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Abstract

In this paper we propose a modified Morse’s dynamic
certainty equivalent (DyCE) adaptive controllers in the
continuous-time, single-input single-output linear time-
invariant plant for the purpose of improving the tran-
sient performance. In the new scheme the additive feed-
back loop through a fixed compensator, which means
non-adaptive one, is included. Furthermore a design
method for the fixed compensator is also given, and
performance analysis for the proposed DyCE adaptive
controller is examined in terms of the mean square
tracking error criterion and the L, tracking error
bound. According to the results of the paper the tran-
sient performance can be improved arbitrarily by the
properly designed fixed compensator. Finally a numer-
ical example is illustrated in order to show the effective-
ness of the proposed method.

1 Introduction

Recently much concern has been given to the dynamic
certainty equivalent {DyCE) adaptive controller pro-
posed by Morse [1]. Using the DyCE schemes, we
can assure the stability of the system without the er-
ror augmentation and tuning error normalization re-
quired in the traditional model reference adaptive con-
trol systems (MRACS) based on the certainty equiv-
alence (CE) principle. Since the error augmentation
and tuning error normalization may bring about unde-
sirable transient performance, the DyCE adaptive con-
trollers are considered to be ones of efficient schemes
to improve the transient performance.

Indeed performance analysis in DyCE schemes has
been studied, and the direct computable performance
bounds in terms of both the £5 and L. criteria were
given [2], [3]. However controller structures studied
so far were the samme as the traditional MRACS. For
the purpose of improving the transient performance
of adaptive systems, the modification of the controller
structure is also an efficient approach [5}-[7]. Hence by
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introducing the idea of the modified adaptive system to
the DyCE adaptive systems, still more excellent tran-
sient performance are expected. However this method
has been mainly applied to MRACS based on the CE
principle and the transient performance improvement
in DyCE adaptive controllers using the modification of
the controller structure has not been studied yet. In
[4] a fixed compensator was used for the DyCE adap-
tive controller. However the aim to adopt the fixed
compensator was the disturbance attenuation and the
robust stability in the presence of unmodeled dynam-
ics, and the design method of the fixed compensator
for transient performance improvement was not given.

Therefore in this paper we propose a modified Morse’s
dynamic certainty equivalent (DyCE) adaptive con-
trollers in the continuous-time, single-input single-
output linear time-invariant plant for the purpose of
improving the transient performance. In the new
scheme the additive feedback loop through a fixed com-
pensator, which means non-adaptive one, is included.
Furthermore a design method for the fixed compen-
sator is also given, and the performance analysis for
the proposed DyCE adaptive controller is examined in
terms of the mean square tracking error criterion and
the £, tracking error bound. According to the results
of the paper the transient performance can be improved
arbitrarily by the properly designed fixed compensator.

The following notations are used. ()7, |-, | - ll= 1| - |2
represent transpose, Euclid norm of vector, £ norm
and £ norm. When ||| is used for transfer function,
it represents Ho norm. || - |[p, represents peak gain,
namely £, norm of impulse responses. RH represents

the ring of proper stable rational functions.

2 Problem Statements

Consider the following single-input, single-ontput.
linear-time-invariant system

Ps) = g, 201 (2.1)

Yp(t) = Pls)u(t), B,(5)
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where y,(#) and u(t) are the measured output and input
respectively, and a,(s) and f,(s) are coprime monic
polynomials of degrees n and m respectively. The plant
is assumed to be strictly proper. In this paper we only
consider the plant for the casc of g, = 1.

Let the reference model is described as
ym(t) = Puls)r(t) (2.2)

where 7(t) and y,,(t) are the reference model input and
output respectively, and r(t) is a piecewise continuous
function of time.

The following assumptions are made for the plant and
the reference model.

(A.1) op(s) is a stable monic polynomial.
(A.2) The relative degree n*of P(s) is known.
(A.3) The upper bound on the order n is known.

(A.4) The relative degree of Pys(s) is greater than or
equal to that of the plant.

The control objective is to determine a differentiator
free controller so that all the signals in the closed-loop
system remain bounded and the tracking error tends
to zero asymptotically, namely

Jim e(t) = lim (y,(t) — ym(t)) = O. (2.3)

3 A Construction of DyCE Adaptive
Controller Including a Fixed Compensator

In this section we construct a proposed DyCE adap-
tive controller including a fixed compensator and the
stability of the system is proved.

Let the following exact model matching (EMM) con-
troller with the free parameter Q(s) € RH,, be intro-
duced [7].

u(t) = —0%w(t) + K(i)r(t)
— S — — TUJ Uu .
Q) {10lt) = 55 (Tt + ) ] ()
Q(s) € RH..

where w(t) is the state variable filter defined as

1

w(t):Ts) [s"u(t), -, u(t),s" y,(t), -‘,yp(t)]T

and # is the parameter vector of order 2n —1 so that the
control law (3.1) allows us to obtain an EMM system
[7]. K(s) is the feedforward compensator which belong
to RH such that the next equation is satisfied.

1
Pu(s) = ﬂ—m(s—)K(s)’ K(s)e RH,,. (3.2)

Such a K(s) exists because the assumption (A.2) are
made for the reference model Pp{s). The EMM con-
troller (3.1) has an optional compensator @Q(s), which
can be selected freely among the proper stable rational
transfer functions (RH ). In [7] replacing unknown
parameters of the EMM controller (3.1) with their es-
timates based on the CE principle and regarding the
free parameter Q(s) as a fixed compensator, MRACS
including a fixed compensator was constructed.

Based on the DyCE principle, in this paper, we con-
struct MRACS including a fixed compensator using the
EMM control law (3.1). In DyCE schemes high order
times derivatives of unknown parameters of the EMM
system are replaced with their estimates generated by
an appropriate high order estimator. In order to adopt
the DyCE principle we rewrite the EMM control law
(3.1) as follows.
u(t)=—£(s) (67¢(t)) + K(s)7(t)
-0 {0 OO N

_S+K,

where £(s) and (s + k) are the factors of 3,,(s), namely
Bm(s) = (s + K)E(s), k>0 (3.4)
and ¢(t) and v(t) are defined as
() = el®), v(0) = uld)
&(s) £(s)
Since £(s) is a dynamic operator in (3.3), we can obtain
a DyCE controller by replacing the parameter 6 with

their estimates 6(t). Thus the following control law can
be obtained.
w(t)=—£(s) (BT + K(s)r(t)
1 ~
~0(6) {un(®) ~ 1 (007 <o) + ) }.

(3.5)

The control law (3.5) is the DyCE adaptive controller

including a fixed compensator proposed in this paper.

Here Q(s) is a fixed compensator, and has the ability

to improve the transient performance. The detail of

how to design Q(s) will be given in the subsequent

section. The additive feedback loop through Q(s) is

the main difference hetween the proposed countrol law

and conventional ones [2], [3]. Indeed when Q(s) equals

to zero, the control law (3.5) turns to be equivalent to

the conventional ones.

The role of the dynamic operator £(s) is similar to the
conventional ones. Namely £(s) reduces the relative de-
gree of the transfer function involving the error equa-
tion. In fact the tracking error e(t) can be calculated in
the following way when the control law (3.5) is utilized.

1 . 1 JR,
() = (1= Qg ) [ cw)
+e(t) (3.6)
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where 6(t) is the parameter error vector defined as
6(t) = 6(t) — 6. (3.7)

and €(t) denotes an exponentially decaying term due
to the initial conditions in the plant and the controller
filters. As mentioned above, the relative degree of the

S 1 1 . .

transfer function ——— (1 - Q(s)————) in (3.6) is
s+K Bim(s)

one due to the dynamic operator £(s). However since

the transfer function may not be strictly positive real,

we introduce the filtered error é(t) defined as

o 1\
é(t) = — (1 - Q(S)ﬁm—(s)) e(t). (3.8)

Then the error equation (3.6) becomes

1

é(t):s+f£

(é(t)Tg(t)) + e(t). (3.9)

When the é(t) is regarded as the error signal, we can
see that the error equation (3.9) is strictly positive real,
and the obtained error equation (3.9) is similar to the
conventional one. Hence the similar high order estima-
tor to the conventional method [1]-[3] can be utilized.

w(l) = =GO, 1:(0) = £0)6:(0)
zi(t) = p(t) [Azi(t) + bui(t)]
zi(0) = —¢[0]A7"86;(0),
0:(t) = Tx(t), PP)=1+plK®Hf (3.10)
1
where ¢T) is a minimal realization of —, an
h (A4,b,ch) 1 lizat f&(s)’ d

Ci(t), 6:(t) is the i-th component of ¢(t) and 6(t) re-
spectively. u, v are positive constants. In fact the next
theorem on the stability of the system is satisfied.

Theorem 3.1 Consider the MRACS with the control
low (8.5) and the high order estimator (3.10) for the
unknown plant (2.1) except assumptions (A.1)-(A.3).
It is assumed that

n> T pa-tp) (3.11)
25
where Py is defined as follows.

Py £ Py + £[0)ec” (3.12)

where Py is the symmetric positive definite solution of
ATP, + PLA = —I, and ¢ = 2n — 1 is the order of
parameter vector 8. Furthermore Q(s) € RH oy 15 as-
sumed to be satisfied with such a condition.

1 -1
1—Qs—> € RH.,. 3.13
(1-e0irs o (319)

Under these conditions, all the signals of the closed loop

system are uniformly bounded, and the control objective

(2.3) is achieved.

Proof: At first in order to give the error model of
the high order estimator (3.10), we define

2 pi(t) + E0]ATI0;, i=1,---,q, (3.14)

5
=
s
[i> |

Using (3.15), we can rewrite (3.10) as
A(t) = =), i:(0) = £[0}6:(0)

Bi(t) = PO 1480 + b)),
5.(0) = —€0]A789,(0),
) = FE@, PO =1+ulOF . (316)

The next in order to show that the error model of the
estimator (3.16) has a positivity property, we consider
a quadratic function

Vi®] 2 x(6) k()
x® & [ETW, 570, m(), )]
A 1 A3
ma | o (3.17)
AT, Ap

where Ap, € RI —Dxa(n™=1)Ap € RI¥?, Ap, €
R« ~1)%¢ are block diagonal matrices with P; €
R?%4, P, € R and P; € RY respectively. And P,
P; are defined as

a1 T 4—Tp 41

= —+b ATTPIATD 3.18
P, £0] + 1 (3.18)
P 2 PA % (3.19)

Calculating the derivative of V[x(t)] evaluated along
the trajectories of (3.16), we obtain

V()] = -pz(t)ZIZi(t)F—271/1(t)é(t)

—2 i‘ z(t) T Po AT b (1)é(t)

i=1

< - Z ()] + 2vk|e(t)? — 2v(t)e(t) (3.20)

where k, 1(t) and z;(t) are defined as
2 Lyipayy) (3.21)
2u
p(t) = 6T (3.22)
L) B &) + AT b, (3.23)

Integrating (3.20) from O to t and rearranging, we can
derive

/; w(r)é(rydr < k/(: e(r)? dr
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= V] + 5o T(0)]
1 a4 q
- 27/ S im(rilPdr (3.24)
40

On the other hand. from the error equation (3.9). we
get

-t
/ v(r)e(r) dr = .l(‘«(f)"’ — =8(0)?
0 2

ot
—H;/
0

where €;(t) = (s + x)e(t).
(3.25) it follows that

. N =

t
Y dr — / é(r)e () dr (3.23)
Jo

Therefore from (3.24) and

-l v+ &
Y

5= SoleO)P

(3.26)

for all positive constants h. From (3.11) it follows that

x —k > 0. Hence there exists h sufficiently large
1

so that k — k — 5 > 0. Therefore we conclude that
L

¢
/ é(7)? dr and V[x(t)] is bounded, and we can ob-
0

tain that 8(t) and n* — 1 times derivative of the es-
timated parameter é(t) is bounded. This means that
we can extend the solutions of the error equation on
[0, o0). Hence it follows that é(t) € L,. Further-
more since (3.26) is satisfied for all ¢, it follows that
é(t) € L. Therefore from (3.8) and (3.13) we con-
clude that e(t) € L2 N L and y,(t) € Lo. On the
other hand, from the definition of {(¢) we obtain

C(t) = W (s)yp(t) (3.27)
where T (s) is defined as
1 .
W(s) & ———[P(s)"'s" 2 - P(s)™",
o1 2 gagage (PP
sih)t (3.28)

Since WW(s) € RH.., ((t) € L. From (3.6) and
8(t), C(t) € L. it follows that ¢(t) € £L,.. Hence from
e(t) € L4, it is concluded that ¢(t) converges to zero.

Finally we show the boundedness of control input u.
Noting that the boundeduness of y,,(¢). it follows from
the boundedness of é(t) that g,(¢) is bounded. Hence
C(t) is bounded from (3.27). Furthermore from (3.6)

and the boundedness of é(t) and ((t), it follows that
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é(t) is bounded. When the relative degree of the plant
is greater than or equal two. one of the reference model
becomes greater than or equal two. Hence §,(¢) is
bounded. and so jj,(t) is bounded. Since we can repeat
the similar discussion until the high order derivative of
ym(t) does not exist. the relative degree times deriva-
tive of y,(t) is bounded. Therefore noting that P(s)
is minimal phase. the inverse svstem from the relative
degree times derivative of y,(t) to input u(t) can be
described as a proper stable rational function. Hence
from the boundedness of high order derivative of y,(¢)
it follows that u(t) is bounded. Therefore we can show
the boundedness of all signal of the closed loop system.

]

4 The design method of the fixed compensator
and performance analysis

In this section we give the design method of the fixed
compensator for the performance improvement. Fur-
thermore we show that the transient performance can
be improved arbitrarily by using the proposed fixed
compensator in terms of the mean square tracking er-
ror criterion and the £, tracking error bound.

Using (3.6) the mean square tracking error can be eval-
uated by

/Ot e(r)dr

. (1 —Q(s)

S+ K
+[le()l]2

1
t
1

,Bm(s)

1
<

[ Gwren)’ar

(41)

)

and the £ norm of the tracking error is evaluated by

t
o

1 1 ~
Moo < f|—— (1 - §Tc(t “
Il < |3 (1- 05| foreo]
+e(t)]. (42)
Using the relation between || - {l,,, and Hx norm {10].
we get
1 1
— O(8) e
s 4+ K <1 2(5)))111(5)> I
< (2mp+1 ! 1(-)l (4.3)
- " ) s+ K L)(H '3111(5) o :
where my is the MeMillan degree of
1 1
1—-Q(s)—— . 4.4
L ( 20) S (s)) (4:4)

Therefore in -order to improve the transient perfor-
mance in terms of the mean square tracking error crite-
rion and the £ tracking error bound, we have only to



reduce the Mo uorm of (4.4) while (3.13) is satisfied.
As such a fixed compensator. i this paper. we propose
the nexr fixed compensator Qf <),
'jm,('s)

Qs) = ———>t—
&) (rs +7+1)"

T>0 (1.3)

where 7 is a positive constant.

Lemma 4.1 For given Qfs) in (4.5). 1 -~ Q(s)

3inls)

15 unimodular over RH o .

Proof:  From Q(s) defined in (4.5) it follows that
HQ - —
I 5) " (rs+7+1)" 1l
1
< o < 1. 4.6
- {r+ 1) (46)

Hence from Lemma 2.8 in [8] it follows that
1-Q(s)

1
——— is unimodular over RH . =
Bm(s)

From Lemma 4.1 (s) defined in (4.5) is satisfied with
{3.13). Therefore the condition of Theorem 3.1 is sat-
isfled and we can see that the control objective is
achieved using the fixed compensator (4.5). Further-
more the H.. norm of (4.4) can be evaluated as given
in the following Lemma by using the fixed compensator

(4.5).

Lemma 4.2 For given Q(s) in (4.5) there exists a
positive constant « which is independent of T such that

(1 -eong)]

Substituting Q(s) in (4.5) into (4.4) we get

1 1
s+ K (1 B Q(S),Bm(s)>

s+ & . |
T s+ k Z ((T~S+T+1)i>' (4.8)

=}

< Ta. (4.7)

(23]

Proof:

Noting that

1 H . |
YR < 1l,i=1,---,n", we
(Ts+ 74+ 1) |

can derive

1 1
P (1 — (J(VS)—,’S’,.,L(.S)) ”x <™

1
< 7n” max {1, —} (4.9)
K

s+1
S+ K

K

. . 1 -
Define o as n” max [1, — 1, then « is independent of 7
K

and (4.7) is satisfied. =

“

1 [ - 2
The next we show that —/ (Q(T‘)TC(T>) d+ and
t Jo

1) Crt)i. are bounded irrespective the value of
7. In order to show them. we prepare the following
Lemma.

Lemma 4.3 There exist positive constants Cp. Co.
Cs, Cy which are independent of 7 such that

Gl < Co Nt < C (4.10)
e < Gy Dl < €

Proof: We begin with the evaluation of ||{(¢}]| <.
Using (3.8). (3.27) and (3.28) we can obtain
C(t)=W (s)e(t) + W{s)ym(t)

. 1
=T (s) <1 - Q(s)m

Hence |{((t)]| can be evaluated as

) &(t) + W(8)ym(t).(4.11)

ol < [ (1-eei57s)| tel-
() g llym ()l (+.12)
Then using the relation between || - ||,4 and Ho norm

[10], we get

R
mm rg

T (s) (1 - Q(S),Bml(S)) Hoo

(2mg + D)n"||W(s)]| - (4.13)

IA

IA

where mg is the McMillan degree of

) 1
W(s) <1 - Q(s)—————@n(s))
Using (3.26) we get

e(t) < (0) + VAl + 1S Lgo) (10

Hence from (4.12). (4.13) and (4.14), we get

IC(E s < e1l6(0)] + d (4.15)
where
e = (2me+ Dn ()l —{4(1]— (4.16)
dy = (2ma+ Ly |IT(: )|1x<e(0)+ﬁ;|e(t)||3)

+||U'(S)||1Jg|1il/m(f)||x (4'17)

Define C as (:ﬂé(O)[ +dy, then Cy is independent of 7,
and (4.10) is satisfied.
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The next we show that 6 belong to £o. From (3.16) we
can derive

BwE = I

q

= Z | P2 (4) A(Ei(t) + A7 b (1))
< ﬂ4<t>[cTA|QZ|zi(t)F. (4.18)

Hence it follows that

uémnj < J / - ﬂz(t)!cTAlilzi(t)l? dt

oo 9
< np2<t>noo|cTA|J / S s dr. (419)

From (3.26) we get

J/Ooo z::lZi(t”z dt

< VEO1I(0)] + v72(0) + v vhller (&) l2- (4.20)

And from the definition of p%(t) and (4.15) and the
evaluation of ||((¢)||x, we get

12Ol <14 (alBO)]+d) . (121)

Therefore it follows from (4.19), (4.20) and (4.21) that
6 € L, and we can get

01 < {1+n(aldo]+a) i

x (VEBIBO) + VAle(0)] + Rl (O] ) (4:22)

Define C; as the right-hand side of (4.22), then C; is
independent of 7 and (4.10) is satisfied.

The next we show the evaluation of ||f(t)||os. From
(3.26) we get
t
Vix(t)] < vé(0)? + wh/ e1(7)? dr + £[0]|6(0)]2.
0
(4.23)
On the other hand, from the definition of V[x(¢}] in
(3.17), we get
/\min[H] A

RE 67 < A < V(0] (4.24)

where Auin[-] represets the minimal eigenvalue. Define
C'5 as

1l (Ve + VARl ()]l + ED]A)])

>‘min (H}

then we get [|6(2)]les < Cs. Since Cj is independent of
7, (4.10) is satisfied.

Finally we evaluate “((I)l]oo Using (3.9) and (4.11) we
get

{0 = W) (1- Q)5 ) 07w
+W{(s)e(t) + W(s)gm(2t). (4.26)
Hence using (4.13), |[{(t)]lec < Cy and 18]l < Cs,

we can evaluate ||((t)]lo as
Ol
< |werri (1- 05| T
HIW () g €O+ 19 (3) s i (1)
< (2ms + DI (5) oo =G s + W ()l l10) o
HIW ()l (6] (427)

where mg is the McMillan degree of

W(s)s%€ (1 - Q(S)E;l(—sj).

Define the right-hand side of (4.27) as Cy, then Cj is
independent of 7 and (4.10) is satisfied. ]

Using Lemma 4.3 we can give the evaluation of

%/0 (§<T>Tc<f>)2 dr and [0(t)7¢(t)]]o-

Lemma 4.4 There exist positive constants Cs, Cg,
Cr which are independent of T such that

A

%/0 (#6ry7cm) ar < GosvCa a29)

16(6)T¢(B)llee < Cr. (4.29)

Proof: From (3.9) we get

é(t) = /O e~ MG C(r)dT + €(t)

= e /Ot e TO(T)T¢(T)dT + €(t). (4.30)

Integrating / e""O(7) C(7)dr by part, we get
Jo

/01 ()T ()T

B [3,,»-7(;(7)7*4(7)] ; ) /0 Lo (67 et ar

I dr
= BT - 2(0)7¢(0)
1 U .
- /U = (9(7)7 c(r)) dr. (4.31)



Hence it follows that

A = BTG — e B(0)7C0)

®

1 /: ) (é(r)Tc(T)) dr. + e(t)(4.32)

K dr

Rearranging (4.32), we get
6(0)C(t) = we(t) + e ™6(0)7¢(0)
_|_/O4 e—m(t~7’)% (é(T)YC(T)) dr + &6(t).(4.33)

Therefore we can derive

/O (6(r)T¢(r))dr

< wle@lE +18(0)7¢0) P e 3

+lle=")2 /0 t (% (é(T)Tg(T))) dr
+xlle(t)]]2- (4.34)

Here we used Theorem 6.75 in [11]. Using Lemma 4.3,
we get

[ (5 (é(ﬂ%m))z ar
< [ (o) s [ (o07ew) ar

< e, 10 + ¢ o]
< CiC3 +tC35C3. (4.35)

And from (3.26) we get

le(®)ll2 < e210(0)[ + da (4.36)

where

tapes

c o () e

N - <th M3 + 3 e(o>>  (a9)

o

K—k*g

Hence from (4.34), (4.35) and (4.36) it follows that

/0 (6(r)T¢(r))dr

< &(6219(0)! i)+ DO C(0)
(CZC2 +tCECT) + wlle(t)]]2. (4.39)

Therefore deﬁmng Cs and Cy as

G = K(621t’9<0>|+d2>2+ii§(o>"‘<<o)l2
FLERCE et (4.40)
Co = %cgc;f (4.41)

we can show that (4.28) is satisfied. On the other hand
from Lemma, 4.3 defining C7 = C,C3, we can show that
(4.29) is satisfied. a

Using Lemmas obtained so far, we can evaluate the
mean square tracking error criterion and the £, track-
ing error bound for the proposed DyCE MRACS.

Theorem 4.1 Given MRACS which consists of the
control law (3.5), the high order estimator (3.10) and
the fized compensator ({.5), there exist positive con-
stants Cs, Cs and C; which is independent of 7 such
that

%/0 e(T)?dr < Ta (-}Cs + C’6> + ||e(t)]l2  (4.42)
le(®)loo < Te(2m; 4+ 1)Cr + le(t)] (4.43)

Proof: It is clear from (4.1), (4.2), (4.3), Lemma 4.2
and Lemma 4.4. n

From Theorem 4.1 we can see that transient perfor-
mance can be improved arbitrarily in terms of the mean
square tracking error criterion and the L, tracking er-
ror bound except influences of exponentially decaying
term due to the initial condition of the system.

5 Numerical Example

In this section a numerical example of the proposed
DyCE adaptive controller is shown in order to illus-
trate the effectiveness of the proposed design method
of the fixed compensator. Single-input single-output
plant with the transfer function

P(s) = (5.1)

is studied. The plant is assumed to be unknown except
for the following a prior? information.

1) The highest frequency gain g, is known(g, = 1).
2) The maximal system order n is known(n = 2).
3) The plant is minimum phase.
The control objective is to follow the reference model
1

Pu(s)y = T
A[( ) (S T 1)2
nals are assured. The reference signal is sinusoidal
wave with period of 27 and amplitude of 1, that is,
r(t) = sint. The characteristic polynomial of the re-
gressor vector is A(s) = (s + 2) and one of the second
filter is £(s) = s+ 1. k =1 and v = 10 and p = 50 is
selected. p = 50 is satisfied with the condition (3.11).

All the initial condition of the states and the initial
value of the control parameter are assumed to be zero.

and the boundedness of all the sig-
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The simulation results of DvCE adaptive svstems both
without and with the fixed compensator are given in
Figure 1 and Figure 2. In Figure 2 7 is selected as
7 = 0.005. The solid line and the dashed line repre-
sent the plant output and the reference model output
respectively.

Figure 1: Plant output(solid line) and reference model
output(dashed line) of DyCE adaptive control
system without a fixed compensator
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Figure 2: Plant output(solid line) and reference model
output{dashed line) of DyCE adaptive control
system with a fixed compensator (7 = 0.005)

From Figure 1 and Figure 2, it follows that the tran-
sient performance can be improved according as the
value of 7 which is the design parameter of the fixed
compensator tends to be small.

6 Concluding Remarks

In this paper we have proposed the modified Morse’s
DyCE adaptive controller in order to improve the tran-
sient performance. In the new scheme the additive
feedback loop through a fixed compensator is included.
The design method of the fixed compensator for the
purpose of improving the transient performance is also
given. Furthermore we show that the transient perfor-
mance can be improved arbitrarily in terms of the mean

square tracking error criterion and the £ tracking er-
ror bound by the properly designed fixed compensator.

Essentially the transient performance improvement in
the proposed method is achieved by high gain feedback.
Hence the mechanism of the performance improvement
is similar to ones in the modified MIRACS based on the
CE principle [5]-[7]. However due to the DyCE princi-
ple. the computable performance bounds of the track-
ing error can be obtained, which was not given based
on the CE principle. As a future work, the effect of un-
modeled dynamics on the proposed MRACS remains
to be studied.
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