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vE THUAN TOAN XAC PINH CAC THONG SO CUA
POI TUGNG PIEU KHIEN CO TRE THOI GIAN

Phan Toan

Trung TAm Khoa Hoc Ty Nhién
Va Céng Nghé Qudc Gia

(Bai nhan ngay 13 thang 03 nim 2001, hoan chinh sifa chita ngay 25 thdng 06 ndm 2001)

TOM TAT:
Trong bai nay, cdc dé xudt vé ddnh gid théng sé hé thong dong hoc dugc phdt trién
tiép:
- Phdt trién [1], thudt todn ldp trong nhdn dang hé théng don vao — don ra cé xem xét

tré thoi gian T dua theo ddc tinh tdn 6.

- Ddnh gid thong s6 hé théng lién tuc ARX tix cdc s6 liéu roi rac.

.  DATVANDE:

Viéc x4c dinh thong s& hay con goi 12 nhin dang hé thong 1a mét dang bai todn ma
Ii gidi ctia n6 duge hau hét cdc nha digu khién hoc va ky thudt quan tim va fim kiém, tf
nim niy qua nim khdc vi mot mat n6 12 chia khéa dé digu khién céc doi tugng va hé thong
theo yéu cau dinh truée, mit khdc vi tinh da dang cia cic déi tugng trong tu nhién va cong

nghiép.

Mot loat cdc ¢ong trinh khoa hoc [1, 2, 3, 5] d4 dua ra cédc 15i gidi cé nhiéu ¥ nghia hoc
thuat va thuc tién. Tuy nhién, trong 16p céc bai todn nhin dang cdc d6i twrgng dong hoc, phan
16n cdc nha nghién cttu di tit viée diing cdc mo hinh gan ding sau khi Iuge bd mot s8 thanh
phin dé don gidn héa qué trinh xdc dinh tham s& trong diéu kign viéc ioai trir d6 khong gay
anh hudng dang ké dén két qui digu khién. Song, vi phan 16n cdc d6i tugng dong hoc do
thudc tinh tu nhiéh va cdc qud trinh vat 1§ déu cé chung mot phén Ung thudng gip la TRE
thdi gian — B3i vAy, viéc im ki€m thudt todn nh4n dang 16p d6i tugng nay khong thé bd qua

viéc quan tdm d&n TRE.

Trong bai nay, ta xét d6i tugng didu khién c6 tré thdi gian duge mod t& bdi ham truyén
sau diy:
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Z bip’

W(p) = = X®) ()

1+ Z aip'l
i=0

Trong dé: 1 1a tré thdi gian.

d 2,
P=4 - 1a todn tu.
X(p) - Laplace ctia ddu vio x(t).
Y(p) = Laplace ctia dau ra y(t).

X(p)

W(p) - Y(p)

Y

Hinh .1

Qua trinh nhin dang s& dudc thyc hién nhu sau :

- Xdc dinh dic tinh tan s§ bién do pha bing thuc nghiém [1].

- Xdc dinh véc to tham s& P theo cuc thi€u hoéa sai s6 c¢6 sd dung thong s& bé

Chikh&pndp.

- Dé4nh gid thong s6 md hinh trén cd s6 cdc s6 liéu gidn doan.
II. Xéc dinh véc to tham s6 mé hinh déi tugng dong co tré < :

Trong cong trinh [1], tdc gid dd md td qud trinh xdc dinh tan s8 bién dd pha théng qua
céc budc thuc nghiém, khi quan tdm dén tré 1 cda tirng d6i tugng, viéc xdc dinh véc td tham

s& cla md hinh P dudc phat trién bing viéc xem xét sai s6 dang :

. Gk e {0
i=0
ek) =ek P )=W(GkQ)- il
L+ (kO &

i=1
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m ~ & L .
W(GkQ) —| 2. (kQ) b e " — wW(kQ) D (kQ)' &
=0 i=]
= ] 2)
1+, (GkQ)' 4
i=1
St dung chudi Taylo ta ¢6 :
e R 47 k) + k)’ + L k) | : (3)
2! 31

Gia thiét 1a dai lugng tr& 1 dd nhd va ¢d dinh hay thay ddi theo thasi gian kha cham dd
dé c6 thé gidi bai todn x4p xi biing sy han ch& hai thanh phin dau tién cda v& phdi (3).
e 4 {1k
va do d6 tré T ¢6 thé dé dang xdc dinh trude biang thyc nghiém dua theo qud trinh qud do. 6]

day ta ky hiéu:

A X A A A T
= [P()s,sz, -y Pms P+ sy == P(m+n+])s]

Pé van ¢6 dugc quan hé tuyén tinh gifta véc to tham sd va sai l&ch, cdc tham s6 dudi
mau s sé duoc thay thé bing ddnh gid da dugc xdc dinh tai budc lap thit s — v, & ddy ta c6
thé chon v =0, 1, 2, ... cdn trong tif s& 12 cdc tham s6 cin dudce tim cdc ddnh gid tai budc lip s

+ 1 tiép theo.
Véc to P sé& duge xem xét trén cd sG qud khi ctia nd.

Viy, véc td ps dude xdc dinh tit ps véi s =0, 1, ... biing cdch cyc tiéu héa.

M
0u=Y e P2 +all 2= Foll? = e P yel, B yrall P - B oll2 @)

k=%
ek, PY=[e(,P), ... ,eM, PHTT
Véi M >m+n+1
0 < o < é - la théng s& bé Chikhéndp duge
chon.
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po : thong tin tién niém clia véc td p; , trong trudng hgp khong bi€t c6 thé chon bang khong.

Ta dua vao ky hiéu :

1 0 0
B o1 - @
A =
| 00 am |
v 1
1+ Z (k) a; "
i=1
grees L8 e
1 0 0 ] 0 0 .. 0
G| 1 oiee R O I OWGEQ) . GO™W ()
1 jMQ;‘TJ'M“ (jMQ).“‘"e'.TjM“ I jMQ\if'(jMQ) (jMQ)m“\.fV(jMQ)
W' = [W3EQ), o, , WGMOQ)]
Ta dé& dang thu dugc két qua nhu sau :
P o1 = [(AUAU + oIl [(AJU)TAW + o P o] (5)

o} diytaky hiéu: I - [a ma trdndon vi(m+n + 1) x (m + n + 1). Thay vao (4) ta xét tiéu
chudn ddnh gia P~ (k) ciia véc td P & dang don gidn hon (cho o = 0) va t5i thi€u héa phi€m

ham.

. ) ] M <. & 0 DOAR
QP )= lim =Y ek FP) >
M P

M- kel .

(6)
| l
BA =[’509B19",Bm|| _ala_ala :_an| T]T=
|
=[ﬁ0?f’1v- sf’l‘ﬂ' —a],

: ~az,...,-%nll iy (7

Tit digu kién t6i thiu héa phiém ham (6) ta viét ra thuit todn Gauss — Newton sau day
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5 " AN . - o
Fa=F oyl 0@ U [ lim o 3 000 W) (®)
M— k=1
( day ta ky hiéu :
AT
L (oek. P ))
U _#[ or
©
W(k) =W(Gke)

¥s 12 budc lap duge chon sao cho dim bdo su ho tu clia thuin todn (8) va khi cho s — oo

gid tri danh gid P~ phéi ti€n dén gid tri ddnh gid chinh xdc (51 wu

lim Eﬁ s = P
§—> 0
Trong thuc t& d6 1&ch e (k, P") giffa gid tri quan sét thuc t&€ véi danh gid chinh xdc mong ddi
12 céc dai lugng ngiu nhién cho nén gid tri t6i vu phdi 12 13 gidi ctia he phudng trinh
E (WK -Wk P)} =0,k=1,2,3,... M (10)

hay 12 § dang tuong dudng :

QP ) =E {(W(k) - W(k,P"))’} - min

B
(11)
E{.} - ky vong todn hoc
L3i gidi t6 hgp t6i vu da myc tiéu s€ 1a :
~ M ~
Q) =Y, Mk) .E {(ek, P )} — min
k=1 EA
(12)
J day :
Wk) - Wk, P) = ek P)
(13)
M
0< AK) 3 Ak =1
k=1
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Cdc tdc gid .Z. Tsupkin, Liung va Soderstrom 12 nhitng ngudsi di tién phong trong linh
vuc tim cdc ddnh gia thich nghi dé tim cdc 11 gidi t6i uu cho hé phuong trinh (11) va (12), va
mot trong s6 céc 16 gidi tdi vu cé dang sau :

Py =BE i+1v, Vs Q& =F ) (14)

Trong (14), I - 1a ma trdn don vi

1 0 .. 0
01 .. 0 )
L= e Ve Q() aQrhd)
[ SR 1 oFA PA=PA.,

(15)

va vs 1a bude lap dude chon sao cho [3, 4]

0<vys; im vy, =0
§ —>®
(16)
N
lim }/ = ; lim Zyg <00
N> s N -—> o sl

L.Z.Tsupkin da ching minh dugc ring néu budc 14p s, trong thuit toan thich nghi (14)
dugc chon sao cho théa man cdc diéu kién (16) thi ta c6 thé xdc dinh chinh xdc ddnh gi4 t6i

uu Pigi wy ¢ho s — o0 v4i cdc gid tri x4c suit bing 1.

P( lim E\s =£ﬂopt) = 1
§ —> 0

(17)

Trong [1], thudt todn s& dimg lai khi || P" g, — P7 || d& nhd. Trong todn nay, ta st dung
gid tri twong d6i va thudt todn s& dimg khi tdng gia tri twong d6i cia tat ca cdc thanh phin cla

véc td p thda man :

R ”Pﬂi{sn)—PAis”

i=0 H_pis” <&

hay 1a :

~

minsl || P =Bl -
”PisH &2

=0
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vdi €1, €2 1 céc s6 ducng bé cho trude vdi thudt todn néu trén, dieu kién diing cta thudt todn
chit ché, va khong doi hoi ma trén nhan dang (ASU)HASU trong cong thic tinh ps phai khong
suy bién (cong thifc (4)).

IIL Panh gi4 cdc théng sé ctia mé hinh dua theo s6 liéu gidn doan :

Tuong tu nhu trong [5], ta xét qud trinh lién tuc ARX

(p" + an_[p“'1 +...+ap+ayyl) = (bmp™ + bm_ipm'1 + ... + byp + bg) x(t) + e(t)

(18)

m=n-1;
e(t) - nhiu Gausse
E[e(t)e(s)] =o°3(t—s)
Chia c4 hai v€ (18) cho da thic 6n dinh (Gurvis) :
F(p) =pn +fa1p” + ... + fo (19)
Ap dung c4c quy tic x4p xi gan ding [2] dan dén

P*() ~ D¥(t)

Ta c6 thé dua (18) va (19) vé dang

Wi(t) = ()0 + e()
W(t) =Dy (t)
t
er(t) = %}% :
|
o = [D"yi® . y® | D) .. xe®) 1 =
|_
= [ o Qiman+nl 5 (20)
yi(t) = E&)")Y(t) ;
1
x¢(t) = FpO
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0 o P B oy B I b bo |7 =
= [00 .. Onsmsr 1" ‘ (21)
Wiy = of®b Sewd) = WD -Win (22)

Xét tiéu chuin ddnh gid t6i vu dang :

v(®) - E[6%td) ] ~» min (23)
b
Ta c6 13 gidi
® = [ E (@0 () 11" [ B [t) Wr©)] ] (24)
Xét tiéu chuin
Vu(®) = E[€2(tD) ] +a 18- 62 - min
0
(25)
0<a - thong sG bé Chikhéndp
Ta cé loi gidi :
B, = [ E [@0¢f () + ol 11" [E [pft) Wit) + abp] ] (26)

ta xét trudng hdp ngdu nhién g(t) thdéa man diéu kién han ché sau day dé cho tit ca bign & t

ee(t) < &5 sup |yl (27)

O<t<t

2

U day 0 < & 12 s6 dudng di nhd c6 dinh

1
n- t t i mw Xt)

bé tim ddnh gid ti wu cda véc td thdng s6 B ta 6 thé sit dung thudt todn chidu sau diy

I

é. { egtB !gggt) }
T

YO T4 0t) o' (®) e

Trang 22



Science & Technology Development, Val. 4, No. 3&4-2001

Trong (28) dai higng y(t) — 1a hé s& lap thich nghi dudc chon sao cho thda mén cdc diéu kién
hoi tw Robbins — Munro.

0<y(® , S limyt) - 0; s e (t,0) =Wyt - o ()0 (29)
{t—o0
o) = Ueﬂl v-8]l inf ||8-2zll - todn t chiéu.
7z e )

Do su x4p xi tuong dudng ¢(t) = y(t) cho nén ta cé thé st dung cdc thuit todn chi€u sau diy

dé tim ddnh gid t6i vu véc to thong s O clia qud trinh lién tuc ARX

L ~ e (£,6 )or(t) .

8 = { YO T3 v } ’ =0

g e (1,0 )it

b= i) &
IV.KET LUAN :

Mt trong nhitng 1§ do chii y&u dé viéc thiét k&€ hé thong digu khién dua trén dic tinh
tin s0. Bién — Pha dudc tng dung rdng rai 12 tinh kha thi thudng xuyén cla viéc xdc dinh céc
dic tinh fn 6 tit cdc sO liéu thuc nghiém. Ngoai ra, ké cd trong trudng hdp hé thong c6
nhidu va khong hoan toan tuyén tinh ta vin c6 thé danh gid duge cdc ddp tuy€n tin s mot

cdch tin ciy.

M5 hinh x4y dung trén cd sd ddp tuyén tin s& nhu vy c6 thé duge sit dung rat hiéu qua
trong thit k€ hé thdng didu khién. Tir cdc budc trinh bay trong chuong H, ¢6 thé phat trién

thudt todn s6 dé thuc hién bai todn nhin dang hé thong.

Trong chuong I1I da trinh bay thuit todn nhdn dang hé théng ARX trén cd 83 cdc s6 ligu
gidn doan, vin sit dung tiéu chudn binh phudng t6i thiéu cd thanh phén thong s bé theo
Cikhondp, thuit todn cho phép xdc dinh véc td 6 cang chinh xéc néu trong thuét todn 1dp ta
diing s6 lugng s& liéu cang 16n va chu ky 14y mau cang bé. Phudng phdp da trinh bay chinh 1a
thuat todn dua trén viée rdji rac héa tin hiéu tit hé thong va tinh todn theo phuong phép ldp, ca

hai déu rat vu viét khi stt dung may tinh trong hé thdng.

Téc gid xin chin thanh cdm on nhiing gdi ¥ khoa hoc quy bdu va sy khuyé&n khich clia
GS. TS Nguyén Thic Loan, cdm on sy hd trg clia cdc dong nghiép trong qua trinh hoan thign

cOng trinh nay.
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PROCEDURE FOR ESTIMATION
OF PARAMETERS OF DELAYED DYNAMIC SYSTEM

' Phan Toﬁn

ABSTRACT:

(1]

(2]

(3]

[4]

(3]

In this paper, the proposals for estimation of parameters of the dynamic systems have
been developed :

- Developing [1], the Recursive procedures for indentifying of SISO system with
considering the delay t based on the frequency characteristic.

- Estimation of parameters of the continuous time ARX Model from discrete — time data.
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