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HHH∞ Controller Design for

Networked Control Systems via

Active-varying Sampling Period

Method
WANG Yu-Long1 YANG Guang-Hong1, 2

Abstract This paper studies the problem of designing H∞
controllers for networked control systems (NCSs) with both
network-induced time delay and packet dropout by using an
active-varying sampling period method, where the sampling pe-
riod switches in a finite set. A novel linear estimation-based
method is proposed to compensate packet dropout, and H∞
controller design is also presented by using the multi-objective
optimization methodology. The simulation results illustrate the
effectiveness of the active-varying sampling period method and
the linear estimation-based packet dropout compensation.

Key words Networked control systems (NCSs), active-
varying sampling period, linear matrix inequalities (LMIs)

The use of network as a media to interconnect different
components in industrial control systems is rapidly increas-
ing. However, the insertion of the communication network
will inevitably lead to time delay and data packet dropout,
which might be potential sources of instability and poor
performance of NCSs.

Many researchers have studied stability, controller de-
sign, and performance of NCSs in the presence of network-
induced delay[1−3]. In [4], a novel model-predictive-control
strategy with a timeout scheme and p-step-ahead state es-
timation was presented to overcome the adverse influences
of packet dropout. For other methods dealing with time
delay and packet dropout, see [5−10].

There have been considerable research efforts on H∞
control of systems with time delay. [11] was concerned with
the design of robust H∞ controllers for uncertain NCSs
with the effects of both network-induced delay and data
packet dropout taken into consideration. For other results
on H∞ control of systems with delay, see [12−14].

Network-induced time delay and packet dropout might
lead to instability and poor performance of NCSs, so it is
significant to overcome the adverse influences of time de-
lay and packet dropout. However, the problem of time
delay and packet dropout compensation is seldom consid-
ered except in [4]. This paper proposes a novel linear
estimation-based method to compensate time delay and
packet dropout, and H∞ controller design is also presented.

In NCSs, constant sampling period is usually adopted.
If constant sampling period h is adopted, h is usually large
enough to avoid network congestion when the network is
occupied by the most users.

Recently, there are a number of papers consider-
ing the problem of varying sampling period of control
systems[15−16]. Unlike the one proposed in this paper (so-
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called active-varying sampling period), the varying sam-
pling period considered in [15−16] was induced by some
external factors, and [15−16] did not study the problems
of H∞ controller design and packet dropout compensation.

Using the novel active-varying sampling period method,
this paper eliminates the probability of packet disordering,
which greatly simplifies the analysis and design of NCSs.
On the other hand, the proposed active-varying sampling
period method can ensure the sufficient use of network
bandwidth when the network is idle. A linear estimation-
based compensation method is also proposed to compen-
sate packet dropout.

This paper is organized as follows. Section 1 presents
the model of NCSs with an active-varying sampling period.
A novel linear estimation-based compensation method is
proposed in Section 2 to compensate packet dropout, and
H∞ controller design is also presented by using LMI-based
method. The results of numerical simulation are presented
in Section 3. Conclusions are stated in Section 4.

1 Preliminaries and problem statement
Consider a linear time-invariant plant described by

ẋxx(t) = Axxx(t) + B1uuu(t) + B2ωωω(t)
zzz(t) = C1xxx(t) + D1uuu(t)

(1)

where xxx(t), uuu(t), zzz(t), and ωωω(t) are the state vector, control
input vector, controlled output, and disturbance input, re-
spectively, and ωωω(t) is a piecewise constant. A, B1, B2, C1,
and D1 are known constant matrices. Throughout this pa-
per, matrices, if not explicitly stated, are assumed to have
appropriate dimensions.

For NCSs, the shorter the sampling period, the better the
system performance. However, a short sampling period will
increase the possibility of network congestion. If constant
sampling period h is adopted, h should be large enough to
avoid network congestion, so network bandwidth cannot be
sufficiently used when the network is idle.

In the following, we will propose the active-varying sam-
pling period method to make full use of the network band-
width, which is one of the motivations of this paper, and
the other motivation of this paper is to simplify the analysis
and design of NCSs with time delay and packet dropout.

Define τsc and τca as the sensor-to-controller and
controller-to-actuator network transmission time delays, re-
spectively, and τsum as the sum of the data processing times
of the sensor, controller, and actuator. When the network
is idle, denote τsc + τca + τsum as d1; and when the network
is occupied by the most users, define τsc + τca + τsum as d2.
If constant sampling period is adopted, d2 can be chosen
as the sampling period to avoid network congestion when
the network is occupied by the most users.

Suppose tk is the latest sampling instant, and that τk is
the time delay of the control input uuuk (uuuk is on the basis of
plant state at instant tk). Also suppose that the instant at

which the control input uuuk reaches the actuator is k̃, and
that hk is the length of the kth sampling period. Consider-
ing the definition of d1, we have k̃ ≥ tk + d1. Suppose both
controller and actuator are event-driven.

The main idea of the active-varying sampling period
method (using a both clock-driven and event-driven sen-
sor) is as follows. Partition [d1, d2] into l equidistant small
intervals (l is a positive integer); then the next sampling

instant k̂ (k̂ is the first sampling instant after tk) can be
chosen as follows.

k̂ =





a1, k̃ = a1

a2, k̃ ∈ (a1, a2]

tk + d2, k̃ ≥ tk + d2

(2)
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where a1 = tk +d1+p(d2−d1)/l, a2 = tk +d1+(p+1)(d2−
d1)/l, and p = 0, 1, · · · , (l − 1). Then,

hk = k̂ − tk = d1 +
b(d2 − d1)

l
,

b = 0, 1, · · · , l
(3)

that is, the sampling period hk switches in the finite set
ϑ = {d1, d1 +(d2−d1)/l, · · · , d2}. If τk > d2, the control
input uuuk will not be used even if it reaches the actuator
eventually (considering the definition of d2, it is reasonable
to drop uuuk if τk > d2), and the latest available control input
will be used.

If l is sufficiently large, (d2−d1)/l is very small compared
with d1+b(d2−d1)/l. So we can think, approximately, that

the control input used in the interval [tk, k̂) is uuuk−ik , where
ik = 1, 2, · · · , L, and L − 1 is the maximum number of
consecutive packet dropout. So the discrete time represen-
tation of (1) can be described as follows

xxxk+1 = Φkxxxk + Γkuuuk−ik + Γ̃kωωωk

uuuk−ik = −Kxxxk−ik

(4)

where Φk = eAhk , Γk =
∫ hk

0
eAsdsB1, and Γ̃k =∫ hk

0
eAsdsB2.

Because the sampling period hk switches in the finite

set ϑ; Φk, Γk and Γ̃k used in (4) also switch in finite sets.
Then, the problem of H∞ controller design for (1) can be
reduced to the corresponding problem for (4).

Remark 1. As shown in Fig. 1, the control input uuuk−3

does not reach the actuator at the instant tk−3 + d2 for
a long time delay, the sensor will sample plant′s state at
tk−3 + d2, and the delayed control input will be dropped.
The control input uuuk−1 is dropped, and the sensor will also
begin the next sampling at the instant tk−1 +d2. The sam-
pling begins only when the former sampled packet reaches
or is dropped, so packet disordering cannot occur.

Fig. 1 Both clock-driven and event-driven sampling

Remark 2. To use the active-varying sampling period
method, [d1, d2] should be partitioned into l equidistant
small intervals, and a large l can ensure the computational
precision, but it might lead to frequent switching of sam-
pling period, so l can be chosen on the basis of d2 − d1. If
d2 − d1 is large, l should be large, otherwise, l should be
small.

The following lemma will be used in the sequel.
Lemma 1[7]. Suppose aaa ∈ Rn, bbb ∈ Rm, and G ∈ Rn×m.

Then, for any X ∈ Rn×n, Y ∈ Rn×m, and Z ∈ Rm×m

satisfying [
X Y
Y T Z

]
≥ 0

the following inequality holds

−2aaaTGbbb ≤
[
aaa
bbb

]T [
X Y −G

Y T −GT Z

] [
aaa
bbb

]

2 HHH∞ controller design with packet
dropout compensation

To compensate the packet dropout of NCSs, a linear es-
timator might be added into the system to estimate the
dropped control input packets. Suppose the states xxx0, xxxk1 ,
xxxk2 , · · · , xxxkj , · · · , and the corresponding control inputs
on the basis of these states are transferred to the actuator
successfully, and suppose L− 1 is the maximum number of
consecutive packets dropout. Then, the estimated values
of the dropped control inputs are as follows.

ûuukj+1 = uuukj −
1

L
uuukj = (1− 1

L
)uuukj

ûuukj+2 = ûuukj+1 + (ûuukj+1 − uuukj ) = (1− 2

L
)uuukj

ûuukj+3 = ûuukj+2 + (ûuukj+2 − ûuukj+1) = (1− 3

L
)uuukj

· · ·
ûuukj+1−1 = ûuukj+1−2 + (ûuukj+1−2 − ûuukj+1−3) =

(1− kj+1 − kj − 1

L
)uuukj

(5)

where L is a predefined positive scalar. Without loss of gen-
erality, by supposing the disturbance inputs ωωωkj = ωωωkj+1 =
· · · = ωωωkj+1−1 for every kj and using the packet dropout
compensation method given above, the evolution of plant
states can be described as follows.

xxxkj+1 = Φhkj
xxxkj + Γhkj

ûuukj−1 + Γ̃hkj
ωωωkj =

Φhkj
xxxkj − (1− kj − kj−1 − 1

L
)Γhkj

Kxxxkj−1 + Γ̃hkj
ωωωkj

xxxkj+2 = Φbxxxkj+1 + Γbuuukj + Γ̃bωωωkj =

(ΦbΦhkj
− ΓbK)xxxkj + (ΦbΓ̃hkj

+ Γ̃b)ωωωkj−
(1− kj − kj−1 − 1

L
)ΦbΓhkj

Kxxxkj−1

xxxkj+3 = Φbxxxkj+2 + Γbûuukj+1 + Γ̃bωωωkj =

[Φb
2Φhkj

− ΦbΓbK − (1− 1

L
)ΓbK]xxxkj−

(1− kj − kj−1 − 1

L
)Φb

2Γhkj
Kxxxkj−1+

(Φ2
b Γ̃hkj

+ ΦbΓ̃b + Γ̃b)ωωωkj

· · ·
xxxkj+1 = Ãjxxxkj + B̃jxxxkj−1 + D̃jωωωkj

(6)

where Φhkj
= e

Ahkj , Φb = eAd2 , Γhkj
=

∫ hkj

0 eAsdsB1,

Γ̃hkj
=

∫ hkj

0 eAsdsB2, Γb =
∫ d2
0

eAsdsB1, Γ̃b =
∫ d2
0

eAsdsB2, and

Ãj = Φb
kj+1−kj−1Φhkj

− Φb
kj+1−kj−2ΓbK−

(1− 1

L
)Φb

kj+1−kj−3ΓbK−
(1− 2

L
)Φb

kj+1−kj−4ΓbK − · · · − σ1ΓbK

B̃j =−σ2Φb
kj+1−kj−1Γhkj

K

D̃j =Φb
kj+1−kj−1Γ̃hkj

+ Φb
kj+1−kj−2Γ̃b + · · ·+ Γ̃b

σ1 = (1− kj+1 − kj − 2

L
)

σ2 = (1− kj − kj−1 − 1

L
)

(7)
Define xxxkj+1 , xxxkj , xxxkj−1 , and ωωωkj as ξξξj+1, ξξξj , ξξξj−1, and

ωωωj , respectively. Then,

ξξξj+1 = Ãjξξξj + B̃jξξξj−1 + D̃jωωωj (8)
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We are now in a position to design the feedback gain
K, which can make system (8) asymptotically stable with
the H∞ norm bound γhkj

(γhkj
is the H∞ norm bound

corresponding to the sampling period hkj ).
Theorem 1. If there exist symmetric positive definite

matrices M , R̃, and Z̃, and matrices X̃, Ỹ , N , and scalars
γhkj

> 0, such that the following LMIs (9) and (10) hold

for every feasible values of kj+1 − kj and hkj (kj+1 − kj =
1, · · · , L, hkj ∈ ϑ)




Ψ0 −Ỹ 0 MCT
1 ΨT

1 ΨT
1 −M

∗ −R̃ 0 −σ2N
TDT

1 ΨT
2 ΨT

2

∗ ∗ −γhkj
I 0 D̃T

j D̃T
j

∗ ∗ ∗ −γhkj
I 0 0

∗ ∗ ∗ ∗ −M 0

∗ ∗ ∗ ∗ ∗ Z̃ − 2M




< 0

(9)[
X̃ Ỹ

Ỹ T Z̃

]
≥ 0 (10)

where

Ψ0 =−M + X̃ + Ỹ + Ỹ T + R̃

Ψ1 =Φb
kj+1−kj−1Φhkj

M − Φb
kj+1−kj−2ΓbN−

(1− 1

L
)Φb

kj+1−kj−3ΓbN−
(1− 2

L
)Φb

kj+1−kj−4ΓbN − · · · − σ1ΓbN

Ψ2 =−σ2Φb
kj+1−kj−1Γhkj

N

then, with the control law

uuuj = −Kξξξj , K = NM−1

the system described by (8) is asymptotically stable with
H∞ norm bounds γhkj

.

Proof. Let us consider the following Lyapunov function

Vj = V1j + V2j + V3j

V1j = ξξξT
j Pξξξj

V2j = (ξξξj − ξξξj−1)
TZ(ξξξj − ξξξj−1)

V3j = ξξξT
j−1Rξξξj−1

where P , Z, and R are symmetric positive definite matrices.
Noticing that

ξξξj+1 = (Ãj + B̃j)ξξξj − B̃j(ξξξj − ξξξj−1) + D̃jωωωj (11)

So, the difference of function Vj along the trajectory of (11)
is given by

∆V1j =ξξξT
j+1Pξξξj+1 − ξξξT

j Pξξξj =

ξξξT
j (Ãj + B̃j)

TP (Ãj + B̃j)ξξξj − ξξξT
j Pξξξj−

2ξξξT
j (Ãj + B̃j)

TPB̃j(ξξξj − ξξξj−1)+ (12)

(ξξξj − ξξξj−1)
TB̃T

j PB̃j(ξξξj − ξξξj−1)+

2ξξξT
j (Ãj + B̃j)

TPD̃jωωωj−
2(ξξξj − ξξξj−1)

TB̃T
j PD̃jωωωj + ωωωT

j D̃T
j PD̃jωωωj

Defining aaa = ξξξj , G = (Ãj + B̃j)
TPB̃j , bbb = (ξξξj − ξξξj−1),

and using Lemma 1, for any X, Y , and Z satisfying

[
X Y
Y T Z

]
≥ 0, we have

−2ξξξT
j (Ãj + B̃j)

TPB̃j(ξξξj − ξξξj−1) ≤
ξξξT

j Xξξξj + 2ξξξT
j [Y − (Ãj + B̃j)

TPB̃j ](ξξξj − ξξξj−1)+

(ξξξj − ξξξj−1)
TZ(ξξξj − ξξξj−1)

(13)

∆V2j =(ξξξj+1 − ξξξj)
TZ(ξξξj+1 − ξξξj)−

(ξξξj − ξξξj−1)
TZ(ξξξj − ξξξj−1) =

[(Ãj − I)ξξξj + B̃jξξξj−1 + D̃jωωωj ]
TZ[(Ãj − I)ξξξj+

B̃jξξξj−1 + D̃jωωωj ]− (ξξξj − ξξξj−1)
TZ(ξξξj − ξξξj−1) (14)

∆V3j =ξξξT
j Rξξξj − ξξξT

j−1Rξξξj−1

Combining (12)∼(14) together, we have

∆Vj = ∆V1j + ∆V2j + ∆V3j = ξ̃ξξ
T

j Λjξ̃ξξj
(15)

where

ξ̃ξξj =




ξξξj

ξξξj−1

ωωωj


 , Λj =




Λ11
j Λ12

j Λ13
j

∗ Λ22
j Λ23

j

∗ ∗ Λ33
j




Λ11
j =−P + X + Y + Y T + R + ÃT

j PÃj+

(Ãj − I)TZ(Ãj − I)

Λ12
j =−Y + ÃT

j PB̃j + (Ãj − I)TZB̃j

Λ13
j = ÃT

j PD̃j + (Ãj − I)TZD̃j

Λ22
j =−R + B̃T

j PB̃j + B̃T
j ZB̃j

Λ23
j = B̃T

j PD̃j + B̃T
j ZD̃j

Λ33
j = D̃T

j PD̃j + D̃T
j ZD̃j

If the packet dropout compensation method proposed
in (5) is used, the available control input at instant kj

is −σ2Kξξξj−1, that is, zj = C1ξξξj − σ2D1Kξξξj−1. For any
nonzero ξξξj , we have

γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj = ξ̃ξξ

T

j
Ξξ̃ξξj

where

Ξ =




γ−1
hkj

C1
TC1 −σ2γ

−1
hkj

C1
TD1K 0

∗ σ2
2γ−1

hkj
KTDT

1 D1K 0

∗ ∗ −γhkj
I




So,

γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj + ∆Vj = ξ̃ξξ

T

j Λ̃jξ̃ξξj

where Λ̃j = Λj + Ξ. In the following, we will prove that

γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj + ∆Vj < 0, that is, Λ̃j < 0. By the

Schur complement, Λ̃j < 0 is equivalent to




Υ −Y 0 CT
1 ÃT

j (Ãj − I)T

∗ −R 0 −σ2K
TDT

1 B̃T
j B̃T

j

∗ ∗ −γhkj
I 0 D̃T

j D̃T
j

∗ ∗ ∗ −γhkj
I 0 0

∗ ∗ ∗ ∗ −P−1 0
∗ ∗ ∗ ∗ ∗ −Z−1




< 0

(16)
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where Υ = −P + X + Y + Y T + R.
Pre- and post-multiplying (16) by diag{P−1, P−1, I,

I, I, I} and diag{P−1, P−1, I, I, I, I}, and defin-

ing P−1XP−1 = X̃, P−1Y P−1 = Ỹ , P−1ZP−1 = Z̃,

P−1RP−1 = R̃, KP−1 = N , and P−1 = M . We can
see that (16) is equivalent to




Υ̃ −Ỹ 0 MCT
1 MÃT

j S

∗ −R̃ 0 −σ2N
TDT

1 MB̃T
j MB̃T

j

∗ ∗ −γhkj
I 0 D̃T

j D̃T
j

∗ ∗ ∗ −γhkj
I 0 0

∗ ∗ ∗ ∗ −M 0
∗ ∗ ∗ ∗ ∗ −Z−1




< 0

(17)

where Υ̃ = −M + X̃ + Ỹ + Ỹ T + R̃, and S = M(Ãj − I)T.
For symmetric positive definite matrices P and Z, we

have (P − Z)Z−1(P − Z) ≥ 0, which is equivalent to
PZ−1P − 2P + Z ≥ 0. Pre- and post-multiplying
PZ−1P − 2P + Z ≥ 0 by P−1 and P−1, we have −Z−1 ≤
P−1ZP−1 − 2P−1 = Z̃ − 2M . So if (9) is satisfied,
(17) is also feasible. On the other hand, to ensure that

(13) holds, we should have

[
X Y
Y T Z

]
≥ 0. Pre- and

post-multiplying

[
X Y
Y T Z

]
≥ 0 by diag{P−1, P−1} and

diag{P−1, P−1}, we can see that

[
X Y
Y T Z

]
≥ 0 is equiva-

lent to

[
X̃ Ỹ

Ỹ T Z̃

]
≥ 0. That is, if (9) and (10) are feasible,

we have γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj + ∆Vj < 0.

Since γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj + ∆Vj < 0, we have

γ−1
hkj

zzzT
j zzzj − γhkj

ωωωT
j ωωωj < −∆Vj

Summing up zzzT
j zzzj , ωωωT

j ωωωj , and ∆Vj in the above inequal-
ity for j = 0 to j = n, and using the zero initial condition
and the character that the disturbance input ωωωj has limited
energy, we have

n∑
j=0

||zzzj ||2 < γ2
hkj

n∑
j=0

||ωωωj ||2 − γhkj
Vn+1

for all n. Let n →∞, we have

||zzz||22 < γ2
hkj
||ωωω||22

If the disturbance input ωωωj = 0, (9) and (10) can ensure
the asymptotic stability of the system described by (8),
and if ωωωj 6= 0, we have ||zzz||22 < γ2

hkj
||ωωω||22. So if the LMIs

(9) and (10) are feasible, the system described by (8) with
K = NM−1 is asymptotically stable with H∞ norm bounds
γhkj

. ¤
If the sampling period hkj is constant, to stabilize the

system described by (8), the LMIs (9) and (10) should be
satisfied for the specific hkj , which can be described as the
following corollary.

Corollary 1. For the specific sampling period hkj , if

there exist symmetric positive definite matrices M , R̃, and

Z̃, and matrices X̃, Ỹ , N , and scalar γ > 0, such that the
following LMIs hold for every feasible value of kj+1 − kj

(kj+1 − kj = 1, · · · , L), namely,




Ψ0 −Ỹ 0 MCT
1 ΨT

1 ΨT
1 −M

∗ −R̃ 0 −σ2N
TDT

1 ΨT
2 ΨT

2

∗ ∗ −γI 0 D̃T
j D̃T

j

∗ ∗ ∗ −γI 0 0
∗ ∗ ∗ ∗ −M 0

∗ ∗ ∗ ∗ ∗ Z̃ − 2M




< 0

(18)[
X̃ Ỹ

Ỹ T Z̃

]
≥ 0 (19)

where

Ψ0 =−M + X̃ + Ỹ + Ỹ T + R̃

Ψ1 =Φb
kj+1−kj−1Φhkj

M − Φb
kj+1−kj−2ΓbN−

(1− 1

L
)Φb

kj+1−kj−3ΓbN−
(1− 2

L
)Φb

kj+1−kj−4ΓbN − · · · − σ1ΓbN

Ψ2 =−σ2Φb
kj+1−kj−1Γhkj

N

then, with the control law

uuuj = −Kξξξj , K = NM−1

the system described by (8) is asymptotically stable with
H∞ norm bound γ.

Remark 3. Just as shown in Theorem 1, it is difficult to
optimize all the γhkj

simultaneously. The linear weighted

sum γsum of γhkj
might be introduced to optimize γhkj

.

Define γsum > α1γh1 + α2γh2 + · · ·+ αl+1γhl+1 , where hm

(m = 1, 2, · · · , l + 1) are the feasible values of sampling
period hkj , αm are the weighting coefficients, and αm > 0.
The optimal γhkj

can be obtained by optimizing γsum.

3 Numerical example
To illustrate the merits of the proposed active-varying

sampling period method and the linear estimation-based
packet dropout compensation, we present an open loop un-
stable system as follows.

ẋxx(t) =

[−0.3901 0.8855
1.4900 −0.9821

]
xxx(t) +

[−0.5359
1.0727

]
uuu(t)+

[
0.3105
0.3144

]
ωωω(t) (20)

zzz(t) =
[−1.3659 0.1823

]
xxx(t) + 0.5485uuu(t)

Suppose the minimum sampling period of sensor is 0.05 s,
and the maximum sampling period is 0.2 s, and suppose
the feasible values of sampling period are h1 = 0.05 s, h2 =
0.1 s, and h3 = 0.2 s, and the initial state of the system is
xxx0 = [1 − 1]T. For simplicity, suppose the packets at the
sampling instants 0, 3, 6, · · · are transferred to the actuator
successfully, that is, 2 packets are dropped among every 3
packets, which means that L = 3.

If the method proposed in Theorem 1 is used to design
H∞ controllers, we might choose α1 = 4, α2 = 3, and
α3 = 5 (denoted as Case 1), or α1 = 8, α2 = 8, and α3 = 12
(denoted as Case 2). The H∞ norm bounds corresponding
to sampling periods hm (m = 1, 2, 3) are shown in Table 1,
and the controller gains corresponding to Case 1 and Case
2 are KKK = [21.6662 13.0813] and KKK = [21.6330 13.0642],
respectively.



818 ACTA AUTOMATICA SINICA Vol. 34

If constant sampling period is adopted, h3 should be
chosen as the sampling period to avoid network conges-
tion when the network is occupied by the most number
of users. The corresponding H∞ norm bound is 7.1330,
and the controller gain obtained by Corollary 1 is KKK =
[21.6542 13.0743].

From Table 1, we can see that short sampling peri-
ods might provide better H∞ norm bounds than constant
sampling period h3, and that one can choose appropriate
weighting coefficients α1, α2, α3 to obtain the desired H∞
norm bounds. Table 1 also illustrates the effectiveness of
the proposed packet dropout compensation method.

Table 1 The H∞ norm bounds

γhm γh1 γh2 γh3

Case 1 6.8027 6.5762 8.3125

Case 2 6.9335 6.6963 8.1406

If constant sampling period h3 and the controller gain by
Corollary 1 are used (KKK = [21.6542 13.0743]), the distur-
bance inputs sin(j) (j = 1, 2, · · · , 20) are added into the
system during the time interval [3, 15) s; the plant state re-
sponse and controlled output are illustrated in Fig. 2 (a). If
the initial sampling period is h1, and the disturbance in-
puts sin(j) (j = 1, 2, · · · , 20) are added into the system
during the time interval [3, 6) s, then, at instant 6 s, the
sampling period switches to h3. And other disturbance in-
puts sin(j) (j = 1, 2, · · · , 20) are added into the system
during the time interval [6.6, 18.6) s, and the controller gain
KKK = [21.6330 13.0642] is used; the plant state response and
controlled output are illustrated in Fig. 2 (b).

Fig. 2 Curves of states response and controlled outputs

Just as shown in Fig. 2, if ωωω(t) 6= 0 and there ex-
ists switching of sampling periods, short sampling periods
might provide better H∞ performance than constant sam-
pling period h3. Fig. 2 also illustrates the effectiveness of
the proposed packet dropout compensation method.

4 Conclusion
This paper is concerned with the problem of designing

robust H∞ controllers for NCSs with both network-induced
time delay and packet dropout by using the active-varying
sampling period method. H∞ controller design for NCSs
with packet dropout compensation is presented by using
LMI-based method. The simulation results have illustrated
the effectiveness of the newly proposed active-varying sam-

pling period method and the linear estimation-based packet
dropout compensation.
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