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Abstract: This paper presents the formulation of Adaptive Preview Control (APC) for discrete-time 
systems. The Adaptive Preview Control scheme includes a combination of Adaptive Control and Preview 
Control and thus, gains the advantage of both the schemes. This scheme enhances the transient behaviour 
by adapting to the real-time previewed signals of the system. The Adaptive Gain update Law is designed 
using Lyapunov Function and thus, the asymptotic stability of the closed-loop system is guaranteed. The 
proposed APC design is tested for two benchmark control problems using MATLAB platform. The 
results validate that the performance of the system enhances by the use of Adaptive Preview Control 
structure in terms of transient characteristics.  
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1. INTRODUCTION 

The term Preview Control is generally associated with a 
particular category of anticipative control problems with a 
preview horizon that extends for a fixed time into the future. 
The field of Preview Control is concerned with using the 
advance knowledge of disturbances or references to improve 
the tracking quality or disturbance rejection. If the future 
information of references or disturbances is accessible, then 
the performance of transient responses can be improved 
substantially. This type of control problem that utilizes the 
future information on the reference signal and/or disturbances 
is called Preview Control Problem. The Preview Control 
problem, in simple terms, is an optimization problem, where 
the best value of the controller is to be determined. This 
makes the Preview Control problem compatible and solvable 
through the standard optimization and controller design 
theories. 

The solution of Preview Control problem can be obtained 
using classical, as well as, modern approaches that minimize 
evaluation function through all period of time. The classical 
approaches presented by (Tomizuka 1975; Kadakkal et al. 
2008; Tsuchiya et al. 1988; Negm et al. 1991, 2006; Egami et 
al. 1995; Moran et al. 1996; Kojima et al. 1997, 1998, 1999, 
2003, 2006; Takaba 1998, 2000, 2003; Mianzo et al. 1998, 
2007; Tian 2002; Tadmor et al. 2003a, b; Hazawa et al. 2004; 
Kanzaki et al. 2005; Farooq et al. 2005; Yokoyama et al. 
2009; Yan et al. 2009; Silvestre et al. 2009; Liao et al. 2009; 
Akbari et al. 2010; Sumer et al. 2010; Kristalny et al. 2010; 
Yim 2011; Wang et al. 2003) include the standard optimal 
and robust control design techniques, both in time and 
frequency domain, while the modern approaches proposed by 
(Negm et al. 2003; Wang et al. 2003; Wang et al. 2009; 
Wong et al. 2011; Xiao-Feng et al. 2010) are based on the 
non-classical control designs viz. fuzzy logic, neural network, 
etc. A study of the literature reveals that with the design 
techniques available, transient behaviour of the system is a 
secondary feature in the Preview Control optimization  

problem. The use of adaptive control scheme with classical 
control techniques like PID, robust control (Anderson et al. 
1997; Benaskeur et al. 2002; Eirea et al. 2008; Yu 1997; 
Zhao et al. 2008), etc has proved to be a successful 
combination to tackle transient behaviour in uncertain 
conditions. This paper proposes a unification of Adaptive 
Control and Preview Control that combines the advantages of 
both the schemes while avoiding their drawbacks and thus, 
presents design methodology for a novel control structure: 
Adaptive Preview Control (APC) for improved tracking 
quality of the system. The Adaptive Gain Update Law is 
formulated using Lyapunov’s Theory and thus, the closed 
loop asymptotic stability of the system is guaranteed. 

The paper is organised into five sections. The first section 
introduces the objective of the paper. The Adaptive Scheme 
for Preview Controller is explained and derived in the second 
section. The next section explains the design methodology for 
the problem. The fourth section presents the results of 
application of the methodology to the system models 
borrowed from the literature and the conclusion is drawn in 
the last section.  

2. ADAPTIVE SCHEME FOR PREVIEW CONTROLLER 

The general discrete-time system is described by 

( 1) ( ) ( ) ( )
( ) ( ) ( )

x k Ax k Bu k Ed k
z k Cx k Du k

+ = + +
= +

 (1) 

where ( ) nx k R∈ and ( ) mu k R∈  are the state vector and 
control input, respectively. The signal ( ) pz k R∈  denotes the 
controlled output or the tracking error. Moreover, ( ) ld k R∈  
denotes the exogenous signal which can be considered as the 
reference signal or the disturbance.  

The following assumptions are made for the system:  

H1. ( , )A B is stabilizable. 
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H2. 
jA I B

C D
e θ −

 
  

has full column rank for any [0,2 )θ π∈ .   

H3. The values of ( ), ( 1), , ( )d k d k d k h+ +…  are available for 
control, where h is a nonnegative constant that is called 
preview length.  

The classical preview controller to be designed is of the form 
(Takaba 2003),   

0
( ) ( ) ( )

h

x di
i

u k x k d k iK K
=

= + +∑    (2) 

or, [ ]1( ) x d dhK z K K K= …  

The first and second terms on the right-hand-side of the 
controller equation (2) represent the state feedback and 
preview compensation, respectively. 

The controller synthesis problem considered in this paper is 
to design a preview controller of the form shown in equation 
(2) such that the gains for the augmented previewed states 
can be modified online to adapt the changes in the reference 
trajectory. The structure of the Adaptive Preview Control 
scheme is as shown in figure 1. The preview action arises 
because of the delay line Φ. The input to the controller is r, 
which is the future value of the reference, and the Preview 
Controller K is chosen so as to ensure that e is small. The 
transient response of the system is further improved by 
adjusting the Preview Gains based on the present value of 
error e and reference r and thus, plant output follows Φ(r) as 
closely as possible. 

 

 

 

 

 

Fig. 1. Controller Structure with Adjustable Preview Gains. 

3. DESIGN METHODOLOGY 

The design procedure starts with the augmentation of the 
previewed information into system states. 

The previewed information is available due to the delay line 
Φ, which can be represented as 

( 1) ( ) ( 1)d d d dx k A x k B d k h+ = + + −  (3) 

 where ( )dx k  be the vector which represents the previewed 

information that is available for control, matrices dA  and 

dB  are defined as, 

0 0 0
0

,
0

0 0

d d

I

A B
I

I

   
   
   = =
   
   
   

O M
O

  (4) 

Now, the augmented state vector can be defined as, 

( ) ( ) ( )
TT T

dk k kx xξ =      (5)  

The augmented system (Takaba 2003), now, becomes, 

( 1) ( ) ( ) ( )
( ) ( ) ( )
k F k Gu k Ld k

z k H k Du k
ξ ξ

ξ
+ = + +
= +

 (6) 

where  

[ ]0 0
, , , 0 0

0 0d d

A E B
F G L H C

A B
     

= = = =     
     

 

Thus, the preview controller is a state feedback law for the 
augmented system. 

By applying the standard H∞ control theory to the augmented 
system, the solution to the Preview Control problem is 
obtained as follows: 

 Let a positive constant γ be given. There exists a stabilizing 
state feedback control with preview action satisfying the H∞ 
performance level 

2

2

sup
z
d

γ<    (7)  

if and only if there exists a positive semi-definite stabilizing 
solution P  to the following Algebraic Riccati Equation such 
that 2: 0TW L PLγ= − > . 

1

2

0
0

TT T T T
T T

T T

T T

T

G PF D H G PF D H
P F PF V H H

L PF L PF

D D G
V P G L

I Lγ

−   + +
= − +   

   
   

 = +     −   

 (8) 

In this case, one of the desired H∞ preview controller is 
given by 

[ ] ( ) ( )1

0

1

T T TT
x d dh

T

K K D G PG G PF D HK D

P P PLW L P

−

−

= − + +

= +

% %…
%

 (9) 

The performance of the Preview Controller can be enhanced 
by allowing the controller to alter or modify its behaviour and 
thus, improve response of a plant to track a reference signal 
perfectly. The Adaptive Gain update Law is derived as 
below: 

 

 

- + r Φ G K e 
Adaptive Law for Preview Controller Gains 

System States 
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Theorem 3.1: 

Consider a discrete-time system, 

( 1) ( ) ( ) ( )
( ) ( )

x k Ax k Bu k Ed k
z k Cx k

+ = + +
=

 (10) 

where ( ) nx k R∈ and ( ) mu k R∈  are the state vector and 
control input, respectively. The signal ( ) py k R∈  denotes the 
controlled output. The control signal is given by 

( ) ( ) ( )x pu k x k r kK K= +   (11) 

where ( ) pr k R∈ is the reference signal, xK  is the static 
controller gain for system states and pK is the static 
controller gain for previewed reference signals. 

The control law is to be chosen such that the system as shown 
in (10) follows the model specified as below, 

( 1) ( ) ( )
( ) ( )

m mm m

m mm

k k r kx xA B
k ky C x

+ = +
=

  (12) 

where ( ) n
m kx R∈ are the reference model state vector and 

( ) p
m ky R∈ represents the reference model controlled output. 

Let n nP R ×∈ be the unique positive definite matrix satisfying, 

T T
m mP P L QA A L− + = −   (13) 

where norm bounded time varying non-linearity is assumed 
as ( )( ), brz k kψ ψ∈ , such that,  

 
( )( ), ( ) ( ) ( ) ( )

( ) ( )

TT T

T T T T
m m

z k k k k PBf k z kfz B
Bz k k P LA z B A L

ψ =

+ Γ ≤
 (14) 

Consider the control law as shown in (11) with gain update 
presented by the following equation, 

1 ( ) ( )T T
k mkK k P e kK z B A+ = − Γ   (15) 

where n nR ×Γ ∈ is a positive definite diagonal matrix. 

Then, the solution of the closed – loop system defined by 
(10), (11), (13) and (14) is stable in Lyapunov sense and 

0e → as k → ∞ . 

Proof: 

For the discrete-time system shown in (10), substituting the 
value of ( )u k from (11) gives, 

( )( 1) ( ) ( ) ( )x px k Ax k B x k r kK K+ = + +  (16) 

Further solving the above equation, 

( 1) ( ) ( ) ( )x px k A B x k B r kK K+ = + +  (17) 

As ( )x x x kK K φ∗= + ∆ and ( )p p p kK K φ∗= + ∆ , then,  

( ) ( )( 1) ( ) ( ) ( ) ( )x px px k A B B k x k B k r kK Kφ φ∗ ∗+ = + + ∆ + + ∆  

It is assumed that x mA BK A∗+ =  and p mBK B∗ = , then,  

( 1) ( ) ( ) ( ) ( ) ( ) ( )m m x px k A x k B r k B k x k B k r kφ φ+ = + + ∆ + ∆  

or, 

( 1) ( ) ( ) ( ) ( )m mx k A x k B r k B k z kφ+ = + +  (18) 

where ( ) ( ) ( )x pk k kφ φ φ = ∆ ∆  and 
( )

( )
( )

x k
z k

r k
 

=  
 

. 

The error is defined as, 

( ) ( ) ( )me k x k x k= −   (19) 

Thus, 

 ( 1) ( 1) ( 1)me k x k x k+ = + − +  

Substituting the corresponding values from (12) and (18), we 
get, 

 ( 1) ( ) ( ) ( ) ( ) ( ) ( )m m m m me k A x k B r k B k z k A x k B r kφ+ = + + − −  

or, 

( 1) ( ) ( ) ( )me k A e k B k z kφ+ = +   (20) 

As, ( ) ( )k K k Kφ ∗= − , then,  

 ( 1) ( 1)k K k Kφ ∗+ = + − , 

thus, 

( 1) ( ) ( 1) ( )k k K k K kφ φ+ − = + −  (21) 

that is the gain update parameter. It is denoted by ( )kφ∆ . The 
(21) can also, be written as, 

( 1) ( ) ( )k k kφ φ φ+ = + ∆   (22) 

( )kφ is assumed to be a function of time and error value, 
defined as below, 

( ) ( ) ( )k f k e kφ = ⋅   (23) 

Lets define a Lyapunov function, 

1( ) ( ) ( ) ( ) ( )T TV k e k Pe k k kφ φ−= + Γ  (24) 

The Lyapunov difference is given by, 

( 1) ( )V V k V k∆ = + −  

1 1

( 1) ( 1)
( 1) ( 1) ( ) ( ) ( ) ( )

T

T T T

V e k Pe k
k k e k Pe k k kφ φ φ φ− −

∆ = + +

+ + Γ + − − Γ
 (25) 

Substituting the values from (20) and (22), we get, 
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( )

1 1

( ) ( ) 2 ( ) ( ) ( )

( ) ( ) ( ) ( )
2 ( ) ( ) ( ) ( )

T T TT
m m m

T T T

T T

V e k PA P e k e k A PB k z kA
z k k B PB k z k

k k k k

φ

φ φ

φ φ φ φ− −

∆ = − +

+

+ Γ ∆ + ∆ Γ ∆

 

Adding and subtracting ( ) ( )T Te k L Le k , we get,  

( )
1

1

( ) ( ) 2 ( ) ( ) ( )

( ) ( ) ( ) ( ) 2 ( ) ( )
( ) ( ) ( ) ( )

T T T TT
m m m

T T T T

T T T

V e k PA P L L e k e k A PB k z kA

z k k B PB k z k k k
k k e k L Le k

φ

φ φ φ φ

φ φ

−

−

∆ = − + +

+ + Γ ∆

+ ∆ Γ ∆ −

 

Using (13) and (23), 

( )
1

1

( ) ( ) 2 ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) 2 ( ) ( )
( ) ( ) ( ) ( )

T T T
m

T T T T T

T T T

V e k Q e k e k A PB k z k

z k e k f k B PBf k e k z k k k
k k e k L Le k

φ

φ φ

φ φ

−

−

∆ = − +

+ + Γ ∆

+ ∆ Γ ∆ −

Using the gain update law as, ( ) ( ) ( )T T
mk z k B PA e kφ∆ = −Γ , 

in the above equation,  

( )

( )
( ) ( )

1

1

( ) ( ) 2 ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) 2 ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( )

T T T
m

TT T T T T T
m

TT T T T
m m

T T

V e k Q e k e k A PB k z k

z k e k f k B PBf k e k z k k z k B PA e k

z k B PA e k z k B PA e k

e k L Le k

φ

φ −

−

∆ = − +

+ + Γ −Γ

+ −Γ Γ −Γ

−
 

Simplifying the above equation, 

 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

T T T T T

T T T T T T
m m

V e k Qe k z k e k f k B PBf k e k z k
e k A Bz k z k B PA e k e k L Le k

∆ = − +

+ Γ −
 

or, 

( )
( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

T

T T T T T T T T
m m

V e k Qe k

e k z k f k B PBf k z k A Bz k z k B PA L L e k

∆ = −

+ + Γ −
 

Using (14), 

 ( )( )( ) ( ) ( ) ( ), ( )T T TV e k Qe k e k z k k L L e kψ∆ = − + −  

Since Q  is positive definite and ( )( ), 0Tz k k L Lψ − ≤ for all 

( )( ), brz k kψ ψ∈ . It follows that the Lyapunov difference 
V∆  is negative definite. Hence, the solution is 

asymptotically stable. 

The above derived adaptive parameter update law, (8), with 
the Preview Control Scheme has been applied to evaluate the 
performance of typical systems. 

4. APPLICATION RESULTS 

The implementation of the procedure was carried out on 
MATLAB platform for two benchmark systems. The plant 
models are initially expressed in the form, 

( 1) ( ) ( )

( ) ( ) ( )
p pp p p

pp p pp

k k u kx xA B
k k ky C x uD

+ = +

= +
  (26) 

where ( )p kx  is the state vector, ( )p ku  is the control vector 
and ( )p ky  is the output vector of the plant. The system in 
this format is converted to the standard form expressed by (1) 
to include the reference information. The results for the 
systems are presented as follows, 

4.1  Servomechanism 

The servomechanism consists of a motor connected with load 
whose angular position is to be controlled. The state vector 

px in this case is defined as [ ]TT
p M L M Lw wx θ θ= , 

where Mθ  is the motor shaft angle, Lθ  is the load angle, Mw  
is the motor shaft’s angular velocity and Lw  is the load 
angular velocity. The control signal pu  is physically the 
voltage applied to the motor and the output signal py  is the 
load angle Lθ . 

The state-variable model of the 4th-order Servomechanism 
(Takaba (2003)) is expressed in the form presented in the 
(26) with the state-space matrices as: 

 

[ ] [ ]

0.9752 0.0248 0.1983 0.0017
0.0248 0.9752 0.0017 0.1983

;
0.2459 0.2459 0.9752 0.0248

0.2459 0.2459 0.0248 0.9752

0.0199
0.0001

; 0 1 0 0 ; 0
0.1983
0.0017

A

B C D

 
 
 =
 −
 

− 
− 

 − = = =
 −
 
− 

 

The values of the parameters chosen for classical design are: 

 20, 1, 27.36Q R γ= = =  

A comparison of the time-response of system designed using 
adaptive control theory only without any preview, with a 
preview length of h=7 designed using classical H∞ control 
theory and with preview length of h=7 designed using 
Lyapunov based Adaptive Preview Control methodology, 
assuming that there is no disturbance in the system, is shown 
in figure 2.  
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Fig. 2. Transient Step Response of Servomechanism. 
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The transient characteristics, obtained in response to the step 
signal, of Servomechanism are summed up in table 1. 

Table 1.  Transient Response Characteristics of 
Servomechanism. 

System 
Characteristics 

Adaptive 
Control 
Design 

Classical 
Preview 
Control 
Design 

Adaptive 
Preview 
Control 
Design 

Peak Overshoot 
(%) 13.8 12.2 8.6 

Peak Time (s) 33 25 25 

Settling Time (s) 38 34 28.5 

IAE 10.6221 3.4556 3.0034 

4.2  2DOF Helicopter 

The model of 2DOF helicopter (Quanser 2DOF Helicopter 
User Manual, (Cazzolato 2006), considered in this section, is 
a muti-input multi-output non linear system. The non linear 
dynamic equations are not available in the product catalogue. 
However a derivation has been presented in appendix A. The 
proposed procedure is applied to linearized model of 2DOF 
helicopter, obtained for the assumptions considered in 
appendix A. The state vector for this model is defined as 

TT
px θ ψ θ ψ =  

& & , where θ  is the pitch angle, ψ  is the 

yaw angle, θ&  is the pitch angular velocity and ψ&  is the yaw 
angular velocity. The control vector 

TT
p p yu v vδ δ =   consists of the force on the front and back 

motors, physically the voltage applied to the pitch and the 
yaw motor, respectively, to control their speeds. The output 
vector [ ]TT

py θ ψ=  consists of the pitch and the yaw 
angles, respectively. The model is discretized with sample 
time 0.5st = seconds. The state space matrices of the 
considered model, for the form as in (26), are presented in 
appendix A.  

The model is augmented to include the error signals and the 
previewed information. The proposed algorithm is applied to 
the obtained model and simulations are carried out. The 
results obtained are presented as below: 

A comparison of the time-response of system designed with 
adaptive control theory only without preview, with a preview 
length of h=10 designed using classical H∞ control theory 
and with preview length of h=10 designed using Lyapunov 
based Adaptive Preview Control methodology, assuming that 
there is no disturbance in the system, is shown in figure 3. 
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Fig. 3(a). Transient Response of 2DOF Helicopter (θ  & ψ ). 
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Fig. 3(b). Transient Response of 2DOF Helicopter (θ&  & ψ& ). 

The transient characteristics in response to the constant 
command signal [ ] [ ]0.9 0.5θ ψ = of 2DOF Helicopter 
model are summed up in table 2 and 3. 

Table 2.  Transient Response Characteristics of 2DOF 
Helicopter (θ ). 

System 
Characteristics 

Adaptive 
Control 
Design 
(θ ) 

Classical 
Preview 
Control 
Design 
(θ ) 

Adaptive 
Preview 
Control  
Design 

(θ ) 

Peak Overshoot 
(%) - - 5.87 

Peak Time (s) - - 13 

Settling Time 
(s) 38 19 16 

IAE 8.4991 2.2628 2.1222 
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Table 3.  Transient Response Characteristics of 2DOF 
Helicopter (ψ ). 

System 
Characteristics 

Adaptive 
Control 
Design 

(ψ ) 

Classical 
Preview 
Control 
Design 

(ψ ) 

Adaptive 
Preview 
Control  
Design 

(ψ ) 

Peak Overshoot 
(%) - - - 

Peak Time (s) - - - 

Settling Time (s) 38 16 13 

IAE 4.8471 1.0922 0.999 

 

The results establish the tracking capability of the Adaptive 
Preview Controller. The transient response of the system 
improves as judged by the major transient characteristics. The 
Adaptive Preview Control Gain update Law designed using 
Lyapunov function improves the systems’ response, 
substantially, as well as, sustains the asymptotic stability of 
the closed-loop system. 

5. CONCLUSION 

This paper presents a design of Adaptive Preview Control 
based on Lyapunov formulation for discrete-time systems. As 
the formulation is based on Lyapunov function, it guarantees 
the asymptotic stability of the closed-loop system. The 
system’s ability to track is improved by the use of a priori 
knowledge of the reference trajectory. The ability to track can 
further be enhanced by the use of Adaptive law to modify the 
Preview Gains, based on the present value of error and states. 
The performance of the benchmark systems tested with the 
proposed design technique validates the performance 
improvement over the existing techniques. The application of 
evolutionary computing in the APC will be reported in 
further communications. 
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Appendix A. 2DOF HELICOPTER MODEL 

The equations of motions of two degrees of freedom 
Helicopter model are given by, 
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These equations are linearized about the level flight, with the 
assumption of the states as 1 2 3, ,x x xθ ψ θ= = = & and 4x ψ= & , 
the state space representation of the system is,  
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where y p shaftJ J J= + , p p pev v vδ = −  , y y yev v vδ = − , pev  is 
the pitch equilibrium voltage and yev  is the yaw equilibrium 
voltage.  

The model parameters chosen are as below, 

 

 

 

 

 

 

 

 

 

 

Table 4.  2DOF Helicopter Model Parameters. 

Parameter Value 

ppk  0.185*0.20962 N/V 

yyk  0.185*0.050271 N/V 

ypk  0.0083316 N-m/V 

pyk  0.0041362 N-m/V 

pJ  0.0500 kg-m2 

yJ  0.0500+0.0039 kg-m2 

pc  0.0100000 kg-m2/s 

yc  0.0071428 kg-m2/s 

m  1.326 kg 

l  0.0168 m 

h  0.0139 m 

cR  0.0094 m 

g  9.81 m/s2 

 


