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Abstract: In this paper we study H, tracking problems with preview by output feedback
for linear systems with impulsive effects and the sampled-observation on the finite and infinite
time interval. We consider the problems that the reference signals are previewed in a fixed time
interval and known a priori over a whole time interval, and present feedback control laws for
the Hyo tracking problems. Our theory can be also applied into the sampled-control system with
the control input realized through a zero-order hold and the sampled-observation.

1. INTRODUCTION

It is well known that, for the design of tracking control
systems, the preview information of reference signals is
very useful for improving the performance of the closed-
loop systems, and recently much work has been done for
preview control systems. Considering the effect of mod-
elling uncertainties or disturbance is also very important
on preview control theory. U. Shaked et al. have stud-
ied the Hoo tracking theory with preview for continuous-
and discrete-time systems by the game theoretic approach
([LI[21[3]4][8]9D)-

Control theory for linear systems with impulsive effects (or
linear jump systems), which contain linear continuous and
discrete time systems, can be widely applied, for example,
to mechanical systems, ecosystems, chemical processes,
finantial engineering and so on. It has been reseached in
detail by A. Ichikawa and H. Katayama ([6]). Their theory
can be also applied into the sampled-data control systems
with the control input realized through a zero-order hold
and the sampled-observation ([5]).

In this paper we study the H,, tracking problems with
preview by output feedback for linear systems with im-
pulsive effects (or linear jump systems). Our systems are
described by the ordinary differential equations with im-
pulsive effects and the sampled-observation. We consider
two different tracking problems according to the preview
lengths and give the control strategies for them respec-
tively. Our theory can be applied into the control systems
with the control input realized through a zero-order hold
and the sampled-observation. Our theory can be also easily
reduced to the case that only the preview information of
discrete reference signals are available.

2. PROBLEM FORMULATION

Consider the following linear system with impulsive effects.

(k™) = Ag(k)x(kT) + Bog(k)u(k) + Bsa(k)rq(k)
2e(t) = C1()x(t) + Di3(t)re(t), t # kT (1)
2a(k) = Crq(k)x(kT) + Digg(k)u(k) + Diga(k)ra(k)

y(k) = Co(k)x(kT) + Doy (k)wq(k) + v(k)

where £ € R™ is the state, w € RP and wy € RP? are
the exogenous disturbances, v € R¥ is the measurement
noise, u € R™ is the control input, y € RX is the
measured output, z. € RKe and z; € RXe are the
controlled outputs, 7.(t) € R' and r4(k) € R are
known or mesurable reference signals, xp is an unknown
initial state. We assume that all matrices are of compatible
dimensions. Throughout this paper the dependence of the
system matrices on ¢ or k will be omitted for the sake of
notation simplification.

The H,, tracking problems we address in this paper for
the system (1) are to design control law u(-)€l2[0, N]
over the finite horizon [0,T], N7 < T < (N + )7
using the information available on the known parts of the
reference signals r.(t) and r4(k) and minimizing the sum
of the energy of z.(t) and z4(k), for the worst case of the
initial condition zg, the disturbances w(t)eL2([0,T]; RP)
and wg(k)€la([0, N];RP4). We denote by Lx([0,T]; R¥)
and [3([0, N]; Rk¢) the space of nonanticipative signals.
Considering the average of the performance indices over
the statistics of the unknown parts of r. and r4, we define
the following two performance indices.

2.1 p—1
JT(x07u,w7rc77"d) =7 .’EoR Lo
N1 (k+1)T T

4> +/ Ep {

k=0 kTt Nttt

|2(s)[}ds

N
+3 Ep {lza®)IP} - llwll} (2
k=0

and
z(t) = A(t)z(t) + B1(t)w(t) + Bs(t)r.(t), t # kT,
z(0) = zo Jor (T, Uy W, W, U, Tey T
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=7 llwall3 +Ilol3] — (3)

where N7 < T < (N+ 1)1, R = R > O is a given
weighting matrix for the initial state, Ep_ and Eg, mean
expectations over Ry, and Ry, h is the preview length

of r.(t) and ry(k), and R, and R; denote the future
1nformat1on on r. and rg at time s and jT respectively,

_{rc()s<l<T}andR = {ri;j<i< N}

We consider two different tracking problems according to
the information structures (preview lengths) of r. and 74
as follows.

Case a) H,, Fixed-Preview Tracking:

In this case, it is assumed that at the current time ¢ (k77 <
t < (k+1)7), rc(s) is known for s < min(7, s+ h7) and at
the time k7, r4(¢) is known for ¢ < min(N, k + h), where
h is the preview length.

Case b) H, Tracking of Noncausal {r.(t) and r4(k)}:
In this case, the signals {r.(¢)} and {rq(k)} are assumed to
be known a priori for the whole time intervals ¢ € [07, T
and k € [0, N].

= JT(mOaua w7’r07rd)

In order to solve these problems, we formulate the fol-
lowing differential game problems for the system (1), the
performance indices (2) and (3).

The H, Tracking Problem by State Feedback:
Find {u*}, {w*} and z§ satisfying the following (saddle
point) condition:

JT(l‘07 U*a W, Te, Td)
S JT(J:37 U*v w*7 Te, Td)
S JT(£87 u? w*a rCa Td)
where the control strategies u*(k), 0 < k < N, are based
on the current state z(k) and the information Rgip, :=
{re(1);0 <1< s+ hr} and Rgyp := {rq(i);0 <i < k+h}
(0<h<N).

The H,, Tracking Problem by Output Feedback:
Find {u*}, {w*}, {w}}, {v*} and z{ satistying the follow-
ing (saddle point) condition:

*
JUT(.’E07U ,w7’lUd7U,’l”c,’l"d)
* ok * * ok
S JUT(.’EO,U , W 7U)d,’l) ,’I"c,’l"d)

* * * ok
S JUT(I'O,U77U 7wd7v arCard)

where the control strategies u*(k), 0 < k < N, are based
on the observable output y(k) and the information Rsip-
and Rpyp with 0 < h < N.

3. H,o TRACKING CONTROLLERS BY STATE
FEEDBACK

In this section we present the theory of H,, tracking with
preview by state feedback. We consider the system (1) and
assume the following standard conditions.

Al: D/12dD12d > 0, D/12d01d =0, D/12dD13d =0

Now we consider the following Riccati equation with jump
parts.

X+AX+XA+CC
1
+$XBlBiX =0, t#kr (4)

X (k™) — [ALX (kT)Agq + C14Cra — AL X (kT)B
xTy "(k)ByX (kT)Ad) = O, k=0,1,-- (5)
where Th(k) = D/12dD12d + BéX(kT)Bd.
We obtain the following saddle point strategy for our game

problem.

Proposition 3.1. ([7]) Consider the system (1) and the
performance index (2), and suppose Al. Then the H
Tracking Problem is solvable by State Feedback if
and only if there exists a matrix X (¢) > O satisfying the
conditions X (07) < v*R~! and X(T) = O such that the
Riccati equation (4)(5) holds over [0,7]. A saddle point
strategy is given by

x5 =R - X(0~
1
w = FB&(Xx—i—G)

)] 716(0)

u*(k) = ~T5 ' (k) By
X[ X (k7)(Agqx(kT) + Bsara(k)) + 0.(km7)].
0(t), t € [0,T1], satisfies

o(t) = ()
9()

where

N
Il

1
A+ 5BiBX,
i v

B

—(X B3 + C{D13),

a(k) = [I — BaTy ' (k) By X (k)] Aq,

Ba(k) = AyX (k7)[In — BaTy ' (k) By X (k7)] Bsa
+OidD13da

and 6.(t) is the ’causal’ part of §(-) at time ¢. This 6, is
the expected value of 6 over Ry and Ry, and given by

=

< tf
0.(j7) = Ag(5)0:(577) + Ba(j)ra(s), (7)
k<j<ky(kr <ty <(ky+1)7)
Oc(ty) =
where, for k77 <t < (k+ 1)T,
{tf:t—i—hT and ky =k+h if (k+h)7 <T
tr=T and ky=N if(k+h)T>T

Moreover, the value of the game is

Jr(xh, ut, w,re,rq)
N
Epg, {175 (k) By (k7)1 7,10 }
k=0
+Je(re)
=0(t) — 0.(t), t €[0,T],

+ Ja(ra) (8)
where 01(t)

N—-1 (k:"l‘l)T T

T =43 [ + /

k=0 1o+ Nt+t
+y72|| B0 + 20’ Byr. }ds, (9)
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Ja(ra) = v*Eg, {10(07)]%,}

N
+ZERk{—||T2—1<k>B;0<kT+

+rd( VB X (k7)[In — BaTy ' (k)B4 X (k7)]Bagra(k)
420 (k1) [In — Ty ' (k) By X (k7)]| Baara(k)}
and Py = [R™! — 472X (07)] !

W,k + 1D 1zara (k)|

(10)

4. H, TRACKING WITH PREVIEW BY OUTPUT
FEEDBACK

In this section, utilizing the result in the previous section,
we present the solution of the H,, tracking problems by
output feedback for the system (1) and the design method
of output feedback controllers for these problems. For the
system (1), we assume the following standard condition in
addition to Al.

AZZ B;Dgl - O

Introducing
a(k) = u(k) + Ty ' (k) B, [X (k1) Bagra(k) + 0(ktT)]
and

w=w—~""By(Xz +90),
and using the Riccati equation (4) with the jump parts (5)
and the terminal condition X (7T') = O, the performance
index J,r can be rewrite as

JUT(:EO7 ﬂv wv Wq, UV, Te, Td)
g (kDT T

Y [+ [ PEa el

k=0 7+ Nt

ZERk{||U

L) + T~ [l + 1)
B {llwo — ol 0} (1)

where Py = [R™! — 472X (07)]7! and &9 = 72 P0(0).
Therefore, our output feedback problem can be reduced
the problem to find the maximizing xg, w, wy and v, and
the minimizing @(k) for the performance index (11). Using
the above @(k) and w, we can rewrite the system dynamics
as follows.

)+ Ty (k) BX (k7) Aga (k)| (1) }

i = Az + Biw 4 T, t # k7, 2(0) = 20
x(k7+) = Aqx(kT) + Bau(k) + 74
where A = A+ L B1B{X, 7 = Byre+ 5 B1B{f and 7 =
Bsara(k)—ByTy ' (k) B4[X (kT)Baara(k)+60(kr)]. For this
system, we consider the following type of controller.

&= A%+, t # kr, £(0) = Zo

2(ktt) = Agi(kT) + Bati (k) + T (12)
+Laly(k) — Ca2], 2(0) = x5

Uy (k) = =Ty *(k) B, X (k1) Agi(kT)
+La[y(k) — Coi(kT)]

where L; and Lo are the controller gains to decide later,
using the solutions of the Riccati equations.

Let e := x — &, we get the error system

é = Ae+ Biw, t # kr, e(0) = o — &0
e(kt™) = (Ag — L1Cy)e(kT)

+[~L1Dy — L] [“’d} .

(13)

v
Now we define the estimated output as follows.
f(k) =Ty (k){a.(k) + Ty (k) ByX

= Ty (){(T3 ' (k) ByX (k) Ag

+LyCy)e(kr) + [LaDay Lo) {“jﬁ ]}

(k1) Aqx(kT)}

For the error system (13) with the estimated output
f(k), we consider the problem to find zg, w, v and wy
maximizing the performance index

‘]UT('r()’ Ia*a /Uj7 Wq, UV, Tc, Td)

N1 (k4+1)T T
> [+ [ pEad s
k=0

kTt Nt+t

I} = v*Eg, {llzo

N
+> Eg {lIf(k)
k=0

+Je(re) + Ja(ra) = 7* [llwall3 + 0ll3] . (14)

Note that this problem is equivalent to the problem to give
zg, w and wq. maximizing

- i‘OHfjofl}

(k4+1)T

Z/ / Ba, {7l }ds — 7 el
+ZERk{||

for the system

N2 = v Eg, {llzo — 530“?{1}

¢ = Ae + Biw, t # kT, e(0) = zo — &0
e(kr") = Age(k7) + Bawae
z(k) = C’e(kT) + Dwge,
Ay=Aq—LiCy, By=[-LiDn — Li],
C = T ()(T5 (W) ByX (k1) Aq + LoCs),

A~ 1

D =TZ (k)[LaDs1 Ls), wge = [“;d} .
Namely our problem can be reduced to the so called output
estimation (OE) problem on the standard Ho disturbance
attenuation theory. In order to solve this problem, we
consider the following Riccati equation with the jump
parts and the initial condition for it.

Q+AQ+QA+ %QBlBiQ =0, t#kr (15
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Qkr™) = AL,Q(kT)Aq + C'C
+RG(R)T () Ra(k), QO07) =Py
where Ry(k) = B,Q(km)A4 + D'C
and Ty(k) = v2Ip, 11— D' D — B,Q(kT) By, and we assume

(16)

Ta(k) > O. (17)
Then, using the Riccati equation(15)(16) and completing

the performance index (14) with respect to col(w},v"), we
have ([5],[6])

JUT(x07a*7w7wd7vv7nC7Td)
N1 (k+1)7 T
S / En (2@ — 72 BQe|}ds
k=0 kTt N+
L) + Tara) — € (T)QT)e(T)
N
—ZERk{||T;/2<k>[[wd} P (k) RalR)e(k)) ).
k=0

v

For w, wq, v and z( in the error system (13), let w =
- _ w w . -
0t = y7BQe, | = || = Tt (k) Ra(k)e(k),

xo = xf = &o. Then we get e(t) = 0 over [0,T], because
e(t) = 0 is an equibrium point of the error system (13) for

t € [0,T]. Therefore, since [fo] (k) =0, k € [0,N], the

estimated output

f(k) = Ce(kr) + D {ﬁ‘jd] (k) =0
for k € [0, N]. As a result, we get

JUT(xéa ﬂ*a ID*, wj;a U*, Tey Td) - Jc(rc) + Jd(rd)~
Now we adopt 4* = . as the optimal input minimizing
Jur for the worst case disturbance and the worst case
initial state and so

R — * ok
JUT(I'O,U,U) , Wy, U arCard)

N
=Y Eg {lla(k) + Ty (k) ByX (k1) Aaw(k7) |7, (1}
k=0

+Jc(rc) + Jd(’l’d)
Z jc(rc) + jd(rd)
= UT($S7 ﬂ*7 QI)*, 11)37 @*7 T,y Td)
because x§ = g, w* =0, wi =0, v* = 0 and e(t) =0
for ¢t € [0, T]. Moreover, using this optimal input @* = .,
the inequality

JUT(:EO7 ﬂ*7 wv Wq, UV, Te, Td)
N1 (k+1)7 T
k=0 kTt

Er {7’ —~"?BiQe|*}ds
Nt+
+Je(re) + Ja(ra) = le(D)I5

v

N
—ZERk{||T;/2<k>[[wd} P R Ra(k)e (]
k=0

S jc(rc) + jd(?"d)
= UT(xS,ﬁ*,zD*7w2,v*,rc,rd)
holds. By these inequalities, the following theorem, which

gives the solution of H,, tracking problem by output
feedback, holds.

Proposition 4.1. Consider the system (1) and the perfor-
mance index (3), and suppose A1 and A2. Then the H,
Tracking Problem is solvable by Output Feedback
if and only if there exist X(¢) > O and Q(t) > O
satisfying the conditions X (07) < y?*R~!, X(T) = O and
Q(07) = ~?P; ! such that the Riccati equations (4)(5),
(15)(16) and the condition (17) hold over [0,T]. A saddle
point strategy is given by

zg = [y*R™ = X (07)]716(0),
w = %Bi(Xx—l—G), wy =0, v* =0,

ug (k) = =Ty (k) By

X[ X (kT)(Aazc(kT) + Baara(k)) + 0.(k7T)]
+Loy(k) — Cozc(kT)]

where 6(t), t € [0,T] satisfies (6) and 6.(s), s € [t,¢ + h]
satisfies (7). Z.(t) is the ’causal’ part of (12) at time ¢. Z.
is the expected value of & over Rs; and Ry, but the actual
value Z.(t) is determined based on the information y(k),
Rsinr and Rpqp with 0 < h < N. Moreover, the value of
the game is

J’UT(xzk)v ’U,Z7 w*a w;» U*7 Te,y Td)
N
= Eg {75 (k) ByX (k7) Agdy (k)
k=0

+T5 (k) B0 (17 1y}
+jc(’rc) + jd ’I"d) (18)

(
where 61(t) = 0(t) — 0.(t), £1(¢t) = 2(t) — Z.(¢), t € [0,T],
Je(re) and Jy(rq) are given by (9) and (10).

(Proof)

Sufficiency: We have already described the sufficient condi-
tion for the solvability of the trackig problem. The optimal
input uX(k), k € [0, N] can be adopted using only the
causal parts 6. and Z. of 6 and Z, determined on-line based
on the information Rsypr, Ritrn and y(k), k € [0, N].
Necessity: On this game problem, the reference signals
{r¢()} and {rq4(-)} are arbitrary. Therefore, by considering
the case of r.(-) = 0 and r4(-) = 0, one can easily deduce

the necessity for the solvability of our game problem.
(Refer to [5][6] and etc.)(QED.)

Remark 4.1. J.(r.) and J4(rq), which mean the tracking
errors including the preview information vector 6, are
equal to zero, if 7. = 0, ry = 0 and 6(t) = 0 at all
t € [0,T]. Namely, in the case of neither inputting any
reference signals nor considering any preview information,
these tracking error terms are reduced to zero.

The saddle-point strategies are given by arbitrary {r.} and
{rq} and the jump parts (16) of the Riccati equation do
not depend on the coefficient matrices Bs, Bsgq, D13 and
Dq34 of the reference signals {r.} and {rq}. Therefore we
can decied the controller gains Ly and Ly by considering
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the case where {r.} and {rq} are identically zero. (See
([5][6]) for details.) Now let Z(t) = v2Q~1(¢) with Z (k) =
Y?Q (k™) and Z (k) = v2Q~!(k7) We consider the
following Riccati equation with jump parts.

Z=AZ+ZA + BBt +kr (19)
Z(k) = AaZ(k7) Al

—(RyzToz Raz) (k) + (FizVzFiz) (k)  (20)

Vz(k) > al for some a >0 (21)

Ray(k) = B, X (k7)Aq,
Tiz(k) = ¥2Im — Ty *Ro(k) Z(kT) R Ty 2 (),

ng(k) = Dglfjél + CQZ(kT)Cé,
Riz(k) =T, Ry (k) Z (k1) Al
Royz(k) = CoZ(kT) :17

Sy (k) = CoZ(kT)RyTy V2 (k),
) = [Tz + S5 T3, S7)(k),
k) = [Vz  (Riz = S5Ts5 Roz)|(K),
k) = —[Ts; (Raz + SzFi2)](k),
Dyy = [Day L.
Finally, utilizing this Riccati equation, we get the following
theorem.

Theorem 4.1. Consider the system (1) and the perfor-
mance index (3), and let v > 0 be a given scalar. Suppose
A1 and A2. Then each of the H,, Tracking Problems
is solvable by Output Feedback if and only if there
exist X (t) > O and Z(t) > O satistying (4)(5), (19)-
(21) over [0, 7] such that X (0) < v?R~!, X(T) = O and
Z(07) = Py. Then the following results hold using the
gains

Ly (k) = Ry, Ty, (),
La(k) = =Ty ' Ro(k) Z (k7)C4 Ty} (k).

Case a) A suitable control law for the H,, fixed-
preview tracking is given by

& = Af. + Biw} + Bsr,

Go(ktT) = Agdco(kT) + Bguo,q(k) + Bsara(k) (22)
+Li[y(k) — Caie(k)], 2c(0) = 5,
Uoa(k) = Kode(kT) 4+ Kpyra(k) + Ko (kT™T)
+Lo[y(k) — Cade(kT)]
where @} = ~72B(X#, + 0.), z, = [*R™' —

X (07)]716.(0). Moreover, the value of the performance in-
dex Jur (), Uo,a(k), w*, w}, v*,re,rq) coincides with (18).
Case b) A suitable control law for the H, tracking of
noncausal r¢(-) and rq(-) is given by

& = Aé + Byw* + Bsr., w* =~ 2B} (Xi+6)
#(k1T) = Ag2(kT) + Bauo (k) + Baara(k)
+La[y(k) — C22(k)], 2(0) = x5
Uo (k) = Kp@(kT) + Ky, ra(k) + Kof(kr™)

(23)

+LoJy(k) — Coz(kT)]

Moreover, since 6(t) = 0.(t) and Z(t) = Z.(¢t) for all
t € [0, 7], the value of the performance index
JvT(mEk), Uo,b, ’LU*, ’LU;;, U*, Te, Td) - Jc(rc) + Jd(rd)

5. INFINITE HORIZON CASE

Consider

& = Ax + Bou, t # kt, (0) = z9
(k) = Agz(kT) 4+ Baqua(k)
ze = Chx, t £kt
Zd(k) = C’ldx(lm') + D12dud(k‘)

Definition 5.1. (a) The system (24) (or ([A, A4],[Ba2, Bad)))
is said to be stabilizable if there exist matrices K and Ky
such that (A+ B2 K, Ag+ B2gK ) is exponentially stable.
(b) The system (24) (or ([C1,C1al,[4, Ag])) is said to be
detectable if there exist matrices J and Jy such that (A +
JCy, Ag + J4Chq) is exponentially stable.

(c) If (a) and (b) hold, the system (24)

(or ([A, A4],[Bz, B24),[C1,C14])) is said to be stabilizable
and detectable.

(24)

The sufficient and necessary conditions for the solvability
of the H, tracking problems in the finite horizon case are
the same as the ones for the solvability of the standard He
control problems and so we can obtain the convergence and
stability conditions for the H., tracking problems in the
infinite horizon case.

Now we consider the following conditions for the system
(1).

J1: ([A, A4, [B1,0],[C1,Ch4]) is stabilizable and de-
tectable.

J2: ([A, A4),[O, Baa], [0, C2q]) is stabilizable and de-
tectable.

Theorem 5.1. Consider the ststem (1) and the perfor-
mance index (3) with T — oo, and let v > 0 be a
given scalar. Suppose A1 and A2. Also suppose that R
is sufficiently small. Then each of the H,, Tracking
Problems is solvable by Output Feedback if and only
if there exist T-periodic stabilizing solutions X (¢) > O and
Z(t) > O satistying (4)(5), (19)-(21) over [0,T] such that
X(0) <v*R~Yand Z(07) = P,. Then the output feedback
controller for each case of the H,, tracking problems is
given by (22) and (23) respectively Now 6 and 6, are given

by

and

0c(57) = A3(7)0(47F) + Ba(j)ra(j),
k<j§kf (ka<tf< (kf+1)7’)
Gc(tf) =0

where, for k7t <t < (k+1)7, ty =t+h7 and ky = k+h.
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6. A NUMERICAL EXAMPLE
We consider the following numerical example.(cf.[1],[8])

iy = AZ, + Biw, + Boti, T € R* w, € R,
y(k) = Coz(k7) + Darwa(k) + v(k)

b [Sine (3] 52
Co=1[010],Dy =1[01]

where the control input @ is realized through a zero-order
hold i.e., a(t) = u(k), k7 < t < (k+ 1)1, and 7 is
a sampling period. The dynamics of this system can be
represented by the following linear system with impulsive
effects (or linear jump system).([5][6])

&= Ax + Byw, t # k7, z(0) = x9
(k%) = Aga(kT) + Bau(k), » € R* w € R}

where
0 10 100
A=|-1041|,4.=010],
0 00 000
B; = col(1,-1,0) and B; = ¢0l(0,0,1). Motivated by

the above jump system representation of the sampled-
data system, we consider the following jump system with
a feedforward term of the reference signal at the jump part
and introduce an objective function.

&= Ax 4+ Byw, t # k7, x(0) = xg
z(ktt) = Aga(k7) + Bau(k) + Baara(k)
za(k) = Craz(kT) + D12qu(k) + D1gara(k)
y(k) = Cozx(k7) + Daywqa(k) + v(k)

where

035150
701d:|: 0 0 Oila

0 —1.0
Di2g = [0.5] yD13g = { 0 ]

2. p—1
JdT(JfO,U,U),U)d,'U,Td) = -7 xOR Zo

=72 [llwll + [lwall3 + [|v]}3]

0.1
Bu— [ 0
0

N
+Y Ep {lIC1ax(k) = ra(k)|I* + 0.5 |[u(k)|*}
k=0
where N7 < T < (N + 1)1 and T is assumed to be very
large. By the term Bsgrq(k), the tracking performance can
be expected to be improve as similar to [1][8].

Let v = 20, 7 = 0.05 and we design a output feedback
law by which the function Jyp is minimized. We apply the
results of Hy, tracking for rq(k) = 2sin(2k) with various
step lengths of preview, and show the simulation results.
It is shown that increasing the preview steps form A = 0 to
h =3,6,9,12, improves the tracking performance. In fact,
the square values ||C142(k) + D13ara(k)||? of the tracking

6
=0
5,
h=3
4 h=6
@
2 h=9
[0
23
X
Q
o
}—
5 h=12
h=24
17 ‘\
h=36
o
0 2 4 6 8 10

Times|s]

Fig. 1. The error of tracking rq(k) = 2sin(2k) for various
preview lengths

errors are shown in Fig. 1 and it is clear the tracking error
decreases as increasing the preview steps by this figure.
For the preview length h = 24, the tracking performance
becomes better, and, for h = 36, finally, the tracking error
almost tends to zero except for a little vibration.
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