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Vé mot thuat toan danh gia bac hé dong luc tuyén tinh |
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Mot trong nhirng van dé 16n trong nhan dang hé théng 1a xac dinh baé'phit hgp
cho hé théng trén co s& cdc s6°liéu vio ra cia hé théng dé. Khi‘mot bac mé hinh
thich hgp da dugce chon thi cac thuat toan danh gia thong s0, ma hau hét déu véi
gid thiét c¢6 bac mé hinh dénh gid da biét trudc, ¢6 thé dwge 4p dung dé tim thong
s6 hé thong. Céc phuong phap danh gid bac hién nay ¢ thé dugc chia thanh céc
16p sau: cac phuong phap thong ké, cic phuang phép t3i thi€u héa mét tiéh chuan
nao do, va cac phuong phap xac dinh rank cia ma tran thong tin {1 ]4[2] Phlro‘ng

phap (1anh gia bac dudi day dwge xay dung trén co s& kiém tra dic tmh‘thong ke
cta sai s6 loc trang thai. S

Y17 AR AT U -0 S L CUL S TRV N N I '

Il D3t bai todn ,
Dotk SIS Py

Cho hé tuyén tinh dugc mé td bdi qua trinh ARMA sau

Tt [ . HE . g! c - L AT LT D
y(k)+aly(k—l)+agy(k 2)+ wo +apy(k—n) = o

‘ blu(k——l)+b2u(k D+ . tbauk-n), .

hents N \“

trong do cac hé s6 ay,...,an; by, ..b, la céc hang so chu‘a biét va bac n cia hé ciing
chua biét. Can danh gid bac cia hé va cac hé s§ cda hé thdng.

Ill. Loc Kalman va loc hai mirc
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Cho bd loc tuyén tinh dwge mé ta bdi phuong trinh trang thai-.

-y

e(k+1) = Az(k) + Bu(k) + w(k)
L y(k) = CTa(k) +n(k), | @)

trong d6 A, B, C la céc ma tran ¢6 s6 chiéu (m x n), (nx 1), (r x 1) v&i cic théng so
hing biét trudc, z(k) 1a véc to n' chiéu, y(k) 12 scalar,

Sgeni - b+ o Elw(®)]r = E(n(k)] =
(it S E(w(i)w(j)] = Ruoij i
(K% E(n(z)n(])} = Pp0Oij el

- (2a)

w(k), n(k) 12 cic nhiéu khéng tuong quan véi nhau.
B6 loc Kalman cho dédnh gia t6i wu #(k) cia trang thai z(k) theo nghia sau:

ini e El(=(k) - #(k)) (2(k) — #(k)T], = min L ®)
2(k+1) = Az(k)+ Bu(k) + K(k + 1)[y(k + 1) — CT Az(k)], 4)
trong d6 K(k + 1) 1a hé sd loc Kalman dwgc tinh nhu sau
K(k+1) = Qk+1)CICTQ(k + 1)C + ra]™*

& day
.- Q(k+1) 1a sai sO du bao trang théi z(k + 1) trén co so k quan sét

Q(k+1) = P(k+1;k) = AP(K)AT + R,

-Pk+1la sai $0 l(_)c tr@ng thai z(k + 1) trén co 8§ k+ 1 quan sit |
C P(k+1) = P+ 1Lk+1) = Qk+1)— K(k+ 1)CQEk+1).

Ky hiéu (k) la danh gia trang thai hé thong & ‘mirc t.hu’ nhat, khidé thuit.todn
danh gia trang théi toi uu dugce viét lai nhu sau - 1.

. Bk +1) = AR(K)+ Bu(k) + Ky(k+ Dluk+1) = CT A, (K)] 5)
’ Ki(k+1) = Ql(k+l)C[CTQ1(k+1)C+r,,]‘ -~ (5a)
Qu(k+1) = AP(K)AT + R, Lo (58)

Pik+1) = Qi(k+1)— Ki(k+ DCTQy(k +'1) : (5¢)

P (0) = FPo, z,(0) = E["’(O)]

Neu ta coi #,(k + 1) la mot quan sat l\hac cia hé thong (2), c6 thé mé td hé thong
v6i quan sit nay & dang sau : 2

z(k+1) = Az(k) + Bu(k) + w(k)
il(k+l') ='z(k)+v(k), PR TR
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trong d6 dic tinh thdng ké cta nhitu quan sat ¢6 dang

]

0
E[(z(k) = #(k))(z(k) = 2(k))T]) = Pi(k).

Efe(k)]
E[e(k)eT (k)]

K s LE . s
Thuyc hién qua trinh loc mét lan nira, duge goi la loc & mirc thit hai .

da(k +1) = Abo(k) + Bu(k) + Ko(k + Der(k + 1) — Ado(k) (6)

Ka(k+1) = Qa(k+ 1)[Qa(k + 1)+ Po(k + 1)) | (6a)

Q:(k+1) = APy(k)AT + R, SRS ; (6b)

Pk +1) = Qa(k+1) = Ka(k + 1)Qa(k + 1) (6¢)
‘ o Po(0) = P(0) = Po, 22(0) = £1(0) = E[z(0)].

Trong 1y thuyét loc Kalman r&i rac. hé s6 loc A(k) con duge tinh nhu sau

K(k) = P(h)Cr;! (1)

‘va quan hé giira'sai s6 loc P(k) va sai s6 du ba0o\Q(k) con dugc thé hién qua biéu
thie [3], [4]

PYk+1) = QM k+ ) +Cr T (8)

’ , . ) , L
Xét hai bicu thirc (5¢) va (6¢), trong d6 K (k) duge tinh theo (7)

3

Pk +1) = Quk+1)— P(k+1Cr;'CTQi(k+1) (9a)
Pk +1) = Qafk + 1) = Pa(k + 1)P7 (k4 1)Q2(k +1). (9b)

B O R

Thay (8) vao (9b) ta nhan dugc
Pk +1) = Qalk+1)— Po(k + 1)QT (k + 1)Qa(k + 1) = Pa(k + 1)Crz CTQa(k + 1), (10)

trong d6 r., P, Q la cac ma tran xac dinh dwong.
Tur (9a) va (10) rat ra duge quan hé giira Py(k) va Py(k)

Pak+1) < Pi(k +1), Vk. (1)

©

Tir day <6 thé rit ra duge mét s6 két luan sau:

. Két ludn 1: Néu hé théng (2) ¢6 cau tric (bac) va thong so hang xac dinh trudc,
chiu tdc dong cla nhiéu (2a) thi biéu thic (11) ding.
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Ket ludn 2: Ky hi¢u »~ la bac that cua hé (2). Gia thiet 1a »® < npax, trong doé npay
la mot so xac dinh truwde. Trong trudng hop bac that »~ va cac thong so cua hé
thong khéng biet trude, ta su dung moé hinh khéng danh gia ¢é bac n’ < npay. Gia
D , R 3 . . N - e N
su trong qua trinh danh gia ma nhan duge ket qua sau

}

Pa(k)y > Py(k) ' (12)

thi bac va thong s cua mod hinh dénh gia khéng ding véi bac va thong sé cia hé
théng that.

Chitng minh. Néu n' diing bing bac that, thong so mo hinh danh gia cang trimg
vai thong sS that thi qfan hé gitra Pa(k) va Py(k) phai thoa man bicu thie (11) nlur
da chirng minh ¢ trén, dicu nay trai vai gia thict (12). Vay o’ khong the tring véi
bac that va thong s6 mo hinh khong trung véi thong so that.

IV. Thuat toan danh gid bac va thong so hé tuyén tinh

A’ ’ LR A N A ~ ~ A~ . oA M ~ N
beé danh gia bac va thong so hé (1). ta dwa mét nhicu ngau nhién vao hé thong.
Khi d6 h¢ thong dwge mdé.ta nhir sau

yk) + @k = 1) Faw(k =2)+ . +auylk—n) =
byu(hk = 1)+ bau(hk = 2) + .. 4+ b, u(k =n) +vfk). (13)

trong do
Ele(k)] = 0
E[r(iye(j)] = riay;,
oi; la ddu Kroneker. Vict (lii') dwgi dang phirong trinh trang thai

r(h+1) = Aok + Bu(k) + w(k)
yk) = CTa(k) + n(k), ' (11)

trong do r(k) = [ri(k), ralk), coxa(k))T. y(k) la scalar,

-a; 10 ... 0
—ay 0 1 o0

A= . — . B =1 b . bp]owh) = [~ —ar o —a,].
—a, 0 0 ... 0.

CT =[1.00,...0Ln(k) = e(k). Ew(k)] = 0. Efw(k)e” (k)] = R0y
bac n va cac thong $6 @y, .o an, by,..by chua hiét.

Thugt todn ddnh gid: : ,
Thuét toan danh gia bat dau véi nhing gia tri khoi dau Py(0) = Py(0) = Py, a;(0) =
aio; b = bjo; £1(0) = £2(0) = E[x(0)); 7' = nmax, €1, €2
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Budc I:

+ Dénh gia thong s6 hé thong (13) bang phuong phéap binh phu'dng cure tieu [10]
hoac bang phuong pap bién phan [8,9].

+ Kiém tra diéu kién dirng thuat toan danh gid thong s6:

- Véi phuong phap binh phuwong cuc tidu, néu e2(k) = (y(k) — ®(k)eT (k))? < & thi
chuyén sang budc 2.

- Véi phuong phap bién phan, néu ||86]| < e, thi chuyén sang budc 2.

Buge 2:

Giai bai toan danh gid trang thai hai mic véi bac n' va céc thong s6 hé théng
nhan dugc & bude 1. Nghiém la cac cdp (219(k), Pi(k)) va (220(k), Pa(k)).

Buadc 3:

Kiém tra quan hé gitra Pi(k) VA Py(k).

Néu Py(k) < Py(k) thi thay n’ bang n’ — 1, va quay lai buéc 1.

Néu Py(k) > Py(k) thi bac n’ hién thai la bac pha hop, va thong s6 danh gia hién
thoi la théng s6 hé thong. :

V. M4 phong

C6 thé minh hoa thuat toan trén qua mét vi du dom gidn, qué trinh mé phdng
dugce thyuc hién trén.chuong trinh PC-MATLAB.
Cho mét hé théng tuyén tinh

Cy(k) =ayy(k—1)+bu(k 1),

vdi gid tri that cia hé s8 a; = 04, b, = 1. Nhiéu ngodi dwgc dwa vao hé théng cé
dang on tring vdi cudng dd o2 = 0.5, nhiéu quan sit ¢é cudng do o2 = 1000.

Trong trudmg hgp biét 6 bac va thong s6 hé thong, thuit toan danh gié cho cic
gia tri xac lap sa P; = 9.86776, Pz = 0.73766.

Gia st bac cling nhu thong s0 cia hé ciing chua biét trudec. Chon bac gid dmh'
ban dau n’ = 2. Cac thong s6 kh&i dAu ajo =1, az = 0.5 Trong qua trinh thuc hién
thuat toan danh gia, cac délu hiéu theo (12) xuat hién & cac phﬁn ti p'? va p?! cia
ma tran hiép phuong sai s6 loc P, va P: P}? = P2 = 0.12841, = P} = 0.17875.
Theo dau hiéu (12) bac n’ = 2 khéng phai 1a bac that. Qua tnnh danh gia irng vai
n' =1 va a; = 0.38794.
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Abstract

On the Order Estimation Algorithm of the Linear Systems

The order estimation algorithm is proposed based on the two-stage filter and the

system parameters estimation.
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