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Learning identification of a class of
stochastic time-varying systems with colored noise

SUN Ming-xuan, BI Hong-bo, CHEN Bai-xia, HE Hai-gang
(College of Information Engineering, Zhejiang University of Technology, Hangzhou Zhejiang 310023, China)

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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, θk(t) = θk−1(t), t ∈ {0, 1, 2 · · · , N},

k = 0, 1, 2 · · · . 1 .
, .

( N ), , θ(t′) = θ(t′−N).
. N

θ(t′), t′ = t + kN , t = 0, 1, 2, · · · , N −
1, k = 0, 1, 2, · · · , θ(t′) = θk(t).
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Fig. 2 Periodically time-varying parameters
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3 ARMAX (Time-
varying ARMAX model and learning identi-
fication algorithm)

3.1 ARMAX
(Time-varying ARMAX model and learn-

ing identification algorithm over finite interval)
ARMAX :

A(q−1, t)yk(t) = B(q−1, t)uk(t) + wk(t), (1)

: uk(t) yk(t) ,
wk(t) , A(q−1, t) B(q−1, t)

q−1 ,

A(q−1, t)=1+a1(t)q−1+a2(t)q−2+· · ·+ana(t)q
−na,

B(q−1, t)=b1(t)q−1+b2(t)q−2+· · ·+bnb(t)q
−nb ,

a1(t), · · · , ana(t) b1(t), · · · , bnb(t)
.

wk(t)
,

wk(t) = D(q−1)vk(t),

:

D(q−1) = 1 + d1q
−1 + d2q

−2 + · · · + dndq
−nd ,

d1, d2, · · · , dnd , vk(t) .

A(q−1, t), B(q−1, t) D(q−1)
, ,

.

, (1)
:

yk(t) = φT
k (t)θ(t) + vk(t), (2)

:

φk(t) = (−yk(t−1),−yk(t−2), · · · ,−yk(t−na),

uk(t − 1), uk(t − 2), · · · , uk(t − nb),

vk(t − 1), vk(t − 2), · · · , vk(t − nd))T,

θ(t) = (a1(t), a2(t), · · · , ana(t), b1(t), b2(t),

· · · , bnb(t), d1, d2, · · · , dnd)
T.

φk(t) vk(t − i)(i = 1, 2, · · · , nd)
, v̂k(t− i)(i = 1, 2, · · · , nd)
.

yk(t) = φ̂T
k (t)θ̂(t) + v̂k(t), (3)

:

φ̂k(t) = (−yk(t−1),−yk(t−2), · · · ,−yk(t−na),

uk(t − 1), uk(t − 2), · · · , uk(t − nb),

v̂k(t − 1), v̂k(t − 2), · · · , v̂k(t − nd))T,

θ̂(t) = (â1(t), â2(t), · · · , âna(t), b̂1(t), b̂2(t),

· · · , b̂nb(t), d̂1, d̂2, · · · , d̂nd)
T.

,
1 k {yi(t),

φi(t), 0 � t � N, i = 0, 1, · · · , k}.
t ∈ {0, 1, · · · , N}, :

Jk(θ̂k(t), t) =
k∑

i=1

[yi(t) − φ̂T
i (t)θ̂i(t)]2, (4)

:

θ̂k(t) = θ̂k−1(t) + Lk(t)ek(t), (5)

Lk(t) =
Pk−1(t)φ̂k(t)

1 + φ̂T
k (t)Pk−1(t)φ̂k(t)

, (6)

Pk(t) = [I − Lk(t)φ̂T
k (t)]Pk−1(t), (7)

: P−1
k (t) = P−1

0 (t) +
k∑

i=1

φ̂i(t)φ̂T
i (t), ek(t) =

yk(t) − φ̂T
k (t)θ̂k−1(t) , (5) (7)

. :

1 t = 0, 1, · · · , N ,
θ̂0(t)=0 P0(t) , k=1.

2 k ,
uk(t), yk(t).

3 φ̂k(t) ek(t).

4 (5) θ̂k(t).

5 (7) Pk(t).

6 (3) v̂k(t).

7 .
; k = k + 1, 1.

3.2 ARMAX
(Periodically time-varying ARMAX model and
learning identification algorithm)

,
N , t+kN , t = 0, 1, · · · , N−

1, k = 1, 2, · · · . θ(t + kN) = θ(t +
(k − 1)N). ,

N , t = 0, 1, · · · , N ,
k = 1, 2, · · · . ,

θ(kN) = θ((k − 1)N).

ARMAX :

y(t+kN)=φT(t+kN)θ(t+kN) +v(t+kN), (8)

φ(t + kN) =

(−y(t + kN − 1),−y(t + kN − 2), · · · ,
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− y(t+kN−na), u(t+kN−1), u(t+kN−2),

· · · , u(t + kN − nb), v(t + kN − 1),

v(t + kN − 2), · · · , v(t + kN − nd))T.

v(t + kN − i)(i = 1, 2, · · · , nd)
, v̂(t + kN − i) .

y(t+kN)= φ̂T(t+kN)θ̂(t+kN)+v̂(t+kN). (9)

,
t ∈ {0, 1, · · · , N − 1}, :

J(θ̂(t + kN), t + kN) =
k∑

i=1

[y(t + iN) − φ̂T(t + iN)θ̂(t + iN)]2. (10)

:

θ̂(t + kN) =

θ̂(t + (k − 1)N) + L(t + kN)e(t + kN), (11)

L(t + kN) =

P (t + (k − 1)N)φ̂(t + kN)

1 + φ̂T(t + kN)P (t + (k − 1)N)φ̂(t + kN)
, (12)

P (t + kN) =

[I − L(t + kN)φ̂T(t + kN)]P (t + (k − 1)N).

(13)

:

1 θ̂(t) = 0, P (t).
, t = 0, 1, · · · , N − 1, k = 1.

2 k , u(t +
kN), y(t + kN).

3 φ(t + kN) e(t + kN).

4 (11) θ̂(t + kN).

5 (13) P (t + kN).

6 (9) v̂(t + kN).

7 ,
; k = k + 1, 1.

4 (Convergence analysis)

, .
, ,

, , t ∈ {0, 1, 2, · · · , N},

lim
k→∞

θ̂k(t) = θ(t), a.s.. (14)

, t ∈ {0, 1, 2,

· · · , N − 1},

lim
k→∞

θ̂(t + kN) = θ(t), a.s., (15)

, θ(t + kN) = θ(t), k .

4.1
(Convergence analysis of iterative learning least
squares algorithm)

t ∈ {0, 1, · · · , N}, Fk(t)
k σ

. ,
.

1 vk(t)

E[vk(t)|Fk−1(t)] = 0, a.s.. (16)

2 t σv(t)

E[v2
k(t)|Fk−1(t)] � σ2

v(t), a.s.. (17)

3 k0, k � k0 ,
:

α(t)I � 1
k

k∑
i=1

φi(t)φT
i (t) � β(t)I, a.s., (18)

α(t), β(t) > 0.

4
1

D(q−1)
− 1

2
.

1 k0, |P−1
k0−1(t)| > 1

,

k∑
i=k0

|P−1
i (t)| − |P−1

i−1(t)|
|P−1

i (t)|(ln |P−1
i (t)|)δ(t)

< ∞, (19)

: δ(t) > 1, |(·)| (·) .

k � k0,

k∑
i=k0

|P−1
i (t)| − |P−1

i−1(t)|
|P−1

i (t)|(ln |P−1
i (t)|)δ(t)

�
� |P−1

k (t)|

|P−1
k0−1(t)|

dx

x(lnx)δ(t)
=

−1
δ(t) − 1

· 1
(lnx)δ(t)−1

∣∣|P−1
k (t)|

|P−1
k0−1(t)|

=

1
δ(t) − 1

[
1

(ln |P−1
k0−1(t)|)δ(t)−1

−
1

(ln |P−1
k (t)|)δ(t)−1

] �

1
δ(t) − 1

1
(ln |P−1

k0−1(t)|)δ(t)−1
.

ln |P−1
k0−1(t)| > 0 , (19). .

1 1−4 , (5)−(7)

‖θ̃k(t)‖ = O(

√√√√√
t∑

i=0

Ak(i)

λmin[P−1
k (t)]

), a.s., (20)

: Ak(i) = (ln |P−1
k (i)|)δ(i), θ̃k(t) = θ̂k(t) −

θ(t), λmin[P−1
k (t)] P−1

k (t) .
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yk(t) = φT
k (t)θ(t) + vk(t) =

φ̂T
k (t)θ̂k(t) + v̂k(t). (21)

ŷk(t) = φ̂T
k (t)θ̂k−1(t),

ek(t) = yk(t) − φ̂T
k (t)θ̂k−1(t),

v̂k(t) = yk(t) − φ̂T
k (t)θ̂k(t).

v̂k(t) = yk(t) − φ̂T
k (t)θ̂k(t) =

yk(t) − ŷk(t) + ŷk(t) − φ̂T
k (t)θ̂k(t) =

ek(t) + φ̂T
k (t)(θ̂k−1(t) − θ̂k(t)) =

ek(t) − φ̂T
k (t)Pk(t)φ̂k(t)ek(t) =

(1 − φ̂T
k (t)Pk(t)φ̂k(t))ek(t). (22)

Pk(t)

1 − φ̂T
k (t)Pk(t)φ̂k(t) =

1

1 + φ̂T
k (t)Pk−1(t)φ̂k(t)

.

(23)

v̂k(t) =
1

1 + φ̂T
k (t)Pk−1(t)φ̂k(t)

ek(t). (24)

θ̃k(t) = θ̃k−1(t) + Pk(t)φ̂k(t)ek(t) =

θ̃k−1(t) + Pk−1(t)φ̂k(t)v̂k(t), (25)

P−1
k−1(t)θ̃k(t) =

P−1
k−1(t)θ̃k−1(t) + φ̂k(t)v̂k(t), (26)

θ̃T
k−1(t)P

−1
k−1(t)θ̃k(t) =

θ̃T
k−1(t)P

−1
k−1(t)θ̃k−1(t) + θ̃T

k−1(t)φ̂k(t)v̂k(t),

(27)

, (27) 2

θ̃T
k−1(t)φ̂k(t)v̂k(t) =

[θ̃k(t) − Pk−1(t)φ̂k(t)v̂k(t)]Tφ̂k(t)v̂k(t) =

θ̃T
k (t)φ̂k(t)v̂k(t) − φ̂T

k (t)Pk−1(t)φ̂k(t)v̂2
k(t),

(28)

(27)

θ̃T
k−1(t)P

−1
k−1(t)θ̃k(t) =

[θ̃k(t) − Pk−1(t)φ̂k(t)v̂k(t)]TP−1
k−1(t)θ̃k(t) =

θ̃T
k (t)P−1

k−1(t)θ̃k(t) − v̂k(t)φ̂T
k (t)θ̃k(t) =

θ̃T
k (t)[P−1

k (t) − φ̂k(t)φ̂T
k (t)]θ̃k(t) −

v̂k(t)φ̂T
k (t)θ̃k(t) =

θ̃T
k (t)P−1

k (t)θ̃k(t) − θ̃T
k (t)φ̂k(t)φ̂T

k (t)θ̃k(t) −
v̂k(t)φ̂T

k (t)θ̃k(t). (29)

μk(t) = −φ̂T
k (t)θ̃k(t). 1

θ̃T
k (t)P−1

k (t)θ̃k(t) =

θ̃T
k−1(t)P

−1
k−1(t)θ̃k−1(t) +

θ̃T
k (t)φ̂k(t)φ̂T

k (t)θ̃k(t) + v̂k(t)φ̂T
k (t)θ̃k(t) +

θ̃T
k (t)φ̂k(t)v̂k(t) − φ̂T

k (t)Pk−1(t)φ̂k(t)v̂2
k(t) =

θ̃T
k−1(t)Pk−1(t)θ̃k−1(t) + μ2

k(t) − v̂k(t)μk(t) −
μk(t)v̂k(t) − φ̂T

k (t)P−1
k−1(t)φ̂k(t)v̂2

k(t) �
θ̃T

k−1(t)P
−1
k−1(t)θ̃k−1(t) + μ2

k(t) − 2v̂k(t)μk(t).

(30)

Vk = θ̃T
k (t)P−1

k (t)θ̃k(t). (31)

Vk(t) � Vk−1(t) + μ2
k(t) − 2[v̂k(t) −

vk(t)]μk(t) − 2vk(t)μk(t), (32)

, 4

−μk(t) = θ̃T
k (t)φ̂k(t) =

[θ̃k−1(t) + Pk−1(t)φ̂k(t)v̂k(t)]Tφ̂k(t) =

θ̃T
k−1(t)φ̂k(t) + φ̂T

k (t)Pk−1(t)φ̂k(t)v̂k(t) =

θ̃T
k−1(t)φ̂k(t) + φ̂T

k (t)Pk−1(t)φ̂k(t)[v̂k(t) −
vk(t)] + φ̂T

k (t)Pk−1(t)φ̂k(t)vk(t). (33)

Vk(t) �
Vk−1(t) + μ2

k(t) − 2[v̂k(t) − vk(t)]μk(t) +

2[θ̃T
k−1(t)φ̂k(t) + φ̂T

k (t)Pk−1(t)φ̂k(t)(v̂k(t) −
vk(t))]vk(t) + 2φ̂T

k (t)Pk−1(t)φ̂k(t)v2
k(t). (34)

2, 3

μ2
k(t) − 2[v̂k(t) − vk(t)]μk(t) =

−2μk(t)[v̂k(t) − vk(t) − 1 + ρ

2
μk(t)] − ρμ2

k(t).

(35)

,

D(q−1)[v̂k(t) − vk(t)] =

D(q−1)v̂k(t) − D(q−1)vk(t) =

v̂k(t) − yk(t) + φ̂T
k (t)θ(t) =

−φ̂T
k (t)(θ̂(t) − θ(t)) = μk(t). (36)

ηk(t) = v̂k(t) − vk(t) − 1 + ρ

2
μk(t).

ηk(t) = [
1

D(q−1)
− 1 + ρ

2
]μk(t). (37)

4,
1

D(q−1)
− 1

2
,
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ρ,
1

D(q−1)
− 1 + ρ

2
,

Vk(t) � Vk−1(t) − 2μk(t)ηk(t) − ρμ2
k(t) +

2{θ̃T
k−1(t)φ̂k(t) + φ̂T

k (t)Pk−1(t)φ̂k(t) ·
[v̂k(t) − vk(t)]}vk(t) +

2φ̂T
k (t)Pk−1(t)φ̂k(t)v2

k(t). (38)

[0, t] .
t∑

i=0

Vk(i) �
t∑

i=0

Vk−1(i) − 2
t∑

i=0

μk(i)ηk(i) −

ρ
t∑

i=0

μ2
k(i) + 2

t∑
i=0

{θ̃T
k−1(i)φ̂k(i) +

φ̂T
k (i)Pk−1(i)φ̂k(i)[v̂k(i) − vk(i)]}vk(i) +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)v2

k(i). (39)

Lk(t) =
k∑

j=k0

{2
t∑

i=0

μj(i)ηj(i)},

Lk(t) =
k∑

j=k0

{2
t∑

i=0

μj(i)ηj(i)} � 0,

:

Lk(t) =
k−1∑
j=k0

{2
t∑

i=0

μj(i)ηj(i)} + 2[
t∑

i=0

μk(i)ηk(i)] =

Lk−1(t) + 2[
t∑

i=0

μk(i)ηk(i)]. (40)

Wk(t) = Lk(t) +
t∑

i=0

Vk(i).

Wk(t) �

Lk(t) +
t∑

i=0

Vk−1(i) − 2
t∑

i=0

μk(i)ηk(i) −

ρ
t∑

i=0

μ2
k(i) + 2

t∑
i=0

[θ̃T
k−1(i)φ̂k(i) +

φ̂T
k (i)Pk−1(i)φ̂k(i)(v̂k(i) − vk(i))]vk(i) +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)v2

k(i) =

Lk−1(t) + 2
t∑

i=0

μk(i)ηk(i) +

t∑
i=0

Vk−1(i) − 2
t∑

i=0

μk(i)ηk(i) − ρ
t∑

i=0

μ2
k(i) +

2
t∑

i=0

[θ̃T
k−1(i)φ̂k(i) +

φ̂T
k (i)Pk−1(i)φ̂k(i)(v̂k(i) − vk(i))]vk(i) +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)v2

k(i) =

Wk−1(t) − ρ
t∑

i=0

μ2
k(i) + 2

t∑
i=0

[θ̃T
k−1(i)φ̂k(i) +

φ̂T
k (i)Pk−1(i)φ̂k(i)(v̂k(i) − vk(i))]vk(i) +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)v2

k(i). (41)

E{Wk(t)|Fk−1(t)} �

Wk−1(t) − ρE{
t∑

i=0

μ2
k(i)|Fk−1(t)} +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)σ2

v. (42)

Bk(t) = ρ
k∑

j=k0

t∑
i=0

μ2
j(i) =

ρ
k−1∑
j=k0

t∑
i=0

μ2
j(i) + ρ

t∑
i=0

μ2
k(i) =

Bk−1(t) + ρ
t∑

i=0

μ2
k(i). (43)

Xk(t) =
Wk(t) + Bk(t)

t∑
i=0

Ak(i)
. (44)

E{Xk(t)|Fk−1(t)} =

E{Wk(t) + Bk(t)
t∑

i=0

Ak(i)
|Fk−1(t)} =

1
t∑

i=0

Ak(i)
E{Wk(t) + Bk(t)|Fk−1(t)} �

1
t∑

i=0

Ak(i)
{Wk−1(t) − ρE{

t∑
i=0

μ2
k(i)|Fk−1(t)} +

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)σ2

v +

Bk−1(t) + ρE{
t∑

i=0

μ2
k(i)|Fk−1(t)}} =

Wk−1(t) + Bk−1(t)
t∑

i=0

Ak−1(i)
− Wk−1(t) + Bk−1(t)

t∑
i=0

Ak−1(i)
+

Wk−1(t) + Bk−1(t)
t∑

i=0

Ak(i)
+

2
t∑

i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)σ2

v

t∑
i=0

Ak(i)
,

(45)
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E{Xk(t)|Fk−1(t)} �

Xk−1(t)−[Wk−1(t)+Bk−1(t)](
1

t∑
i=0

Ak−1(i)
−

1
t∑

i=0

Ak(i)
) + 2

t∑
i=0

φ̂T
k (i)Pk−1(i)φ̂k(i)

t∑
i=0

Ak(i)
σ2

v. (46)

, Xk(t)
.

lim
k→∞

Wk(t)
t∑

i=0

Ak(i)
< ∞.

Wk(t) ,
t∑

i=0

Vk(i)

t∑
i=0

Ak(i)
< ∞,

Vk(t) = O(
t∑

i=0

Ak(i)).

. .

, ,
ln |P−1

k (t)| = O(lnλmax[P−1
k (t)]), ‖θ̃k(t)‖

‖θ̃k(t)‖ = O(

√√√√√ t∑
i=0

(ln k)δ(i)

k
), a.s.. (47)

4.2
(Convergence analysis of periodically learning
least squares algorithm)

. t ∈ {0, 1, · · · , N − 1}, F (t +
kN) k σ

.

5

E[v(t + kN)|F (t + (k − 1)N)] = 0, a.s..

6 t σv(t)

E[v2(t + kN)|F (t + (k − 1)N)] � σ2
v(t), a.s..

(48)

7 k0, k � k0 ,
:

α(t)I � 1
k

k∑
i=1

φ(t + iN)φT(t + iN)�β(t)I, a.s.,

(49)

α(t), β(t) > 0.

8
1

D(q−1)
− 1

2
.

2 5−8 , (11)−(13)

‖θ̃(t + kN)‖ =

O(

√√√√√
t∑

i=0

(ln | P−1(i + kN) |)δ(i)

λmin[P−1(i + kN)]
), a.s., (50)

: δ(i) > 1, θ̃(t+kN) = θ̂(t+kN)−θ(t+kN),

λmin[P−1(t + kN)] P−1(t + kN) .

,
.

,
. ,

.

5 (Numerical results)
,

. ,
:

yk(t + 1) + a1(t)yk(t) + a2(t)yk(t − 1) =

b1(t)uk(t) + b2(t)uk(t − 1) + vk(t + 1) +

d1vk(t) + d2vk(t − 1),

:

a1(t) = −1.5 + 0.2 sin(πt/40),

a2(t) = 0.7 + 4.5 sin(t/10)(1/(t
3
4 + 3)),

b1(t) = 0.6 + 0.2
√

t + 1(sin(πt/20) + 30),

b2(t) = 0.5 + 0.1 sin(2πt/N),

d1 = 0.45, d2 = −0.35.

, N = 500. t = 0, 1, 2, · · · , N, k =
0, 1, 2, · · · , uk(t) [−0.5, 0.5]

, wk(t) = 0.01randn. , randn
(0, 1) .

(5) (7) , P−1(t) = 106I6×6,
θ−1(t) = (0, 0, 0, 0, 0, 0)T. ,

Jk = max
0�t�N

|ek(t)|,
ek(t) = yk(t) − φT

k (t)θ̂k−1(t),

Jai,k = max
0�t�N

|ai(t) − âi,k(t)|,
Jbi,k = max

0�t�N
|bi(t) − b̂i,k(t)|,

Jdi,k = max
0�t�N

|di(t) − d̂i,k(t)|, i = 1, 2.

1000 , 3−7. :
3, 4,
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5, 6,
7. 3 ,

,
. 4 ,

, 5 ,
, .

6 ,
. 7 ,

,
. ,

.

3

Fig. 3 Predictive error with respect to repetition

4

Fig. 4 Parameters of system estimation after learning

5

Fig. 5 Parameters of system estimation error after learning
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6

Fig. 6 Parameters estimation after learning

7

Fig. 7 Parameters estimation error after learning

:

y(t + kN + 1) + a1(t + kN)y(t + kN) +

a2(t + kN)y(t + kN − 1) =

b1(t+kN)u(t+kN)+b2(t+kN)u(t+kN − 1)+

v(t+kN+1)+d1v(t+kN)+d2v(t+kN−1),

:

a1(t + kN) = 1 + 0.3 sin(2π(t + kN)/N1),

a2(t + kN) =

{
0, t ∈ A1,

1, t ∈ A2,

: A1 = [kN +n2N2, kN +(n2 +
1
2
)N2], A2 =

(kN + (n2 +
1
2
)N2, kN + (n2 + 1)N2),

b1(t + kN) =

{
0.5t, t ∈ B1,

7.5 − 0.25t, t ∈ B2,

: B1 = [kN +n3N3, kN +(n3 +
1
3
)N3], B2 =

(kN + (n3 +
1
3
)N3, kN + (n3 + 1)N3),

b2(t + kN) = 0.5 + 0.3 sin(2π(t + kN)/N4),

d1 = 0.5, d2 = −0.3.

, 4
: N1 = 60, N2 = 10, N3 = 30, N4 = 12, 4

N ,
N = 60, t = 0, 1, · · · , N − 1. k =

0, 1, 2, · · · , nj = (0, 1, · · · ,
N

Nj
− 1)(j = 1, 2, 3, 4),

u(t + kN) [−0.5, 0.5]
, v(t + kN) = 0.01randn. , randn

(0, 1) .
(11) (13) , P (t − N) =

106I6×6, θ(t − N) = (0, 0, 0, 0, 0, 0)T.
, Jk = max

0�t�N−1
|e(t + kN)|, e(t +

kN) = y(t + kN) − φT(t + kN)θ̂(t + (k − 1)N).

Jai,k = max
0�t�N−1

|ai(t + kN) − âi(t + kN)|,

Jbi,k = max
0�t�N−1

|bi(t + kN) − b̂i(t + kN)|,

Jdi,k = max
0�t�N−1

|di(t+kN)−d̂i(t+kN)|, i=1, 2.

1000 , 8−12. :
8, 9,

10, 11,
12. 8 ,

,
. 9 ,

,
, 10 , ,

. 11 ,
,

. 12 , ,
.

,
.

8

Fig. 8 The error with respect to repetition
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9

Fig. 9 Parameters of system estimation after learning

10

Fig. 10 Parameters of system estimation error after learning

11

Fig. 11 Parameters estimation after learning
12

Fig. 12 Parameters estimation error after learning
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6 (Conclusions)

ARMAX .

. ,

.
,

.
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