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NHÂ. N DA. NG MÙ CHUÔ
˜
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1Tru.̀o.ng Da. i ho. c Công nghiê. p, Tp Hồ Ch́ı Minh
2Tru.̀o.ng Da. i ho. c Bán công Tôn Dú.c Thắng, Tp Hồ Ch́ı Minh

Abstract. In this paper, a method of blind identification of second order Hammerstein series is

considered. This method is developed on the combination of stochastic approximation and Tixonop

method.

Tóm tắt. Du.. a trên su.. kết ho
.
. p giũ.a hai phu.o.ng pháp chı’nh hóa Tixonop và lý thuyết xấp xı’ ngẫu

nhiên, bài báo dè̂ câ.p dến mô. t phu
.o.ng pháp nhâ.n da.ng chuỗi Hammerstein bâ. c hai.

GIÓ
.
I THIÊ. U

Các mô h̀ınh Hammerstein du.o.. c ú.ng du. ng dê’ mô ta’ hê. thống phi tuyến dã và dang du.o.. c

ú.ng du.ng nhiè̂u trong các quá tr̀ınh sinh ho.c, hóa ho.c, viẽ̂n thông, diè̂u khiê’n và xu.’ lý t́ın

hiê.u [1, 2, 3]. Ta xét chuỗi Hammerstein bâ.c hai sau dây:

y(n) =

k+
1∑

k=k−
1

hk(n)x(n− k) +

k+
2∑

k=k−
2

hkk(n)x
2(n− k); (1)

h1(0) = 1; k1, k2 là bâ.c cu’a hê. thống; x(n) là t́ın hiê.u dà̂u vào dù.ng có trung b̀ınh bà̆ng không

da.ng Gauss.

Bài toán nhâ.n da.ng mù du.o.. c dă. t ra là du.. a trên các thông tin dà̂u ra y(n) và dà̂u vào

x(n), hãy xác di.nh các giá tri. hk(n) và hkk(n).

Du.a y(n) = XT (n)h(n), o.’ dây ta ký hiê.u:

h(n) = (h
k−
1

...h
k+
1

...h
k−
2
k−
2

...h
k+
2
k+
2

)T ,

X(n) = (x(n− k−1 )...x(n− k+1 )
...x2(n− k−2 )...x

2(n− k+2 ))
T . (2)

Xét mô h̀ınh:

ŷ(n) =

k+
1∑

k=k−
1

ĥk(n)x(n− k) +

k+
2∑

k=k−
2

ĥkk(n)x
2(n− k), (3)

ŷ(n) = XT (n)ĥ(n), (4)

o.’ dây ta ký hiê.u

ĥ(n) = (ĥ
k−
1

...ĥ
k+
1

...ĥ
k−
2
k−
2

...
...ĥ
k+
2
k+
2

)T .

Lâ.p tiêu chuâ’n dánh giá tối u.u:
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E{e2(n)} → min
ĥ

,

o.’ dây sai số có da.ng:

e(n) = y(n)− ŷ(n) = XT (n)(h(n)− ĥ(n)). (6)

Tù. diè̂u kiê.n tối thiê’u hóa theo tiêu chuâ’n dánh giá (5) ta thu du.o.. c:

ĥk(n+ 1) = γĥk(n) + Fk(ĥk(n)ĥk(n− 1))− η(n)E{e(n)x(n− k)},

k = k−1 , ..., 0, 1, 2, ..., k
+
1 , 0 < γ � 1, 0 < Fk << 1, (7)

ĥkk(n+ 1) = γĥkk(n) + Fkk(ĥkk(n)− ĥkk(n− 1))− η(n)E{e(n)x2(n− k)},

k = k−2 , ..., 0, 1, 2, ..., k
+
2 . (8)

Trong (7) và (8) các bu.́o.c lă.p η(n) du.o.. c cho.n sao cho tho’a mãn các diè̂u kiê.n hô. i tu. cu’a

Robbin—Monro [4] du.. a theo lý thuyết xấp xı’ ngẫu nhiên:

0 < η(n)→ 0 khi n→∞;
η(n− 1)− η(n)

η(n)
→ 0 khi n→∞, (9)

∞∑

n=1

η(n) =∞;

∞∑

n=1

ηp(n) <∞; p ≥ 2. (10)

Có thê’ du.a các thuâ. t toán (7) và (8) vè̂ da.ng khác sau dây:

ĥk(n+ 1) =
[
I − η(n)

x(n− k)xT (n− k)

‖x(n− k)‖22

]
ĥk(n) + Fk(ĥk(n)− ĥk(n− 1))

+ η(n)y(n)
x(n− k)

‖x(n− k)‖22
,

ĥkk(n+ 1) =
[
I − η(n)

x(n− k)xT (n− k)

‖x(n− k)‖22

]
ĥkk(n) + Fk(ĥkk(n)− ĥkk(n− 1))

+ η(n)y(n)
x(n− k)

‖x(n− k)‖22
.

Ta xét hê. thống dô.ng phi tuyến có dà̂u ra du.o.. c mô ta’ bo.’ i phu.o.ng tr̀ınh:

y(n) =

Na∑

i=0

ai(n)x(n− i) +

Nd∑

i=0

Nd∑

i=0

dii(n)x
2(n− i) +

Nb∑

i=1

bi(n)y(n− i)

+

Nc∑

i=1

Nc∑

i=1

cii(n)y
2(n− i). (11)
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Ta có hàm quan sát z(n):

z(n) = y(n) + v(n), (12)

o.’ dây v(n) là nhiẽ̂u quan sát da.ng Gauss

E{v(n)} = 0, E{v2(n)} = σ2v <∞, (13)

E{.} là kỳ vo.ng toán ho.c.

Diè̂u khác biê.t o.’ dây vó.i các tài liê.u dã công bố [1, 2, 3] ta gia’ thiết các thông số

ai(n), dii(n), bi(n), cii(n) biến dô.ng theo thò.i gian.

O
.’ dây, bài toán nhâ.n da.ng th́ıch nghi không dù.ng du.o.. c du.. a vào các quan sát dà̂u ra z(n)

và dà̂u vào x(n) dê’ dánh giá các thông số hê. thống dô.ng âi(n), d̂ii(n), b̂i(n), ĉii(n).

Gia’ thiết rà̆ng ta có thê’ du.a hê. thống dô.ng phi tuyến (11) vè̂ da.ng vecto. sau dây:

z(n, θ) = φT (n)θ(n) + v(n) = θT (n)φ(n) + v(n). (14)

Bà̆ng cách du.a vào vecto. thông số θ(n)

θ(n) = (ai(n) (i = 0, ..., Na); dii(n) (i = 0, ..., Nd); bi(n) (i = 0, ..., Nb); cii(n) (i = 0, ..., Nc))
T ,

và vecto. quan sát φ(n)

φ(n) = (x(n− i) (i = 0, ..., Na); x2(n− i) (i = 0, ..., Nd);

y(n− i) (i = 0, ..., Nb); y2(n− i) (i = 0, ..., Nc))
T .

Dồng ý vó.i các tác gia’ Erik Weyer và M.C. Campi [5] ta du.a vào các tiêu chuâ’n dánh giá

tối u.u:

V (θ̂) = E{ε2(n, θ̂)}, (15)

o.’ dây

ε(n, θ) = z(n)− ŷ(n, θ̂), (16)

ŷ(n, θ̂) = φT (n)θ̂(n− 1). (17)

Su.’ du.ng phu.o.ng pháp chuâ’n b̀ınh phu.o.ng tối thiê’u du.. a theo ý tu.o.’ ng cu’a Alimed 2003

dã du.o.. c ca’ i biên, ta thu du.o.. c:

θ̂(n+ 1) = θ̂(n) + F (n)(θ̂(n)− θ̂(n− 1)) + µ(n)ε(n, θ̂)
φ(n)

‖φ(n)‖22
. (18)

Tù. diè̂u kiê.n tối thiê’u hóa (17), ta thu du.o.. c lò.i gia’ i dánh giá tối u.u vecto. θ :

θopt = R−1f,

o.’ dây

R = E{φ(n)φT (n)}; f = E{φ(n)z(n)}. (19)

Du.. a theo ý tu.o.’ ng cu’a các tác gia’ Erik Weyer và M.C. Campi ta lâ.p tiêu chuâ’n tối thiê’u

hóa phiếm hàm Tixonop:
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VN(θ̂) = lim
N→∞

1

2N

N∑

n=1

ε2(n, θ̂) +
α

2
‖θ̂‖2 → min

θ̂

, (20)

N > Na +Nb +Nc +Nd, 0 < α.

Thông số bé Tixonop có thê’ cho.n:

αopt = min{σ2v ,
1

n
). (21)

Tù. diè̂u kiê.n tối thiê’u hóa tiêu chuâ’n dánh giá tối u.u (12) kết ho.. p vó.i cách lu.. a cho.n

thông số bé Tixonop theo (21) ta thu du.o.. c dánh giá b̀ınh phu.o.ng tối thiê’u:

θ̂Nα = R−1NαfN , (22)

o.’ dây

RNα = lim
N→∞

1

N

N∑

n=1

φ(n)φT (n) + αoptI, (23)

I là ma trâ.n do.n vi. N ×N,

fN = lim
N→∞

1

N

N∑

n=1

φ(n)z(n). (24)

Kết luâ.n. Viê.c t̀ım mô h̀ınh gà̂n dúng xấp xı’ các hê. phi tuyến là mô.t vấn dè̂ rất quan tro.ng

du.o.. c nhiè̂u nhà nghiên cú.u quan tâm. Du.. a theo ý tu.o.’ ng cu’a các tác gia’ Erik Weyer và M.C.

Campi cùng vó.i viê.c su.’ du.ng phiếm hàm chı’nh hóa Tixonop chúng ta du.a ra du.o.. c các thuâ. t

toán tối u.u bè̂n vũ.ng dê’ nhâ.n da.ng chuỗi Hammerstein bâ.c hai. Các kết qua’ thu du.o.. c sẽ

du.o.. c áp du.ng trong quá tr̀ınh công nghê. hóa ho.c, sinh ho.c và viẽ̂n thông.
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