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Abstract This paper is concerned with the networked predictive control of discrete-time bilinear systems. To deal with the
network-induced communication delay that exists in both forward channel (controller to actuator) and feedback channel (sensor
to controller), a bilinear networked predictive control scheme is proposed. Then a non-convex optimization problem of solving the
predictive control sequence is presented, for which two gradually-optimized algorithms are proposed based on the special structure of
bilinear system dynamics model. The numerical simulation indicates that the resulting predictive control sequence can compensate
for the network-induced issues actively, which proves the effectiveness of the proposed predictive control strategy.
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1 Introduction

Networked control systems (NCSs) are spatially dis-
tributed control systems, where controllers, sensors and ac-
tuators are connected via a limited bandwidth communi-
cation network. There are many advantages of NCSs, such
as flexible architectures, low installation costs and high
reliability. However, the insertion of the communication
network will inevitably lead to communication delay, data
packets dropout and disorder [1], which usually result in
performance degradation or even instability of systems [2],
[3].

Focusing on these issues, various approaches have been
developed, for example, stochastic control approach [4],
switched system approach [5], queuing approach [6], robust
control approach [7] and so on. However, these methods are
proposed based on some restrictive assumptions on NCSs
which ignore the features of NCSs. In recent years, a new
approach called the networked predictive control is pro-
posed by taking full advantage of the specialities of NCSs,
such as timestamp technique, packet-based transmission
and caching technology [8], [9]. As shown in Fig. 1, the net-
worked predictive control system mainly consists of control
prediction generator (CPG) and network delay compen-
sator (NDC), where a set of future control predictions are
generated by CPG and the appropriate control value in the
latest control prediction sequence is chosen to compensate
the network-induced issues actively by NDC. In addition,
two data buffers are located at the controller and actua-
tor to reorder and store the received data from networks.
Based on the networked predictive control scheme, many
results have been obtained for networked linear control sys-
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tems. The design, analysis and implementation of the net-
worked predictive control scheme have been widely studied
[10]—[12]. The stability and robustness criteria have been
derived when uncertainties exist in NCSs [13], [14].
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Fig.1. Networked predictive control system.

Following the predictive control based approach of lin-
ear systems in [8], we aim to study the networked pre-
dictive control for bilinear systems in this paper. As a
kind of important nonlinear system, the bilinear systems
are applied widely in engineering, economics, biology and
other areas [15]. Further, the bilinear systems can ap-
proach other nonlinear systems with higher precision than
any other traditional linear systems [16]. Therefore, it is of
both theoretical and practical interest to explore the net-
worked predictive control of bilinear systems. Actually, the
networked predictive control scheme has been extended to
some nonlinear systems [17]—[21]. However, the analytical
methods are restricted to some specific nonlinear systems,
for instance, hammerstein systems [17] and wiener systems
[18], which are not applicable to bilinear systems. The net-
worked predictive control schemes for general nonlinear sys-
tems are proposed in [19]—[21]. However, the linearization
theory of nonlinear systems adopted in [19] is always ac-
companied by strong conservatism. The system states and
control variables in [20] are subject to some constraints,
which will reduce the versatility of system. The nonlinear
dynamical controller is given in [21] in advance, which is
always difficult to be obtained in reality.

Different from most of the existing literatures which state
the form of controller firstly, a constrained optimization
problem consisted of system states and inputs is considered
in this paper to obtain the future control inputs. However,
the system predictive states will present a highly coupled
form because of the nonlinearity inherent in bilinear model,
which makes the optimization problem to be non-convex. A
general method for solving such an optimization problem is
the sequential quadratic programming (SQP) [22], where a
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quadratic program is solved to determine the search direc-
tion and step size. However, if the approximation of SQP is
poor, the search direction derived would also be poor. An-
other effective method is linearizing the nonlinear model
about the input trajectory [23], [24]. However, the lin-
earization method always impose strong constraints which
subsequently leads to strong conservatism. Different from
approximating the original problem to a quadratic program
by SQP or linearization, the special structure of bilinear
model will be fully exploited in this paper, and the origi-
nal non-convex optimization problem will be transformed
into a quadratic program subproblem. Based on the above
analysis, two algorithms, called the stepwise iterative (SI)
algorithm and approximate forward stagewise (AFS) algo-
rithm, will be proposed to calculate the predictive control
sequence of the networked bilinear systems. Subsequently,
the future inputs will be transmitted to the actuator via
the forward channel.

The remainder of this paper is organized as follows:
In Section 2, some assumptions and problem formulations
are introduced. Further, the networked predictive control
scheme is implemented and the related issues are converted
to a non-convex optimization problem. Two gradually-
optimized algorithms are given to solve the proposed opti-
mization problem in Section 3. The numerical simulation is
presented and the conclusions are summarized in Sections
4 and 5, respectively.

2 Design of Networked Predictive Con-
trol System for Networked Bilinear
Systems

Consider the following discrete-time nonlinear system
Ti+1 = ACL‘t —+ UtN{L't (1)

where z; € R™ is the system state vector, u; € R is a scalar
control input. The z: and w; multiplied together which
leads the system (1) to be bilinear system. Meanwhile, A
€ R"*"™, N € R™™™ are constant system matrices.

To simplify the presentation of the networked bilinear
predictive control scheme, some assumptions are made as
follows.

Assumption 1: The communication delay i; in the for-
ward channel is bounded by M, and the communication
delay k: in the feedback channel is bounded by Ny, i.e., i¢
< Mg and k¢ < Ng.

Assumption 2: The number of consecutive data dropouts
in the forward channel and feedback channel are upper
bounded by M; and N;, respectively.

Assumption 3: The sensor, controller and actuator con-
sidered in the networked predictive control system (shown
in Fig. 1) are time-synchronized.

Assumption 4: All the data packets sent from both the
sensor and the controller are time-stamped to notify when
they are sent.

Remark 1: From Assumptions 1 and 2, we can know that
the sum of consecutive data dropouts and communication
delay in the forward channel and feedback channel are all
upper bounded, ie., Mg+ M; < M and Ng+ N; < N,
where M and N are positive integers. Moreover, according
to Assumption 3, M should not be lager than the length
of the control prediction sequence, which is sent from the
controller to the actuator to compensate for the network—
induced issues actively.

Remark 2: In practical NCSs, the so called data dropout
can be divided into three situations: 1) the packet fails to

arrive at the destination in a certain transmission period,
it will be treated as dropout based on the network pro-
tocols although it arrives in the future; 2) the “first sent
later arrival”, i.e., packet A is sent earlier than packet B,
but it arrives later than packet B, then packet A would be
treated as dropout; 3) the real data loss, i.e., the packet
never reached. Additionally, the number of consecutive
data dropouts should be finite in order to avoid the system
becoming open loop. Thus, the Assumption 2 is reasonable.

Remark 3: From Assumptions 3 and 4, the network-
induced delays in the feedback channel and forward channel
can be determined, respectively, according to the time when
the data packets arrive at the controller and actuator.

Remark 4: In the networked predictive control scheme,
when the data dropouts happen in the forward channel
within the current sampling period, the (i + 1)th value of
the predictive control sequence that received in the previous
sampling period will be applied to the plant in the case of
forward delay i. In the same way, when the data are lost in
the feedback channel, the CPG will use the latest system
state which received in the controller. Therefore, the data
dropouts can be treated as “long delay” in the proposed
compensation scheme.

Based on the aforementioned assumptions, the following
networked predictive control method for networked bilinear
systems is proposed.

When the communication delay in the feedback channel
is k¢, ke € {0,1,2,..., N}, according to the system model
(1), the one—step ahead state prediction can be designed by

Bttt 1)t—ky = ATtk + Ut—k, NTt_p,
= [A—'—ut,ktN] Itfkt. (2)

Following by (2), the state predictions from time ¢t —k¢+2
to time ¢ can be constructed by

i'tfkt+2\t7kt = Ai'tfktJrl\tfkt + Ut—kf,+1N9%t7kt+1|t7kt
= [A + ut—kﬁ—lN] ft—kt-ﬂ\z—kt

Tlt—ky — Amt—llt—kt + Utlemt—l\t—kt

=[A+ w1 N|& 14—k, (3)
which results in
kit
it\i—kt = H [A"_ut*]'N} Tt—ky- (4)
=1

Moreover, when the communication delay i¢, i, € {0, 1,2,
..., M}, also exists in the forward channel, the state pre-
dictions from time t + 1 to time ¢ + ¢+ can be constructed
as

Tpp1je—ky = ABip—r, + Uejt—ty N Ttjt—p,

= [A + utlt—ktN] CEt\t—kt
Tpyolt—k, = ATty + Utp1jt—ky NV Te41)t—ky

= [A + Ut 1)t —ky N} Bot1)t—ke

gty = ABeqi—1)t—ky T Uiy —1t—ke NV Dtqiy— 1]t —ky
= [A F Uttiy—1]t—ky N] Toqiy—1]t—ke (5)

which results in
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it
= H [A + Uiy 1t —ky N] i’t\t—kt~ (6)
=1

Lpdig|t—Fy

Combining with (4), the predictive state of time ¢ + 7
can be obtained at time t — k¢

it kt
Bepicti—ke = || [A+ verige-r N] T 1A+ v Nl 2o,
1=1 j=1
(7)
Remark 5: From (7), it is clear that the predictive state
of time ¢+, consists of system state z;_x,, the past control
input from time ¢ — k; to time ¢ — 1, and the predictive
control inputs from time ¢ to time t+4; —1. It is noteworthy
that all these items are known for time ¢, so predictive state
(7) is theoretically feasible.

Considering the optimization problems depend on state
vector and control vector

min J(k) = X QX + U RO
{$t+1 = Az + uy Ny

— 3
HuH_iHSGi, ’L'G{O,l,Q,...,Mfl} ( )

where X and U represent the state vector and control vec-
tor, respectively, @, and R, are constant positive defi-
nite matrixes and ||u¢4i—1] < 6; represents the input con-
straints.

Obviously, (8) is a non-convex optimization problem be-
cause of the nonlinear form of system (1) and predictive
state (7). Therefore, setting the derivative of performance
index with respect to the control vector be zero directly
did not obtain the desired control values. It is the main
difficulty in dealing with networked predictive control of
nonlinear system, which prompts us to explore new algo-
rithms.

3 Two Algorithms for Solving the Non-
convex Optimization Problem

Observe the system predictive state (7), we can find that
the order of each control input in the expression is up to one
order. It means that the system state can be represented
as the first order polynomial of one control input when the
other inputs are known. This characteristic is decided by
the special structure of bilinear system (1), which can be
used as the breakthrough point to solve the non-convex
optimization problem (8).

Based on the above observation, two algorithms are pro-
posed as follows. Algorithm 1, which is called the stepwise
iterative algorithm, begins with a given initial sequence of
control inputs. Only one control input is calculated every
time and the results obtained previously will be used to
calculate the latter ones. Substituting the obtained control
inputs into performance index, and iterating the whole pro-
cess until the variations of index meets the given threshold
value A. Algorithm 2, which is called the approximate for-
ward stagewise algorithm, deals with the one-dimensional
(scalar) quadratic optimization, firstly. Then the dimen-
sions of control input vector and state vector are added
step by step until all the predictive control inputs are de-
rived. Every time a new control input is calculated, the old
inputs obtained before are updated, thus the approximate
values will be approaching the optimal solution gradually.

3.1 Stepwise Iterative Algorithm

An initial sequence of control inputs is given firstly

_ T
Uop = [ut\tfkt;ut+1|t—ku~ .. 7ut+ﬁ\t_k,} .

Now, assume that the communication delay in the feed-
back channel is k¢, k: € {0,1,2,..., N}, and the communi-
cation delay in the forward is i, i € {0,1,2,..., M}.

Let

T
~ ~T ~T ~T
XN’M - |:xt+1|t—kt7xt+2\t—kt7 cee ’xt+ﬁ+1‘t*kti| . (9)

According to (7), we have known that the state predic-
tion By ks 1t =1,2,... , M +1, is constant or the first
order polynomial of the single control input. Thus, con-
sidering the future time ¢ + ¢, the state #;y;,1—x, can be
expressed by u;y;:—r, by using the given control inputs in
U()7 i.e.,

Totiylt—ky = Kiyi + Vigilleqije—r,
e=1,2,... M+1 (10)

where K, ; and V;, ; are all consist of partial initial values
in Up, optimal control values that have been calculated,
the past control inputs and the system state x;_g,.

When it is time to calculate u;, ;;_g, , the predictive con-
trol sequence [uy),_y,, Uyi1j¢—kys - - 7u;+i71‘t,kt]T has been
obtained. Then the initial sequence Uy can be updated as
the following

*
y Ut gi—1|t—kys Wtti|t—kgs -+ s
]T

. .
Uirio1 = [ut|t—kta cee

Uttigt—kes o0 Up g DT |t —ky

Further according to (7), the &¢1;,|¢—k, can be rewritten
as
i—i—1
Bogiylt—ky = H [A + Ut+itfl\t7ktN} [A + utJri\t—ktN}
1=1
it
< T
m=i¢s—i+1
ki
< [T [A+ue-nNai . (11)

n=1

[A+ Ui, —mie—n, V]

Setting ;4 4j¢—k, = 0 in (11), then we can get

Kiy i = Togiyjt—ty [Wieijt—k, = 0]
ip—i—1

= H [A+ut+it—l|t7ktN]A
1=1

it

< I

[A + u;l»itfm\tfktN}

m=is —i+1
ki

X H [A+Ut—nN] Tty - (12)
n=1

And setting us44;—x, = 1 in (11), we can get

Vivsi = Tegiglt—tog Ytijt—k, = 1] — Kiy
ig—i—1

= H [A + ut+it—l\t7ktN] N
1=1
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it kt
X H [A+u:+it7m\t7ktN} H [A—&—ut,nN] Tt—ky-
m=i¢—1i+1 n=1

(13)

Remark 6: It is noticed that the Kj, ; and V;, ; in (10)
are also related to the future control inputs. Therefore,
when i < i, the K;, ; and V;, ; are calculated by using (12)
and (13). When ¢ > 44, &444,1¢—k, IS constant and can be
expressed by the calculated control inputs, i.e.,

it kt
A *
Titig|t—ky = H [A + ut+i,,—l|t—ktN] H [A+ut— Nz,
=1 j=1
and then we have
Ki, i = Toriglt—kys Viei =0, e=1,2,...,1.

__Based on the above discussion, the system state vector
X 37 in (9) can be rewritten as

K +Viityije—k,

N,M,i .
KW+1,1’ + Vﬁ+1,iut+i\t—kt
= Ki + Vitgqijt—k,
where
Ky Vi
Kﬁﬂ,i Vﬁﬂ,i

Consider the following performance index

T - —T
Jn i = Xvwa Qe X w i + Uiy sUw
= [K; + V;'UtJrﬂtfkt]TQﬁ’ﬁ[Ki + Vit it —r,)
7T J—
+UN By mUN i (14)

where Q 37 and Ry 37 are positive definite constant ma-
trixes.
Now, let the partial derivative of Jz 37 ; with respect to

L) Sp—
: N,M,i . .
Uy ti|¢—k, DE Z€rO, i.e., Burpinn, = 0, we can obtain
_ -1
M+1
* T T
Wiemr, = K QuatVi |Vi' QuaVi+ D Ry
j=1

(15)
. == . . *
Updating U;y;—1 by replacing wyiqji—r, With uy i, g,

. . TT* .
we will obtain U,,, i.e.,

TT* * *
Ut+i = [ut\tfktz sy Uty i1t —ky s
* . T
Utpi|t—ke» Wttit1t—kes - “t+M\t—kJ
T7 FTTK . . o ege
Let Ug = Uyy; as the new predictive control initial val-
. .  TTx .
ues, and continuing the above process until Uy, 37 is ob-
. T . .
tained, where U, 77 is described as follows.
ﬁ* o [u* u* . U,* - ]T
t+M = [Ytft—keo - oo Wttigft—kes oo o0 Yo M|t —ky
. . g . .
After the predictive control sequence U, 37 is transmit-
ted from the controller side to the actuator side via the

. Tk
forward channel, it becomes U, 37_;, because of the com-

munication delay i; in the forward channel, where U;_ﬁ_i .
can be expressed by

UHM—“
* * * T
= [utfithffitfkt? cee 7ut|t7it7kt> v ’ut+ﬁfit\t7it7kt}

To compensate for the communication delay i; actively,
the predictive control value u});_;, _,, will be applied to the
system at the current time ¢.

The detailed steps of Algorithm 1 are given in the fol-

lowing.

Algorithm 1 Stepwise iterative algorithm

Step 1. Given an initial predictive control sequence Uy and a
threshold A.
Step 2. Calculate Jo1q(k) by using Uy.
Step 3. Determine the communication delay k¢ in the feedback
channel. For the forward communication delay i = 0,1,..., M:
Step 3.1 Calculate K; according to (12);
Step 3.2 Calculate V; according to (13);
Step 3.3 Calculate u;+i|t7kt according to (15).
Step 4. Calculate Jyew (k) by using the obtained Ut*+ﬁ~
Step 5. If [Joia (k) — Jnew (K)]/Jora (k) > X, let Joia(k) = Jnew(k),
Uy = ﬁ:Jrﬁ, and go to Step 3; Otherwise, stop iterating and let

U:Jrﬁ as the final optimal predictive control sequence.

Each control input in the predictive control sequence cal-
culated by Algorithm 1 will make the performance index to
be minimal, which leads the final optimal predictive con-
trol sequence to approximate the optimal solution with any
small error after several iterations. However, it should be
noted that Algorithm 1 will cost lots of computation time if
the initial sequence Uy is far away from the optimal values.

Remark 7: As the system state converge asymptotically
to the equilibrium state over time, the control inputs should
be reduced to avoid system oscillation. Therefore, before
calculating a new control sequence for the next sampling
period, some processing should be done to the initial se-
quence Up, such as be multiplied by a weight a, where 0 <
a < 1.

3.2 Approximate Forward Stagewise Algorithm

Algorithm 1 usually requires many iterations, which re-
sult lots of computation and thus it is time consuming. For
higher calculation efficiency, Algorithm 2 is proposed as
follows.

For convenience, we consider that the forward communi-
cation delay is it —1, i+ € {2,3,..., M +1} and the feedback
communication delay is k¢, k: € {0,1,2,...,N}. Assume
that partial control inputs have been obtained as follows

TT* * * * T
Ukpiy—2 = [ut\tfkt s Ut 1|t —kgo - - 7ut+it72|t7kt}

According to (6), we have

Tigiyt—ky
it
* A
= [A+ iy 1w N] T [A+ s, i n N Eujos,
j=2

where only w44, —1)t—, is unknown.
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Further it is easy to find that £;4,|¢—, is the first order
polynomial of ;4 ;, _1j+—k, under the condition ﬁ;h,-t_g is
known. Therefore, ;,;,+—x, can be redescribed as

Boqiglt—ty = Kiy + Vi Uiy —1jt—ky (16)
where K;, and V;, can be calculated as follows
Ki, = &yqi)t—ky [Wetip—1)t—ky, = 0]

it
= AH [A+u:+it,j‘t,ktN] ftlt,kt (17)

=2

‘/it = it-ﬁ-itlt—kt [ut-Ht—l\t—kt = 1] - K;
it
=N H [A + U:Jrit*j\t*ktN] Tjp—p,- (18)
j=2

Obviously, K;, and V;, are comprised of the control in-
puts in U;hit,g and the predictive state Z;;_,, so they
can be calculated.

Let
= T
Uhkyrie—1 = [Utjt—koy s Wt 1)t—ky s - - - > Ytgip—1[t—kt |
X, . = [2T T T T
kit = | Ttd1|t—kes Tt42]t—kes - -+ ) Lidig|t—ky

where Ukt,itfl € R" and th;it e R"",
Based on the discussion above, we have

Kipyiv = Kiy + Vi Ukyiy—1 (19)
where
K i ... 0
K, = : , Vi, = : o
K., 0 ... Vi

Defining the following performance index
Jrgis—1 = Xy i Quyyie X hyyip + Ukyyir—1Rke,6 Uk i —1

where Qg,.;, € R*™X™ and Ry,:, € R**% are positive
definite matrices.

Let the partial derivative of Ji, :,—1 with respect to
O0Jky ig—1

=0, we have
’ Wy ,ip—1 ’

Uk, i,—1 be zero, i.e.

-1

—T —r — [T —
Ukyiv—1 = =K Qry i Vg [Vitth,it Vi, + R, iy
(20)

Remark 8: For the case ix = 1, i.e., there is no delay in
the forward channel, the predictive state (16) can be stated
as

Eipr)e—ky, = [A+ U, N]Zyje—p,

and the performance index Ji, o becomes

AT A~ T
The,0 = Bpia)emioy Qre 1 Tegp 1)t —ke + Utje—iy, Ry 1Ut)e— ke, -

Let the partial derivative of Ji, 0 with respect to u;_,
be zero, we can obtain u}),_j,. Accordingly, the Algorithm
2 can be activated to calculate sz,,iz—l'

Assume that the communication delay k; in the feedback
channel is up to N, then the procedure above should be con-
tinued until all the predictive control inputs are calculated,
ie., ﬁ*ﬁ’ﬁ is obtained as following

U*ii _ * o * o * ax o T
NM = | Uyp N Y1)t Nr - Yy M —1)t— N Y- M|t - N

Next, the predictive control inputs U*ﬁ’ﬁ will be trans-
mitted to the actuator via the jgrward channel.
Remark 9: After obtaining Uy, ;,_1 by the promised Al-

gorithm 2, U;tfit will be calculated next. The new pre-
dictive value uy,;, ,_j, will be achieved and an update to

Uthit—l is done. Continue as above, the final U*ﬁyﬁ will be
more close to the optimal solution. In addition, if we con-
sider to reduce the complexity of Algorithm 2, only one op-
timal control value u;,;,;_x, can be calculated each time,
then all the predictive va&ues constitute the final predictive
control sequence.

The detailed steps of Algorithm 2 are given in the fol-
lowing.

Algorithm 2 Approximate forward stagewise algorithm

Step 1. Calculate uf‘tfkt according to Remark 8 for the case of no
delay in the forward channel.
Step 2. For the forward communication delay i, = 1,2,..., M:
Step 2.1 Add &7} ;, 1,4, into state vector X;
Step 2.2 Add u¢qi,|t—k, into input vector Uj;
Step 2.3 Extend matrixes Qk,,0 and Ry, o to the correspond-
ing dimensions;
Step 2.4 Calculate K;, and V;, according to (17) and (18);
Step 2.5 Obtain ﬁ;tvit according to (20).
Step 3. Take U*ﬁyﬁ as the final predictive control sequence and

send it to the actuator via the forward channel.

__Analyzing the process of Algorithm 2, we can know that
M times calculation are needed, and M (M + 1)/2 control
inputs will be derived. Compared to Algorithm 2, M con-
trol inputs will be calculated in each iteration in Algorithm
1, and many iterations are always needed before the vari-
ations of performance index less than the given threshold
value, which leads to more calculation. Therefore, Algo-
rithm 2 always has the faster calculation speed.

4 Simulation

In this section, an illustrative example is provided to
verify the design scheme and algorithms developed in this

paper.
Consider the following discrete-time bilinear system

Ti41 = Az + Bug + ur Ny (21)

with the system matrixes

A:{ 0.65 0.24}

~0.59 —0.27
~0.43
b= { 0.35 }
149 0.34
N= { 108 —0.41 }

The initial state of the system is chosen as xo =
[0.45 —0.25]7, and the upper bound of communication
delay and consecutive data dropouts in the forward channel
and feedback channel are all 3, i.e., M =3 and N = 3.

To illustrate the effectiveness of the networked predic-
tive control scheme proposed in this paper, we consider the
following two cases.

Case I: Local control (offline) method presented in [25].
Here, the linear state-feedback controller is designed as u; =
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Kux¢, where the feedback gain K = [—0.15 0.34]. Clearly,
it can be obtained that ||[A + BK]|| = 0.8083 < 1, which
means that the designed linear state-feedback law can guar-
antee the uniformly asymptotic stability of zero state.

Case II: Networked predictive control scheme proposed
in this paper. Applying the networked predictive control
scheme proposed in Section II and solving the predictive
control sequence by using Algorithm 1 and Algorithm 2
presented in Section III. The constant matrixes R and @
in performance index are unit matrixes with appropriate
dimensions. The initial control inputs in Uy are set to be
random numbers in (—1, 1) and the threshold value A = 0.5.
In addition, let Ug = 0.5 * Unew according to Remark 7,
where Upew represents the new initial control sequence in
each sampling period.

The system (21) is controlled by the two kinds of con-
trollers stated above, respectively. The state curves of =1
and z2, which are marked by Algorithm 1, Algorithm 2 and
local control, are shown in Fig. 2 and Fig. 3, respectively.

The simulation results show that the predictive control
sequences, calculated by Algorithm 1 and Algorithm 2, can
guarantee the stability of the networked bilinear system
while random time delays exist both in the forward channel
and feedback channel. Meanwhile, the state curves under
Algorithm 1 and Algorithm 2 have the similar trend with
the local linear state-feedback controller [25], which shows
the effectiveness of the proposed algorithms. Further ac-
cording to Figs.2 and 3, we can find that the system state
under Algorithm 2 has the faster convergence speed and
better control performance compared with Algorithm 1. In
addition, the time spent on Algorithm 1 and Algorithm 2
are 0.159s and 0.067 s, respectively, which shows that Al-
gorithm 2 has lower computational complexity.
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Fig.2. State z; under Algorithm 1, Algorithm 2 and local con-
trol.

5 Conclusion

In this paper, the networked predictive control of bilin-
ear systems is investigated. Two algorithms, called the
stepwise iterative (SI) algorithm and approximate forward
stagewise (AFS) algorithm, are proposed to solve a non-
convex optimization problem to obtain the predictive con-
trol sequence. The SI algorithm begins with a given initial
sequence of control inputs, and only one control input is cal-
culated every time. Keeping on the iterative process until
the variations of performance index meets the given thresh-
old value A. For faster calculation speed and better control
performance, the AFS algorithm is proposed. A group of
optimal values are calculated every time and the dimen-
sions of control vector and state vector are added gradually

until all the predictive control values are obtained. Then
the control sequence will be transmitted to the actuator via
the forward channel, and the appropriate control value will
be selected according to the actual forward communication
delay. Finally, a simulation demonstrates the effectiveness
of the proposed predictive control scheme and optimization
algorithms.
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Fig.3. State z under Algorithm 1, Algorithm 2 and local con-
trol.
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