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ABSTRACT This paper investigates the hybrid-driven-based networked control for an offshore steel jacket
platform subject to external wave forces. A hybrid driven strategy is introduced to deal with the problem of
networked control for offshore platforms. Then, the networked closed-loop system is modeled as a stochastic
delay system. Based on this model, a stability criterion is derived using the stochastic control theory and the
Lyapunov-Krasovskii functional method. Simulation results show that the hybrid-driven-based networked
H∞ controller is effective to suppress the vibration of the platform and save the limited network resources as
well. Moreover, the designed controller is flexible in terms of maintaining a balance between performance
requirements of the offshore platform and the utilization of communication network bandwidth.

INDEX TERMS Offshore platform, networked control system,H∞ control, stochastic system, hybrid driven
strategy.

I. INTRODUCTION
As one of representative offshore platforms, the offshore steel
jacket platform is primarily used in oil and gas extraction.
In the presence of sophisticated external disturbances such
as wave, earthquake, and wind [1]–[3], offshore operations
are often influenced by the excited excessive vibration ampli-
tudes of the platform. Note that the corresponding service life
can be extended beyond two times, when the vibration of the
platform can be taken a 15 percent reduction [4]. In the last
decade, the active control [5]–[10], passive control [11] and
semi-active control [12] schemes are applied to the offshore
platforms. Due to the flexibility and adaptability, the active
control is much easier to satisfy the system performance
requirements. Therefore, ever-increasing attention has been
paid to active control. To mention a few, to reduce vibration
of the platform, a robust mixed H2/H∞ control strategy is
proposed [13]. In [8] and [14], the offshore platform is mod-
elled as an uncertain system and some integral sliding mode
control schemes are developed. However, the aforementioned
approaches are based on traditional point-to-point control
architectures and the control components are connected by
complex system cabling. Due to the fact that offshore plat-
forms are generally far from land, from the point of view
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of increasing system agility and saving control cost, it is
necessary to find suitable network-based control methods for
offshore platforms.

It should be mentioned that network control systems
(NCSs) have some practical advantages such as plug and
play equipment and low maintenance cost, and have received
a great deal of attention, see [15]–[21]. Compared with the
traditional point-to-point control, the network-based control
strategy is more effective and feasible for an offshore plat-
form. For example, in [22], a communication network is
employed to link the control components of an offshore
platform within a closed control loop. Then, a network-based
model is established for the platform. In [23], taking actuator
faults and external wave forces into consideration, an event-
triggering scheme is utilized to save network resources via the
networked model of the platform. From transmitting sampled
signal point of view, it should be noted that there are main
two types of schemes: time-triggering schemes (TTSs) and
event-triggering schemes (ETSs). In fact, for NCSs, there are
fruitful results on theory and application of TTSs and ETSs,
see [24]–[31]. For instance, in [25], the distributed H∞ filter-
ing problem is investigated for sensor networks under the TTS
and some important results are presented to verify the use-
fulness of this approach. Based on the ETS, a suitable filter
is designed for a class of delay neural networks [28]. Under
the TTS, the distributed cooperative control is surveyed for
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multi-agent systems [30]. In most cases, on the one hand, it is
worth pointing out that TTSs are more concerned with the
system performance demands such that some inessential data
packets are transmitted through the communication network,
which wastes the limited network bandwidth. On the other
hand, when the bandwidth is inadequate, ETSs can reduce
utilization of communication resources by sacrificing the
system performance. Obviously, such two schemes are not
flexible enough to adapt to different system conditions, where
normal networks are suddenly suffered from a congested
communication traffic while the favorable performance is
always required. To deal with the problem, in [32], a hybrid
driven scheme is developed by inheriting advantages of the
TTS and ETS. This method provides a good compromise
between performance demands and the quality of commu-
nication. There are some recent studies [33]–[35] about this
hybrid scheme. However, to the best of our knowledge, for
the jacket platform systems, how to keep a balance between
meeting system performance requirements and saving the
restricted network bandwidth is a significant issue, which
requires further investigation and motivates this study.

Inspired by [32], a hybrid driven scheme is introduced to
investigate the network-based state feedback control problem
for the jacket platform subject to external wave forces. The
main contributions are summarized as follows:

(i) Different from [22] and [23], under the hybrid-
triggering scheme, the network-based model of the jacket
platform is deemed as a stochastic system with different
delays.

(ii) For the networked jacket platform system, a hybrid-
driven-based H∞ controller is designed to attenuate the
amplitudes of displacement and acceleration, and reduce the
utilization of communication resources.

The remainder of this paper is organized as follows.
In Section II, a dynamic model is established under the hybrid
driven mechanism. The design of a networked controller is
developed in Section III. Section IV shows the simulation
results. Section V presents some conclusions.
Notations: P > 0 means the matrix P is positive defi-

nite. E denotes the expectation operator. Prob{β} defines the
probability value of stochastic variable β. N is the set of
nonnegative integer. ‘T ’ and ‘−1’ stand for the matrix trans-
pose and matrix inverse. Rp×p and Rp are the set of all p× p
real matrices and p-dimensional Euclidean space. L2[0,+∞)
represents the space of square integrable functions. diag{· · · }
and I denote the diagonal matrix and identity matrix with
suitable dimensions.He{Z } stands for Z+ZT . The symmetric
term is given by ∗, e.g.,[

W1 W2
∗ W3

]
=

[
W1 W2
W T

2 W3

]

II. PROBLEM FORMULATION
A. THE BASIC MODEL OF A JACKET PLATFORM
An offshore steel jacket platform with an active mass damper
(AMD) device is shown in Fig. 1 [5]. The dynamic equations

FIGURE 1. A simplified offshore platform [5].

of the simplified jacket platform can be obtained as

m1z̈1(t) = −c1ż1(t)− k1z1(t)+ k2z2(t)
− k2z1(t)+ c2ż2(t)− c2ż1(t)
+ f (t)− u(t)
m2z̈2(t) = −c2ż2(t)+ c2ż1(t)− k2z2(t)
+k2z1(t)+ u(t)

(1)

where u(t) represents control force of the system. f (t) stands
for the external wave force, z1(t) and z2(t) stand for the dis-
placements of the offshore platform and AMD, respectively;
m1, k1 and c1 are the mass, stiffness and damping of the
platform, respectively; m2, k2 and c2 are the mass, stiffness
and damping of the AMD device, respectively.

Let 
x1(t) = z1(t), x2(t) = z2(t)
x3(t) = ż1(t), x4(t) = ż2(t)

x(t) =
[
x1(t) x2(t) x3(t) x4(t)

]T (2)

Then, from (1) and (2), the state space system equation is
shown as

ẋ(t) = Ax(t)+ Bu(t)+ D0f (t), x(0) = x0 (3)

where

A =


0 0 1 0
0 0 0 1

−
k1 + k2
m1

k2
m1

−
c1 + c2
m1

c2
m1

k2
m2

−
k2
m2

c2
m2

−
c2
m2


B =

[
0 0 −

1
m1

1
m2

]T
D0 =

[
0 0

1
m1

0
]T

(4)

The controlled output is given as

z(t) = C1x(t)+ D1f (t) (5)
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Now, a communication network is used to the remote
control of the offshore platform (3). Assume that the sensor is
clock-driven, the actuator and controller are event-driven, and
the state information is sent with a single packet, while packet
disorders, network-induced delays and packet dropouts are
not considered.

B. THE NETWORK-BASED MODEL OF THE JACKET
PLATFORM UNDER A HYBRID-
TRIGGERING MECHANISM
The networked state feedback control law u(t) can be
designed as

u(t) = Kx(tkh), t ∈ [tkh, tk+1h), k ∈ N (6)

where K is a controller gain matrix, h > 0 is the sampling
period and tkh is the sampling instant which reaches the
actuator successfully.

From the view of data transmission in networked control
systems (NCSs), if the time-triggeringmechanism is selected,
the all sampled signals are transmitted over the real-time
network. In this case, the control law (6) can be rewritten as

u1(t) = Kx(kh), t ∈ [tkh, tk+1h), k ∈ N (7)

Define τ1(t) = t − kh. Then, the control signal (7) is
equivalent to

u1(t) = Kx(t − τ1(t)), t ∈ [tkh, tk+1h) (8)

where τ1(t) ∈ [0, h) and τ̇1(t) = 1.
It is clear that this mechanism is usually applied to obtain

a desired control performance for NCSs. However, some
unimportant control data packets are used in the scheme such
that communicate network resources are wasted.

When the event-triggering mechanism is selected,
we define the signal transmission error vector as

ek (t) = x(tkh)− x(tkh+ mh),m ∈ N+ (9)

Then, a triggering condition is designed as

eTk (t)Wek (t) ≤ σx
T(tkh+ mh)Wx(tkh+ mh) (10)

where the scalar σ ∈ (0, 1) and matrix W > 0. Clearly,
if the above condition is satisfied, the current sampled signal
x(tkh+ mh) will not be transmitted.

Let the time interval

[tkh, tk+1h) =
l⋃

m=0

ϒm (11)

where ϒm = [tkh + mh, tkh + mh + h], l = tk+1 − tk − 1,
m = 0, 1, · · · , l.

Similar to [36], denote τ2(t) = t − tkh − mh. Then the
control input (6) can be written as

u2(t) = K [x(t − τ2(t))+ ek (t)], t ∈ [tkh, tk+1h) (12)

where τ2(t) ∈ [0, h) and τ̇2(t) = 1.
Under the event-triggering scheme, note that the net-

work and energy resources are saved particularly, while the

corresponding performance of the control system may be
sacrificed.

In what follows, to keep balance between system per-
formance and communicate network resources, motivated
by [32], a hybrid-triggering scheme is introduced for the
offshore platform.

Combining (8) and (12), the control law (6) can be
expressed as

u(t) = α(t)u1(t)+ (1− α(t))u2(t) (13)

where α(t) is a Bernoulli random variable with following
probability {

Prob {α(t) = 1} = ᾱ
Prob {α(t) = 0} = 1− ᾱ

(14)

with ᾱ ∈ [0, 1]. Then, from (13), the closed-loop system (3)
is modeled as

ẋ(t) = Ax(t)+ α(t)BKx(t − τ1(t))
+ (1− α(t))BK [x(t − τ2(t))+ ek (t)]
+D0f (t)
x(0) = x0, t ∈ [tkh, tk+1h), k ∈ N

(15)

which is a stochastic system with two delays τ1(t) and τ2(t).
Remark 1: The Bernoulli random variable α(t) can be

viewed as a switched parameter with a certain probabil-
ity. Thus, this hybrid driven scheme can switch randomly
between the event-triggering scheme and time-triggering
scheme, which is the special nature of this scheme.

The aim of this paper is to design a hybrid-driven-based
networked H∞ controller such that the offshore platform
system (15) is internally mean square asymptotically stable
(MSAS) and satisfies

E
{
zT(t)z(t)

}
< γ 2E

{
f T(t)f (t)

}
(16)

for a prescribed γ > 0 and the external wave f (t) ∈
L2[0, +∞).

To obtain the main results, the following Lemma is
necessary.
Lemma 1: [37] For a symmetric matrix X ∈ Rn×n and a

matrix U ∈ Rn×n such that[
X U
∗ X

]
≥ 0

the following inequality holds for d(t) ∈ [d1, d2] and a vector
function ω̇ : [t − d2, t − d1]→ Rn

(d2 − d1)
∫ t−d1

t−d2
ω̇T(s)X ω̇(s)ds ≥ ξT(t)

[
X U
∗ X

]
ξ (t)

where ξ (t) =
[
ω(t − d1)− ω(t − d(t))
ω(t − d(t))− ω(t − d2)

]
.
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III. CONTROLLER DESIGN
In this section, a hybrid-driven-based networked H∞ con-
troller is designed. The following proposition is given to
illustrate the existence of this controller.
Proposition 1: For prescribed scalars γ > 0, h > 0, σ ∈

(0, 1), ᾱ ∈ [0, 1], the network-based system (15) is MSAS
with f (t) = 0 and the H∞ performance (16) is ensured,
if there exist 4× 4 matrices P > 0, W > 0, Qi > 0, Ri > 0,
Si, (i = 1, 2) and a 1× 4 matrix K such that

9 η1 η2 η3 η4
∗ −γ 2I hDT

0P 0 DT
1

∗ ∗ −PR−1P 0 0
∗ ∗ ∗ −PR−1P 0
∗ ∗ ∗ ∗ −I

 < 0 (17)

[
Ri Si
∗ Ri

]
≥ 0, (i = 1, 2) (18)

where

9 =


511 512 513 S1 + S2 515

∗ 522 0 R1 − S1 0
∗ ∗ 533 R2 − S2 0
∗ ∗ ∗ 544 0
∗ ∗ ∗ ∗ −W


ηT1 =

[
DT
0P 0 0 0 0

]
, ηT4 = [ C1 0 0 0 0]

ηT2 = [ hPA hᾱ2 h(1− ᾱ)2 0 h(1− ᾱ)2]
ηT3 = [ 0 hδ2 − hδ2 0 − hδ2]

(19)

with

511 = He{PA} +Q−R, 512 = ᾱ2+ R1 − S1
513 = (1− ᾱ)2+ R2 − S2, 515 = (1− ᾱ)2
522 = He{S1 − R1}, 2 = PBK , δ =

√
ᾱ(1− ᾱ)

533 = σW + He{S2 − R2}, R = R1 + R2
544 = −(Q+R), Q = Q1 + Q2

Proof: Construct a Lyapunov-Krasovskii function can-
didate as

V (t) = xT(t)Px(t)

+

∫ t

t−h
xT(s)Qx(s)ds

+ h
∫ 0

−h

∫ t

t+θ
ẋT(s)Rẋ(s)dsdθ (20)

where P > 0, Q = Q1 + Q2 > 0, R = R1 + R2 > 0.
Taking the derivative of V (t) and taking mathematical

expectation, we obtain

E{V̇ (t)} = E
{
2xT(t)Pẋ(t)

}
+ h2E

{
ẋT(t)Rẋ(t)

}
+ xT(t)Qx(t)− xT(t − h)Qx(t − h)

− h
∫ t

t−h
ẋT(s)Rẋ(s)ds (21)

Notice that

h
∫ t

t−h
ẋT(s)Riẋ(s)ds = h

∫ t

t−τi(t)
ẋT(s)Riẋ(s)ds

+ h
∫ t−τi(t)

t−h
ẋT(s)Riẋ(s)ds (22)

By Lemma 1 and Jensen’s inequality, if (18) holds, we have

h
∫ t

t−h
ẋT(s)Riẋ(s)ds ≥ 3T

i

[
Ri Si
∗ Ri

]
3i (23)

where

3i =

[
x(t)− x(t − τi(t))

x(t − τi(t))− x(t − h)

]
, i = 1, 2 (24)

It is clear that the dynamic equation (15) can be rewritten as

ẋ(t) = Ax(t)+ D0f (t)+ ᾱBKx(t − τ1(t))

+ (1− ᾱ)B[Kx(t − τ2(t))+ Kek (t)]

+ (α(t)− ᾱ)B[Kx(t − τ1(t))− Kx(t − τ2(t))

−Kek (t)] (25)

Note that{
E{α(t)} = ᾱ, E{α(t)− ᾱ} = 0
E{(α(t)− ᾱ)2} = ᾱ(1− ᾱ)

(26)

Then, from (25) and (26), we obtain

E
{
ẋT(t)Rẋ(t)

}
= FT

1 RF1 + δ
2FT

2 RF2 (27)

where 

δ2 = ᾱ(1− ᾱ)
F1 = Ax(t)+ ᾱBKx(t − τ1(t))
+(1− ᾱ)BK [x(t − τ2(t))+ ek (t)]
+D0f (t)
F2 = BKx(t − τ1(t))− BKx(t − τ2(t))
−BKek (t)

(28)

Let f (t) = 0. Then adding the term eTk (t)Wek (t) −
eTk (t)Wek (t) to the right-hand side of (21), and combining
(21)-(28) and (15), one yields

E{V̇ (t)} ≤ ξT1 (t)[9 +41]ξ1(t) (29)

where

ξT1 (t) = [xT(t) xT(t − τ1(t)) xT(t − τ2(t)) xT(t − h) eTk (t)]

41 = η2(P−1RP−1)ηT2+η3(P
−1RP−1)ηT3 with ηTi (i = 2, 3)

and 9 is defined in (19).
Note that if9+41 < 0 holds, then we have E{V̇ (t)} < 0.

By Schur complements, 9 +41 < 0 is equivalent to9 η2 η3
∗ −PR−1P 0
∗ ∗ −PR−1P

 < 0 (30)

In fact, the inequality (30) can be ensured by the inequality
(17). Then, the system (15) with f (t) = 0 is MSAS.
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Set f (t) 6= 0 in the system (15) and

ξT2 (t) =
[
ξT1 (t) f T(t)

]
(31)

Then, from (5) and (21), one has

E{V̇ (t)} + E{zT(t)z(t)} − γ 2E{f T(t)f (t)}
≤ ξT2 (t)[8+42]ξ2(t) (32)

where

8 =

[
9 η1
∗ −γ 2I

]
42 =

[
η2

hDT
0P

]
[P−1RP−1]

[
η2

hDT
0P

]T
+

[
η3
0

]
[P−1RP−1]

[
η3
0

]T
+

[
η4
DT
1

] [
η4
DT
1

]T
with 9 and ηi (i = 1, 2, 3, 4) are given by (19). Then,
by Schur complements, if matrix inequalities (17) and (18)
hold, we have

8+42 < 0 (33)

Further, from (33), yields

E{V̇ (t)} + E{zT(t)z(t)} − γ 2E{f T(t)f (t)} < 0 (34)

It is obvious from (34) that

E{
∫
+∞

0
zT(t)z(t)dt} < E{

∫
+∞

0
γ 2f T(t)f (t)dt} (35)

Then, the H∞ performance index (16) of the system (15) is
guaranteed. The proof is complete.

Note that the matrix inequality (17) is nonlinear. So let
X = P−1, Y = KP−1, R̄i = P−1RiP−1

Q̄i = P−1QiP−1, S̄i = P−1SiP−1 (i = 1, 2)
W̄ = P−1WP−1

(36)

Using the inequality −PR−1P ≤ −2v1P + v21R, and pre-
and post-multiply (17) by diag{X ,X ,X ,X ,X , I ,X ,X , I },
(18) by diag{X ,X}, and its transpose, respectively. Then,
the inequality (17) is linearized and the following Proposi-
tion is given.
Proposition 2: For given scalars v1 > 0, h > 0, γ > 0,

σ ∈ (0, 1), ᾱ ∈ [0, 1], if there exist 4 × 4 matrices X > 0,
W̄ > 0, Q̄i > 0, R̄i > 0, S̄i, (i = 1, 2) and a 1 × 4 matrix Y
such that 

9̄ η̄1 η̄2 η̄3 η̄4
∗ −γ 2I hDT

0 0 DT
1

∗ ∗ � 0 0
∗ ∗ ∗ � 0
∗ ∗ ∗ ∗ −I

 < 0 (37)

[
R̄i S̄i
∗ R̄i

]
≥ 0, (i = 1, 2) (38)

where

9̄ =


5̄11 5̄12 5̄13 S̄1 + S̄2 5̄15

∗ 5̄22 0 R̄1 − S̄1 0
∗ ∗ 5̄33 R̄2 − S̄2 0
∗ ∗ ∗ 5̄44 0
∗ ∗ ∗ ∗ −W̄


η̄T1 =

[
DT
0 0 0 0 0

]
η̄T2 = [ hAX hᾱBY h(1− ᾱ)BY 0 h(1− ᾱ)BY ]
η̄T3 = [ 0 hδBY − hδBY 0 − hδBY ]
η̄T4 = [ C1X 0 0 0 0]
� = −2v1X + v21R̄

with

Q̄ = Q̄1 + Q̄2, R̄ = R̄1 + R̄2
5̄11 = He{AX} + Q̄− R̄, δ =

√
ᾱ(1− ᾱ)

5̄12 = ᾱBY + R̄1 − S̄1, 533 = σ W̄ + He{S̄2 − R̄2}
5̄13 = (1− ᾱ)BY + R̄2 − S̄2, 522 = He{S̄1 − R̄1}
5̄15 = (1− ᾱ)BY , 544 = −(Q̄+ R̄)

Then, the system (15) is internally MSAS and the H∞ index
(16) can be guaranteed. The controller gain K = YX−1 and
trigger parameter matrix W = X−1W̄X−1.
Remark 2: Similar to [32], specially, in Proposition 2,

if the scalar ᾱ = 0, the hybrid driven scheme is changed
to the event-triggering mechanism. If the scalars ᾱ = 1 and
σ = 0, the time-triggering mechanism is created. In fact,
in some cases where the network bandwidth is adequate and
the system performance is more concerned, choosing a bigger
scalar ᾱ can reach the control objective. Moreover, when
communication resources are scarce and control performance
demands are not too high, it is a good option to take a
smaller scalar ᾱ. Obviously, the hybrid driven scheme can
combine advantages of the time-triggering scheme and event-
triggering scheme. Thus, a good compromise can be obtained
in terms of choosing communication schemes. This method
is more flexible in dealing with different types of systems.
Remark 3: Different from the event-triggering scheme for

the offshore platform [23], in this paper, the development
of this hybrid mechanism depends closely on the random
variable α(t). In this situation, this method can reduce the
utilization of communication resources to a similar level as
the event-triggering scheme [23].
Remark 4: In contrast with [32], external disturbances are

taken into account and some new stability conditions are
presented in Proposition 2. It is found from simulation results
(Section IV) that the Zeno behavior does not happen on the
offshore platform. The proposed method may be applied to
repetitive control systems [38], [39] to deal with external
disturbances.

IV. SIMULATION RESULTS
In this section, to show the effectiveness of the proposed con-
trol scheme, a hybrid-driven-based networked H∞ controller
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FIGURE 2. The external irregular wave force [23].

(HDNHC) is designed first. Then, the HDNHC is applied to
an offshore platform, and the performance of the offshore
platform with the HDNHC will be investigated. In addition,
the designed HDNHC will be compared with the traditional
H∞ controller (HIC) [7], an event-based networked H∞ con-
troller (ENHC), and a time-based networked H∞ controller
(TNHC), respectively.

The parameters of the platform are taken from [5]. Then,
the system matrices in (4) can be obtained as

A =


0 0 1.0000 0
0 0 0 1.000

−4.2289 0.0403 −0.0899 0.008
4.0297 −4.0297 0.8030 −0.8030


B = 10−4 ×

[
0 0 −0.0013 0.1278

]T
D0 = 10−6 ×

[
0 0 0.1278 0

]T
The matrices C1 and D1 in (5) are given as

C1 =

[
1 0 0 0
0 0 1 0

]
, D1 =

[
0.1
0

]
The external wave force data is computed as [23], and the

response curve of the wave force is presented in Fig. 2.

A. PERFORMANCE OF THE OFFSHORE PLATFORM
WITH AN HDNHC
To design an HDNHC, let h = 0.1, γ = 0.12, σ = 0.7,
ᾱ = 0.15, and v1 = 0.1. By Proposition 2, we obtain the
matrix W in the event-triggering condition (10) and the gain
matrix K of the controller as
W =


878.4914 −0.4821 40.3216 −20.3208
−0.4821 0.3779 2.4382 0.0427
40.3216 2.4382 19.6309 −0.7207
−20.3208 0.0427 −0.7207 0.4840


K = 106 ×

[
4.5941 0.0064 0.2729 −0.1029

]
Under the HDNHC, it can be computed that the peak

values of displacement and acceleration responses of the off-
shore platform are reduced from 0.2829 m and 0.7987 m/s2

FIGURE 3. Displacement of the offshore platform under different
controllers.

FIGURE 4. Acceleration of the offshore platform under different
controllers.

FIGURE 5. Control force under different controllers.

to 0.2258 m and 0.5360 m/s2, respectively; the root mean
square (RMS) values of displacement and acceleration
responses of the system are reduced from 0.1025 m and
0.3088 m/s2 to 0.0869 m and 0.2041 m/s2, respectively; The
peak and RMS values of control force by the HDNHC are
7.8314 ×105 N and 2.3549 ×105 N, respectively. It shows
that the proposed control scheme is effective to attenuate the
vibration amplitudes of the offshore platform. Consequently,
the stability of the offshore platform and the safety of the staff
on the platform are improved.

Depicted in Figs. 3 and 4 are response curves of displace-
ment and acceleration of the platform with HDNHC, HIC [7]
and without controller. Fig. 5 is the curves of control force
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FIGURE 6. Bernoulli stochastic variable α(t) with ᾱ = 0.15.

FIGURE 7. Release instants and intervals of data packets versus time.

by HDNHC and HIC [7]. From Figs. 3-5, one can observe
that under HDNHC and HIC, the vibration amplitudes of the
offshore platform are almost the same, while the control force
required by HDNHC is smaller than the one by HIC [7].
It means that, from the point of view of saving control cost,
the designed HDNHC is better than the HIC [7].

Fig. 6 provides the curve of Bernoulli stochastic function
α(t) with ᾱ = 0.15. Based on the given Bernoulli function,
the event-trigger and time-trigger are switched stochastically
during the control of HDNHC. In this situation, it can be
computed that in the all 601 data packets, only 168 packets are
transmitted, and the transmission rate (TR) of the data packets
is only about 28% in the case of HDNHC. The release instants
and intervals of data packets versus time are given by Fig. 7.
This implies that under the HDNHC, the communication
network resources are then saved significantly.

B. COMPARISONS OF THE HDNHC, ENHC, AND TNHC
For comparison purpose, now we turn to design an ENHC
and a TNHC. For this, let ᾱ = 0, and set the same values
of other parameters as the ones in subsection IV-A. Then, By
Proposition 2, we obtain the matrices W and K as
W =


2007.6 3.0913 128.1035 −39.2604
3.0913 0.2578 1.9467 −0.0384
128.1035 1.9467 22.6547 −2.3429
−39.2604 −0.0384 −2.3429 0.7810


K = 106 ×

[
6.3849 0.0131 0.4335 −0.1232

]

TABLE 1. Peak values of displacement, acceleration response of the
offshore platform and the control force in different cases.

TABLE 2. RMS values of displacement, acceleration response of the
offshore platform and the control force in different cases.

Set σ = 0, γ = 5, h = 0.1, and ᾱ = 1. Then by
Proposition 2 again, one yields a TNHC with the gain matrix
K as

K = 106 ×
[
3.2708 −0.0039 0.1986 −0.0737

]
When the designed ENHC and TNHC are applied to the

offshore platform respectively, the corresponding peak and
RMS values of the vibration amplitudes of the platform and
the control force are computed and listed in Tables 1 and 2,
where Pd and Pa are peak values of displacement and accel-
eration responses of the system respectively, Pu represents
peak value of the control force; Rd and Ra are RMS values
of displacement and acceleration responses of the platform
respectively, Ru represents the RMS value of the control
force.

From Tables 1 and 2, one can observe that under the
HDNHC, ENHC, and TNHC, the controlled peak and RMS
values of oscillation amplitudes of the offshore platform are
almost in the same level, while the control force required
are different. In fact, the control cost required by HDNHC is
greater than the one by TNHC while less than that by ENHC.
Notice that the TR for HDNHC is 28%, which is larger than
the one for ENHC (15%). Obviously, ENHC can effectively
save network resources, however, it requires more control
cost. TNHC needs less control cost while it may consume
more network resources. In this situation, HDNHC provides
a flexible option to balance control force and the network
resources.

V. CONCLUSION
In this paper, the networked control scheme with hybrid
driven mechanisms has been presented for the offshore
platform. Some sufficient conditions have been proposed
to guarantee the existence of the hybrid-driven-based net-
worked H∞ controller. Simulation results have been given
to demonstrate the effectiveness of the proposed control
schemes. Notice that the network security is very impor-
tant and unavoidable for the offshore platform. Therefore,
the potential issues for the vibration control of offshore plat-
forms may mainly focus on the networked system modeling
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and control methods design by considering the influence of
cyber attacks on the system.
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