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Abstract. This paper investigates synchronization control for 2-D discrete-time switched master-
slave systems modeled by the Roesser framework, which is classic for spatiotemporal dynamics
in 2-D systems. A novel quantization-based event-triggered control strategy is proposed to han-
dle complexities from switching dynamics, discrete-time features, and spatial coupling, while
considering limited communication resources. By designing a mode-dependent event-triggered
strategy and constructing mode-dependent Lyapunov functions for horizontal and vertical
dynamics, new sufficient conditions are derived to ensure global exponential synchronization (GES)
of the system. The approach relaxes strict stability requirements for individual modes, allowing
global stability even with unstable modes. Additionally, the integration of quantization techniques
and event-triggered mechanisms significantly reduces data transmission, thereby optimizing
network bandwidth usage. Numerical simulations verify the method’s effectiveness.

Keywords: 2-D switched systems, event-triggered control, quantization, synchronization, stability.

1 Introduction

In the era of rapid advancements in intelligent control and computational engineering,
discrete-time systems have emerged as a cornerstone for modeling dynamic processes,
with two-dimensional (2-D) discrete-time switched systems have attracted significant
attention due to their distinctive structural properties and versatile synchronization ca-
pabilities. These systems play a pivotal role in addressing the synchronization challenges
prevalent across interdisciplinary domains, including neural networks [1, 13], multiagent
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systems [2, 6, 8], and avionics [18, 21], where spatiotemporal coordination and mode-
dependent dynamics are critical for system performance.

In neural network [10,17], 2-D discrete-time switched models serve as effective tools
for describing hierarchical spatiotemporal dependencies, enabling the synchronization
of distributed state evolutions across both temporal sequences and spatial layers. This
is particularly essential for capturing complex pattern correlations in sequential/spatial
data such as the frame-wise feature consistency in image sequences or the layer-wise
activation synchronization in deep neural networks. In multiagent systems [3, 7], the
discrete-time framework of switched dynamics provides a rigorous foundation for design-
ing synchronization protocols that facilitate coordinated collective behaviors. By integrat-
ing switching mechanisms, these systems can achieve robust consensus under heteroge-
neous communication topologies, ensuring coherent state alignment and optimal resource
allocation among agents. The avionics field further benefits from the synchronization-
oriented design of 2-D discrete-time switched systems, where real-time coordination
of subsystem dynamics is imperative for fault-tolerant control and adaptive navigation.
During flight condition transitions or component failures, these systems enable seamless
synchronization between multisensor spatiotemporal measurements and adaptive control
modes, ensuring stable trajectory tracking and reliable system reconfiguration. Ultimately,
the intrinsic ability of 2-D discrete-time switched systems to model both spatial-temporal
dynamics and mode-dependent switching behaviors renders them indispensable for ad-
dressing the synchronization complexities in high-dimensional distributed systems. Their
applications highlight the critical role of systematic synchronization analysis in enabling
reliable operation across diverse engineering scenarios, thereby motivating the explo-
ration of novel theoretical frameworks for enhancing synchronization performance in such
systems.

The analysis of synchronization problems in 2-D discrete-time switched systems pres-
ents significantly greater complexity than that of traditional 1-D discrete-time systems.
This heightened complexity manifests primarily in three key aspects. These systems com-
prise multiple distinct subsystems that activate at different times through switching sig-
nals. The potentially heterogeneous dynamic characteristics across these subsystems, cou-
pled with discontinuities induced by the switching process itself, can lead to instability
and render the system behavior difficult to capture using a single unified model. For
instance, switching between sensor data fusion rules in avionics systems during differ-
ent flight modes may induce abrupt state variations, thereby degrading synchronization
performance. As discrete-time systems update their states and control inputs solely at
sampling instants, the selection of an appropriate sampling period becomes critical. An
excessively long period inevitably introduces state tracking lag, while an overly short
period imposes excessive computational and communication burdens. This trade-off is
evident in applications like multiagent formation control, where frequent sampling can
exacerbate network congestion, whereas sparse sampling might precipitate coordination
failure. The intricate coupling between the system’s 2-D state variables – involving com-
plex interactions such as those between horizontal and vertical dynamics – further com-
plicates the design of synchronization controllers. Consequently, control methodologies
effective for 1-D discrete-time systems often cannot be directly generalized to their 2-D
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counterparts under switching scenarios. Driven by the above mentioned complexities,
a thorough investigation into the synchronization problems of 2-D discrete-time switched
systems is hereby undertaken, which constitutes one of the research motivations of this
paper.

Although the research on the synchronization of 2-D discrete-time systems is rela-
tively limited compared to that of 1-D discrete-time systems, there are still few notable
works regarding the synchronization of 2-D discrete systems. For example, in [12], Liang
investigated the robust synchronization problem for 2-D discrete-time coupled dynamic
networks. Their work utilized the Fornasini–Marchesini model to establish a nonlinear
state-space representation and introduced a novel synchronization concept characterized
by decoupled network dynamics and coupling across both spatial dimensions. However,
their formulation did not explicitly account for constraints on sampling frequency or
communication resource utilization. This oversight raises concerns regarding persistent
resource consumption during system operation, potentially leading to an unsustainable
communication burden in practical implementations with limited bandwidth or energy
resources. In [15], Qin investigated the synchronization problem of discrete-time switched
2-D systems under Markov topology. The designed state feedback output controller re-
quires continuous sampling of the system output, which overlooks the scenario of limited
resources in practical applications, thus leading to limitations in its engineering imple-
mentation. In [22], Yang’s research addresses the event-triggered control problem for
discrete-time 2-D switched FM systems, introducing an event-triggered mechanism to ef-
ficiently utilize limited communication resources. However, the study implicitly assumes
that all subsystems maintain stability, a premise that deviates from practical application re-
quirements where subsystem stability cannot be universally guaranteed. Moreover, exist-
ing investigations into system control and associated methodologies have predominantly
centered on 1-D discrete-time systems. Notable examples include sliding mode control
[4,25], predictive control [16,26], and adaptive control [5,19], which have undergone ex-
tensive exploration in this domain. In sharp contrast, published research integrating these
control approaches with 2-D discrete-time system control remains remarkably limited.
Additionally, the time-triggered strategies employed in certain prior studies give rise to
suboptimal utilization of network bandwidth and communication resources. Thus, the
dual objectives of filling the research gaps in 2-D systems and addressing the aforemen-
tioned shortcomings in existing findings serve as the key driving forces behind this study.

Event-triggered control (ETC) strategies [20, 23] have emerged as innovative and
effective solutions to address the aforementioned challenges. By using event triggering,
the control signals of a system are only updated and transmitted when the system states
satisfy pre-defined triggering conditions. This strategy significantly reduces unnecessary
communication overhead and conserves network bandwidth, making it particularly suit-
able for resource-constrained systems. It enables dynamic response to environmental
changes and avoids meaningless periodic sampling, thus reducing resource consump-
tion. Quantization techniques [24] represent another efficient approach to tackle these
issues, which have been widely adopted in various systems. By discretizing continuous
signal values into a finite set of quantization levels, they substantially alleviate the bur-
den on network bandwidth. This not only enhances the efficiency of data transmission
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but also ensures compatibility with systems operating under limited computational and
communication resources. The integration of ETC and quantization techniques [9,14] has
become a promising approach to solve the synchronization problem in discrete-time sys-
tems. Specifically, applying this combined method to the synchronization control of 2-D
discrete-time switched systems holds significant theoretical and practical implications.
This approach not only facilitates the design of robust and efficient control strategies but
also overcomes the limitations of traditional control methods, which often suffer from
excessive communication costs and computational burdens. Furthermore, this framework
can be extended to various real-world systems, including networked control systems
and distributed systems, where efficient and reliable control solutions are of paramount
importance.

Overall, to achieve synchronization in 2-D discrete-time switched systems described
by the Roesser model, this paper proposes a mode-dependent event-triggered strategy
integrated with quantization technique, where triggering intervals can be flexibly adjusted
by tuning event-triggered parameters. To ensure GES, mode-dependent Lyapunov func-
tions are independently constructed for horizontal and vertical dynamics, enabling the
derivation of a series of new sufficient conditions to guarantee effective system synchro-
nization. These conditions relax the strict requirements on the stability of certain modes
imposed in previous studies, thereby enhancing the flexibility and applicability of the
control strategy.

The principal contributions of this paper are highlighted as follows:

(i) This paper first investigates event-triggered synchronization control for 2-D dis-
crete-time switched Roesser systems, where stability constraints on individual
modes are relaxed to guarantee global stability even in the presence of unstable
modes.

(ii) A mode-dependent event-triggered control strategy is proposed, establishing new
sufficient conditions for GES via mode-dependent Lyapunov functions designed
for horizontal and vertical dynamics, combined with stochastic switching analy-
sis.

(iii) A quantization-based event-triggered controller is designed to reduce bandwidth
consumption and optimize data transmission efficiency. Designed triggering con-
ditions ensure control performance without degradation, making it suitable for
network-constrained scenarios.

The subsequent sections are organized as follows: Section 2 designs a novel mode-
dependent event-triggered control strategy. Section 3 presents a theoretical analysis of
the system’s GES. Section 4 provides a numerical example to validate the proposed
controller’s effectiveness. Section 5 summarizes the research findings.

Notations. Rn denotes the n-dimensional Euclidean vector space, and Rn×m represents
the set of all matrices of size n ×m. ‖·‖ is the Euclidean norm of vectors and matrices.
AT denotes the transpose of matrix A, and A−1 denotes the inverse of A. sym{A} stands
for A + AT. A > 0 (A < 0) signifies that matrix A is positive (negative) definite.
The identity matrix of dimension n × n is represented by In, while the zero matrix of
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dimensions m × n is denoted by 0m×n. λmax(A) denotes the maximum eigenvalue of
a real matrix A. E[·] denotes the mathematical expectation of a random variable. The set
N represents the set of nonnegative integers.

2 Preliminaries

Consider the following class of 2-D discrete-time switched master-slave systems de-
scribed by the Roesser model:
• the master system[

xh(i+ 1, j)
xv(i, j + 1)

]
=

[
A
α(i,j)
11 A

α(i,j)
12

A
α(i,j)
21 A

α(i,j)
22

] [
xh(i, j)
xv(i, j)

]
,

y(i, j) =
[
C
α(i,j)
1 C

α(i,j)
2

] [
xh(i, j)
xv(i, j)

]
,

(1)

• the slave system[
x̃h(i+ 1, j)
x̃v(i, j + 1)

]
=

[
A
α(i,j)
11 A

α(i,j)
12

A
α(i,j)
21 A

α(i,j)
22

] [
x̃h(i, j)
x̃v(i, j)

]
+

[
B
α(i,j)
1

B
α(i,j)
2

]
u(i, j),

ỹ(i, j) =
[
C
α(i,j)
1 C

α(i,j)
2

] [
x̃h(i, j)
x̃v(i, j)

]
,

(2)

• the error system[
eh(i+ 1, j)
ev(i, j + 1)

]
=

[
A
α(i,j)
11 A

α(i,j)
12

A
α(i,j)
21 A

α(i,j)
22

] [
eh(i, j)
ev(i, j)

]
+

[
B
α(i,j)
1

B
α(i,j)
2

]
u(i, j),

z(i, j) =
[
C
α(i,j)
1 C

α(i,j)
2

] [
eh(i, j)
ev(i, j)

]
,

(3)

where xh(i, j) ∈ Rnh , x̃h(i, j) ∈ Rnh , and eh(i, j) ∈ Rnh represent the horizontal state
vectors of the corresponding systems. xv(i, j) ∈ Rnv , x̃v(i, j) ∈ Rnv , and ev(i, j) ∈
Rnv represent the vertical state vectors of the corresponding systems. y(i, j) ∈ Rnl ,
ỹ(i, j) ∈ Rnl , and z(i, j) ∈ Rnl represent the output vectors of the corresponding
systems. u(i, j) ∈ Rm is the control input of the system. α(i, j) represents the switching
signal of controller, where α(i, j) : N × N → M = {1, 2, . . . , N} with N being the
number of modes in the system. Aα(i,j)

11 ∈ Rnh×nh , Aα(i,j)
12 ∈ Rnh×nv , Aα(i,j)

21 ∈
Rnv×nh , Aα(i,j)

22 ∈ Rnv×nv , Bα(i,j)
1 ∈ Rnh×m, Bα(i,j)

2 ∈ Rnv×m, Cα(i,j)
1 ∈ Rnl×nh ,

and Cα(i,j)
2 ∈ Rnl×nv are known real matrices.

The boundary conditions for systems (1), (2), and (3) are formulated as follows:

x0 =
{
xh(0, j), xv(i, 0)

∣∣ i, j ∈ N
}
,

x̃0 =
{
x̃h(0, j), x̃v(i, 0)

∣∣ i, j ∈ N
}
,

e0 =
{
eh(0, j), ev(i, 0)

∣∣ i, j ∈ N
}
.

Nonlinear Anal. Model. Control, 31(1):45–67, 2026

https://doi.org/10.15388/namc.2026.31.44128


50 Z. Zhou et al.

We generally consider that the aforementioned boundary conditions are bounded and e0

satisfies the following criteria:

lim sup
T→∞

E

{
T∑
t=0

(∥∥eh(0, t)
∥∥2

+
∥∥ev(t, 0)

∥∥2)}
<∞.

Notably, it is crucial to underscore that investigating the synchronization control problem
between the master system (1) and the slave system (2) is fundamentally equivalent to
studying the error system (3). Consequently, the primary emphasis of subsequent analyses
will be placed on the error system (3).

Assumption 1. The switching behavior of system (3) is postulated to depend exclusively
on two independent variables i and j evolving along distinct directions. Specifically, the
switching signal α(i, j) is determined uniquely by i+j. For any t ∈ N, whenever i+j = t,
the switching signal takes the form

α(i, j) = α(t) = r, r ∈M.

In system (3), the switching occurs randomly. According to Assumption 1, each
system shall comply with the following stochastic switching rules.

Definition 1. For any ϕ,ψ ∈ M , the switching signal α(t) shifts from the mode corre-
sponding to index ϕ to the mode corresponding to index ψ, based on the system’s tran-
sition probability matrix (TPM). Specifically, this transition is governed by the following
probability:

P
{
α(t+ 1) = ψ

∣∣ α(t) = ϕ
}

= κϕψ,

where κϕψ represents the TPM from mode ϕ to mode ψ.

When ϕ = ψ, we have κϕψ = 0, whereas when ϕ 6= ψ, the transition probabilities
satisfy 0 6 κϕψ < 1 with the additional constraint that

N∑
ψ=1

κϕψ = 1.

The TPM is an irreducible matrix, implying the existence of a unique stationary dis-
tribution ε = (ε1, ε2, . . . , εN ) with

∑N
l=1 εl = 1. Under Assumption 1, for any time

interval t ∈ [ts−1, ts), the sequence of mode switching times for system (3), given by
{ts = is + js, s ∈ N}, must satisfy

0 = t0 < t1 < · · · < ts < · · ·
and

lim
s→+∞

ts = +∞.

The dwell time, defined as the duration spent in a particular mode before switching to
another, is denoted as

dr(s) = ts − ts−1 < +∞.
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Assumption 2. The expected dwell time in mode r is defined as

E
[
dr(s)

]
= γr, r ∈M,

where γr represents the mean dwell time for mode r, and it satisfies γr > 0.

Definition 2. Provided that the following condition holds, system (3) achieves the GES:

lim sup
t→∞

ln(
∑
t=i+j ‖e(i, j)‖)

t
< 0

with

e(i, j) =

[
eh(i+ 1, j)
ev(i, j + 1)

]
.

Next, we will present the mode-dependent event-triggered conditions. Whenα(i, j) =
α(t) = r for t ∈ [ts, ts+1), we define tτs = iτs + jτs and ts = is + js with s ∈ N. Here
τ ∈ N represent the τ th sampling instant within the specified time interval. The sampling
instants tτs are chosen so that they fulfill the following criterion:

ts = t0s < t1s < · · · < ts+1.

It is important to note that ts = t0s signifies both the initial sampling instant and the onset
of the rth mode within the interval [ts, ts+1). Hence, the timing of the system sampling
instants tτs is strictly influenced by the system’s switching signal α(t). The construction
of a mode-dependent event-triggered strategy for system (3) is provided by

tτ+1
s = min

{
t > tτs

∣∣∣ ϑ(i, j)TΘrϑ(i, j) > ξrz
(
iτs , j

τ
s

)T
Θrz

(
iτs , j

τ
s

)
+

1

2
γδλt

}
, (4)

where ϑ(i, j) = z(iτs , j
τ
s ) − z(i, j) with 0 < Θr ∈ Rnl×nl , r ∈ M . Additionally, the

scalar parameters are constrained as follows: λ > 1, γ > 0, 0 < δ < 1, and 0 < ξr < 1.

Remark 1. Research on synchronization of 2-D discrete-time switched systems remains
limited. For example, [15] proposed an output feedback control for 2-D discrete-time
switched FM systems, but its controller demands frequent sampling, failing to reduce
data transmission. This paper focuses on synchronization of 2-D discrete-time switched
systems under the Roesser model. Considering their substantial data transmission re-
quirements, a novel event-triggered control strategy with quantization is introduced to
address synchronization, which alleviates transmission burden while ensuring efficient
performance.

Remark 2. The next sampling instant in (4) depends on parameters ξr, γ, and λ, whose
combination can be flexibly selected per task requirements to adjust sampling intervals.
Compared with the single-parameter adjustment method in [11], this strategy enhances
flexibility and adaptability, enabling more efficient use of network resources while en-
riching system design diversity and practicality.
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Following this, we describe the approach for designing the quantization-based event-
triggered dynamic output controller:[

êh(i+ 1, j)
êv(i, j + 1)

]
=

[
Â
α(i,j)
11 Â

α(i,j)
12

Â
α(i,j)
21 Â

α(i,j)
22

] [
êh(i, j)
êv(i, j)

]
+

[
B̂
α(i,j)
1

B̂
α(i,j)
2

]
z
(
iτs , j

τ
s

)
,

h(i, j) =
[
Ĉ
α(i,j)
1 Ĉ

α(i,j)
2

] [
êh(i, j)
êv(i, j)

]
,

u(i, j) = q
(
h(i, j)

)
,

(5)

where êh(i, j) ∈ Rnĥ (nĥ 6 nh) and êv(i, j) ∈ Rnv̂ (nv̂ 6 nv) are the horizontal
and vertical state vectors of the controller, respectively; Âα(i,j)

11 ∈ Rnĥ×nĥ , Âα(i,j)
12 ∈

Rnĥ×nv̂ , Âα(i,j)
21 ∈ Rnv̂×nĥ , Âα(i,j)

22 ∈ Rnv̂×nv̂ , B̂α(i,j)
1 ∈ Rnĥ×nl , B̂α(i,j)

2 ∈ Rnv̂×nl ,
Ĉ
α(i,j)
1 ∈ Rm×nĥ , and Ĉα(i,j)

2 ∈ Rm×nv̂ are the control gain matrices; tτs = iτs + jτs
denotes the event-triggered instant; h(i, j) = (hT

1 (i, j), hT
2 (i, j), . . . , hT

k (i, j))T is the
output, g(i, j) represents a class of output vector, and q(h(i, j)) = (qT

1 (h1(i, j)),
qT
2 (h2(i, j)), . . . , qT

k (hk(i, j)))T is the quantizer. The quantizer satisfies q%(·) : R→ U%,
where % = 1, 2, . . . , k, U = {±oι: wι = ςι, 0 < ςι < 1, ι ∈ Z} ∪ {0}, ō0 > 0. For any
x ∈ R, the quantizer q%(x) is defined as follows:

q%(x) =


oι if 1

1+ρ%
ōi < x 6 1

1−ρ% ōi, ρ% =
1−ς%
1+ς%

,

0 if x = 0,

−q%(−x) if x < 0,

By analyzing system (3) and controller (5), the following relationships can be derived:
1. The output state vector of the system in (3) is transmitted to the controller in (5)

via the error output vector z(i, j).
2. The controller in (5) computes control input vector u(i, j) via error system state

output vector z(i, j)from (3), then applies u(i, j) to (3), thus implementing state
feedback control based on the latter’s dynamic output.

Remark 3. Controller (5) integrates event-triggered dynamic output control with quanti-
zation, effectively reducing network bandwidth consumption. Building on and optimizing
the strategy in [15], it improves resource utilization and overall system performance for
more efficient use of limited network resources, suiting applications with constrained
networks yet demanding efficient dynamic control.

Similar to error system (3), the boundary conditions of controller (5) are ultimately
bounded. It is demonstrated that the quantizer q%(x) possesses Filippov solution ωα(i,j) ∈
[−ϑα(i,j), ϑα(i,j)], in such a way that the quantizer takes the form of q%(x) = (1 +
ωα(i,j))x. Consequently, we derive the new controller as follows:[

êh(i+ 1, j)
êv(i, j + 1)

]
=

[
Â
α(i,j)
11 Â

α(i,j)
12

Â
α(i,j)
21 Â

α(i,j)
22

] [
êh(i, j)
êv(i, j)

]
+

[
B̂
α(i,j)
1

B̂
α(i,j)
2

]
z(iτs , j

τ
s ),

u(i, j) =
[
Im +$α(i,j)

] [
Ĉ
α(i,j)
1 Ĉ

α(i,j)
2

] [
êh(i, j)
êv(i, j)

] (6)
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with $α(i,j) = diag(ω
α(i,j)
1 , ω

α(i,j)
2 , . . . , ω

α(i,j)
g ). By combining error system (3) and

controller (6), the resulting augmented system is formulated in the following manner:[
eh(i+ 1, j)

ev(i, j + 1)

]
=

[
A
α(i,j)
11 A

α(i,j)
12

A
α(i,j)
21 A

α(i,j)
22

] [
eh(i, j)

ev(i, j)

]

+

[
B
α(i,j)
1

B
α(i,j)
2

] [
Im +$α(i,j)

] [
Ĉ
α(i,j)
1 Ĉ

α(i,j)
2

] [êh(i, j)

êv(i, j)

]
,

[
êh(i+ 1, j)

êv(i, j + 1)

]
=

[
Â
α(i,j)
11 Â

α(i,j)
12

Â
α(i,j)
21 Â

α(i,j)
22

] [
êh(i, j)

êv(i, j)

]

+

[
B̂
α(i,j)
1

B̂
α(i,j)
2

] [[
C
α(i,j)
1 C

α(i,j)
2

] [eh(i, j)

ev(i, j)

]
+ ϑ(i, j)

]
.

(7)

Let χh(i, j) = (ehT(i, j), êhT(i, j))T, χv(i, j) = (evT(i, j), êvT(i, j))T, χ(i, j) =
(χhT(i, j), χvT(i, j))T, and χ∗(i, j) = (χhT(i + 1, j), χvT(i, j + 1))T. Subsequently,
we can reformulate the augmented system (7) as

χ∗(i, j) =

[
Aα(i,j) Bα(i,j)

Cα(i,j) Dα(i,j)

]
χ(i, j) +

[
Eα(i,j)

Fα(i,j)

]
ϑ(i, j), (8)

where

Aα(i,j) =

(
A
α(i,j)
11 B

α(i,j)
1 [Im +$α(i,j)]Ĉ

α(i,j)
1

B̂
α(i,j)
1 C

α(i,j)
1 Â

α(i,j)
11

)
,

Bα(i,j) =

(
A
α(i,j)
12 B

α(i,j)
1 [Im +$α(i,j)]Ĉ

α(i,j)
2

B̂
α(i,j)
1 C

α(i,j)
2 Â

α(i,j)
12

)
,

Cα(i,j) =

(
A
α(i,j)
21 B

α(i,j)
2 [Im +$α(i,j)]Ĉ

α(i,j)
1

B̂
α(i,j)
2 C

α(i,j)
1 Â

α(i,j)
21

)
,

Dα(i,j) =

(
A
α(i,j)
22 B

α(i,j)
2 [Im +$α(i,j)]Ĉ

α(i,j)
2

B̂
α(i,j)
2 C

α(i,j)
2 Â

α(i,j)
22

)
,

Eα(i,j) =

(
0nh×nl

B̂
α(i,j)
1

)
, Fα(i,j) =

(
0nv×nl

B̂
α(i,j)
2

)
.

Let ζ(i, j) = (χhT(i + 1, j), χvT(i, j + 1), χhT(i, j), χvT(i, j), ϑT(i, j))T. Hence, we
derive the following result:

χh(i+ 1, j) = (Ia, 0a×(a+2b+nl))ζ(i, j)
∆
= E1ζ(i, j),

χv(i, j + 1) = (0b×a, Ib, 0b×(a+b+nl))ζ(i, j)
∆
= E2ζ(i, j),
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χh(i, j) = (0a×(a+b), Ia, 0a×(b+nl))ζ(i, j)
∆
= E3ζ(i, j),

χv(i, j) = (0b×(2a+b), Ib, 0b×nl)ζ(i, j)
∆
= E4ζ(i, j),

ϑ(i, j) = (0nl×(2a+2b), Inl)ζ(i, j)
∆
= E5ζ(i, j),

and

z(i, j) =
[
C
α(i,j)
1 C

α(i,j)
2

] [(0nh×(a+b), Inh
, 0nh×(nĥ+b+nl))

(0nv×(2a+b), Inv
, 0nv×(nv̂+nl))

]
ζ(i, j)

∆
=
(
C
α(i,j)
1 E6 + C

α(i,j)
2 E7

)
ζ(i, j)

with a = nh + nĥ, b = nv + nv̂ . Hence, (8) is transformed into

χ∗(i, j) =

[
E1

E2

]
ζ(i, j)

=

[
Aα(i,j) Bα(i,j)

Cα(i,j) Dα(i,j)

] [
E3

E4

]
ζ(i, j) +

[
Eα(i,j)

Fα(i,j)

]
E5ζ(i, j). (9)

Our objective is to achieve the GES of the 2-D discrete-time switched master-slave sys-
tems in Roesser model through the ETC condition (4) and the controller (5).

Lemma 1. (See [24].) If α(i, j) = α(t) = r, where t = i + j, r ∈ M represents the
switching signal, and ε is the unique stationary distribution of the TPM associated with
a mode-dependent average dwell time (ADT) technique, then we have

lim
t→∞

T r(t)

t
= ε̄r,

where ε̄r = εrγr/(
∑N
l=1 ε

lγl), and T r(t) denotes the cumulative dwell time of the
switching signal α(t) = r within the time interval [0, t].

3 Main results

In this section, we will discuss the GES of error system (3) under the influence of con-
troller (5). In subsequent analyses, new techniques will be employed to design the Lya-
punov function as a mode-dependent function for Theorem 1. Additionally, ergodic theory
will be utilized to theoretically analyze the properties of the unique stationary distribu-
tion ε. By resolving LMIs detailed in Theorem 2, one can determine the control gains for
controller (5).

Theorem 1. Under Assumptions 1–2, suppose that all control gain matrices Âr11, Âr12,
Âr21, Âr22, B̂r1 , B̂r2 , Ĉr1 , Ĉr2 are known. If for given scalars δr > 0, βr > 1, there exists
matrices 0 < Qh

r ∈ R(nh+nĥ)×(nh+nĥ), 0 < Qv
r ∈ R(nv+nv̂)×(nv+nv̂), 0 < Θr ∈

Rnl×nl and invertible matrices Ur1 ∈ R(nh+nĥ)×(nh+nĥ), Ur2 ∈ R(nv+nv̂)×(nv+nv̂),
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W r ∈ Rnl×nl such that

Υ r < 0, (10)

Qh
r 6 βrQh

r̃ , Qv
r 6 βrQv

r̃ , r 6= r̃ and r̃ ∈M, (11)
N∑
r=1

ε̄r
[

lnβr

γr
+ ln δr

]
< 0,

then, upon application of the controller specified in (5), the error system described by (3)
achieves the GES, where

Υ r =

(
Υ r11 Υ r12

∗ Πr

)
with

Υ r11 = diag
(
Qh
r − Ur1 − UrT1 , Qv

r − Ur2 − UrT2 , ξrΘr −W r −W rT
)
,

Υ r12 =
((
Ur1E1

)T
,
(
Ur2E2

)T
,
(
W r
(
Cr1E6 + Cr2E7 + E5

))T)T
,

Πr = sym
{
ET

1 ArE3 + ET
1 BrE4 + ET

1 ErE5 − ET
1 E1

}
+ sym

{
ET

2 CrE3 + ET
2 DrE4 + ET

2 FrE5 − ET
2 E2

}
− δrET

3 Q
h
rE3 − δrET

4 Q
v
rE4 − ξrET

5 Θ
rE5.

Proof. When α(i, j) = α(t) = r ∈ M (where t = i + j ∈ [ts−1, ts)), to analyze the
synchronization issue for the error system (3), we propose the mode-dependent Lyapunov
functions

Vr
(
χ(i, j)

)
= V h

r

(
χh(i, j)

)
+ V v

r

(
χv(i, j)

)
,

Vr
(
χ∗(i, j)

)
= V h

r

(
χh(i+ 1, j)

)
+ V v

r

(
χv(i, j + 1)

)
,

where
V h
r

(
χh(i, j)

)
= χhT(i, j)Qh

rχ
h(i, j),

V v
r

(
χv(i, j)

)
= χvT(i, j)Qv

rχ
v(i, j),

V h
r

(
χh(i+ 1, j)

)
= χhT(i+ 1, j)Qh

rχ
h(i+ 1, j),

V v
r

(
χv(i, j + 1)

)
= χvT(i, j + 1)Qv

rχ
v(i, j + 1).

To facilitate further analysis, we formulate the difference in the following structure:

∆V h
r

(
χh(i, j)

)
−
(
δr − 1

)
V h
r

(
χh(i, j)

)
= V h

r

(
χh(i+ 1, j)

)
− δrV h

r

(
χh(i, j)

)
= χhT(i+ 1, j)Qh

rχ
h(i+ 1, j)− δrχhT(i, j)Qh

rχ
h(i, j)

= ζT(i, j)
[
ET

1 Q
h
rE1 − δrET

3 Q
h
rE3

]
ζ(i, j), (12)
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∆V v
r

(
χv(i, j)

)
− (δr − 1)V v

r

(
χv(i, j)

)
= V v

r

(
χv(i, j + 1)

)
− δrV v

r

(
χv(i, j)

)
= χvT(i, j + 1)Qv

rχ
v(i, j + 1)− δrχvT(i, j)Qv

rχ
v(i, j)

= ζT(i, j)
[
ET

2 Q
v
rE2 − δrET

4 Q
v
rE4

]
ζ(i, j). (13)

From (9) we obtain

ζT(i, j)ET
1

(
ArE3 + BrE4 + ErE5 − E1

)
ζ(i, j) = 0,

ζT(i, j)ET
2

(
CrE3 +DrE4 + FrE5 − E2

)
ζ(i, j) = 0.

(14)

From (14) we get

ζT(i, j) sym
{
ET

1 ArE3 + ET
1 BrE4 + ET

1 ErE5 − ET
1 E1

}
ζ(i, j) > 0,

ζT(i, j) sym
{
ET

2 CrE3 + ET
2 DrE4 + ET

2 FrE5 − ET
2 E2

}
ζ(i, j) > 0.

(15)

By the ETC condition (4), we obtain

ξrζT(i, j)
{[
Cr1E6 + Cr2E7 + E5

]T
Θr
[
Cr1E6 + Cr2E7 + E5

]
− ET

5 Θ
rE5

}
ζ(i, j) +

1

2
γδλt > 0. (16)

From (12), (13), (15), and (16) we derive

Vr
(
χ∗(i, j)

)
− δr

(
V h
r

(
χh(i, j)

)
+ V v

r

(
χv(i, j)

))
6 ζT(i, j)Ξrζ(i, j) +

1

2
γδλt, (17)

where

Ξr = ET
1 Q

h
rE1 + ET

2 Q
v
rE2 − δrET

3 Q
h
rE3 − δrET

4 Q
v
rE4 − ξrET

5 Θ
rE5

+ sym
{
ET

1 ArE3 + ET
1 BrE4 + ET

1 ErE5 − ET
1 E1

}
+ sym

{
ET

2 CrE3 + ET
2 DrE4 + ET

2 FrE5 − ET
2 E2

}
+ ξr

[
Cr1E6 + Cr2E7 + E5

]T
Θr
[
Cr1E6 + Cr2E7 + E5

]
.

By applying the Schur complement lemma, Ξr < 0 corresponds to

Υ̂ r =

(
Υ̂ r11 Υ̂ r12

∗ Πr

)
< 0, (18)

where

Υ̂ r11 = diag
(
−
(
Qh
r

)−1
, −
(
Qv
r

)−1
, −
(
ξrΘr

)−1)
,

Υ̂ r12 =
(
ET

1 , E
T
2 ,
(
Cr1E6 + Cr2E7 + E5

)T)T
,

Πr = sym
{
ET

1 ArE3 + ET
1 BrE4 + ET

1 ErE5 − ET
1 E1

}
+ sym

{
ET

2 CrE3 + ET
2 DrE4 + ET

2 FrE5 − ET
2 E2

}
− δrET

3 Q
h
rE3 − δrET

4 Q
v
rE4 − ξrET

5 Θ
rE5.
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Multiplying (18) from the left by diag(Ur1 , U
r
2 ,W

r, Ic) and from the right by diag(UrT1 ,
UrT2 ,W rT, Ic) with c = 2(nh + nĥ + nv + nv̂) + nl, then we get

Υ̌r =

(
Υ̌11r Υ̌12r

∗ Πr

)
< 0, (19)

where

Υ̌11r = diag
(
−Ur1 (Qh

r )−1UrT1 , −Ur2 (Qv
r)−1UrT2 , −W r(ξrΘr)−1W rT

)
,

Υ̌12r =
((
Ur1E1

)T
,
(
Ur2E2

)T
,
(
W r
(
Cr1E6 + Cr2E7 + E5

))T)T
.

Using the inequalities

−Ur1
(
Qh
r

)−1
UrT1 6 Qh

r − Ur1 − UrT1 ,

−Ur2
(
Qv
r

)−1
UrT2 6 Qv

r − Ur2 − UrT2 ,

−W r
(
ξrΘr

)−1
W rT 6 ξrΘr −W r −W rT,

we obtain

Υ r =


Qh
r−Ur1−UrT1 0 0 Ur1E1

∗ Qv
r−Ur2−UrT2 0 Ur2E2

∗ ∗ ξrΘr−W r−W rT W r(Cr1E6+Cr2E7+E5)
∗ ∗ ∗ Πr


< 0.

When Υ r < 0, the condition given by (19) is satisfied, implying that Ξr < 0. Based
on (17), it can be observed that when t = i+ j falls within the interval [ts−1, ts), we may
conclude that

Vr
(
χ∗(i, j)

)
6 δrVr

(
χ(i, j)

)
+

1

2
γδλt.

Consider the scenario where a positive scalar δ̆r, which is sufficiently small, exists for any
r ∈M such that

N∑
r=1

ε̄r
[

lnβr

γr
+ ln δ̃r

]
< 0, (20)

Vr
(
χ∗(i, j)

)
6
(
δ̃r − δ̆r

)
Vr
(
χ(i, j)

)
+

1

2
γδλt, (21)

where δ̃r = δr + δ̆r. Let

η(t) = max

{
ηr(t) =

√
1
2γδ

λt

δ̆r[λmax(Qh
r ) + λmax(Qv

r)]
, r ∈M

}
.

Given that ‖χ(i, j)‖ > η(t) for t = i+ j, it follows from (21) that

Vr
(
χ∗(i, j)

)
6 δ̃rVr

(
χ(i, j)

)
. (22)
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Therefore, from (22) we have

Vr
(
χ∗(1, t)

)
6 δ̃r

[
V h
r

(
χ(0, t)

)
+ V v

r

(
χ(1, t− 1)

)]
,

Vr
(
χ∗(2, t− 1)

)
6 δ̃r

[
V h
r

(
χ(1, t− 1)

)
+ V v

r

(
χ(2, t− 2)

)]
,

. . . ,

Vr
(
χ∗(t, 1)

)
6 δ̃r

[
V h
r

(
χ(t− 1, 1)

)
+ V v

r

(
χ(t, 0)

)]
.

(23)

From (22) and (23) we obtain the following:∑
t+1=i+j

Vr(χ
∗(i, j)) 6 δ̃r

∑
t=i+j

Vr
(
χ(i, j)

)
. (24)

By (11) and (24), when t = i+ j ∈ [ts−1, ts), we have∑
t=i+j

Vα(t)

(
χ(i, j)

)
< δ̃α(t−1)

∑
t−1=i+j

Vα(t−1)

(
χ(i, j)

)
< δ̃

α(tκ−1)
t−tκ−1

∑
tκ−1=i+j

Vα(tκ−1)

(
χ(i, j)

)
< βα(tκ−1)δ̃

α(tκ−1)
t−tκ−1

∑
tκ−1=i+j

Vα(tκ−1)

(
χ(i, j)

)
< βα(tκ−1)δ̃

α(tκ−1)
t−tκ−1

δ̃
α(ts−2)
tκ−1−ts−2

∑
ts−2=i+j

Vα(ts−2)

(
χ(i, j)

)
< · · · <

N∏
r=1

βrNr(t)δ̃
r
T r(t)

∑
0=i+j

Vα(0)

(
χ(i, j)

)
.

Thus,

λ̃
∑
t=i+j

∥∥χ(i, j)
∥∥ < N∏

r=1

βrNr(t)δ̃
r
T r(t)

∑
0=i+j

Vα(0)

(
χ(i, j)

)
,

where λ̃ = min{λmax(Qh
r ) + λmax(Qv

r), r ∈ M}, and Nr(t) represents the number of
times the system switches to mode r within the time interval [ts−1, ts). Therefore, we
have

ln η(t)− ln λ̃

t
6

ln
∑
t=i+j ||χ(i, j)||

t
<

ln
∑

0=i+j Vα(0)(χ(i, j))− ln λ̃

t

+

N∑
r=1

[
Nr(t)

t
lnβr +

T r(t)

t
ln δ̃r

]
. (25)

According to (20),

lim
t→∞

Nr(t)

t
= lim
t→∞

T r(t)
t

T r(t)
Nr(t)

=
ε̄r

γr
. (26)
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In (25), because

lim sup
t→∞

{
ln
∑

0=i+j Vα(0)(χ(i, j))− ln λ̃

t
+

N∑
r=1

[
Nr(t)

t
lnβr +

T r(t)

t
ln δ̃r

]}

= lim sup
t→∞

{
N∑
r=1

[
Nr(t)

t
lnβr +

T r(t)

t
ln δ̃r

]}
=

R∑
r=1

[
ε̄r

γr
[
lnβr + ln δ̃r

]]
< 0, (27)

so,

lim sup
t→∞

ln η(t)− ln λ̃

t
< 0. (28)

From (25)–(28) we can derive that

lim sup
t→∞

ln
∑
t=i+j ‖χ(i, j)‖

t
< 0,

indicating that the error system (3) achieves the GES.

Remark 4. Unlike the mode-independent event-triggered strategy in [22] for 2-D switched
systems, our method removes the constraint of fixed sampling intervals on mode dwell
time, as each mode’s initial sampling instant aligns with its switching time. This enables
flexible adjustment of sampling intervals, free from traditional fixed-interval rules.

Remark 5. Theorem 1 applies to switched systems with ADT and minimal dwell time.
Unlike [22], which requires ADT to exceed a preset threshold for stability, our theory
depends less on specific system parameters, thus offering broader applicability, higher
practicality, and enhanced flexibility in synchronizing and controlling 2-D discrete-time
switched systems.

Based on Theorem 1, we will outline the specific control gain parameters necessary
for the synchronization controller designed for the error system (3). We let

Ãr =

(
Ar11 0nh×nĥ

0nĥ×nh
0nĥ×nĥ

)
, B̃r =

(
Ar12 0nh×nv̂

0nĥ×nv 0nĥ×nv̂

)
,

C̃r =

(
Ar21 0nv×nĥ

0nv̂×nh
0nv̂×nĥ

)
, D̃r =

(
Ar22 0nv×nv̂

0nv̂×nv 0nv̂×nv̂

)
,

Kr1 =

(
Âr11 B̂r1

Ĉr1 0m×nl

)
, Kr2 =

(
Âr12 B̂r1

Ĉr2 0m×nl

)
,

Kr3 =

(
Âr21 B̂r2

Ĉr1 0m×nl

)
, Kr4 =

(
Âr22 B̂r2

Ĉr2 0m×nl

)
,

Pr1 =

(
0nh×nĥ Br1 [Im +$r]

Inĥ 0nĥ×m

)
, Pr2 =

(
0nv×nv̂ Br2 [Im +$r]

Inv̂ 0nv̂×m

)
,
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Qr1 =

(
0nĥ×nh

Inĥ
Cr1 0nl×nĥ

)
, Qr2 =

(
0nv̂×nv Inv̂
Cr2 0nl×nv̂

)
,

Er1 =

(
0nh×nĥ 0nh×m

Inĥ 0nĥ×m

)
, Er2 =

(
0nĥ×nl
Inl

)
,

Fr1 =

(
0nv×nv̂ 0nv×m

Inv̂ 0nv̂×m

)
, Fr2 =

(
0nĥ×nl
Inl

)
.

Then we can obtain

Ar = Ãr + Pr1Kr1Qr1, Br = B̃r + Pr1Kr2Qr2, Cr = C̃r + Pr2Kr3Qr1,

Dr = D̃r + Pr2Kr4Qr2, Er = Er1Kr1Er2 , Fr = Fr1Kr3Fr2 .

Therefore, Υ r < 0 is equivalent to Φr < 0, i.e.,

Φr =

(
Φr11 Φr12

∗ Φr22

)
< 0,

where

Φr11 = diag
(
Qh
r − Ur1 − UrT1 , Qv

r − Ur2 − UrT2 , ξrΘr −W r −W rT
)
,

Φr12 =
((
Ur1E1

)T
,
(
Ur2E2

)T
,
(
W r
(
Cr1E6 + Cr2E7 + E5

))T
)T,

Φr22 = sym
{
ET

1 Ar1E3 + ET
1 Br1E4 + ET

2 Cr1E3 + ET
2 Dr1E4 − ET

1 E1 − ET
2 E2

}
+ sym

{
ET

1 Pr1Kr1Qr1E3 + ET
1 Pr1Kr2Qr2E4 + ET

1 Er1Kr1Er2E5

}
+ sym

{
ET

2 Pr2Kr3Qr1E3 + ET
2 Pr2Kr4Qr2E4 + ET

2 Fr1Kr3Fr2E5

}
− δrET

3 Q
h
rE3 − δrET

4 Q
v
rE4 − ξrET

5 Θ
rE5.

The quantization-based event-triggered dynamic output controller for the error system
(3) will be designed based on the following theorem.

Theorem 2. Assume that the control gain matrices Âr11, Âr12, Âr21, Âr22, B̂r1 , B̂r2 , Ĉr1 , Ĉr2
are all computable and Assumptions 1 and 2 are fulfilled. If for the predefined scalars
δr > 0, βr > 1, there exist matrices 0 < Qh

r ∈ R(nh+nĥ)×(nh+nĥ), 0 < Qv
r ∈

R(nv+nv̂)×(nv+nv̂), 0 < Θr ∈ Rnl×nl and invertible matrices Ur1 ∈ R(nh+nĥ)×(nh+nĥ),
Ur2 ∈ R(nv+nv̂)×(nv+nv̂), W r ∈ Rnl×nl such that

Φr < 0, (29)

Qh
r − Ur1 − UrT1 < 0, Qv

r − Ur2 − UrT2 < 0, ξrΘr −W r −W rT < 0,

then upon application of the controller specified in (5), the error system described by (3)
achieves the GES. Furthermore, the control gain matrices within controller (5) and the
event-triggered parameters Θr defined in the event-triggered condition (4) can be ob-
tained through solving LMI given in (29).

Proof. Since (10) is equivalent to (29), the proof is similar to that of Theorem 1.
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4 Numerical example: Synchronization of a master-slave robotic arm
collaborative assembly system

Within this part, we introduce a detailed numerical simulation example of 2-D discrete-
time switched master-slave Roesser systems with three modes (M = 3). The purpose
of these examples is to showcase the performance and reliability of the proposed event-
triggered controller when applied to system (3).

A master-slave manipulator system for engine block assembly aims to ensure pre-
cise trajectory and intention consistency between master and slave arms. It operates in
3 modes: positioning (Mode 1), pre-tightening (Mode 2), and tightening (Mode 3). A 2-D
discrete-time switched system based on the Roesser model is established with the error
dynamic equation given by (3), and system coefficient matrices are provided as follows:

Mode 1:

A1 =

[
A1

11 A1
12

A1
21 A1

22

]
=

[
0.88 0.3
0.2 −1.2

]
,

B1 =

[
B1

1

B1
2

]
=

[
0.5
0.2

]
, C1 =

[
C1

1

C1
2

]T

=

[
0.5
0.2

]T

.

Mode 2:

A2 =

[
A2

11 A2
12

A2
21 A2

22

]
=

[
0.8 0.5
0.3 0.4

]
,

B2 =

[
B2

1

B2
2

]
=

[
0.3
0.2

]
, C2 =

[
C2

1

C2
2

]T

=

[
0.2
0.2

]T

.

Mode 3:

A3 =

[
A3

11 A3
12

A3
21 A3

22

]
=

[
0.95 0.56
0.5 1.1

]
,

B3 =

[
B3

1

B3
2

]
=

[
0.4
0.3

]
, C3 =

[
C3

1

C3
2

]T

=

[
0.2
0.1

]T

.

Let the initial conditions for systems (1), (2), and (3) be set as follows:

xh(0, j) = xh(j, 0) =

{
rand 2 + 0.8 sin j if 0 6 j 6 21,

0 if j > 21,

xv(0, j) = xv(j, 0) =

{
rand 2 + 0.9 cos j if 0 6 j 6 21,

0 if j > 21,

x̃h(0, j) = x̃h(j, 0) =

{
rand 4 + 1.2 sin j if 0 6 j 6 21,

0 if j > 21,

x̃v(0, j) = x̃v(j, 0) =

{
rand 6 + 1.4 cos j if 0 6 j 6 21,

0 if j > 21,
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eh(0, j) = x̃h(0, j)− xh(0, j), eh(j, 0) = x̃h(j, 0)− xh(j, 0),

ev(0, j) = x̃v(0, j)− xv(0, j), ev(j, 0) = x̃v(j, 0)− xv(j, 0).

Under Assumption 1, the switching signal is specified as α(i, j) = α(t), i, j ∈ N.
The TPM is given by

J =

 0 0.4 0.6
0.5 0 0.5
0.3 0.7 0

 .
Given that the unique stationary distribution ofJ is determined to be ε = (0.2863, 0.3612,
0.3524), and by setting ξ1 = 0.7, ξ2 = 0.8, ξ3 = 0.9, γ = 1.2, δ = 0.4, and λ = 4,
a feasible solution to the LMIs, in accordance with Theorem 2, is derived. This yields
the control gain matrices for the controller (5), including the positive definite matricesQh

r

and Qv
r as follows:

Mode 1:

Â1
11 = 0.0058, Â1

12 = −0.0012, Â1
21 = 0.0129, Â1

22 = −0.0029,

B̂1
1 = 0.0006, B̂1

2 = 0.0031, Ĉ1
1 = −0.0028, Ĉ1

2 = −0.0002,

Qh
1 =

(
0.7806 0.0003
0.0003 0.7260

)
, Qv

1 =

(
0.8151 −0.0000
−0.0000 0.7254

)
.

Mode 2:

Â2
11 = 0.0007, Â2

12 = −0.0003, Â2
21 = −0.0041, Â2

22 = 0.0011,

B̂2
1 = 0.0003, B̂2

2 = −0.0010, Ĉ2
1 = 0.0040, Ĉ2

2 = 0.0015,

Qh
2 =

(
0.8059 0.0003
0.0003 0.7538

)
, Qv

2 =

(
0.8321 0.0001
0.0001 0.7532

)
.

Mode 3:

Â3
11 = −0.0007 · 10−3, Â3

12 = −0.0051, Â3
21 = −0.0025, Â3

22 = 0.0065,

B̂3
1 = −0.2301 · 10−3, B̂3

2 = 0.0006, Ĉ3
1 = 0.7628 · 10−3, Ĉ3

2 = 0.0001,

Qh
3 =

(
0.8269 0.0004
0.0004 0.7742

)
, Qv

3 =

(
0.8564 0.0001
0.0001 0.7738

)
.

Given the computed trigger parameters for the ETC condition (4) as Θ1 = 0.1532,
Θ2 = 0.0926, and Θ3 = 0.0667.

Figures 1 and 2 depict the state trajectories of the master and slave systems, respec-
tively, under the switching signal illustrated in Fig. 3. Figure 4 specifically characterizes
the synchronization error dynamics between the master and slave systems, illustrating
their evolution over the two dimensions of the Roesser model.

To validate the efficacy of the designed controller in achieving synchronization, the
identical switching signal from Fig. 3 was applied, ensuring consistent experimental
conditions. The state responses of the controlled error system (Fig. 5) demonstrate that
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(a) State response xh(i, j) (b) State response xv(i, j)

Figure 1. Evolution of state response in 2-D switched master system.

(a) State response x̃h(i, j) without control (b) State response x̃v(i, j) without control

Figure 2. Evolution of state response in 2-D switched slave system without control.

Figure 3. Switching signal.
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(a) State response eh(i, j) without control (b) State response ev(i, j) without control

Figure 4. Evolution of state response in 2-D switched error system without control.

(a) State response eh(i, j) under the action of
controller

(b) State response ev(i, j) under the action of
controller

Figure 5. Evolution of state response in 2-D switched error system with controller.

the designed controller effectively stabilizes system (3). Comparative analysis of Figs. 4
and 5 demonstrates that the proposed controller can swiftly achieve master-slave synchro-
nization.

Further evidence of the controller’s performance is provided in Fig. 6, which plots
the event-triggered transmission times and intervals. This figure highlights a significant
advantage of the proposed event-triggered control strategy: a marked reduction in net-
work bandwidth utilization. Conventional time-triggered mechanisms typically neces-
sitate higher transmission frequencies, resulting in greater bandwidth consumption. In
contrast, the proposed event-triggered approach minimizes transmission instances, while
maintaining synchronization performance, thereby optimizing communication efficiency
and conserving network resources. The initial event-triggering instant corresponds to the
coordinate (0, 0).

https://www.journals.vu.lt/nonlinear-analysis

https://www.journals.vu.lt/nonlinear-analysis


Quantization-based event-triggered synchronization for 2-D switched systems 65

Figure 6. Event-triggered transmit intervals and transmit instants.

5 Conclusions

This study addresses synchronization control challenges in 2-D discrete-time switched
master-slave systems in Roesser model under event-triggered strategies. It develops
a mode-dependent event-triggered synchronization controller via quantization techniques
to achieve GES. Given the unique complexity of 2-D discrete-time systems – especially
with mode switching – existing research on synchronization and stabilization is limited,
and the application of ETC in such systems remains nascent, making the design of inno-
vative integrated control strategies particularly challenging.

A key advancement lies in formulating sufficient conditions for ensuring GES of 2-D
discrete-time switched systems. Unlike prior methods requiring all modes to be stable,
the proposed approach relaxes stability constraints, maintaining global stability even with
unstable modes. These relaxed criteria expand the feasible region for LMI solutions and
enhance computational tractability.

In numerical assessments, synchronization constraints in Theorem 2 (e.g., δr > 0
and βr > 1 for r ∈ M ) are more generalized than strict conditions in previous studies
(β > 1 with β = max{βr} and 0 < δ < 1 with δ = max{δr}), improving practical
flexibility. Formulas like (29) in Theorem 2 enable direct computation of control gain
matrices using MATLAB’s LMI toolbox. Though ETC based on quantization is emerging,
its network bandwidth-saving advantages have been validated, highlighting potential for
efficient system resource utilization.

This work enriches the control theory of 2-D discrete-time switched systems, provides
references for future research, and demonstrates the broad prospects of event-triggered
dynamic output quantization control in designing efficient, stable systems.

Conflicts of interest. The authors declare no conflicts of interest.
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