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Event-Triggered Consensus Control of Agent-Based
Full-Vehicle Suspension Systems

Xiang Sun , Zhou Gu , Member, IEEE, Xiufeng Mu , Shen Yan , and Ju H. Park , Senior Member, IEEE

Abstract—This article studies the event-triggered consensus con-
trol of agent-based active full-vehicle suspension systems (AFSSs).
A novel agent-based AFSS model is put forward, by regarding
four quarter-vehicle suspension systems (QVSSs) agents with con-
nections. To better utilize cloud technology and improve control
performance, a virtual leader is designed at the center of AFSS.
The road information stored in the cloud is used as the virtual
leader’s input to simulate the optimal driving situation of the
actual vehicle. Meanwhile, an event-triggered control method for
agent-based AFSSs is presented to save communication resources
between agents. By utilizing the Lyapunov-Krasovskill functional
approach, sufficient conditions are driven to guarantee satisfactory
performance of AFSSs. The performance of AFSSs under road dis-
turbances, such as pitch and roll acceleration, can be improved by
implementing a consensus control method under the agent-based
AFSS model. Finally, the effectiveness of the proposed approach is
validated by a real numerical example of AFSSs.

Index Terms—Agent-based active full-vehicle suspension
systems, event-triggered mechanism, leader-following.

I. INTRODUCTION

DURING the past decades, the control of active suspension
systems (SSs) utilizing actuators to generate controllable

forces between the sprung and unsprung masses has attracted
constant attention for improving ride comfort, road holding,
and driving safety [1], [2], [3]. A quarter-vehicle suspension
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system (QVSS) that reflects the vertical dynamic of SSs is
usually studied as a research object to evaluate the suspension
performance of the proposed control strategy. For instance,
in [4], a novel adaptive fuzzy control approach for active
QVSSs considering control input delay was presented to obtain
superior suspension performance in both control and transient
responses. To guarantee a high vibration isolation performance,
a new terminal sliding mode control scheme with an adaptive
disturbance observer was put forward for active QVSSs in [5].
an adaptive active disturbance rejection sliding mode control
strategy in [6] is proposed to improve the vertical stability of
active hydro-pneumatic suspension. In [7], an H∞ control of
uncertain active QVSSs based on the Takagi-Sugeno (T-S) fuzzy
model was proposed to satisfy suspension performance with the
H∞ disturbance attenuation index. Moreover, the effectiveness
of the proposed method is confirmed by semi-vehicle suspension
systems (SVSSs). To solve the uncertain information in the
membership function of the T-S fuzzy QVSSs, an interval
type-2 fuzzy method was presented in [8]. Compared to models
of QVSSs and SVSSs, the AFSS model can be used to evaluate
more suspension performance indicators, such as pitch and roll
acceleration, when designing a vehicle suspension system [9],
[10], [11]. This is one of the motivations for this research.

Recent achievements in wireless communication and digital
techniques have promoted the development of networked active
SSs, such as cloud-aided SSs [12]. Under the framework of
cloud-aided SSs, cloud computing offers potentially unlimited
computing power to accelerate the implementation of prediction,
optimization, and collaborative control strategies for SSs. The
road profile information can be provided to the vehicle from
an up-to-date cloud database if necessary, and the vehicle can
conveniently obtain real-time road profile information from a
wireless sensor network, thereby improving the control perfor-
mance of networked SSs. In [12], a fault-tolerant finite frequency
control approach was proposed to guarantee the normal opera-
tion of cloud-aided QVSSs in the event of actuator failure. A
distributed H∞ filter design for cloud-aided SVSSs considering
time delay and limited bandwidth was put forward in [13], by
which the performance of SVSSs under different road conditions
can be ensured. An adaptive backstepping control design of
cloud-aided AFSSs is investigated in [10], wherein the control
strategy is updated based on the storage information in the
distant cloud. In addition, multi-agent technology has provided
some novel approaches for networked SSs. For example, the
coordination of active SSs and electric power systems by us-
ing the multi-agent method can minimize the vehicle attitude
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change induced by steering and road roughness, thereby im-
proving control performance [14]. However, few studies have
found that AFSSs are considered multi-agent systems (MASs)
with four coupled QVSSs. Furthermore, the performance of
vehicle attitude control under various road disturbances, such
as pitch and roll acceleration, can be improved via consensus
control of agent-based AFSSs, which is another motivation for
this study.

For cloud-based AFSSs, the wireless network is a medium
of signal transmission. Accordingly, the problem of limited
network bandwidth is inevitable. Event-triggered mechanism
(ETM) has attracted compelling attention as an efficient way
to relieve the network burden [15], [16], [17], [18], [19]. Under
this mechanism, the transmission of measurement data packets
to the network depends on the event-triggering condition instead
of a fixed period release. Therefore, the redundant data can be
greatly reduced, and the network bandwidth can be significantly
saved [20], [21], [22], [23], [24]. To mention a few, an event-
triggered H∞ controller design for networked control systems
with distributed delays was investigated in [25]. To accom-
modate the variation of the system, an adaptive ETM with a
time-varying threshold that can be adjusted with the system state
was developed in [26], [27], [28]. Moreover, this method was
also adopted in [29] to meet the requirements of networked active
QVSSs while economizing more communication resources. For
improving the system performance and flexibility, [30], [31],
[32] proposed a memory-based ETM that utilizes a series of
historical triggering data in the design of event-triggering condi-
tions. In [33], an adaptive memory-based ETM was put forward
by combining the above advantages of ETMs. For event-driven
multi-agent consensus control, the ETM can be roughly divided
into two categories: 1) the centralized ETM, where the control
is updated according to all nodes’ current states [34]; and 2)
the distributed ETM, in which each node and its nearby nodes’
status information is used to update the control [35]. In [36],
a centralized ETM and a distributed dynamic ETM were de-
signed for the leader-following MASs, respectively. In [37], a
distributed event-triggered leader-following control strategy was
introduced to save the network bandwidth of the communication
channels of MASs and ensure the leader-following consensus of
MASs with semi-Markov switching topologies. On this basis,
a fault-tolerant control against erroneous transmission and ex-
ternal interference was developed to improve the reliability of
MASs in [38].

Inspired by the aforementioned discussion, this article in-
vestigates the event-triggered consensus control problem for
agent-based AFSSs shown in Fig. 1. The main contributions
of this article can be summarized as follows:

1) Different from the existing AFSS in [10] and [11], a novel
modeling approach for agent-based AFSSs is put forward,
wherein four quarter-vehicle suspension systems (QVSSs)
are considered to be agents with connections. The control
problem for the AFSS is then converted into the multi-
agent consensus control problem.

2) A virtual leader of the QVSS is constructed at the cen-
ter of AFSSs. The virtual leader system uses the road
information stored in the cloud to simulate the optimal

Fig. 1. Model of agent-based AFSSs.

TABLE I
NOTATIONS

driving situation of real vehicles. Therefore, the control
performance can be further improved.

3) To save communication resources and ensure the perfor-
mance of AFSSs, a novel event-triggered leader-following
control strategy for agent-based AFSSs is proposed, by
which the mis-triggering events can be reduced when the
SS tends to be stable.

The rest of this article is organized in what follows. We intro-
duce the model of agent-based AFSSs and problem statement
in Section II. In Section III, an H∞ control for agent-based
AFSSs is designed. The usefulness of the proposed method is
demonstrated by an illustrative example of agent-based AFSSs
in Section IV. Section V concludes this article.

In this article, the following notations and graph theory in
Table I will be used.

II. MODELING OF AGENT-BASED AFSS WITH

EVENT-TRIGGERED MECHANISM

A. Agent-Based AFSSs

Consider the model of the QVSS in [7], one can achieve the
following state-space expression:

ẋ(t) = Ax(t) +Bu(t) +Dω(t), (1)
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Fig. 2. Diagram topology of the agent-based AFSS.

TABLE II
SYMBOLS OF THE AFSS

where

A =

⎡
⎢⎢⎢⎣

0 0 1 −1

0 0 0 1

− ks

ms
0 − cs

ms

cs
ms

ks

mu
− kt

mu

cs
mu

− cs+ct
mu

⎤
⎥⎥⎥⎦ ,

B =
[
0 0 1

ms
− 1

mu

]T
,

D =
[
0 −1 0 ct

mu

]T
.

and the symbols can be found in [7].
As is shown in Fig. 1, the AFSS is modeled as MASs com-

posed of four coupled QVSSs. Agents 1–4 represent the fore
right QVSS, the rear right QVSS, the fore left QVSS, and the
rear left QVSS, respectively. Then, the problem of the AFSS
control turns out to be a multi-agent consensus control problem.

Remark 1: To further study the consensus problem for AF-
SSs, it is assumed that the leader’s information can be transmit-
ted to each agent of QVSS and both agents can interact with each
other in this model, therefore, the Laplacian matrix is given by
L̂ = L+ Â, Â = diag{a10, a20, . . . , aN0}, where N = 4. The
diagram topology of the agent-based AFSS is shown in Fig. 2 .

Remark 2: Due to the specialty of the center of AFSSs, a
virtual leader is created at the central point, at which the force
is hardly affected by the mutual coupling between different
subsystems of the AFSS. Moreover, the motion state of the center

point can reflect the overall trend of the AFSS, which will further
improve the vehicle performance of the AFSS by locating the
virtual leader at the center point among AFSSs.

The dynamic equation of the leader at the center of the AFSS
can be expressed as

ẋ0(t) = (A+BK0)x0(t) +Dω0(t). (2)

Remark 3: K0 and ω0(t) are the known, which can be ob-
tained from the information stored in the cloud.

Due to the mutual coupling between subsystems of the AFSS,
the i-th agent of independent SS can be expressed in what follows

ẋi(t) = Axi(t) +Bui(t) +Dωi(t) + fwi(t), (3)

where fwi(t) =
∑

j∈Ni
aij [gwi(xi(t))− gwj(xj(t))] is the

function representing the mutual coupling between subsystems
of the AFSS and gwi(xi(t))i ∈ {1, 2, . . . , N} is a nonlinear
function.

Remark 4: Since the coupling influence between subsystems
in the FVSSs is limited, it is assumed that the function gwi(t)
should satisfy the following generalized Lipschitz condition:

‖ gwi(xi(t))− gwj(xj(t)) ‖2≤‖ T (xi(t)− xj(t)) ‖2, (4)

where matrixT represents the maximum allowable upper bound-
ary of coupling among different subsystems of AFSSs, which is
caused by the hardware connection.

B. Performance Indicators of AFSSs

As discussed in [10], ride comfort, as an important perfor-
mance evaluation index of AFSSs, is usually quantified by pitch
acceleration θ and roll acceleration φ.

From Fig. 1, one can obtain the following motion equations:

Iθ θ̈ = − l [F1(t) + F3(t)] + l [F2(t) + F4(t)] ,

Iφφ̈ = t̄ [F1(t) + F2(t)] + t̄ [F3(t) + F4(t)] . (5)

where Fi(t) = csŻi(t) + ksZi(t) + ui(t) and Zi(t) =
zui(t)− zsi(t).

Remark 5: Note that parts of the AFSS are asymmetric. Then
the l and t̄ in (5) can be further extended as follows:

l =
lf + lr

2
, t̄ =

tr + tf
2

, (6)

where lf and lr represent distance between the fore and rear
axles and the center of AFSSs, respectively. tr and tf are length
of left and right axles, respectively.

Define lθ = l
Iθ
, tφ = t̄

Iφ
, Cθ = lθC̃,D1θ = lθ, C̃ =

[−ks 0 −cs cs], Cφ = tφC̃,D1φ = tφ.
From (5), one can obtain

z(t) =
[
zTθ (t) zTφ (t)

]T
,

zθ(t) = Iθ
[
Cθχ(t) + D̃1θχu(t)

]
,

zφ(t) = Iφ
[
Cφχ(t) + D̃1φχu(t)

]
, (7)

where

Cθ = IN ⊗ Cθ, D̃1θ = IN ⊗D1θ,
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Cφ = IN ⊗ Cφ, D̃1φ = IN ⊗D1φ,

χ(t) =
[
xT

1 (t) xT
2 (t) xT

3 (t) xT
4 (t)

]T
,

χu(t) =
[
uT

1 (t) uT
2 (t) uT

3 (t) uT
4 (t)

]T
,

Iθ = [−1 1 −1 1], Iφ = [−1 −1 1 1].

C. A Novel Communication Mechanism

To save the limited network bandwidth between agent-based
AFSSs, a novel ETM is put forward as follows

Ψi(t) = eTi (t)Wei(t)− σiξ
T
i (t)Wξi(t), (8)

where ei(t) = xi(t
i
kh)− xi(t

i
kh+ lih), ξi(t) =

∑
j∈Ni

aij [xi

(tikh)− xj(t
j
kh)] + ai0[xi(t

i
kh)− x0(qh)], qh = tikh+ lih, q,

li ∈ N, and σi is a predefined parameter. If Ψi(t) > ςi, the
data-packets at this sampling instant are needed to be transmitted
and

∑N
i=1 ςi = ς .

Remark 6: The signal of the agent-based vehicle suspen-
sion system is sampled with a fixed sampling period h.
The sampling sequence can be represented by the set S1 =
{0, h, 2 h, . . . , qh}, q ∈ N. This method of transmitting signals
with a fixed sampling period is known as a time-triggered mech-
anism. However, to save the limited network bandwidth between
agent-based AFSSs, the sampling signal of the i-th QVSSs can
be transmitted over the wireless network to the controller and
other QVSSs only when a transmission event is generated by
the proposed ETM. The set of transmitted packets sequence
is denoted by Si

2 = {ti0 h, ti1 h, ti2 h, . . . , tikh}. It is clear that
Si

2 ⊂ S1.
Remark 7: The virtual leader is assumed to be driven by time

triggered mechanism with a sampling period h, and all agents
are sampled synchronously. Therefore, one can obtain that qh =
tikh+ lih.

Remark 8: From (8), it is clear that the next releasing instant
is related to the sampling data of both the neighbor and the
leader. If Ψi(t) < ςi, it implies that the sampling data of the i th
agent is unnecessary to its neighbor agents, thereby significantly
relieving the network burden.

Remark 9: Different from the general ETM for MASs, such
as in [37] and [38], here Ψi(t) > ςi is used to replace Ψi(t) > 0
as a judgment condition. In this way, some unexpected triggering
events can be avoided when the systems tend to be stable, for
example, the triggering events during 10–20 s in [39].

D. Consensus Controller Design

Using the ETM in (8), the consensus control law can be
established as follows:

ui(t) = Kξi(t) + u0(t), (9)

for t ∈ [tikh, t
i
k+1h), where K is the control gain.

Define ηi(t) = t− tikh− lih, the successful transmitted data
x(tikh) can be rewritten as

xi(t
i
kh) = ei(t) + xi (t− ηi(t)) . (10)

Define δi(t) = xi(t)− x0(t), and combine (9) and (10), one can
obtain

ui(t) = K

⎧⎨
⎩

∑
j∈Ni

aij [ei(t)− ej(t) + δi (t− ηi(t))

−δj (t− ηj(t))] + ai0 [ei(t) + δi(t− ηi(t))]}
+ u0(t). (11)

For convenience, the following definitions are introduced

δ(t) =
[
δT1 (t) δT2 (t) . . . δTN (t)

]T
,

e(t) =
[
eT1 (t) eT2 (t) . . . eTN (t)

]T
,

ω(t) =
[
ωT

1 (t)− ωT
0 (t) ω

T
2 (t)− ωT

0 (t),

. . . ωT
N (t)− ωT

0 (t)
]T

,

δ(t− η(t)) =
[
δT1 (t− η1(t)) δ

T
2 (t− η2(t))

. . . δTN (t− ηN (t))
]T

,

fw(t) =
[
fT
w1(t) fT

w2(t) . . . fT
wN (t)

]T
.

From (7) and (11), it yields that

zθ(t) = Iθ [Cθδ(t) +D1θKδ(t− η(t)) +D1θKe(t)] ,

zφ(t) = Iφ [Cφδ(t) +D1φKδ(t− η(t)) +D1φKe(t)] , (12)

where

D1θ = L̂⊗D1θ,D1φ = L̂⊗D1φ,K = IN ⊗K.

Defining λ(t) =
[
δT (t) δT (t− η(t)) eT (t)

]T
and combin-

ing (2), (3), (11), and (12), one can get the leader-following
mulgti-agent AFSS model by Kronecker product as follows:{

δ̇(t) = Âλ(t) +Dω(t) + Ifw(t),
z(t) = Ĉλ(t),

(13)

where

Â =
[
A BK BK

]
, Ĉ =

[
IθCθ IθD1θK IθD1θK
IφCφ IφD1φK IφD1φK

]
,

A = IN ⊗A,B = L̂⊗B, C = IN ⊗ C,D = IN ⊗D,

I = IN ⊗ I.

The primary purpose of this article aims to develop the consensus
controller in (9) such that the systems (13) have a satisfying ride
performance with an H∞ attenuation lever γ based on the ETM
in (8).

III. DESIGN OF AGENT-BASED AFSSS

In this section, sufficient conditions are presented to guarantee
the stability of event-triggered agent-based AFSSs in Theorem
1, and the criterion of controller design is given in Theorem 2.

Before proceeding further, the following definition is given.
Definition 1: Given a scalar ς > 0 and P > 0. The multi-

agent AFSS in (13) is uniformly ultimately bounded (UUB)
with an H∞ attenuation level γ if the following hold
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1) When ω(t) = 0, for the multi-agent AFSS in (13), if ex-
ists a compact set R ∈ N

n with δ(t0 + τ) = δt0 ∈ U, τ ∈
[−η, 0], η > 0, there exist a ς , a symmetric matriceP > 0,
and a number �(ς, δt0) such that δT (t)Pδ(t) <

√
ς,∀t ≥

t0 + �;
2) For a positive parameter γ, J =

∫∞
0 [‖ z(t) ‖2 −γ ‖

ω(t) ‖2]dt ≤ 0 with ω(t) ∈ L2[0,∞) is satisfied under
zero-initial condition.

For the sake of description in subsequent analy-
sis, the following definitions are introduced ζ(t) =[
ζT1 (t) eT (t) ωT (t) fT

w (t)
]T

, where ζ1(t) =[
δT (t) δT (t− η(t)) δT (t− h)

]T
.

Theorem 1: For given scalars σi ∈ (0, 1), i ∈ {1, 2, 3, 4}, ς
> 0 and matrices K, the agent-based AFSS in (13) are UUB
with anH∞ attenuation level γ, if there exist symmetric matrices
P > 0, Q > 0, R > 0,W > 0 such that

Φ =

[
Θ11 ∗
Θ21 Θ22

]
< 0, (14)

[
R ∗
M R

]
≥ 0, (15)

where

Θ11 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ξ11 ∗ ∗ ∗ ∗ ∗
Ξ21 Ξ22 ∗ ∗ ∗ ∗
Ξ31 Ξ32 Ξ33 ∗ ∗ ∗
Ξ41 Ξ42 0 Ξ44 ∗ ∗
Ξ51 0 0 0 −γ2I ∗
P 0 0 0 0 −P

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
,

Θ21 =

⎡
⎢⎢⎢⎣
hA hBK 0 hBK hD hI
IθCθ IθD1θK 0 IθD1θK 0 0

IφCφ IφD1φK 0 IφD1φK 0 0

T 0 0 0 0 0

⎤
⎥⎥⎥⎦ ,

Θ22 = diag{−R−1,−I,−I,−P−1}, P = IN ⊗ P,

Ξ11 = He(PA) +Q−R+
√
ςP, T = L⊗ T,

Ξ21 = KTBTP +R+M,Ξ22 = W − 2R−M −MT ,

Ξ31 = −M,Ξ32 = R+M,Ξ33 = −Q−R,

Ξ41 = KTBTP,Ξ42 = W,Ξ44 = −IN ⊗W +W,

Ξ51 = DTP,Λ = diag{σ1, σ2, . . . , σN},W=
(
L̂TΛL̂

)
⊗W.

Proof: Construct the following Lyapunov function for the
AFSS in (13):

V (t) = δT (t)Pδ(t) +

∫ t

t−h

δT (v)Qδ(v)dv

+ h

∫ 0

−h

∫ t

t+s

δ̇T (v)Rδ̇(v)dvds. (16)

By computing the derivation of V (t), one can obtain

V̇ (t) ≤ δT (t)2P δ̇(t) + δT (t)Qδ(t)

− δT (t− h)Qδ(t− h)

+ h2δ̇T (t)Rδ̇(t)− h

∫ t

t−h

δ̇T (v)Rδ̇(v)dv. (17)

Using Jessen inequality property [40], one has

−h

∫ t

t−h

δ̇T (s)Rδ̇(s)ds ≤ ζTδ (t)Mζδ(t), (18)

where

M =

⎡
⎢⎣ −R ∗ ∗
R+M −2R−M −MT ∗
−M R+M −R

⎤
⎥⎦ .

For δT (t)Pδ(t) >
√
ς , one knows that

δT (t)
√
ςPδ(t)− ς > 0. (19)

Then, it follows from the ETM in (8) and (19) that

eT (t)(IN ⊗W )e(t)

< [δ(t− η(t)) + e(t)]T W [δ(t− η(t)) + e(t)]

+ δT (t)
√
ςPδ(t). (20)

From (4), one has

fT
w (t)Pfw(t) ≤ δT (t)T TPT δ(t). (21)

Combining (17)–(20) yields that

V̇ (t) + zT (t)z(t)− γ2ωT (t)ω(t) ≤ ζT (t)Φζ(t). (22)

From Definition 1, one can conclude that the agent-based AFSS
in (13) are UUB with an H∞ attenuation level γ under the
proposed consensus controller in (9) and the ETM in (8). This
completes the proof. �

Theorem 2: For given scalars σi, i ∈ {1, 2, 3, 4}, σi ∈
(0, 1), ε, ς , the agent-based AFSS in (13) is UUB with anH∞ at-
tenuation level γ, if there exist symmetric matrices X > 0, Q̃ >
0, R̃ > 0, M̃ > 0, W̃ > 0 such that

Φ̃ =

[
Θ̃11 ∗
Θ̃21 Θ̃22

]
< 0, (23)

[
R̃ ∗
M̃ R̃

]
≥ 0, (24)

where

Θ̃11 =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ξ̃11 ∗ ∗ ∗ ∗ ∗
Ξ̃21 Ξ̃22 ∗ ∗ ∗ ∗
Ξ̃31 Ξ̃32 Ξ̃33 ∗ ∗ ∗
Ξ̃41 Ξ̃42 0 Ξ̃44 ∗ ∗
Ξ̃51 0 0 0 −γ2I ∗
X 0 0 0 0 −X

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
,
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TABLE III
THE PARAMETER VALUES OF THE AFSSS

Θ̃21 =

⎡
⎢⎢⎢⎣
hAX hBY 0 hBY hD hX
IθCθX IθD1θY 0 IθD1θY 0 0

IφCφX IφD1φY 0 IφD1φY 0 0

T X 0 0 0 0 0

⎤
⎥⎥⎥⎦ ,

Θ̃22 = diag{−2εX + εR̃2,−I,−I,−X},

Ξ̃11 = He(AX ) + Q̃− R̃+
√
ςX , Ξ̃21 = Y TBT + R̃+ M̃,

Ξ̃22 = W̃ − 2R̃− M̃ − M̃T , Ξ̃31 = −M̃, Ξ̃32 = R̃+ M̃,

Ξ̃33 = −Q̃− R̃, Ξ̃41 = Y TBT , Ξ̃42 = W̃,

Ξ̃44 = −IN ⊗ W̃ + W̃, W̃ = (L̂TΛL̂)⊗ W̃ , Ξ̃51 = DT .

In addition, one can calculate consensus controller feedback gain
and the triggering matrix by K = Y X−1 and W = X−1W̃X−1,
respectively.

Proof: Define X = P−1,X = IN ⊗X , X1 = diag{X ,X ,
X ,X , IN ,X ,X , IN , IN ,X}, and then introduce matrix vari-
ables: Y = KX , R̃ = XRX , M̃ = XMX , Q̃ = XQX .

Notice that (εR− P)R−1(εR− P) ≥ 0, it yields that

−PR−1P ≤ −2εP + ε2R. (25)

Then, one can know that the inequality (23) guarantees the
inequality (14) holds. Similarly, (24) holds from (14). This
completes the proof. �

IV. NUMERICAL SIMULATION

In this section, a full-vehicle suspension model is applied to
manifest the advantages of our proposed method. The parameter
values of the AFSS are listed in Table III.

Similar to [7], the following bump road profiles are selected:

zr1(t) =

{
z∗(lvt), 0 ≤ t ≤ l

V0

0, t > l
V0

,

zr2(t) =

⎧⎪⎨
⎪⎩

0, 0 ≤ t < τl

z∗(lv(t− τl)), τl ≤ t ≤ τ̄l

0, t > τ̄l

,

zr3(t) =

{
0.3z∗(lvt), 0 ≤ t ≤ l

V0

0, t > l
V0

,

zr4(t) = 0, t > 0, (26)

where z∗(v) = a
2 (1 − cos(v)) with a = 0.1m, la = 5m,V0 =

45 km/h, τ̄l =
la
V0

+ τl with τl =
2 l
V0

and lv = 2πV0
la

.

Fig. 3. Pitch acceleration.

The road input of leader system is given as

zr0(t) =
1
4
(zr1(t) + zr2(t) + zr3(t) + zr4(t)) (27)

Select h = 0.01 s, γ = 65, σ1 = 0.005, σ2 = 0.012, σ3 =
0.010, σ4 = 0.005, ε = 0.4, T = diag{0.1, 0.1, 0.1, 0.1}, ς =
0.004, gwi(xi(t)) = sin(Txi(t)), and leader’s controller gain
K0 = 103 × [−0.3807 0.2160 0.1512 −0.8648].

Considering the topology graph in Fig. 2, one can obtain L
and Â, which is given by

L =

⎡
⎢⎢⎢⎣

3 −1 −1 −1

−1 3 −1 −1

−1 −1 3 −1

−1 −1 −1 3

⎤
⎥⎥⎥⎦ ,

Â = diag{1, 1, 1, 1}.

Remark 10: The feedback gain K0 of the leader is selected
through cloud computing, which is suitable for the current
situation. In this article, K0 is selected from [29].

Through Theorem 2, one can get

W = 103 ×

⎡
⎢⎢⎢⎣

2.0170 0.7843 −0.1125 −0.0067

0.7843 9.5998 −0.5423 −0.0013

−0.1125 −0.5423 0.3101 0.0164

−0.0067 −0.0013 0.0164 0.0048

⎤
⎥⎥⎥⎦ ,

K = [142.0792 505.3714 −245.4348 −13.5178].

Simulation results for the agent-based AFSS under the proposed
ETM are presented in Figs. 3–9. In Figs. 3 and 4, the blue solid
and blue dotted lines represent the pitch and roll acceleration
responses of the agent-based active AFSS under consensus
controller and passive full-vehicle suspension systems (FVSSs),
respectively. From these figures, it can be concluded that ride
comfort indexes can be guaranteed under the selected pavement
input by the proposed method compared to passive FVSSs
using general modeling. The agent-based AFSS’ trajectories,
including suspension deflection and tyre deflection, are depicted
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Fig. 4. Roll acceleration.

Fig. 5. Suspension deflection of agents and leader.

Fig. 6. Tyre deflection of agents and leader.

in Figs. 5 and 6, which imply that the error between followers
and leader vanishes rapidly under the proposed approach. The
results in Figs. 7 and 8 verify the effectiveness of the consensus
controller of AFSSs, where blue lines and blue dotted lines are
trajectories of suspension deflection and tyre deflection of the
agent-based AFSS and passive FVSSs under the bump road

Fig. 7. Suspension deflection of agents and passive FVSSs. (a) Agent 1.
(b) Agent 2. (c) Agent 3. (d) Agent 4.

Fig. 8. Tyre deflection of agents and passive FVSSs. (a) Agent 1. (b) Agent
2. (c) Agent 3. (d) Agent 4.

profile, respectively. The above results show that the proposed
consensus controller of the AFSS has better control performance
in suspension deflection and tyre deflection.

Fig. 9 shows the releasing time intervals of the agent-based
AFSS under bump road profiles, from which one can clearly
see that many sampled packets of agents are discarded using the
proposed ETM. To better demonstrate the effectiveness of the
ETM in (8), statistical results on the data releasing rate of the
different agents in the simulation duration are listed in Table IV,
and the data releasing rate is calculated by Ri =

Nri

Nsi
, where Ri,

Nri, and Nsi denote the data releasing rate, the number of data
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Fig. 9. Release intervals. (a) Agent 1. (b) Agent 2. (c) Agent 3. (d) Agent 4.

TABLE IV
THE DATA RELEASING RATE

releasing, and the number of data sampling of the i-th agent of
AFSSs, respectively.

From Fig. 9 and Table IV, one can conclude that the proposed
ETM can reduce data packets transmitted between different
agents. Compared to the time-triggered transmission scheme,
the proposed ETM in (8) can save the network bandwidth of the
communication channels between different agents while ensur-
ing the control performance of the active agent-based AFSS.

V. CONCLUSION

The event-triggered consensus control problem for agent-
based AFSSs has been investigated in this article. To ensure the
vehicle attitude control performance of network communication
based AFSSs under road disturbances, a new modeling approach
for agent-based AFSSs has been put forward. Based on this
model, a virtual QVSS leader has been constructed in the AFSS
center, which can utilize the road information stored in the cloud
to simulate the optimal driving condition of real vehicles. To save
communication resources between agents and guarantee the per-
formance of agent-based AFSSs, an event-triggered consensus
controller has been designed for agent-based AFSSs. Finally, an
example of real AFSSs has been utilized to illustrate the validity
of the proposed method. An extension of the proposed approach
for agent-based AFSSs to hardware level will be our future work,
besides, how to generalize developed event-triggered consensus
control of agent-based AFSSs under more comprehensive situ-
ation involving actuator dynamics, dynamic ETM and memory
ETM also deserves a deep investigation.
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