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Consider systems in the form of

#(t) = A()z(t) + B(t)z(t — 1) + B(t)0 (1a)
y(t) = C(t)z(t) + D)z (t — 1) (1b)

where 6 is an unknown constant vector. The matrices A(t), B(t), C(t), D(t), ®(t) are known, bounded
and piecewise continuous. The delay 7 is known.

Remark: ®(¢)f can be generalized to ®q(t)0; + Po(t — 7)0: let B(t) = [P1(¢) Po(t — 7)] and
67 = [0T 67] so that ®(t)0 = ®,(t)0; + Po(t — 7)02. More generally, it is possible to consider

@(t)e — (I)l(t - T1>91 + te + (I)m<t - Tm)erm

provided the delays are all known.

Assumption 1. In the particular case ®(¢)0 = 0, a state observer is available in the form of
Zo(t) = A(t)3o(t) + B(t)do(t — 7) + L(B)[y(t) — C(t)do(t) — D(t)&o(t — 7)), (2)

or in other words, the error dynamics

() = [A(t) — LOCE() + [BE) — LE)D@In(t — 7). 3)
is such that
t£+moo77( ) =0 exponentially. (4)
U
The adaptive observer for system (1):
T(t) = [A(t) = LOCHIT() + [B(E) — LODOIT(t 1) + (1) (5a)
&(t) = A(t)2 (t) + Bl)a(t — ) + S(t)¢ (1) + L(D)[y(t) = C(£)2(t) + D(t)2(t — 7)]
| T()8(t) + [B(t) — LIE)DO]Y(t = 7)[0(t) — 0(t —7)] (5b)
0(t) = TICY(8) + DT (= 7] {y(t) — CO() + D)t — 7)=DOT (¢~ 7)0(t) — 0t - 7))}

where I is either a constant positive definite matrix or a recursively computed time varying matrix.
The red terms are unusual. They will be helpful for error dynamics analysis.

Define the estimation errors:



Then (recall that 6 is a constant vector)

(t) = A()F(t) + Bt)T(t — 7) + d()0 — L(H)C)E(t) — L) DH)i(t — 7)
+Y(B)0(1) + [B(t) - LODO]T(t — 7)[6(t) — (t —7)]. (8)
Now define
n(t) £ (1) — Y()0(t) (9)
then

0(t) = [A(t) = LOC@)In(t) + [B(t) — L) D(E)]n(t — 7)
+[A(t) = LO)COT(16(t) + [B(t) — LD (t — 7)8(t —7)

+@(1)0(t) + T(HI(1)

+[B(t) = L)D@)]T(t — 7)[0(t) — 6t —7)]

~ T - T(o). (10)
In this last equation, the first occurence of [B(t) — L(t)D(¢t)| Y (t — 7)0(t — 7) cancels out with a later
term, so does T(t)A(t). Hence

(t) = [A(t) = LOC@)n(t) + [B(t) — L) D()n(t —7) )
+{[A(t) = LOCO)L () + [B(t) — L) D@ T(t — 7) + () — T(1)}0(1), (11)

which is then simplified, by taking into account (5a), to

(1) = [A(t) = LOCD)n(t) + [B(1) = L) D@)]n(t — 7). (12)
According to Assumption 1, n(t) — 0.

Now consider the error dynamics 6(t). It follows from (5¢) that

dt) = ~TICET(E) + DT — 7] {CWFE) + DO~ 7) ~ DOt~ 7)[0(0) — bt — )]}
(13)
= —T[CHY(t) + DAY (t — )" [C(t)n(t) + D(t)n(t — 7)]
~T[CH)Y#) +DOY(t - 7)]" {C(f)T( )0(t) + D)X (¢ =)0t — ) + D) (t — 7)[A(t) — O(t — T)]}
= =T[CH)Y(t) + DO)Y(t = )" [C(e)n(t) + D(t)n(t — 7))
—T[CH)Y(t)+ DYt —)TCH)Y(t) + DE)Y(t —71)]0(t). (14)
The homogeneous part of this error dynamics (corresponding to n(t) = 0) is stable under the

following assumption.
Assumption 2. There exist 7' > 0 and « > 0 such that, for all ¢ > #,

/t i [C(s)Y(s) + D(s)Y(s — 7)][C(5)Y(s) + D(s)Y(s — 7)]'ds > al. (15)

The remaining analysis is then similar to already published cases.
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