the case in Shi et al. (2010). As agent i switches
from the idle mode to emission mode, wave emis-
sion is then turned on. Under such circumstances,
coupling establishment among agents is the same as
that in Shi et al. (2010). That is, when the relative
distance between agent i and its surrounding agents
is shorter than R, directed coupling will immediately
be constructed from agent i to these agents. For sim-
plicity, we consider that all the agents possess iden-
tical emission power, denoted by P ; i.e., each agent
has the same influence radius R =

√
P/(4πSc). The

following formula shows the blinking wave emission
behavior of agent i:

P i
e =

{
P, nCu ≤ Ci(t) < ψCu + nCu,

0, otherwise,
(4)

where n = 0, 1, · · · and i = 1, 2, · · · , N .
Under the blinking coupling rules, the mobile

agents interact with each other and a dynamical net-
work is thus constructed. Moreover, the mobile agent
network can be formulated as follows:

ẋi = f(xi)− σ

N∑
j=1

gij(t)h(xj), (5)

where i = 1, 2, · · · , N , f(·) : Rn → R
n governs the

local dynamics of the oscillator, h(·) : R
n → R

n

is a vectorial output function, σ > 0 is the cou-
pling strength, and time-varying Laplacian matrix
G(t) = (gij(t)) ∈ R

N×N describes the coupling re-
lations among agents at time t. For the chaotic
oscillator, without loss of generality, we consider
the Rössler oscillator, whose state dynamics is de-
scribed by: ẋi1 = − (xi2 + xi3), ẋi2 = xi1 + axi2,
ẋi3 = b + xi3 (xi1 − c), with xi = [xi1, xi2, xi3]

T and
a = 0.2, b = 0.2, c = 7.0, and we set h(xi) = Hxi,
where H = diag{1, 0, 0}.

Note that time-varying Laplacian matrix G(t)

rests not only with the kinematics (mobility motion)
of the agents, but also with the blinking wave emis-
sion behavior of each agent. Fig. 1 gives the coupling
relation between two agents i and j. If the relative
distance between i and j is larger than the influence
radius R, then no matter i and j are in emission
mode or not, no couplings can be established be-
tween them, i.e., gij(t) = gji(t) = 0; if agents i and
j are in close proximity, within the influence radius
of each other, then the blinking wave emission be-
havior governs the coupling structure. For specific
details, if agent i is in emission mode and agent j in
idle mode, then directed couplings can be established
only from i to j, and no couplings exist from j to i,
i.e., gij(t) = 0, gji(t) = −1; if agent j is in emission
mode and agent i in idle mode, then directed cou-
plings exist from j to i, and no couplings exist from
i to j, i.e., gij(t) = −1, gji(t) = 0; if agents i and
j are both in emission mode, then couplings from i

to j and couplings from j to i exist simultaneously,
i.e., gij(t) = gji(t) = −1; and if agents i and j are
both in idle mode, then couplings from i to j and
couplings from j to i disappear simultaneously, i.e.,
gij(t) = gji(t) = 0.

Sc

Sc

Sc

Sc Sc Sc

jiji

i j i j i j

gij(t)=0
gji(t)=0

gij(t)=0
gji(t)=0

gij(t)=0
gji(t)=-1

gij(t)=-1
gji(t)=0

gij(t)=-1
gji(t)=-1

Fig. 1 Coupling relation between agents i and j,
where the circle means the influence area, the dotted
line implies the agent is in idle mode, while the solid
line implies the agent is in emission mode

3 Synchronization analysis of the
blinking coupling agent network

In the following, we will discuss the synchronous
motion of network (5) under the blinking coupling
mechanism. Since network (5) possesses random
initial conditions and the mobility of the agents
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also shows a random feature, we prefer to measure
the synchronization process in a statistical way and
further introduce two corresponding indexes: syn-
chronization error δx(t) and synchronization index
〈δx〉. Synchronization error δx(t) is defined to be
(
∑N

i=1 ||xi−x1||)/N and synchronization index 〈δx〉
is the average of δx(t) during the period [T, T +ΔT ],
where T is a sufficiently long evolving time. The
parameters in simulations are set as: Cu = 2000,
ψ = 50%, T = 500 s, ΔT = 100 s, Δt = 10−3 s,
v = 1000, and each oscillator is assigned a random
initial state which is around [1, 1, 1]T.

For the case that the counters Ci(t) (i =

1, 2, · · · , N) of agents are completely in a disordered
state, Ki(t) are slightly different from each other
and the values of Ci(t) are distributed in the re-
gion (0, Cu] according to uniform probability. In
this case, network (5) switches among the possible
topological configurations with high frequency as the
agents move with sufficiently high velocity in the
plane. And, at any moment, there are expected to
be ψN agents in emission mode. As a result, syn-
chronous motion of network (5) is then guaranteed if
the average network

ẋi = f(xi)− σ

N∑
j=1

ḡijh(xj) (6)

can achieve synchronization (Stilwell et al., 2006),
where ḡij = 1

Tw

∫ t+Tw

t gij(τ)dτ . According to the
master stability function method (Pecora and Car-
roll, 1998) we learn that, when all the non-zero
eigenvalues of the time-average Laplacian matrix
G = (ḡij) ∈ R

N×N locate in the region [α1/σ, α2/σ],
where α1 and α2 are positive constants, synchronous
motion of network (6) can be guaranteed. Through
matrix operation, we can obtain the eigenvalues
of G, which reads: λ1 = 0, λ2 = · · · = λN =

NPψ/(4ScL
2). Thus, under the case of disordered

Ci(t), network (5) is synchronizable if the power den-
sity of the agent network ρe = NPψ/L2 locates in
the bounded interval [ρe1, ρe2], where ρe1 = 4Scα1/σ,
ρe2 = 4Scα2/σ. This result indicates that, under
the case that the agents emit waves with disordered
blinking behaviors, synchronization of the considered
network cannot be achieved when the power density
ρe is larger than the upper bound ρe2.

Next, we concentrate our attention on the case
that all the counters perform orderly, i.e., K1(t) =

· · · = KN(t) = K (T 1
b = · · · = TN

b = Tb) and

Ci(t) = · · · = CN (t). Under this ordered case,
the topology of the whole network possesses a fast-
switching feature during the emission mode, and a
totally disconnected graph can be used to describe
it when idle mode dominates the network. The fre-
quency by which network (5) switches between the
two states depends on the value of K. If K is very
large, then the fast-switching condition is satisfied.
Thus, network (5) cannot achieve synchronization
when the power density ρe is larger than ρe2. If
K is very small, then both emission mode and idle
mode will be sufficiently long. A power density be-
yond the upper bound ρe2 will result in anarchy of
network states during the long emission mode. In
the following idle mode, network (5) still cannot
achieve synchronization since all agents evolve with-
out any interactions under the totally disconnected
topology. Hence, for a power density larger than
ρe2, network (5) cannot achieve synchronization ei-
ther. The dividing value of a large K and a small
K is closely related to the characteristic time of the
dynamical unit, i.e., the Rössler oscillator. Fig. 2
gives the Fourier transformation of the Rössler os-
cillator. The Rössler oscillator possesses a dominant
frequency fc ≈ 0.17 Hz. That is to say, the order of
magnitude of the characteristic time of the Rössler
oscillator is 1 s. Fig. 3 shows the synchronization
error δx(t) of network (5) evolving with time t under
different values of K, where the other parameters
are set as N = 100, P = 3.14, Sc = 1/4, ρe = 1.5,
and σ = 10. When K = 10, we obtain blinking
period Tb = 0.2 s, which is one order of magnitude
smaller than the characteristic time of the Rössler
oscillator, and when K = 0.1, we derive Tb = 20

s, which is larger than the characteristic time of the
Rössler oscillator by one order of magnitude. Since
ρe = 1.5 > ρe2, we can find from Fig. 3 that, under
the cases K = 0.1 and K = 10, synchronization er-
ror δx(t) increases monotonically as time t evolves,
indicating that synchronization cannot be achieved
for network (5), which is consistent with the analyt-
ical results. When K = 1, i.e., the blinking period
Tb = 2.0 s, which has the same order of magni-
tude as the characteristic time of the Rössler oscilla-
tor, however, synchronous evolution is very different
from that in the cases of K = 0.1 and K = 10.
From Fig. 3, synchronization error δx(t) decreases
gradually as time t increases, implying the successful
achievement of synchronization for network (5).
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Fig. 2 Fourier transformation of the Rössler oscillator
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Fig. 3 Synchronization error δx(t) evolving with time
t under ordered blinking behavior with a different
blinking period Tb. The other parameters are set as
N = 100, P = 3.14, Sc = 1/4, ρe = 1.5, and σ = 10

Moreover, for network (5) with blinking period
Tb = 2.0 s, which is commensurate with the charac-
teristic time of the Rössler oscillator, we conduct
a simulation to compare the synchronous motion
of network (5) under both ordered and disordered
blinking behaviors. Fig. 4 gives the results of syn-
chronization error δx(t) evolving with time t, where
the other simulation parameters are set the same as
in Fig. 3. From the figure, we can see that, though
the time scale of the blinking period has the same
order of magnitude as that of the Rössler oscilla-
tor, network (5) achieves synchronization under the
ordered blinking case, while anarchy prevails for net-
work (5) under the disordered blinking case. Fur-
thermore, the synchronization index 〈δx〉 as a func-
tion of power density ρe under K = 1 (i.e., Tb = 2 s)
is reported in Fig. 5, where N = 100, P = 3.14,
Sc = 1/4, and σ = 10. From Fig. 5, under the case of
disordered blinking, anarchy prevails when ρe evolves
out of the region [ρe1, ρe2], which is consistent with
the theoretical analysis. Under the case of ordered
blinking, the synchronization index 〈δx〉 remains at

zero when the power density ρe surpasses the upper
bound ρe2; i.e., the bounded synchronization region
of power density reduces to an unbounded one.
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Fig. 4 Synchronization error δx(t) evolving with time
t under disordered and ordered blinking behaviors,
where blinking period Tb = 2.0 s. N = 100, P = 3.14,
Sc = 1/4, ρe = 1.5, and σ = 10

0 0.2 0.4 0.6
0

1

2

3

4

5

6

ρe

<δ
x>

 

 

20 40 60 80
0

0.5

1.0
Ordered

Disordered

ρe1 ρe2

Fig. 5 Synchronization index 〈δx〉 as a function of
power density ρe under disordered and ordered blink-
ing behaviors, respectively, with N = 100, P = 3.14,
Sc = 1/4, and σ = 10

From the analysis above, we can conclude that,
when the power density ρe is larger than the up-
per bound ρe2, synchronization of network (5) can
be achieved provided that the following two condi-
tions are both satisfied: one is to make the agents
blink orderly, and the other is to set the blinking
period to be of the same order of magnitude as the
characteristic time of the dynamical unit (Rössler os-
cillator). This result is quite different from the one
derived in the blinking small-world network (Belykh
IV et al., 2004). The synchronization issue in the
blinking small-world networks is very similar to that
of the blinking coupling mobile agent network in the



Shi et al. / J Zhejiang Univ-Sci C (Comput & Electron) 2011 12(8):658-666 663

disordered blinking case, while the slight difference
between them is that, switching of topology in the
blinking small-world network depends only on the
blinking behavior, but switching of topology in the
disordered blinking coupling mobile agent network
depends not only on the blinking behavior of agents,
but also on the mobility of agents. Therefore, the
fast-switching condition is more easily satisfied in
the disordered blinking coupling mobile agent net-
work than in the blinking small-world network; i.e.,
even though the time scale of the blinking period in-
creases to be of the same order of magnitude as that
of the oscillator dynamics (Rössler oscillator), the
fast-switching constraint can still be applied to inves-
tigate the corresponding synchronization issue of the
disordered blinking coupling mobile agent network
when agents move with high velocities. More im-
portantly, in the blinking coupling mobile agent net-
work, our novel finding is that, too short or too long
a blinking period is not suitable in making the con-
sidered network achieve synchronization when the
blinking behavior is in an ordered way, and the best
choice is to set the blinking period to be in the same
order of magnitude as the characteristic time of the
dynamical unit. Compared with the case of fast-
switching, synchronizability of the agent network is
enhanced dramatically when the agents blink orderly
with a blinking period commensurate with the char-
acteristic time of the oscillator, and the bounded
synchronization region of power density in the fast-
switching case reduces to an unbounded one in the
ordered blinking case with a proper blinking period.
And, the result we obtain further provides a way to
enhance the synchronizability of network (5) by lead-
ing the agents to blink in an orderly fashion with a
proper frequency.

4 Blinking adaptation strategy and dis-
cussions

Based on the analysis above, we here propose
a simple scheme of blinking adaptation according to
a local property to synchronize the considered net-
work that possesses a power density ρe beyond ρe2.
To make network (5) realize complete synchroniza-
tion, we suppose that each agent adjusts its period
and its counter value as the average period and the
average counter value of its neighbors. Moreover, at
every time step, each agent attempts to prolong its

blinking period if there exists a deviation between
the state of itself and the mean state of its surround-
ing agents. Specifically, the counter Ci(t) of agent
i evolves according to the following rule using all of
the local information it can obtain:⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

Ki(t+Δt) =
1

gii(t)

N∑
j=1

gij(t)Kj(t) + K̇i(t)Δt,

Ci(t+Δt) =
1

gii(t)

N∑
j=1

gij(t)Cj(t) +Ki(t),

(7)

where

K̇i(t) =
−Ki(t)γΔi

1 +Δi
, Δi =

∥∥∥∥∥
N∑
j=1

gij(t)h(xj)

∥∥∥∥∥
2

, (8)

the derivative of Ki(t) is used to restrain the differ-
ence Δi, and controlling parameter γ > 0 is used to
regulate the speed of convergence.

As the blinking behavior of each agent evolves
according to adaptive law (7)–(8), we consider the
case of power density larger than ρe2, in which net-
work (5) cannot achieve synchronization unless all
the agents blink orderly with a common proper fre-
quency. When each agent starts from a blinking be-
havior of high frequency and a random counter value,
the fast-switching condition is satisfied for network
(5). Therefore, anarchy will prevail in network (5)
under ρe > ρe2. Then, according to adaptive law
(7)–(8), the blinking period of each agent develops
gradually; at the same time, all the agents tend to
blink in an ordered way. After a short period, all the
agents blink orderly with a proper frequency, which
results in convergence of network (5). Note that,
there needs to be a period of time for network (5)
to achieve full synchronization. Thus, if the blink-
ing period changes too rapidly to make the agents
blink sufficiently slowly before network (5) achieves
complete synchronization, divergence will reappear.
Thus, we should manipulate the parameter γ to reg-
ulate the increment rate of the blinking period. A
smaller γ implies slower increment of the blinking
period; i.e., network (5) has a relatively long time to
evolve from anarchy state to synchronous state. In
the long term, all states of the network agents tend to
converge to a synchronous orbit; i.e., Δi attenuates
and the blinking period grows more and more slowly.
When choosing a small value for γ, the blinking pe-
riods will finally converge to a common constant and
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synchronous motion of network (5) is thus guaran-
teed. Fig. 6 reports synchronization error δx(t) vs.
time t for different γ, where N = 100, P = 3.14,
Sc = 1/4, ρe = 1.5, and σ = 10. When γ possesses a
small value (γ = 5 and γ = 15), synchronization of
network (5) is achieved under the adaptation law (7)–
(8), and anarchy prevails when γ is large (γ = 45)
(Fig. 6). The main trends of the curve δx(t) in the
synchronization cases are almost the same: at the
beginning, δx(t) grows as t evolves, since the fast-
switching condition is satisfied, and thus the network
has no synchronization trends; as time t goes further,
δx(t) is prone to decrease since the proper blinking
behavior is achieved by adaptive law (7)–(8). Finally
synchronization error δx(t) vanishes, indicating that
network (5) converges to a synchronous orbit. For
the non-synchronization case, δx(t) shows a similar
trend to that of the synchronization cases at the be-
ginning phase, while in the convergence phase, the
agents change the blink periods so rapidly that the
blinking frequency becomes too low before complete
synchronization is achieved, further resulting in an-
archy of the network nodes’ states once again.
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Fig. 6 Synchronization error δx(t) vs. time t under
different γ with N = 100, P = 3.14, Sc = 1/4, ρe =

1.5, and σ = 10

As a matter of fact, γ possesses a critical value
γc, and we can guarantee the synchronous motion of
network (5) under adaptive law (7)–(8) when γ < γc;
if γ > γc, divergence may occur as network (5)
evolves according to law (7)–(8). We adopt a vari-
able panarchy to describe the probability that anar-
chy prevails on network (5). Probability panarchy as
a function of γ is reported in Fig. 7, where panarchy

is numerically calculated through 100 conductions
of simulation. From the figure, synchronization can
be guaranteed for a small γ; once γ surpasses the

threshold γc, panarchy increases as γ evolves; when
γ is sufficiently large, anarchy always prevails. The
numerical analysis above guides us to choose a small
value of γ, so that synchronous motion of network
(5) can always be guaranteed.
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Fig. 7 Probability panarchy vs. controlling parameter
γ with N = 100, P = 3.14, Sc = 1/4, ρe = 1.5, and
σ = 10

The discussions above show that controlling pa-
rameter γ plays a significant role in making network
(5) realize synchronization. Here, we introduce con-
vergence time Tc as a performance index to further
evaluate the effect of γ. In detail, Tc is defined to be
the total time from the beginning to the moment full
synchronization of network (5) is achieved (in simu-
lations, when δx(t) < 10−4, network (5) is regarded
to synchronize). Generally speaking, a shorter con-
vergence time Tc is preferred for real-world systems
(Sundararaman et al., 2005). Fig. 8 gives the conver-
gence time Tc vs. the parameter γ, where N = 100,
P = 3.14, Sc = 1/4, ρe = 1.5, and σ = 10. Tc shows
as a concave function of γ. That is to say, an opti-
mal value γo exists for network (5), and Tc achieves
minimum under γo. Also, notice that a large γ will
lead the network to a non-synchronization state—
Tc approaches infinity more and more quickly as γ
increases. A small γ will result in a considerable con-
vergence time though it can guarantee synchronous
motion of the network. Therefore, we should choose
a proper value of γ according to desirable perfor-
mance, not too large or too small. In addition, we
report the result of convergence time Tc evolving
with the parameter ρe in Fig. 9, where N = 100,
P = 3.14, Sc = 1/4, γ = 5, and σ = 10. Tc is a finite
constant for any particular ρe, indicating that com-
plete synchronization of network (5) can be achieved
by adaptation law (7)–(8) under any particular ρe.
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Tc increases with ρe at the beginning, and after ρe
increases across about 2.5, Tc does not vary with ρe
any more, nearly remaining constant.
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Fig. 8 Convergence time Tc vs. controlling parameter
γ with N = 100, P = 3.14, Sc = 1/4, ρe = 1.5, and
σ = 10
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Fig. 9 Convergence time Tc vs. power density ρe with
N = 100, P = 3.14, Sc = 1/4, γ = 5, and σ = 10

In previous discussions, we assume that agents
in network (5) move with a high velocity. We have
carried out simulations to study the effect of the kine-
matics of agents on the synchronization performance
of network (5). Fig. 10 reports the index Tc vs. mov-
ing velocity v under different γ, where N = 100,
P = 3.14, Sc = 1/4, ρe = 1.5, and σ = 10. For
network (5) with γ = 5, there seems to be a thresh-
old of v, denoted by vc: if v > vc, then Tc is almost
a fixed constant; otherwise, the main trends of Tc

is monotonically decreasing. This may be explained
similarly by the reason provided by Skufca and Bollt
(2004). As agents start from a low moving velocity,
with the increase in v, interactions among agents be-
come more and more frequent, further accelerating
the convergence of the synchronization process. Dur-
ing this stage, system performance raises noticeably

as moving velocity increases. After the threshold
value vc, the fast-switching condition is satisfied and
network (5) reduces to a fast-switching case. More-
over, lowering v can make network (5) with γ = 45

synchronize again, as has been shown in Fig. 10 that
Tc is a finite value for a small velocity, implying
that synchronization of network (5) can be achieved;
in the meantime, from Fig. 6, network (5) cannot
achieve synchronization under γ = 45 when velocity
is high. For the case of γ = 45, it is also seen that
network (5) possesses an optimal performance point
in terms of Tc, and this optimal performance is re-
alized provided that moving velocity v achieves an
optimal value vo. This phenomenon may also be ex-
plained through the speed of information exchange.
Lowering v means slowing down the change rate of
the blinking period, just like lowering the value of γ.
Thus, synchronization can be achieved when choos-
ing a small moving velocity.
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Fig. 10 Convergence time Tc vs. velocity v with
N = 100, P = 3.14, Sc = 1/4, ρe = 1.5, and σ = 10

5 Conclusions

A blinking coupling mechanism is introduced
for the mobile agent network to characterize the in-
termittent influence capability of each agent; i.e.,
the agents are allotted blinking wave emission pow-
ers to build directed couplings among them. For
this blinking coupling agent network, we suggest a
blinking adaptive strategy to guarantee the corre-
sponding synchronization motion. Theoretical anal-
ysis and numerical simulations have shown that the
proposed blinking adaptive tactic is quite efficient in
making the considered network achieve synchroniza-
tion when the power density is large. We also discuss
the impact of the controlling parameter and moving
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velocity on network synchronization by assessing the
convergence time. All these investigations may pro-
vide some insights for the future research work on
synchronization enhancement in coupled oscillator
networks and may also open up new possibility to
design potential engineering applications, e.g., mo-
bile sensor networks, moving robotics systems, as
well as unmanned aerial vehicles.
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