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I. M& dau

Van dé nhan dang bae hé dong hre khong phai hoin' toin méi mé, nhung day 1 van dé con
ma. Cde két qua dat duge vé Iinh vue nay rat khiém ton so véi ede thanh tim Ji dat doe eda 1y
thuyét nhan dang [15]. C6 the néi réing cho dén nay chira ¢é mot 1y thuyet Lo ehinh vé nhin
dang cau trnie bac hé theng. Trong khi dé nhicu bii todn thie t& lui doi hoi trde hét vide xde
dinh bac he thong [13) dé' lam co 8¢ cho cdce phwrong phip diéu khich hién dai. Vi vay van dé
nhan dang bac he thong 6 § nghia rit lém viv ciing 1d mue tiéu nghién eiu, giai quyét cda bai
bdo nay de dp dung ng trong dicu khien thich nghi.

2. Phan tich va 43t bai todn

Tir ly thuyét nhin dang thong s6 va wde lugng trang thii nhicu tde gia da dé cap dén tinh
phan ly eida qud trinh nhan dang v wée leong [9, 10). Nguyén nhan sau xa va pho bicn cia né
la sir khéng iu'o‘ng thich giira mo hinh dong hoe va hé thye, Mo hinh bao gom bac va cde théng
86 can thict mo ta dong hoe hé thong. Ngodi ra ciing ¢6 the do vice sit dyng cde quan sat véi
cac thong so khong phit hap, vi vay nhicu khi ede quan sdt méi khong dem lai loi feh gi trong
qué trinh nhan dang va ude lwgng, ((3‘ day chiing toi chira néi dén trudmg hop phan ly cho xuat
hién cde quan sét vou bat ngr e6 phan bo dusi nng [7). Gid thidt rhng kliong tdn tai cde quan
sit (outliers) dang d6). Hé s6 khuyeeh dai nhd dan theo sy tAng lén cia 86 cdc quan sit, Diéu
nay 1dm cho sai 80 wéde lugng ¢ ma tran liep phuong sai thire 16 khdc xa so véi ma tran hiép
phirong sai tinh todn duge trén ly thuyét. Cée thong s6 thu duge 1a théng so sai lech nhiéu so
véi cde thong so that vh cde wée lugng thu duee la che wée lugng chéch. Dy 1a gid phdi trdcho
sykhéng tuong thich néu trén., Néu khéng cé cde quan sat kliong binh thuwimg (oul.licrs).tlﬁ tinh
khéng twong thich gifra mé hinh va hé thite la do nguyén nhan sau day:

Typeset by AAS-TEX
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Fy, A Y 4 - Fan s 1.} . "
1. Khéng phii hgp vé cdc thong so giira mé hinh va he thye.
Pl A 1y » a s a 1% a
2. Khéng phit hgp veé cau trie - bae gitra mé hinh va hé thye,

Kiéu khéng phli hgp sau ciing nay bao ham cd& trwdmg hgp khéng phit hgp thir nhat do viy cé
tinh quyét dinh nhit gay ra sy phan ly thue sy khi nhin dang vi wde lugng dé dicu khien, Ma
tran hiép phuong sai ciia sai 86 ude hrgng ¢6 the ting vo han. Trong khi dé doi véi kiéu khéng
phit hop ddu tién 6 the chi 1am t&ng ma tran hiép phuong, sai cia sai 86 wée lrgng dén mot gid
trj hiru han nho dé. Vi vay ¢ the khile phye biing cdc thugt todn wée lrgng Robust nhuw (7, 10].

Tl ede phan tich trén ta thay mot nguyen Iy chung lam gidm sy phén ly v ting do Loi ty cia
qué trinh nhan dang vi wée lwong 1a lun ting ma tran hi¢p phuong sai etia sai 80 wée Lrgng,
Di¢u nay hoan toan thong nhal véi quan diem "Nhicu héa" cia Tsypkin Y. 7 [11].

Xét hé dong lire dang ARMA — dirng, on dinh, dicu khién duwge, quan sét dwge vh nhan dang
duge sau day:

n m

2(kY= Y ai (k= i)+ D bjguk = d = j41) + w(k) (1)
f=1 j=1
véi cdc quan sét
sh) = (k) + (k) k=T N (2)

o} day u(k), =(k) 1A dau vho, dau ra twong tng; n v m 1A cde bac cluwa bict trwde; aj, i =
Ton; bj-y, j =T m la céc thong s6 chua bict; w(u), v(n) Ia nhidu trdng chuan véi cde diie trung
théng keé:

Elw(k)) = E[v(k)] = 0, Vk (3)
Blw(k) w" (j)] = Q(k)éx; (da)
E[o(k) o7 (j)] = R(k) b1y (4b)

véi by 1a dau Kroncker.

Can tim béc ni, m hgp ly theo ngl:'i'a dam bdo cdc danh gid théng 86 ;, !3;,1, i=Tn, j=T,m
vi cdc wde lwgng trang ng thai & cia hé ARMA (1) trén co s& cdc quan st (2) va diéu kién ban
dédu (3), (4) héi tu dén thong 86 vi trang thai thye.

3. Co cfu phat hign sy xut hién tinh phan ly

Day la sy két hap tinh wu viét eda [2) v [4).
Gia sit cho n = e, M = Mnae ndo dé xde dinh. Su* dung phuong phédp todn til lién hop [6)
ta ¢6 thé xdc dinh dugc cde théng 86 dy, 5,-_1, i= iy, j=1m,.




Nhin Dang Bae Hi Déng Lye 3

Goi 0 = (a1, g, ...linpess bo, by, ... fvmm,)T la vée Lo thong 86 di dwge xde dinh, 2(k) - trang
théi hé tai thoi diém &,
&g(k/k) - wée hrgmg loc tai thoi didm k véi vée to théng 88 0,
2o(k/k = 1) - wde lrgng dy bdo sau 1 bude tai thoi diém (k — 1) véi véc Lo thong s6 g,
£62(k/k) - wée lugng loc mire thir hai theo phwong phép [4] tai thai diém k véi vee to théng sé 0,
Op(k) - dai lrgng dife trung cho tinh khéng khép cia wée lugng véi vée to théng 86 0 ¢6 dang

Ao (k) = (k) = da(k/k = 1) (5a)

Néu bac fypap VA Mg chon trude ban dau khong phit hop véi hé that (it 1y thuyet uée lugng
chung [8) ta nhan duge dq(k/k = 1) la wée hwgng cheeh va

L[0s(k)) # 0 (5b)
Goi Py(k/k) 1d ma tran hiep phwong sai vai vée Lo thong 86 0:
Po(k/k) = E{[r(k) = &o(k/R))[2(k) = da(h/0)]"} (6)

Khi k = oc, Pa(k/k) téing khong e6 gici han.

Sy phan ly cda qua trinh wée lgmg Ja ket qua cin sy khong tuong thich vé bc fipar VA e
déi vai he thye va duge thé hien qua sy gia thng cla Pp(k/k). Chinh diéu dé cho phép ta bo
sung nhiéu vio mo hinh he (1) dé lam gidam sy chénh léeh giiva higp phwong sai tinh todn duee
viv hiep phuong sai thie té ¢6 dwge Py(k/k) v ed (hé ehon lai bac mé hinh phit hgp hom.

Mot 6 téc gid st dung (3) két hgp vai Iy thuyet kiem dinh gia thict tring chuan cia (5) vi si
dyng phan tich twomg quan d¢ dua ra cae két ludn vé bac mo hinh. Day la phuong phap khi rile
roi v khi 86 lwong quan sat twong doi 1ém thi phiromg phép nay elwa hop 1y.

Cidn phai néi din’ ede phong phip chiit ché uhuw (13, 14) nhung vige gidi t6i wu che bai todn
tim bae qud phire tap va kho khitn, doi hoi mét trinh 6 nhat dinh doi véi ngudi si dung. Vi
viiy phwong phap ba sung nhicu neu trén theo chiing toi 1a hgp 1y va don gian, phi hgp déi vai
nhiéu bai todn ting dung. Tuy nhien can phii ¢é mot co ciu phat hién ra sy phan ly thit sy va
sau dé mai bt dau duge phép bo sung nhicu nhw da thye hién & [12].

Goi Py2(k/k) 1a ma tran hiép phuong sai cia sai 30 wée lwgng & mire thit hai, trong d6
Po2(k/k) = E{[e(k) = 2o2(k/M))[x(k) - 2o2(k/k)]"} (7)
Thi qué trinh wée lwgng phan ly thue sy theo (4] khi ton tai bat ddng thie:
Pa2(k/k) > Po(k/k) (8)

Con nguge lai 1d hoi ty.
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Két qué niy cho ta quyén si dung (8) nhu didu kién dé kiem tra mitc d¢ phit hgp vé bac v
thong s6 giita mo hinh va hé thye,
Goi
To(k) = Po2(k/k) = Py(k/k) 9
Ia dai lwong kidm tra tinh twomg thich vé bie vi théng sé giira mé hinh vi hé thue véi vée to
thong 86 0 duge xde dinh.
Néu Jo(k) <0 thi khong can b sung nhiéu vao mé hinh déng hon .
Néu Jo(k) > 0 thi nhiéu dwge bo sung nhu sau
Q(k -+ 1) = Q(k) + Q(0) (10)
Trong d6 Q(0) duge chon
0 < Q(0) < Q(k)
dé dam bao khong khueceh dai thira hé 86 Kalman. Trong thuit todn nhan dang 2, 3, 5] dife biét
& giai doan dau wdre lugng van dam bdo khia niing tang dé tweng thich giira mo hinh vi hé thue,
Nhu vay nhiéu téc dong phy duee ba sung trén timg bude wée luwgng va khong bo sung thira khi
qué trinh uée luemg, nhan dang tre lai hoi ty.
St dung phuong phdp nay cho phép giam do nhay ciia wée lugng ngay cd doi vai cde quan sit
khéng binh thuémg 6 phan bé duoi ning.
Céc két qua [2, 3, 5, 12) chi ra rkng can phai gitr hé s6 khuech dai di 1ém dé ¢ the ting trong
80 che quan sdt cudi cting, dam bao cho bo wée lwgng luon nhan duge quan sit chia thong tin
can thict.

4, Thujt todn nhin dang béc - théng s8

Fy - \ \ a P A ’e & v \ . b ¥ -
Khi mé hinh vi hé thure khong phit hop véi nhau ve bac viv théng s6 thi bit dau sy phan ly
¥ i ot 3 s
cia qud trinh nhan dang va wée lugng tiep sau dé.

D& dé phat hien ra tinh phan ly, ta chon bic ban dau la cye dai holie eye tidu déi véi he (1) va
(2).
Goi ny 18 bac eye dai hoife cure ticu theo trang thii,
My, 1& bac cre dai hofie cue tidu theo didu khieh,
Lic niy tinh khéng twong thich s& 1a 1én nhat vi viy edic b8 sung vio (1) nhiéu trdng wo(k) 6
cic ddc trung:
E[w(k)] = 0 (11a)
Elw® (k) w’(j)"] = Q(0) b (118)
Goi 07 = (ay, ag, ... an,,, bo, by, ... bm,,) véc to théng 86 can nhian dang. Phwong phép bién

phan véi todn ' lién hop lan dau tién duge trinh bay & [2) va tinh héi ty dwge ching minh & [1]
¢6 néi dung chi yéu nhu sau:
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Gid sk ®(X) la qué trinh thoa man phuwong trinh dang todn ti sau:
La®(X) = qa(X) ! (12)

XCDekl

Ly 1& todn ti tuyén tinh,
X ¢6 thé la tap che bién (thoi gian, khong gian...),
g5(X) 1a kich thich nguén.

Thutmg déi véi cae hé dong lye rdi rac, ¢ the xem
Oz (e 2 =1, 0, /40 $20)
X ltic ndy 1A cdc diém thoi gian, Phuong trinh lign hop véi (12) ¢6 dang
Lo (N) = p(X) (13)
p(X) € L3(D)
L* 1a todn ti lién hgp cda L thda méan diéu kién sau
(LA, 1), = (X, L'y YA€ H (13a)

{,,.) 1a ngi tich trong khéng gian Hilbert IT = 1.3, (D).
Xay dyng phiem ham quan sdt sau:

J,.[¢]‘2(<p Yy = fu (N)p(X)dX ' (14)

& day p(X) la hiyn diic trung.
Tir (13), (13a) va (14) suy ra

Jp[®] = Jv[‘l’;} (15a)
hoiic
(¢ ' ”)u = <¢," ) 'I)H : (16b)
Gid si @' la nghiém cda (12) véi
Li& ng’ (15¢)

¢on @* 1a nghiém cda (13).
Sé ¢6 quan hé sau day

8 ,Jp = =(®), SLO') -+ (®*, bq) L (16)
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Trong dé
6JP=J;“‘JP (165)
6L = L' - L (16b)
fg=¢q =q (16¢)

Nhu vay khi L vd ¢ phy thuée vao vée to thong 86 0 thi viée st dung (16) cho chiing ta phwong
trinh quan hé giira 60 va Jp.

Céch chon tap cde “ham d¥c trung” p;(X), j = 1,1 dua dén hé thong | phuong trinh dé xéc
dinh 86. Vi vay nén chon 86 phuong trinh trén b&ng 88 cdc thong sé trong cdc bai todn (g dyng,

Déi véi hé (1) sau khi b sung nhidu w°(k) ta cé:

L%1=Zm B! (17a)
X iel ’
A Nm
r'”1-Y a B (17b)
T f=1
Ble(k) = a(k - i) (17¢)
Phuong trinh lién hop '
L'f1-2&.- ol (17d)
- i=1
Fla(k) = a(k + 1) : (17¢)
A Mm
a_ O bjaru(k = d = j+ 1)+ w(k) + w(k) (179)
= =
A My N
¢ bjaqu(k —d = j+ 1)+ w(k) + wO(k) (17h)
- el
Trén thye té
& L N
D BRIONOED B ONIO) (17i)
k==00 k=1

vid=0,p=0véimoik <Ovak>N,



Nhan Dang Béace H¢ Ding Lae

Nhu vay
Nm
fL=L'-L=-) ba; B
i=l
Mm
bg=q —q= by ulk—~d-j+1)
j=1

Sap=a;=a;, i=1,ny

Bbjoy = bjoy = by, j =T mpy
Tir (16) suy ra heé phuong trinh
G=M)OO+&, j=T]1
Hay dang tedn tir |
C=Aé60+¢
O day
G =625 = Z; = Jj

N
Zy =Y pik) 4(k)
k=1

J = Jjlia)

¢ 1a nhidu ngiu nhién véi cde diic trung thong ké tinh duge ti w(k), w(k), v(k)

ATt A0, M)
(" =(621,...62))

€7 = (&1,...&)

(17k)

(18)
(18a)

(18b)
(18¢)
(18d)
(18¢)

(18g)

(18h)

bé ddnh gid 60 & (18) ¢6 the sd: dung bit ki phueong phép téi wu ndo (binh phuong eye tidu cé

trong, ham hop 1y cye dai, xép xi ngau nhién...).
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Sau khi tim dude 80, vée to thong 86 duge tinh nhw sau:

0 + 1) = 0(p) + 60 (19)

b0<e, 0<c<< | (19a)
th dirng thuét todn dé chuyén sang gidi bai todn wée lwgng trang thii véi vée to thong 3 1a
0=0(n+1)

Néu chuwa thda man (19a) can tiep tuc thuat todn nhan dang.
Trén day 1a tém tét nhimg bude chinh ciia thuat todn [2) vi nhiing vng dyng (3, 5, 12].

Thuit todn néu lai trén chi ¢é nghia khi bac duwge chon la phit hgp véi hé thye, Dé ¢é the tidp
tuc st dung thuat todn nhén dang hitu hicu trén, can phdi dwa vio thuat todn mét co cau phét
hign v triét khi tinh phan ly nhuw d@ dé ra & phan IT1 ngay sau khi hoan thanh cde bude nhin
dang théng 86 va wde lwgng trang thai cia thudt todn dé. Nhu vay thudt todn phét trién duge
mb td cy thé nhuw sau:

D&i véi hé (1), (2) 6 thé bt dau véi bac cao nhat Nymaz, Mmar holic thap nhat nmin, Mmin.

Vi du cho H= 0 Vi é(ﬂ), EN = Nmagy M= Mmare, N 2 m, Nmaz = Mmaz = S

Q(k), R(k), Q(0)
Budc 1: Gidi bai todn wée lugng trang théi t6i wu hé (1), két qua la clip (24(k/k) , Pa(k/k)).
Budc 2: Gidi phwong trinh lién hgp (13).

Buwde 3: Xy dyng hé phwong trinh nhén dang (16) va giai (18) bling cdc phwong phép 161 wu
théng thudmg (binh phirong cye ticu ¢6 trong, ham hgp 1y cye dai, xap xi nghu nhién...).

Budce 4: Tinh gid trj mdi cla vée to théng 88 qua (19).

Bude 5: Néu & < ¢ thi chuyén xuéng thye hién bude 6,

Con khéng: Quay lai thye hién buéde 1, 2, 3, 4, 5.
Bude 6: Gidi bai todn wée lugng trang théi véi théng s6 nhan duge & bude 4 theo phwong phap
(4). Nghiém la cac cip (£5(k/k), Py(k/k)).
Bude 7i Kiém tra diéu kién (9)
NEU Jo(k/k) > 0, THI:

N&u nyy = mpy, = S, thi ny = nm = 1, quay lai thye Iﬁén cée bude 1, 2, 3, 4, 5, 6, 7 va tiép tuc
b8 sung Q(0) vao hé (1) theo (10)

Cén khéng: m,, = mm — 1, quay lai thue hién cde bude 1, 2, 3, 4, B, 6, 7 va tiép tuc b8 sung
Q(0) vao hé (1) theo (10)
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CON KHONG: chon béae fi = ny,, 1 = m,, 1A bac phil hgp. Quay lai thye hign ede bude 1, 2, 3,

4, b nhung véi he théng (1) ban ddu khéng eé nhidu bo sung wo(k).

5. M6 phéng

Trén co' s chwong trinh tién fch PC-MATLAB, thuat toan trén duge tinh toén cho hé dong lhye

sau '
a(hk+1) = 1,06852(k) = 0,737e(k = 1)+ 0,023 u(k) + w(k+ 1)

(k1) = a(k+ 1)+ vk + 1)
Véi dicu kién ban dau 2(0) = 0; u(k) = Lis = 1; Q(0) = 0,01,
Trirdng hgp 1. Bt dau tir n = Ay = 1. Nhicu triing chudn w(k) va v(k) ¢é cling k¥ vong
Elw(k)] = Elo(k)] = 0,002
vh cling phuonyg sai
Efw(k) wh ()] = Elo(k) v ()] 2 0,584

Két qua: Theng so toi wu thu duge:
(J'f = {1,672, —0,786; 0.032}

Bac toi vu n* = 2.

Trudng hgp 2: Bat dau tir n = nyap = 3

Elw(k)] = E[v(k)) 2 0,001
Elw(k) w (j)] = E[v(k) ¢ (j)) 2 0,86

Két qua: Thong s6 toi uu thu duge tot hon trudmg hop tren
0" = {1,688; —0,758; 0,030}
Béc toi uu n* = 2,

6. K&t lugn

Twr tuwdmg “tho héa” dong hoc h¢ thong bing cach dwa vho nhidu bé sung rdt ¢é hiéu quéa ngay
cd khi d¥c trung thong ké nhiéu he thong Q(k) chug bict trude. Ta 6 the bit dau tir Q(0) ndo
d6 vi nhu vy xdc dinh duge Q(k) cila hé théng.

Thuat todn nhan dang dya trén co s& phuong phdp bicn phan va si dyng todn td lién hep
lan dau tién dwge trinh bay tai hoi nghi loc thé gi¢i 1990 [2). Dic trung cia thuit todn nay la
tinh hoi tu cao, duge ching minh & [1]. Khi cétu trii¢ bie chua phit hgp, thudt todn trén két hop
véi loc 2 mire [4] cho phép nhanh chéng phat hién ra sai 86 nhan dang thong s6 thé hién qua uée
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]

lugng trang thai véi Je(k) > 0. Phuong phdp b6 sung nhicu vio mo hinh khéng dinh hwéng vio
nguyén nhan phan ly eu thé nho, vi thé phuong phéap trén khé van niing lai don gidn cho ngudi
st dyng nhat 1a trong tinh huéng bt dinh vé bée théng 88 vi che diéu kién ban dau khde. Vige
dwa nhidu vho mé hinh hé théng chinh la bé sung vao ma tran hi¢p phuong sai sai 80 uwde lugng
mét ma tran xdc dinh dwong Q(0), nhu viy h¢ 56 khuéch dai ting mét cdch gidn tiép qua ma
tran hicp phwong sai. Do dé dat dwge mye tieu lam ting trong 86 déi vai ede quan st hi¢n thoi
qua dé trigt k' duge tinl phan ly ela qud trinh nhan dang va wde hrgng, chon duge bic phil
hgp eda mé hinh véi hé théng thue.

Tém lai, phuong phép bo sung nhiéu két hop véi co ciu phat hién tinh phan ly néu trén cé 2
giai dogn quan trong. D6 1A giai doan phét hi¢n thei diem phan ly thye sy, J(k) > 0 dé bo sung
nhiéu ma chon lai bae mo hinh cho phit hop. Giai doan tiép theo 1a trigt kink sy phan ly cho t&i
khi trd lai héi tu J(k) < 0.

Trudre khi phat hien ra sy phan ly viusau khi trigt khib sy phan ly thuat toén [2) van ddm bdo
stt dung binh thudmg. Day li wu d i eia phuong phip dé xuat so véi cde phuong phap khée,
ngodi ra phuong phip deé xuat hai hoa duge 2 yéu eau trai nguwge nhu sau:

Thir 1. Thuat todn 1V dii nhanh dé ghi nhah duge diém xuat hién tinh phan ly thét.

Thir 2. Thuat todn ¢é do nhay dd nho véi sai 86 quan sdt nhu vay khong phét hién ldm tinh
phan ly gia khi giip quan sdt bit binh thuémg (outliers) ¢6 cudmg do twong dai lén.

Py ' 4 o o ~ ' . . \ ' Ty 4 1 a
Nhu vay véi phuong phip dé xuit trén ta ¢ the kiem tra va dicu khién cd qué trinh nhan
, ] \ . 4 ' ' a a ) a 1 g4 2 -
dang, wée lugng. Qué trinh tim bac duge thiye hign bing viee dira vio mé hinh déng hoc hé
- ' v . - 1y ’ ! 4
thong mét dai lwong nhicu bé sung trén tirng bude tinh todn
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Abstract

Identification of order for dynamical systems

Estimation of states and parameters has been developed by using the conjugate operator and

two-stages filter for identification of order for dynamical systems.



