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Learning identification of a class of
stochastic time-varying systems with colored noise
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Abstract: This paper presents a learning identification method for repetitive systems with time-varying parametric
uncertainties. The least squares learning algorithm is derived on the basis of repetitive operations over a pre-specified finite
time interval. Sufficient conditions for establishing repetitive consistency of the learning algorithm are given, including
the persistent excitation condition and the strictly positive real condition. It is shown that the estimates converge to the
time-varying values of the parameters, and the complete estimation can be achieved. The learning identification method is
also shown to be applicable to periodically time-varying systems. Numerical simulations are presented to demonstrate the

effectiveness of the proposed learning algorithms.
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a(t)] ;i bt +iN)P (¢t +iN) < BH), as.,

(49)
Xa(t), B(t) > 0.

Amin [Pt + EN) AP (t + EN) R85 /M HEAE.
N iZdg R, SR A 2 B T BORI BT sk A3 1)
e J I HEF LI, SO S S I 1
eSO M 718, o W2 ) BV e S e Al ok
FIEEEAE . A BRIX ) LR AR RGN, %
TV B 2 DA B
5 ﬁ{ﬁ & B (Numerical results)

— S R A, A 2 ST R A T
?Kbi‘%é}i*ﬁ}f}i&ﬁ’ﬂ it BIE, RS NIAAT IR
DX [A] I AR 2R 45
yr(t+1) + ar(D)ye(t) + a2( Jyr(t — 1) =
by (t)ur(t) + ba(B)ur(t — 1) + v (t + 1) +
dyvi(t) + davg(t — 1),

Horp:
ai(t) = —1.5 4 0.2sin(7t/40),

as(t) = 0.7+ 4.5sin(¢/10)(1/(t% + 3)),

bi(t) = 0.6 + 0.2yt + 1(sin(nt/20) + 30),
ba(t) = 0.5+ 0.1sin(27t/N),
dl = 045, d2 = —0.35.

fliEH, N = 500. %+t =0,1,2,--- N, k =
0,1,2,- -+, up(t)BAE M [-0.5, 05]Lﬁﬁi@’j AT
BEHLAE 5, we(t) = 0.0lrandn. 1X 5, randny it A
(0, 1) 1E 25 73 A [0 BEALAR = 10 7= A i 8. Ed /b —
e 2] RS (D, WEYMEP_, () = 1056,
0_.(t) = (0,0,0,0,0,0)T. } T HEWSERE, & X

Jo = max [ex(t)],

ex(t) = yi(t) — o ()01 (1),
ok = = Jnax lai(t) — aix(t)],
IS Orga\%lb (t) = bis(t)],
Jdi k= max |d1( ) — Cilk(t)’, 1= 1,2

0<
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NI RS RN AR R 4
y(t + kN + 1) + a1 (t + EN)y(t + kN) +
az(t+ kN)y(t+ kN —1) =
b1 (t+kN)u(t+kN)+ba(t+kN)u(t+kN — 1)+
v(t+EN+1)+div(t+EkN)+dov(t+kN—1),
e
a1(t+kN)=1+0.3sin(2x(t + kN)/N1),

0, t€ Ay,
CQ(t—l—k‘N) =
1, t € As,

1
Hrp: Ay = [kN +noNg, kN + (n2+§)N2L Ay =

1
(kN + (ng2 + 5)]\72, EN + (n2 + 1)Na),

.ot teB
bi(t+ kN) = 4 00 € 51,
7.5 —0.25t, t € B,
1
Hr: By = [kN+n3N3,kN+ (ng+ g)Ng], By =

1
(kN + (713 + g)Ng, kN + (TL3 + 1)N3),
ba(t + kN) = 0.5+ 0.3sin(27(t + kN)/Ny),

AN I A% JE 2 B ) B /N A A BUVE S RGN,
AFIN = 60,t =0,1,--- ,N — 1. EE XKLk =
0,1,2,---,n; = (0,1, % —1)(j = 1,2,3,4),
w(t + RNV (0.5, 0.5] - M348 40 A KO B L
A, v(t + kN) = 0.0lrandn. X H, randn 4 Ik A
(0, 1) 1E 2573 A It BEALAZ 5 19 7 AR eR 4. 78 de /)
TIRE ML) (13, W EYMEP(t — N) =
10856, 0(t — N) = (0,0,0,0,0,0)T. T % Al
SR, & XJy, = [Jnax le(t + kN)|, Hre(t +

kN) = y(t + kN) — ¢T(t + kN)O(t + (k — 1)N).
E X
Jaip = max  ai(t +kN) = ai(t + kN)J,

0\\

k= : N) — b; N
o = Iax [bi(t +EN) = bi(t +EN)],
Jdi’k:0<ﬁe}\}f_1 ‘dz(t-l-k‘N)—dz(t-i-k‘N)‘, 1=1,2.
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