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Abstract:
We propose an event-triggered control (ETC) strategy for the Aw-Rascle-Zhang (ARZ) traffic
model under congested conditions. The considered ARZ-type model, governed by first-order
hyperbolic partial differential equations (PDEs), captures traffic dynamics involving both
Adaptive Cruise Control (ACC) and human-driven vehicles. Control actions adjust the time gap
for ACC vehicles and are updated based on a suitable triggering rule. We conduct the stability
analysis on a linearized and transformed system (a 2×2 linear hyperbolic system with in-domain
control), and we asses input-to-state stability (ISS) with respect to actuation errors. A small-
gain approach guides the design of appropriate triggering rule (small-gain event based triggering
condition), ensuring exponential stability while preventing the Zeno phenomenon. Numerical
simulations demonstrate the effectiveness of the proposed control strategy in stabilizing traffic
flow.

Keywords: Event-triggered control, in-domain control, ARZ traffic model, hyperbolic PDEs,
input-to-state stability, small-gain condition.

1. INTRODUCTION

Over recent decades, controlling highway traffic flow has
been a major research focus, leading to significant ad-
vances in dynamic freeway modeling Papageorgiou (1980),
integrated traffic corridor control Papageorgiou (1995),
and conservation law-based approaches for traffic systems
Bayen et al. (2022). Among various traffic flow models,
including the Payne-Whitham (PW) model Payne (1971),
the Lighthill–Whitham–Richards (LWR) model Whitham
(1974), the ARZ framework, which combines the Aw-
Rascle model Aw and Rascle (2000) with Zhang’s non-
equilibrium dynamics Zhang (2002), has gained particu-
lar attention due to its ability to capture the complex
interplay between vehicle density and velocity Yu and
Krstic (2019). Strategies such as coordinated ramp meter-
ing Goatin et al. (2016) and downstream boundary control
Zhang et al. (2024) have been proposed to mitigate stop-
and-go traffic oscillations and improve traffic stability.

The integration of ACC Yu and Wang (2022) and con-
nected/automated vehicles Li et al. (2023) introduces
additional challenges in mixed traffic environments in-
volving human-driven and ACC-equipped vehicles. Re-
cent efforts, such as delay-compensated traffic control for
connected/automated vehicles Qi et al. (2023) and mit-
igating phantom traffic jams in hybrid systems Molnar
and Orosz (2024), have shown promise, but traditional

methods are often constrained by high communication
and computational demands, limiting their practicality in
complex traffic scenarios. ETC strategy has emerged as
an efficient solution by reducing control update frequency
while maintaining system stability Tabuada (2007) and
has proved to be relevant in PDE control for both 1D
parabolic PDEs (Selivanov and Fridman (2016); Espitia
et al. (2021); Rathnayake and Diagne (2024); Koudohode
et al. (2024); Rathnayake et al. (2024)) and 1D Hyperbolic
PDEs (Wang and Krstic (2021); Somathilake and Rath-
nayake (2024)), with potential applications to traffic con-
gestion control Espitia et al. (2020); Zhang et al. (2024).

Building upon Bekiaris-Liberis and Delis (2021), which
propose an ARZ-type traffic flow model integrating both
human-driven and ACC-equipped vehicles, along with an
in-domain control approach, we extend this framework by
introducing a ETC scheme to stabilize traffic flow governed
by a mixed-traffic ARZ model, while updating control
actions – adjusting the time gap for ACC vehicles – based
on a suitable small-gain based triggering rule. We rely
on Input-to-state stability (ISS) and small-gain arguments
Karafyllis and Krstic (2018); Espitia et al. (2021) to assess
the stability of the closed-loop system. Indeed, we employ
ISS estimates with respect to actuation deviation, a small-
gain condition that drives the selection of the triggering
parameters, and small-gain arguments to obtain estimates
of the closed-loop system. We state the avoidance of the



Zeno phenomenon, that allows to conclude the exponential
stability result.

The paper is organized as follows: Section 2 introduces the
ARZ model and problem formulation. Section 3 presents
the emulation of the nominal control towards an event-
triggered control scheme. Section 4 introduces the small-
gain based event-triggered control strategy and the main
results. Section 5 illustrates the results with numerical
simulations, and Section 6 concludes with future research
directions.

2. SYSTEM DESCRIPTION AND PROBLEM
FORMULATION

The ARZ model is a widely used traffic flow model based
on PDEs, capable of describing dynamic changes in traffic
density and velocity. It captures critical phenomena such
as “stop-and-go” waves and sudden traffic slowdowns,
making it particularly effective for analyzing and control-
ling congestion.

2.1 ARZ type Traffic Model for Mixed Traffic

The ARZ model can be extended to describe mixed traffic
environments containing both human-driven and ACC-
equipped vehicles. In this scenario, a mixed speed function
Vmix is introduced to account for the combined behavior
of both types of vehicles, where the control variable hacc
represents the time gap for ACC vehicles, calculated as
the ratio of spacing to velocity. The modified ARZ model,
adapted from Bekiaris-Liberis and Delis (2021), is given as

ρt(t, x̄) =− ρx̄(t, x̄)v(t, x̄)− ρ(t, x̄)vx̄(t, x̄), (1)

vt(t, x̄) =− ρ(t, x̄)
∂Vmix (ρ(t, x̄), hacc(t, x̄))

∂ρ
vx̄(t, x̄)

− v(t, x̄)vx̄(t, x̄)

+
Vmix (ρ(t, x̄), hacc(t, x̄))− v(t, x̄)

τmix
, (2)

ρ(t, 0) =qin /v(t, 0), (3)

vt(t, L) =
Vmix (ρ(t, L), hacc(t, L))− v(t, L)

τmix
. (4)

Here, ρ(t, x̄) represents traffic density, v(t, x̄) represents
traffic velocity where (t, x̄) ∈ R+×[0, L], qin is the external
inflow. The parameters are listed in Table 1. The mixed
speed Vmix and effective time-gap hmix for the mixed

traffic are expressed as Vmix (ρ, hacc) =
1

hmix(hacc)

(
1
ρ − l

)
,

hmix (hacc) =
α+(1−α) τacc

τm

α+(1−α) τacc
τm

hacc
hm

hacc.

2.2 Linearization and Diagonalization

The steady-state equilibria of the system (1)-(4) are
determined by a constant inflow rate qin and a fixed
steady-state time gap for ACC vehicles, h̄acc. This re-
sults in a steady-state mixed time gap, given by h̄mix =

α+(1−α) τacc
τm

α+(1−α) τacc
τm

h̄acc
hm

h̄acc. To simplify the analysis, the system

is linearized around a steady-state (ρ̄, v̄) that satisfies the
conditions v̄ = qin

ρ̄ ,
1
ρ̄ − l = h̄mixv̄.

The error variables are defined as ρ̃(t, x̄) = ρ(t, x̄) −
ρ̄, ṽ(t, x̄) = v(t, x̄)− v̄.

Table 1. System parameters

Parameter Description

ρmin Minimum traffic density

L Length of highway segment

l Average vehicle length

qin External inflow rate

τmix Time constant for mixed traffic

τacc Time constant for ACC vehicles

τm Time constant for manual vehicles

α Proportion of ACC vehicles

h̄acc Steady-state time gap for ACC vehicles

h̄mix Steady-state time gap for mixed vehicles

hm Time gap for manual vehicles

hacc(x̄, t) Distributed time gap for ACC vehicles

The linearized system of (1)-(4) becomes

ρ̃t(t, x̄) + v̄ρ̃x̄(t, x̄) =− ρ̄ṽx̄(t, x̄), (5)

ṽt(t, x̄)− l
h̄mix

ṽx̄(t, x̄) =− 1
ρ̄2τmix h̄mix

ρ̃(t, x̄)− 1
τmix

ṽ(t, x̄)

− α
τacc h̄2

acc
( 1ρ̄ − l)hacc(t, x̄), (6)

ρ̃(t, 0) =− ρ̄
v̄ ṽ(t, 0), (7)

ṽt(t, L) =− 1
ρ̄2τmix h̄mix

ρ̃(t, L)− 1
τmix

ṽ(t, L)

− α
τacc h̄2

acc
( 1ρ̄ − l)hacc(t, L). (8)

Using the following coordinate transformation

z(t, x) =
v̄

ρ̄

(
ρ̃(t, Lx) + h̄mixρ̄

2ṽ(t, Lx)
)
, v(t, x) = ṽ(t, Lx),

where x ∈ [0, 1], the system is diagonalized from (5)-(8)

zt(t, x) +
v̄
Lzx(t, x) = − 1

τmix
z(t, x)

− h̄mix ρ̄v̄
α

τacc h̄2
acc

( 1ρ̄ − l)U(t, x), (9)

vt(t, x)− l
h̄mix L

vx(t, x) = − 1
ρ̄v̄τmix h̄mix

z(t, x)

− α
τacc h̄2

acc
( 1ρ̄ − l)U(t, x), (10)

z(t, 0) =−lρ̄v(t, 0), (11)

vt(t, 1) =− 1
ρ̄v̄τmix h̄mix

z(t, 1)

− α
τacc h̄2

acc
( 1ρ̄ − l)U(t, 1), (12)

with initial conditions
z(0, x) = v̄

ρ̄

(
ρ̃(0, Lx) + h̄mix ρ̄

2ṽ(0, Lx)
)
, (13)

v(0, x) = ṽ0(Lx), (14)

where U(t, x) = hacc(t, Lx), x ∈ [0, 1]. Both z and v
share the same units. This diagonalized form simplifies the
stability and control analysis, setting the stage for event-
triggered control design. The parameters are detailed in
Table 1.

3. NOMINAL FEEDBACK CONTROL LAW AND
EMULATION

3.1 Feedback Control Law (Nominal)

To stabilize system (9)-(12) exponentially, we adopt the
feedback control law from Bekiaris-Liberis and Delis
(2021)

U(t, x) =
τacc h̄2

acc

α((1/ρ̄)−l)

(
− 1

ρ̄v̄τmix h̄mix
z(t, x)+κv(t, x)

)
, (15)



where κ > 0. This control eliminates the instability-
inducing source term in (10), ensuring exponential sta-
bility (refer to Proposition 1 in Bekiaris-Liberis and Delis
(2021)).

3.2 Emulation of the Control Law

The control law is applied in an event-triggered manner,
updating only at discrete time instants tj , j ∈ N. Between
updates, the control remains constant. The modified con-
trol law is
Ud(t, x)=

τacc h̄2
acc

α((1/ρ̄)−l)

(
− 1

ρ̄v̄τmix h̄mix
z(tj , x)+κv(tj , x)

)
,

(16)
for x ∈ [0, 1] and t ∈ [tj , tj+1). Then we work with the
following closed-loop system for all t ∈ [tj , tj+1)

zt(t, x) +
v̄
Lzx(t, x) = − 1

τmix
z(t, x)

− h̄mix ρ̄v̄
α

τacc h̄2
acc

( 1ρ̄ − l)Ud(t, x), (17)

vt(t, x)− l
h̄mix L

vx(t, x) = − 1
ρ̄v̄τmix h̄mix

z(t, x)

− α
τacc h̄2

acc
( 1ρ̄ − l)Ud(t, x), (18)

z(t, 0) =−lρ̄v(t, 0), (19)

vt(t, 1) =− 1
ρ̄v̄τmix h̄mix

z(t, 1)

− α
τacc h̄2

acc
( 1ρ̄ − l)Ud(t, 1), (20)

The control law Ud(t, x) is rewritten as Ud(t, x) = U(t, x)+
d∗(t, x) where d∗(t, x) represents the actuation error

d∗(t, x) =
τacc h̄2

acc

α((1/ρ̄)−l)

(
− 1

ρ̄v̄τmix h̄mix
(z(tj , x)− z(t, x))

+ κ (v(tj , x)− v(t, x))
)
. (21)

The closed-loop system becomes

zt(t, x) + λ1zx(t, x) = −κav(t, x)− b1d
∗(t, x), (22)

vt(t, x)− λ2vx(t, x) = −κv(t, x)− b2d
∗(t, x), (23)

z(t, 0) = −rv(t, 0), (24)

v(t, 1) = η(t), (25)

η̇(t) = −κη(t)− b2d
∗(t, 1), (26)

where η(t) ∈ R is an auxiliary variable to reformulate the
PDE boundary condition at x = 1 into a dynamic bound-
ary condition governed by an ODE, other parameters are
defined as λ1 = v̄

L , λ2 = l
h̄mix L

, a = ρ̄v̄h̄mix , r =

lρ̄, b1 = h̄mix ρ̄v̄
α

τacc h̄2
acc

( 1ρ̄ − l), b2 = α
τacc h̄2

acc
( 1ρ̄ − l).

3.3 Well-posedness aspects

The hyperbolic PDE system (22)-(26) is affected by a
dynamic boundary condition which is an ODE-solution
being absolutely continuous, and by source terms that
are reset to zero at triggering time instants. Therefore,
as in Prieur et al. (2014) - where the hyperbolic PDE is
affected by source terms that are subject to switching - we
adopt the notion of solution along the characteristics for
all t ∈ [tj , tj+1); hence concluding that for any initial data
(z(tj , x), v(tj , x)) ∈ (L∞(0, 1))2, the closed-loop system
has a unique solution (z, v) ∈ C0

(
[tj , tj+1]; (L

∞(0, 1))2
)
.

Then by the step-by-step method, we can construct the
solution for all t ∈ [0, limj→∞(tj)).

4. EVENT-TRIGGERED CONTROL STRATEGY
AND MAIN RESULTS

This section outlines the event-triggered in-domain con-
trol strategy and presents the main results, including the
existence of a positive lower bound for the time interval
between consecutive updates and the exponential stability
of the closed-loop system under event-triggered control.

Definition 1. Let β1, β2 > 0 be design parameters. The
event-triggered control scheme includes

1. Triggering Mechanism: Event times tj ≥ 0 (t0 = 0) are
determined by:

a) if
{
t ∈ R+|t > tj ∧ ∥d∗(t, ·)∥∞ ≥ β1∥z(t, ·)∥∞ +

β2∥v(t, ·)∥∞
}

= ∅ then the set of the times of the events

is {t0, ..., tj},
b) otherwise, the next event time is:

tj+1 = inf
{
t ∈ R+|t > tj ∧ ∥d∗(t, ·)∥∞

≥ β1∥z(t, ·)∥∞ + β2∥v(t, ·)∥∞
}
, (27)

where the actuation deviation d∗(t, ·) is given by (21) for
all t ∈ [tj , tj+1).

2. The control action: The feedback control law is defined
by (16) for all t ∈ [tj , tj+1).

4.1 Stability Analysis

The stability of the closed-loop system (22)–(26) is ana-
lyzed next, and requires ISS estimates for (22)-(26), as
given in the following lemma.

Lemma 1. For the closed-loop system with initial con-
ditions z(0, x) = z0 and v(0, x) = v0, where (z0, v0) ∈
(L∞(0, 1))2, the following estimates hold for ς ∈ (0, κ) and
t ∈ [0, limj→∞ tj):

∥z(t, ·)∥∞ ≤ e−ςte
ς
λ1 ∥z(0, ·)∥∞ +

2|b1|
λ1

e

(
κ|a|+|b1|

|b1| + ς
λ1

)
× max

s∈[t− 1
λ1

,t]

(
(∥d∗(s, ·)∥∞ + ∥v(s, ·)∥∞)e−ς(t−s)

)
+ e

ς
λ1 |r| max

s∈[t− 1
λ1

,t]

(
|v(s, 0)|e−ς(t−s)

)
, (28)

∥v(t, ·)∥∞ ≤ e−ςte
ς
λ2 ∥v(0, ·)∥∞ +

|b2|
λ2

e

(
1− κ

λ2
+ ς

λ2

)
× max

s∈[t− 1
λ2

,t]

(
∥d∗(s, ·)∥∞e−ς(t−s)

)
+ e

ς
λ2 max

s∈[t− 1
λ2

,t]

(
|η(s)|e−ς(t−s)

)
, (29)

|η(t)| ≤ e−ςt|η(0)|+ |b2|
κ− ς

max
s∈[0,t]

(
|d∗(s, 1)|e−ς(t−s)

)
. (30)

The proof of this lemma can be found in the extended
version (Wang et al. (2025)) and is omitted here due to
space constraints.

The following small-gain condition specifies the selection
of β1 and β2, which are the parameters associated with
the triggering condition (27)



β1

(
|b2||r|

κ + |r||b2|
λ2

e

(
1− κ

λ2

)
+ 2|b1b2|

λ1λ2
e

(
|κa|+|b1|

|b1|

)
e

(
1− κ

λ2

))
+ β1

(
2|b1|
λ1

e

(
|κa|+|b1|

|b1|

)
|b2|
κ + 2|b1|

λ1
e

(
|κa|+|b1|

|b1|

))
+ β2

(
|b2|
λ2
e

(
1− κ

λ2

)
+ |b2|

κ

)
< 1.

By arguments of continuity, there exists a sufficiently small
ς > 0, with ς < κ, such that

β1Λ
2(ς)

(
|b2||r|
κ−ς + |r||b2|

λ2
e

(
1− κ

λ2

))
+ β1Λ

2(ς) 2|b1|λ1
e

(
|κa|+|b1|

|b1|

) (
|b2|
λ2
e

(
1− κ

λ2

)
+ |b2|

κ−ς

)
+ β1Λ(ς)

2|b1|
λ1

e

(
|κa|+|b1|

|b1|

)
+ β2Λ(ς)

(
|b2|
λ2
e

(
1− κ

λ2

)
+ |b2|

κ−ς

)
< 1, (31)

where

Λ(ς) = e
ς

(
1
λ1

+
1
λ2

)
. (32)

By organizing terms in (31), we define the following
quantities,

ϕ1 := 2|b1|
λ1

e

(
|κa|+|b1|

|b1|

)
, ϕ2 := |b2|

λ2
e

(
1− κ

λ2

)
, ϕ3(ς) :=

|b2|
κ−ς .

(33)
Let us also define

Φ :=β1Λ(ς)
2 (1− β1Λ(ς)ϕ1)

−1
(1− β2Λ(ς)(ϕ2 + ϕ3(ς)))

−1

(ϕ2 + ϕ3(ς))(|r|+ β2ϕ1 + ϕ1). (34)

If the condition in (31) is satisfied, we can guarantee that
Φ < 1. In the following, we are ready to state our main
result.

Theorem 1. Assume β1, β2 > 0 are chosen such that the
condition (31) is satisfied. Then, for any initial conditions
(z0, v0) ∈ (L∞(0, 1))2, η(0) ∈ R, there exist constants
ς > 0 and Θ > 0 such that the following estimates hold
for the solutions to the closed-loop system (17)-(20) with
the event-triggered control law (16), (27):

∥z(t, ·)∥∞ + ∥v(t, ·)∥∞ + |η(t)|

≤Θexp(−ςt)
(
∥z0∥∞ + ∥v0∥∞ + |η(0)|

)
,∀t ∈ [0, lim

j→∞
(tj)).

(35)

Proof. From Lemma 1, the ISS estimates (28)-(30) imply
the following more conservative estimates, for all t ∈
[0, limj→∞(tj)),

∥z(t, ·)∥∞ ≤ e−ςte
ς
λ1 ∥z (0, ·)∥∞

+ ϕ1Λ(ς) max
0≤s≤t

(
(∥d∗(s, ·)∥∞ + ∥v(s, ·)∥∞) e−ς(t−s)

)
+ Λ(ς)|r| max

0≤s≤t

(
∥v(s, ·)∥∞e−ς(t−s)

)
, (36)

∥v(t, ·)∥∞ ≤ e−ςte
ς
λ2 ∥v (0, ·)∥∞

+ ϕ2Λ(ς) max
0≤s≤t

(
∥d∗(s, ·)∥∞e−ς(t−s)

)
+ Λ(ς) max

0≤s≤t

(
|η(s)|e−ς(t−s)

)
, (37)

|η(t)|≤ e−ςt|η(0)|+ϕ3(ς) max
0≤s≤t

(
|d∗(s, 1)|e−ς(t−s)

)
, (38)

where Λ(ς) is defined in (32), and ϕ1, ϕ2 and ϕ3(ς), are
defined in (33). We define the following quantities for all
t ∈ [0, limj→∞(tj)), x ∈ [0, 1]:

∥z∥[0,t] : = max
0≤s≤t

(∥z(s, ·)∥∞ eςs) ,

∥v∥[0,t] : = max
0≤s≤t

(∥v(s, ·)∥∞ eςs) ,

∥η∥[0,t] : = max
0≤s≤t

(|η(s)|eςs) ,

∥d∗∥[0,t] : = max
0≤s≤t

(∥d∗(s, ·)∥∞ eςs) . (39)

Using (36)-(38) and (39), we obtain

∥z∥[0,t] ≤e
ς
λ1 ∥z0∥∞ + Λ(ς)|r| ∥v∥[0,t]
+ ϕ1Λ(ς)

(
∥d∗∥[0,t] + ∥v∥[0,t]

)
, (40)

∥v∥[0,t]≤e
ς
λ2 ∥v0∥∞+Λ(ς) ∥η∥[0,t]+ϕ2Λ(ς)∥d

∗∥[0,t] , (41)

∥η∥[0,t] ≤|η(0)|+ ϕ3(ς) ∥d∗∥[0,t] . (42)

From Definition 1, the triggering condition ensures that
∀t ∈ [0, limj→∞(tj)),

∥d∗(t, ·)∥∞ ≤ β1∥z(t, ·)∥∞ + β2∥v(t, ·)∥∞. (43)

Thus, from (40)-(42) along with definitions (39), it follows

∥z∥[0,t] ≤e
ς
λ1 ∥z0∥∞ + (Λ(ς)|r|+ β2Λ(ς)ϕ1

+ Λ(ς)ϕ1) ∥v∥[0,t] + β1Λ(ς)ϕ1∥z∥[0,t], (44)

∥v∥[0,t] ≤e
ς
λ2 ∥v0∥∞ + Λ(ς) ∥η∥[0,t]
+ β1Λ(ς)ϕ2∥z∥[0,t] + β2Λ(ς)ϕ2∥v∥[0,t], (45)

∥η∥[0,t] ≤|η(0)|+ β1ϕ3(ς)∥z∥[0,t] + β2ϕ3(ς)∥v∥[0,t]. (46)

Moreover, the following estimates hold

∥z∥[0,t] ≤ (1− Φ)
−1

(1− β1Λ(ς)ϕ1)
−1

Λ(ς) ∥z0∥∞
+ (1− Φ)

−1
(1− β1Λ(ς)ϕ1)

−1 (
Λ(ς)|r|

+ β2Λ(ς)ϕ1 + Λ(ς)ϕ1
)

× (1− β2Λ(ς)ψ2,3(ς))
−1Λ(ς) ∥v0∥∞

+ (1− Φ)
−1

(1− β1Λ(ς)ϕ1)
−1 (

Λ(ς)|r|
+ β2Λ(ς)ϕ1 + Λ(ς)ϕ1

)
× (1− β2Λ(ς)ψ2,3(ς))

−1Λ(ς)|η0|, (47)

and

∥v∥[0,t] ≤ (1− Φ)
−1

(1− β2Λ(ς)ψ2,3(ς))
−1Λ(ς) ∥v0∥∞

+ (1− Φ)
−1

(1− β2Λ(ς)ψ2,3(ς))
−1Λ(ς)|η0|

+ (1− Φ)
−1

(1− β2Λ(ς)ψ2,3(ς))
−1β1Λ(ς)ψ2,3(ς)

× (1− β1Λ(ς)ϕ1)
−1

Λ(ς) ∥z0∥∞ , (48)

where

ψ2,3(ς) := ϕ2 + ϕ3(ς), (49)

and Φ is expressed as

Φ =β1Λ(ς)
2 (1− β1Λ(ς)ϕ1)

−1
(1− β2Λ(ς)ψ2,3(ς))

−1

× ψ2,3(ς)(|r|+ β2ϕ1 + ϕ1), (50)

exactly as defined in (34) and verifies Φ < 1 since
(31) holds. Combining (47), (48) and (46), we conclude
that (35) holds for appropriate constant Θ, for all t ∈
[0, limj→∞(tj)). This completes the proof. •



4.2 Avoidance of the Zeno phenomenon and exponential
stability result

Theorem 2. Under the event-triggering condition (27),
any inter-sampling interval is lower bounded by a positive
constant (depending on the current state at tj).

The proof of Theorem 2 can be found in the extended
journal version (Wang et al. (2025)), and is omitted here
due to space limitations.

Theorem 2 allows to conclude that limj→∞(tj) = ∞.
Hence we have the following corollary.

Corollary 1. Let β1, β2 > 0 (design parameters involved
in the triggering condition (27)) that are selected such that
(31) holds. Let ς be such that (31) holds. Then, for any
initial conditions (z0, v0) ∈ (L∞(0, 1))2, η(0) ∈ R, the
closed-loop system (17)-(20) with event-triggered control
(16), (27) is exponentially stable, that is, there exists a
constant Θ > 0 such that the following estimate holds:

∥z(t, ·)∥∞ + ∥v(t, ·)∥∞ + |η(t)|

≤Θexp(−ςt)
(
∥z0∥∞ + ∥v0∥∞ + |η(0)|

)
,∀t ≥ 0. (51)

5. NUMERICAL SIMULATIONS

In this part, we present a numerical example to demon-
strate the validity of our results. The event-triggered con-
trol strategy described in (16) and (27) is implemented
on the linearized system (9)-(14). The numerical values of
the parameters are listed in Table 2. The initial values are
chosen as ρ(0, x) = ρ̄ + 10 cos

(
8πx
L

)
, and v(0, x) = qin

ρ(0,x) .

Fig. 1 shows the numerical solutions of (1)-(4), with event-
triggered control (16), (27). By using line search method,
the parameters of the triggering condition are chosen to be
β1 = 1.2 × 10−3 and β2 = 0.2 that verifies the small-gain
condition (31). Furthermore, Fig. 2 depicts the in-domain
controller based on event-triggered feedback with a control
gain κ = 0.1 (left subfigure), and also illustrates the error
dynamics of systems (5)-(8), displayed using the sup-norm
to highlight their convergence to zero (right subfigure).

Table 2. System parameters

ρ̄ = 105.8( vel
km

) v̄ = 11.35( km
h

) h̄acc = 1.5(s)

h̄mix = 1.39(s) qin = 1200( vel
h
) τacc = 2(s)

τm = 60(s) hm = 1(s) L = 1000(m)

l = 5(m) α = 0.15

6. CONCLUSION

This paper proposed an ETC scheme to regulate mixed
traffic flow, incorporating ACC-equipped vehicles, under
the ARZ modeling framework. The event-triggered scheme
makes use of a small-gain based triggering condition. We
performed the stability anaylsys though ISS estimates and
small-gain arguments. The ETC design ensures expo-
nential stability, and we state the avoidance of the Zeno
phenomenon (though lacking uniformity as there is de-
pendence on the information of the current inter-sampling
interval). Future work will focus on reducing the frequency
of updating by addressing the conservativeness of the

event-triggering conditions, thereby improving system ef-
ficiency and further optimizing the control strategy, and
compare the performance evaluation in terms e.g., of fuel
consumption. In addition, spatial discretization can also
be studied based on recent advancements in sampled-data
control by Zhao et al. (2024).
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