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We develop a policy of observer-based dynamic event-triggered state feedback control for distributed parameter sys-
tems over a mobile sensor-plus-actuator network. It is assumed that the mobile sensing devices that provide spatially
averaged state measurements can be used to improve state estimation in the network. For the purpose of decreasing the
update frequency of controller and unnecessary sampled data transmission, an efficient dynamic event-triggered control
policy is constructed. In an event-triggered system, when an error signal exceeds a specified time-varying threshold, it
indicates the occurrence of a typical event. The global asymptotic stability of the event-triggered closed-loop system and
the boundedness of the minimum inter-event time can be guaranteed. Based on the linear quadratic optimal regulator, the
actuator selects the optimal displacement only when an event occurs. A simulation example is finally used to verify that the
effectiveness of such a control strategy can enhance the system performance.

Keywords: distributed parameter systems, event-triggered control, mobile sensors, mobile actuators
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1. Introduction
Since a distributed parameter system (DPS) has indepen-

dent time and space variables, it can describe an actual sys-
tem exactly and comprehensively. Most natural and industrial
production processes are characterized by distributed parame-
ter systems, such as population dynamics, infectious disease
model,[1] chemical reactor and thermal process,[2] torsional
motion of aircraft,[3] and flexible robot.[4] Therefore, a DPS
has a wide application background. Several innovative ideas
about the control of DPSs have been developed by El-Farra
and Christofides,[5] Iftime,[6] Demetriou,[7] Ji and Cui.[8,9]

Due to the rapid development of microelectronics, mo-
bile sensor-plus-actuator networks have been applied widely
in many engineering fields to realize process monitoring and
control. In particular, sensor and actuator nodes cooperate
with each other to sense and perform events in their surround-
ing environment. In such networks, mobile sensor nodes can
move anywhere for monitoring events so as to improve the
network performance significantly. Mobile actuator nodes can
move to specific locations in the spatial domain and release
control signals to improve on control objectives. The mo-
bile sensor-plus-actuator networks have been extensively de-
ployed in agricultural and industrial fields.[10,11] It is chal-
lenging to choose this research topic that estimate and control
DPS with mobile sensor and actuator networks. Many con-
trol schemes of DPSs with such networks have been proposed.
Demetriou[12] proposed an integrated abstract framework uti-
lizing mobile sensor-plus-actuator networks to enhance the

state estimation and control of DPSs based on the assump-
tion that mobile sensors and actuators were collocated in the
networks. Subsequently, Demetriou[13] extended the previous
results and utilized mobile agents to further improve the per-
formance of two-dimensional DPSs based on augmented ve-
hicle dynamics. However, the results are not consistent with
practical engineering applications. Jiang et al.[14] enhanced
the control performance of a DPS based on mobile sensor-
plus-actuator networks, and designed a stable strategy for mo-
bile agents. In the new guidance policy, mobile sensor and
actuator networks were used to enhance the performance of
a DPS for time-dependent spatial domains in Ref. [15]. An
iterative learning algorithm was developed for two kinds of
DPSs utilizing non-collocated mobile sensors and actuators
in Ref. [16]. A state estimation guidance approach designed
for a class of DPSs with time-varying delay was proposed in
Ref. [17].

To date, an event-triggered control mechanism has at-
tracted widespread attention because of its significant lower
cost advantage compared to traditional time-triggered control.
In an event-triggered control mechanism, the communication
or sampling is only initiated by an event. Hence, several poten-
tial event-triggered control strategies were developed.[18–21] A
more appropriate event-triggered scheme that could decrease
the data transmission in discrete-time switched linear systems
was considered in Ref. [18]. The consistency issue of multi-
agent systems with a distributed adaptive event-triggered con-
trol scheme to realize minimum inter-event time was solved in
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Ref. [19]. A dynamic event-triggered control mechanism with
an estimator over the leader-following network was introduced
in Ref. [20]. In Ref. [21], a new dynamic event-triggered con-
troller was developed to achieve network synchronization in
piecewise smooth systems.

As mentioned above, the event-triggered control strate-
gies were developed only on lumped parameter systems. The
event-triggered control strategy of nonlinear DPSs was seldom
reported. In Ref. [22] event-triggered observed-based con-
trol was presented for improving the control performance of
parabolic DPSs with mobile sensors and actuators. However,
the event-triggered condition under consideration was non-
dynamic. A distributed event-triggered H∞ filtering control
scheme in a DPS based on stochastic switching topology was
introduced in Ref. [23], and then extended to the T–S fuzzy
DPS under parameter uncertain and actuator faults in Ref. [9].
In Ref. [24] an event-triggered reliable control approach was
implemented to improve the transmission efficiency in non-
linear DPS, and a new H∞ performance indicator was defined
to describe the disturbance rejection level. A novel optimal
actuator switching policy was addressed in Ref. [25] with an
event-triggered control mechanism for DPSs. Although the
event-triggered condition is time-varying, it is independent of
the system state.

In light of the aforementioned discussion, we are inter-
ested in the dynamic event-triggered control issue for a class
of DPSs over a mobile sensor-plus-actuator network. An in-
tegrating network composed of mobile sensors and actuators
with the capabilities of monitoring and controlling is adopted
in the spatial domain. Here, each sensor can move in a small
region of the domain to provide spatially averaged state esti-
mation information in DPSs. Furthermore, an event-triggered
controller is developed based on sampled state estimation to
enhance the closed-loop system performance and to ensure
that the minimum inter-event interval is bounded. Once an
event occurs, the actuator will change the displacement at
the beginning of each time interval according to the event-
triggered control mechanism. Compared with traditional time-
triggered schemes and event-triggered schemes with constant
thresholds, the developed dynamic event-triggered scheme can
decrease the update frequency of controller and unnecessary
sampled data transmission.

This paper is organized as follows: A few mathematical
preliminaries and problem formulation are discussed in Sec-
tion 2. The guidance policy for each mobile sensor agent us-
ing the state feedback observer is presented in Section 3. The
design of the dynamic event-triggered control for DPS is pro-
posed in Section 4. The guidance optimal placement algorithm
of the mobile actuator agents is developed in Section 5. The
simulation of a diffusion process is introduced in Section 6.
Finally, Section 7 summarizes the results.

Throughout the paper, the following notations are used.
The nonnegative real numbers are denoted by R+; ⟨·⟩ and
‖ · ‖ denote the inner product and corresponding norm in Hi-
bert space, respectively; diag(·) denotes a block diagonal ma-
trix. For (U,𝒮) Hilbert spaces, ℒ(U,𝒮) indicates the space of
bounded linear operator from U into 𝒮.

2. Problem formulation
A class of transport processes in one spatial dimension is

described by

∂

∂ t
s(t,v) =

∂

∂v
(α(v)

∂

∂v
s(t,v))+

m

∑
i=1

b(v,va
i (t))ui(t), (1)

subject to the Dirichlet boundary conditions

s(t,0) = s(t,h) = 0,

and the initial condition

s(0,v) = s0(v).

The output of the DPS (1) is given as

y(t) =

 y1(t)
...

yn(t)

=


∫ h

0 c(v,vs
1(t))s(t,v)dv

...∫ h
0 c(v,vs

n(t))s(t,v)dv

 , (2)

where s(t,v) denotes the system state, t ∈ [0,+∞) denotes the
time variable; v ∈ Ω = [0,h] ⊂ R+ denotes the spatial vari-
able; the thermal diffusivity α(v) ≥ α0 > 0; ui(t) denotes the
control input signal; y(t) denotes the system output. The func-
tion b(v,va

i (t)) and spatial point va
i (t) denote the i-th mobile

actuating device and its time-varying centroid, respectively,
where i = 1, . . . ,m. The function c(v,vs

i (t)) and spatial point
vs

i (t)∈ [0,h] denote the i-th mobile sensing device and its time-
varying centroid, respectively, where i= 1, . . . ,n. The time de-
pendence reflects the time variation of the position of sensing
and actuating devices in the space domain Ω .

The second-order elliptic operator 𝒜∈ℒ(𝒮,𝒮) in Hilbert
space is defined as

𝒜φ =
d
dv

(α(v)
dφ

dv
), α(v)> 0, φ ∈ D(𝒮),

where D(𝒜) is the domain with D(𝒜) = H1
0 (0,h)∩H2(0,h).

The system (1) can be transformed into a differential equation
in Hilbert space 𝒮:

ṡ(t) =𝒜s(t)+ℬ(va(t))u(t), s(0) = s0 ∈ 𝒮, (3)

with the system output

y(t) = 𝒞(vs(t))s(t). (4)

The input operator ℬ ∈ ℒ(U,𝒮) is given as

⟨ℬ(va(t))u(t),φ⟩=
∫ h

0
b(v,va(t))φ(v)u(t)dv,
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or

ℬ(va
i (t))ui(t) = b(v,va

i (t))ui(t),

with the moving actuator locations va(t) = [va
1(t),v

a
2(t), . . . ,

va
m(t)], where the function b(v,va

i (t)) takes the form

b(v,va(t)) =

{
1, if v ∈ [va(t)−ξ ,va(t)+ξ ],

0, otherwise.

It indicates that the actuator device delivers control signals in
a spatial area with length 2ξ centered at va.

The output operator 𝒞 ∈ ℒ(𝒮,Y ) is defined with the mov-
ing sensor location vs(t) = [vs

1(t),v
s
2(t), . . . ,v

a
n(t)] via

⟨𝒞(vs(t))φ ,ϕ⟩=

 ⟨𝒞(vs
1(t))φ1,φ2⟩

...
⟨𝒞(vs

n(t))φ1,φ2⟩



=


∫ h

0 c(v,vs
1(t))φ1(v)φ2(v)dv

...∫ h
0 c(v,vs

n(t))φ1(v)φ2(v)dv


for φ1,φ2 ∈ 𝒮 . The function of the sensor spatial distribution
is expressed as

c(v,vs(t)) =

{
1, if v ∈ [vs(t)− ε,vs(t)+ ε],

0, otherwise.
(5)

3. Guidance of mobile sensor agents
It is assumed that the mobile sensor agents are mainly

used to collect data and preprocess measurement information
y(t) of DPSs in the covered space domain with the state ob-
server as follows:

˙̄s(t) =𝒜s̄(t)+ℬ(va(t))u(t)+L[y(t)−𝒞(vs(t))s̄(t)], (6)

where s̄(t) and L are the system state estimate and properly
designed observer gain, respectively.

The observation error is defined as

ζ̇ (t) = ˙̄s(t)− ṡ(t) = 𝒜−L𝒞(vs(t))ζ (t)

= 𝒜LC(vs(t))ζ (t). (7)

In this paper, the assumptions are made as follows:
Assumption 1 There is a positive definite matrix X =

diag{xi} (i = 1,2, . . . ,n) such that the observer gain L =

X𝒞*(vs(t)) generates a C0 semigroup, where si > 0 is the feed-
back gain.

Assumption 2 The operator −𝒜 is coercive, indicating
that there is a positive constant σ such that Re⟨−𝒜φ ,φ⟩ ≥
σ‖φ‖2.

Theorem 1 Given the proposed state system (3) consist-
ing of at most n sensor devices, each mobile sensor agent ve-
locity is given by

v̇s
i =−σi[ζ

2(t,vs
i − ε)−ζ

2(t,vs
i + ε)],

where the velocity gain for each sensor agent σi > 0, i =
1,2, . . . ,n, then the state observer (6) asymptotically converges
to the state system (3) and forms a stable error evolution sys-
tem.

Proof Take the associated Lyapunov functional

V (t) =−⟨ζ (t),𝒜LC(vs(t))ζ (t)⟩. (8)

According to Assumption 1, it is derived that V (t) ≥ 0.
Then the derivative of Eq. (8) along the observation error (7)
becomes

V̇ (t) = −⟨ζ̇ (t),𝒜LC(vs(t))ζ (t)⟩−⟨ζ (t),𝒜LC(vs(t))ζ̇ (t)⟩

−⟨ζ (t), d
dt

(𝒜LC(vs(t)))ζ (t)⟩

= −2⟨𝒜LC(vs(t))ζ (t),𝒜LC(vs(t))ζ (t)⟩

+2⟨ζ (t),X ∂𝒞(vs(t))
∂ t

𝒞(vs(t))ζ (t)⟩

= −2‖𝒜LC(vs(t))ζ (t)‖2 +2
∫ h

0
ζ

2(t,v)Xv̇s(t)

× ∂

∂ t
{c(v,vs(t))}c(v,vs(t))dv

= −2‖𝒜LC(vs(t))ζ (t)‖2 +2
n

∑
i=1

v̇s
i (t)

∫ h

0
ζ

2(t,v)

× xi[δ (vs
i − ε)−δ (vs

i + ε)]ci(v,vs(t))dv

= −2‖𝒜LC(vs(t))ζ (t)‖2 +2
n

∑
i=1

v̇s
i (t)[ζ

2(t,vs
i − ε)

−ζ
2(t,vs

i + ε)]xici(v,vs(t)).

Due to ci(v,vs(t))≥ 0, if the mobile sensor velocity v̇s
i =

−σi[ζ
2(t,vs

i − ε)− ζ 2(t,vs
i + ε)] with σi > 0 is selected, we

can get V̇ (t) ≤ 0, thus lim
t→∞

e(t) = 0. Then, a stable estimation
error system can be guaranteed.

4. Event-triggered control
4.1. Controller design

An event-triggered control loop (Fig. 1) is considered in
the present study. With an event generator, the triggering con-
dition is continuously monitored so as to determine whether
an event occurs. If an event occurs at instants tk, k = 1,2, . . .,
the event generator sends the latest estimated state s̄(tk) to
the controller. It is assumed that t0 = 0. In other words, the
first event occurs at time t0. In the successive time interval
t ∈ [tk, tk+1), the controller is only updated at time tk. Then,
the state-feedback controller is determined according to the
observer state

u(t) =−Ks̄(tk), t ∈ [tk, tk+1), (9)

where K is the controller feedback gain. The (k+1)-th event
can be defined as

‖e(t)‖2 ≥ δ‖s̄(t)‖2, (10)

where e(t) = s̄(t)− s̄(tk), δ ∈ [0,1).
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ZOH 

Observer

Controller

Continuous signal

Discrete signal

Sensor

Actuator

Event
generator

Plant
system

u(tk)
s(tk)
-

s(t)-

Fig. 1. Event-triggered control system.

4.2. Stability analysis

In the period t ∈ [tk, tk+1), the plant system (3) under the
control input (9) is rewritten as

ṡ(t) =(𝒜−ℬ(va(t))K)s(t)−ℬ(va(t))Kζ (t)

+ℬ(va(t))Ke(t). (11)

Here, we take ℬ = ℬ(va(t)) and 𝒞 = 𝒞(vs(t)). Based on the
definition ϑ(t) = [s(t),ζ (t)]T, from the above plant system (3)
and observation error dynamic equation (7), a closed-loop sys-
tem is determined:

ϑ̇(t) = 𝒜̄ϑ(t)+ ℬ̄e(t), (12)

where

𝒜̄=

[
𝒜−ℬK −ℬK

0 𝒜−L𝒞

]
, ℬ̄ =

[
ℬK
0

]
.

Theorem 2 The closed-loop system (12) is considered
under the triggering condition determined by Eq. (10). For
given gains K and L, if there exist a positive definite symmetric
matrix P = PT > 0 and a real number δ ∈ [0,1), an inequality
holds:

Q = 𝒜̄TP+P𝒜̄+Pℬ̄ℬ̄TP+δ In < 0. (13)

Then the state of the system (12) is globally asymptotically
stable.

Proof On the basis of the triggering condition (10), if
t ∈ [tk, tk+1), we can obtain

‖e(t)‖2 < δ‖s̄(t)‖2 = δ‖s(t)−ζ (t)‖2 = δϑ
T(t)Inϑ(t), (14)

where In = IT
2 I2, I2 = [I, I].

The Lyapunov function is constructed as follows:

V (t) = ϑ
T(t)Pϑ(t), (15)

where the positive definite symmetric matrix P = PT > 0 is
the solution to the inequality (13). The derivative of Eq. (15)
along the closed-loop system (12) becomes

V̇ (t) =[𝒜̄ϑ(t)+ ℬ̄e(t)]TPϑ(t)+ϑ
T(t)P[𝒜̄ϑ(t)+ ℬ̄e(t)]

=ϑ
T(t)(𝒜̄TP+P𝒜̄)ϑ(t)+ eT(t)ℬ̄TPϑ(t)

+ϑ
T(t)Pℬ̄e(t)

=ϑ
T(t)(𝒜̄TP+P𝒜̄)ϑ(t)−‖e(t)−ℬ̄TPϑ(t)‖2

+ϑ
T(t)Pℬ̄ℬ̄TPϑ(t)+‖e(t)‖2

≤ϑ
T(t)(𝒜̄TP+P𝒜̄+Pℬ̄ℬ̄TP)ϑ(t)+‖e(t)‖2

=ϑ
T(t)(𝒜̄TP+P𝒜̄+Pℬ̄ℬ̄TP+δ In)ϑ(t)

=ϑ
T(t)Qϑ(t).

According to the inequality (13), V̇ (t) < 0. Thus, the sys-
tem (12) is globally asymptotically stable.

4.3. Zeno behavior analysis

The Zeno behavior generally exists in an event-triggered
control system, but the actual control system requires no Zeno
behavior. This section shows that a positive minimum inter-
event interval always exists, therefore the closed-loop system
does not have Zeno behavior.

Theorem 3 The sampling instants determined by the trig-
gering condition (10) indicate that the minimum inter-event
interval Tmin between two consecutive events has a positive
lower bounded.

Proof The observer state is further considered as

˙̄s(t) = 𝒜s̄(t)−ℬKs̄(tk)−L(𝒞 s̄(t)−𝒞s(t))

= (𝒜−ℬK)s̄(t)+ℬKe(t)−L𝒞ζ (t).

Based on the triggering condition, if ‖e(t)‖ < δ‖s̄(t)‖
holds for all t ∈ [tk, tk+1), there will be no event generated.

According to the observation error state (7), we get

‖e(t)‖ <
√

δ‖s̄(t)‖

<
√

δ‖ζ (t)‖+
√

δ‖s(t)‖

<
√

δ (2‖ζ (t)‖+ s̄(t)‖).

Due to δ ∈ [0,1), we can reach

−‖ζ (t)‖
|s̄(t)‖

<
1
2
− ‖e(t)‖

2‖s̄(t)‖
.

The lower bound is calculated with the following dynamics of
‖e(t)‖/‖s̄(t)‖:

d
dt

‖e(t)‖
‖s̄(t)‖

=
eT(t)ė(t)

‖s̄(t)‖‖e(t)‖
−

˙̄s(t)‖s̄T(t)‖‖e(t)‖
‖|s̄(t)‖‖|s̄T(t)‖2

≤
˙̄s(t)

‖s̄(t)‖

(
1+

‖e(t)‖
‖s̄(t)‖

)
≤(‖ 𝒜−ℬK ‖+‖ℬK‖‖e(t)‖

‖s̄(t)‖
+

1
2
‖ L𝒞 ‖

+
1
2
‖ L𝒞 ‖ ‖e(t)‖

‖s̄(t)‖
)
(

1+
‖e(t)‖
‖s̄(t)‖

)
≤
[(

‖ 𝒜 ‖+ ‖ ℬK ‖+1
2
‖ L𝒞 ‖

)
040204-4
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+
(
‖ ℬK ‖+1

2
‖ L𝒞 ‖

)‖e(t)‖
‖s̄(t)‖

](
1+

‖e(t)‖
‖s̄(t)‖

)
.

If r(t) = ‖e(t)‖/‖s̄(t)‖, ω =‖ 𝒜 ‖ + ‖ ℬK ‖ + 1
2 ‖ L𝒞 ‖,

and η =‖ ℬK ‖ + 1
2 ‖ L𝒞 ‖, then we have the estimate ṙ ≤

(ω +ηr)(1+ r).
The solution can be obtained with the initial state r(0) = 0

as follows:

r(t) =
ω −ω e(η−ω)t

ω e(η−ω)t −η
.

According to condition (10), we get r(τ) =
√

δ (δ ̸= 0) at the
occurrence time of an event. Then, the minimum inter-event
interval is calculated as

τ =
1

η −ω
ln

η
√

δ +ω

ω(1+
√

δ )
.

Since ω =‖𝒜‖+ ‖ℬK ‖+ 1
2 ‖ L𝒞 ‖> 0, η =‖ℬK ‖+ 1

2 ‖
L𝒞 ‖> 0, and n > m,0 ≤ δ < 1, then we get ln η

√
δ+ω

n(1+
√

δ )
< 0,

thus, τ = 1
η−ω

ln η
√

δ+ω

ω(1+
√

δ )
> 0, which gives a positive lower

bounded on the time Tmin (Tmin ≥ τ). In other words, the Zeno
behavior can be excluded.

5. Guidance of mobile actuator agents
For each time interval defined by the event-triggered con-

trol (9), an actuator guidance algorithm determining the op-
timal moving displacement of the actuator is developed. A
single actuator is assumed to be able to move at a predeter-
mined position within the spatial domain. Under this assump-
tion, the control signal updates the newest state estimates at
event time tk and the actuator changes the displacement at the
beginning of each time interval [tk, tk+1). To address the issue
stated above, the following optimal actuator moving algorithm
is proposed.

Algorithm 1 (1) Through the event-triggered control for
state observer, a series of unequal time intervals [tk, tk+1) can
be obtained as the displacement switching time of the actuator,
where k = 1,2, . . . .

(2) At each tk, the cost functional is considered as

Jk =
∫

∞

0
⟨y(τ),y(τ)⟩+ ⟨u(τ),Ru(τ)⟩dτ,

where R is a coercive bounded operator. According to the lin-
ear quadratic optimal regulator, its optimal value is

Jopt = ⟨s(tk),Πp(tk)s(tk)⟩,

where Πp(t) is the solution of the operator Riccati equation

⟨(𝒜−ℬK)ϕ1,Πp(t)ϕ2⟩+ ⟨Πp(t)ϕ1,(𝒜−ℬK)ϕ2⟩
=−⟨𝒞ϕ1,𝒞ϕ2⟩

for ϕ1,ϕ2 ∈ D(𝒜).
(3) At the beginning of each time subinterval [tk, tk+1), the

minimum value of the quadratic optimal indices corresponding
to mobile actuator position is chosen as

va(tk) = arg min
va∈Ω

⟨s(tk),Πp(tk)s(tk)⟩.

(4) Steps 2 and 3 are performed again for the new subin-
terval [tk+1, tk+2).

Remark 1 If the actuator moves within a limited range at
each time, which means that the actuator can move from the
current position va(tk) to the domain [va(tk)−h,va(tk)+h]. In
this way, the actuator position is readjusted as

va(tk) = arg min
va(tk−1)−h≤va≤va(tk−1)+h

⟨s(tk),Πp(tk)s(tk)⟩.

Remark 2 From the results of linear operator inequalities
for infinite dimensional systems, it can be easily conclude that
the feedback controller u(t) =−Ks̄(tk) is a stabilizing one re-
gardless of the actuators used. Equivalently, the closed-loop
operator 𝒜−ℬ(va

i (t))K generates an exponentially stable C0

semigroup for all actuators va
i (t), i = 1, . . . ,m. That is, the mo-

bile actuators do not affect the closed-loop system stability.

6. Numerical results
A reaction-diffusion equation described by DPS (1) and

(2) with α(v) = 0.008 in [0,h] = [0,1] is considered. The
initial value is s(0,v) = cos(πv)e−7v2

. The observer gain
and initial condition are expressed as L = X𝒞* with X =

diag{3,3,3,3} and s̄(0,v) = 2sin(πv)e−7v2
. The closed-loop

system is simulated in the time interval [0,50] s with m = 4
mobile sensors and n = 1 mobile actuator, where the initial lo-
cations of sensors and actuators are set as vs

1 = 0.1, vs
2 = 0.4,

vs
3 = 0.6, vs

4 = 0.9, and va
1 = 0.55. The controller gain K = 2

and sensor velocity gains σ1 = σ2 = σ3 = σ4 = 1.
Figure 2 shows the trajectories of the sensor agents for

mobile (solid lines) and fixed (dotted lines) cases. Based on
the proposed stable guidance scheme, it can be seen that the
mobile sensors move to the center of the spatial domain.
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Fig. 2. Sensor trajectories.
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Taking δ = 0.81 in the event-triggered condition (10), the
dynamic behavior of the event-triggered control is presented
in Fig. 3. After the first event at time t0 = 0, the subsequent
events are triggered respectively at t1 = 3.8 s, t2 = 8.633 s,
t3 = 14.77 s, t4 = 22.13 s, t5 = 29.23 s, t6 = 35.57 s, t7 = 42.1 s
and t8 = 49.4 s in [0,50] s. In the event-triggered time inter-
val [tk, tk+1), the optimal mobile actuator switching trajectories
are depicted in Fig. 4.
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Fig. 3. Simulation result with the event-triggered mechanism.

The evolution comparison of the closed-loop system L2

state norms for four cases is depicted in Fig. 5, case 1 (a
fixed actuator based on time-triggered), case 2 (a mobile ac-
tuator based on event-triggered with a fixed threshold, where
e0 = 0.05), case 4 (proposed in this paper) are all placed in the
same initial position. When the event-triggered control with a
dynamic threshold is implemented, the state norm converges
to zero faster than that in other methods.
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Fig. 4. The optimal actuator trajectory.
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Fig. 5. Evolution of closed-loop system norm for four different cases.

The cumulative norms for the four cases are tabulated in
Table 1, once again, as can be observed by comparison, the
scheme developed in this paper shows enhanced performance.

Table 1. L2 state norm.

Case Time (s) Norm
Time-triggered-fixed actuator 5 3.1089
Time-triggered-fixed actuator 20 10.4363
Time-triggered-fixed actuator 50 19.7795

Time-triggered-mobile actuator 5 3.0091
Time-triggered-mobile actuator 20 9.5527
Time-triggered-mobile actuator 50 17.3922

Event-triggered-mobile actuator-fixed threshold 5 2.7289
Event-triggered-mobile actuator-fixed threshold 20 7.7321
Event-triggered-mobile actuator-fixed threshold 50 12.9705

Event-triggered-mobile actuator-time-varying threshold 5 2.3767
Event-triggered-mobile actuator-time-varying threshold 20 5.9604
Event-triggered-mobile actuator-time-varying threshold 50 9.6369

7. Conclusion
An event-triggered control scheme of DPSs with mobile

sensors and actuators is addressed. The scheme is based on
a state feedback observer which is designed according to the
measurement information obtained with the mobile sensors.
The mobile actuator does not update its displacement until
the error signal exceeds a dynamic threshold. Furthermore,
the stability of the closed-loop system and nonzero minimum

inter-event interval can be established. The comparison with
other methods illustrates that the the presented control scheme
is less conservative.
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