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LOC VA NHAN DANG THICH NGHI TRONG BAI TOAN
PIEU KHIEN HE NGAU NHIEN

VU NHU- LAN, VO CHAN HUNG & HoANG HONG SON

Vién C'ong nghé thong tin

Summary. A new adaptive approach based on the principle of separaring the discrete measuring functionals
is suggested.

I. - 1. MO DAU

Digu khién thich nghi ¢6 mét vai trd hét sirc to 16m trong cac ing dung diéu khién
doi hdi dé chinh xac cao, nhu diéu khién vat bay, diéu khié€n cong nghé sinh hoc, ;éc qua
trinh 1&n men trong didu kién hét sic dic biét cda méi truomg, didu khién 16 phdn ing,
digu khién Robot ...

Khé khin cht yéu trong bai toan diéu khién thich nghi 13 vin dé nhin dang mé
hinh tirc thoi cia d8i twong digu khién - Trong d6 cé trng thai - Théng s8 va bac hoic
c&u tric mé hinh. Trong diéu kién ton tai cac y&u t3 bt dinh, bai todn didu khién thich

nghi tré nén phitc tap hon va viéc nhan dang mé hinh trd nén tinh té hon.

Trong s6 bai todn loc trang thai va nhan dang tham s6, nguoi ta ddc biét quan tam
dén bai toin nguoc dung dé 1y giai cac két qud thuc nghiém va dung lai trang théi bi
nhidu loan cda hé déng luc. Mét trong nhirng khé khin chinh xuét hién khi gidi cac bai
toan nay 1 tinh khdng chinh cda cac bai toan [5].

Hién nay cé nhiéu phuong phap dé gidi bai todn nguagc, ké cd cac bai todn ngugc
khéng chinh. Nhung nhin chung cic phuong phap dé chi nhdam gidi cic bai todn ngugc
tién dinh, téc 13 cdc bai todn khong tinh dén céc yéu 8 bat dinh trong qua trinh, ciing

. x P A ° ’
nhu sai s6 ngau nhién trong do dac, quan sét.

Bai bdo nay dé cip dén mot huéng méi nhat hién nay mang tinh do6t pha tong quat
nhdm mé& rong pham vi giai cc bai todn nguoc loc trang thai va xac dinh tham sé trong
dieu kién tic dong cia cac yéu t8 bat dinh cé ciu tric xdc suat cia bai toan digu khicn.
Xay dung cdng thic téng quat cua ly thuyét nhiéu loan nhd lam co s& cho hé nhan dang
céc théng sd dua tren cac phuong trinh loc t8i wu trang thai hé thdng va chi ra ring déi

v&i bai toén loc thich nghi théng thudng, hé phuong trinh nhan dang véi s8 bac téi thidu
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cén thiét cé thé duoc xay dung nho nguyén 1y tach cic phiém ham do r¥i rac. Didu nay
cho phép tach bat toan loc thich nghi ra lam hai bai todn riéng biét 1a loc trang théi va
wéc luong cdc bién phan théng s8, nho d6 cé thé gie’xm‘bdéng ké kh&i luong tinh todn va
gidi quyét duoc khé khin vé tinh khéng chinh cda bai toan loc thich nghi t6i wu. Céc két
qud thu dugc qua nhiéu nim nghién ciru d3 phdn 4nh su thanh cong cia huéng nghxen

ctru rat quan trong hién nay trén thé gidi trong diéu khién thich nghi.

II. - MO HINH MARCHUC CO BAN (1]
Gid s mdt qué trinh hodc hé thdng ¢(z) thod man phuong trinh Marchuc

Lp(z) = q(z), #(0) = po, (1)

& day L 1a todn tir tuyén tinh

g¢(z)- phdn bd ngudn trong méi trudong

z-tap hop cdc bién cda bai todn (nhu cdc toa dé khong - Thoi gian, ning
luong, huéng van téc ...)

v, ¢- Cac ham thuc.

A ’ . ’ s A .
Trén thuc t€, cdc dai luong quan sit cé biéu dién

Jolel = (v, 9) (2)

v6i (p,q) = [, p(z)q(z)dz 1a tich vé huéng trong khong gian Hilbert cda cdc ham p(z) d4c
t;ung cho qua trinh (vi du dc trung cia thiét bi do).
Gi4 tri J, cé thé thu duoc bing hai céch: hoéc gidi (1) xac dinh J, theo (2) ho3c
gidi phwong trinh lién hop tim o,
L'} = p(z) (3)
va xé4c dinh Jy[p] = J,[e;] = (¢}, 9); L* 1a todn tik lién hop cda L duge x4c dinh theo biéu
thirc (g, Lh) = (h, L*g); Vg, h € ¥.

Bai todn nguoc dit ra la xac dinh todn tir L théng qua phiém ham do J,. Day la
bai toan khéng chinh. D& virot qua khé khin c6 tinh chit nguyén tic cia bai toan khéng
chinh, theo G.I Marchuc phai thiét 14p ngay tir ddu bién phin cia phiém ham do véi @6
1éch (sai s8) cda cac thong s6 nhdm st dung t6i da théng tin thu dwoc tir cdc thiét bi do.

Gid st tinh chit cda méi trudng thay d6i L' = L+ 6L, §L-bién phan cia L, do vay
o cling thay doi

p(z) = ¢'(z), Jplo] — J,I» =J, +6J,. CY



18 Vi NHU- LAN, V3 CHAN HUNG & HOANG HONG SON
Dinh ly 1 [1]. Gid st ' Id nghiém cda phuong trinh (1) véi L = L', ¢y, 1a nghiém cda phuong

trinh (3) véi L* = L*'. Khi d§ giita bién phan 6L va §J, xdc dinh theo (4), ton tai quan hé

§J, = —(@;,0Le") (5a)
hodc 6J, = —(¢, 6L p}). ' (5b6)

trén thuc té tir gid thi€t nhiéu loan §L (hodc 6L*) di nhd, thay vi (5), s& ¢6 quan hé sau
§Jp = —(p;,6Lp) = —(p, 6L ). (6)
Day chinh 14 c6ng thic nhiéu loan nhd do Marchuc thu duoc.

Gid s ta ¢ tap cic két qud do J,,, 1 =1, M. Khi dé tur (6):

(e, 6Lp) = —=6J,,, 1, M. (7)

Toan t& L duogc biét chinh xdc dén cac thoéng sé
n

L= [az Az + Ba(B:)Cx] ' (8)

z=1

& day A., B,, C, la cic toan ti& tuyén tinh co ban (vi phan tich phan...), a,, B. 1 céc
hé s6 chuua biét.
Ap dung dinh ly 1, thu duoc

Hé qud 1. Cdng thic nhiéu loan nhé cho bai todn (1), (7) va (8) la

Z[p;,;éazAx‘P) + (B;SO;,-: 5,@1C1<P)] = _6‘]1).‘ (9)

z=1

50:,; = a; - Qg 5ﬂ£ = ﬂ;,; - ﬂx-

III. - TONG QUAT HOA DINH LY 1 [3,4]

Trén thuc té két qua quuan sat luan bi sai léch vi nhiéu, do vay thuc chat thay Vi

(2), phdi cé
Zv[‘P} = Jplp] + € - (10)

véi dal lugng ¢ 13 dai lugng ddc trung cho sai s6 quan sat thudng mang tinh ngiu nhién.
Néu ky hiéu 62, = Z,(¢'] — J,|e], nhan duoc '



LOC VA NHAN DANG THICH NGHI T8I U'U TRONG BAI TOAN ... - 19

Dinh 1y 2. trong diéu kién cia dinh ly 1 véi gid thiét (10), ding thic sau day la ding

—6Zp = ((pz, 5L<p’) + ¢

=(p, 6L p}') + &. (11)

Dinh lj 2 ¢6 th& chimg minh bing phuong phap di ching minh dinh 1§ 1 néu tinh dén
dang cu thé (10) cia Z, [2]. Néu gia thiét nhidu loan nhé co bin, néu cé mét diy cac két
qud do

Zplel = Jplel + &, i=1,M (13)

70 \ . H x N s . 3
véi € 1a qua trinh ngau nhién nao d6 thi

Hé qua 2. Céng thic nhiéu loan nhé tdng quat cho bai toan ngugc (1), (8), (13) cé dang

m
62y, = Z[(‘P;u&aIAIP) + ( ;SO:,‘:‘S.BJ:CIP)] +&, 1=, M (14)
z=1

IV. - LOC THICH NGHI TOI UU

Gi st hé thdng chiu tic déng bdi hé théng ngau nhién. khi d6 thay vi (1), ta c6
[10]

~

Lo = q(z), #(0) = o (15)

v6i g(z) = q(z,w), p(0) = p(0,w), w € N khdng gian cac sy kién co ban, Q, 4, P) - khéng

. ’, ~ b ’
gian xax suat nao dé.

D41 véi hé (15), b céc quan sat

Y(z) = M(z)p(z) + v(;v), z€D (16)

véi v(z) = u(z,w) — nhiéu trong quan sit.

Can dung lai trang thai ¢ cda hé (15) thong qua tip quan sit (16) trong diéu kién biét
khéng chinh xéc toén tir L (va cé thé cd 7, @y, H, v).

Day 1a bai toan loc thich nghi t3i wu. D& gidi bai toan loc thich nghi, c6 thé s dung
nguyeén ly sau:

Néu c6 cac phuong phap nhan dang 6 thé 1am viéc trong diéu kién biét khéng chinh
x4c cac bién trang thai thi hé théng da dwoc nhan dang cé thé st dung dé wéc luong
céc bién trang thai. Nguyén ly trén hop ly vi théng thudong cac bién tr-gmg thai thay dai

nhanh hon céc thong s8 hé thong.
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Nhu vay bai toan loc thich nghi chinh 13 bai toan nguoc, nhdm si- dung trang thai
nhi&u loan khi biét khéng chinh xic toan ti mé td hé théng. Su khéac biét giira bai toan
nguoc va bai toan loc thich nghi t8i wu chi 13 hinh thic mé t4 céc théng tin cho biét:
hodc 14 tap cdc phiém ham do (13) ho¥c 1a tip cdc quan sit (16). V1 vy phuong phap
Marchuc 13 phuong phap hitu hiéu nhat hién nay gidi bai toan thich nghi (15) (16).

. D& dom gidn, trudc hét gid thiét rdng ngoai (16), con cb tap cac phiém ham J, hay
z,.
~ 2
Dinh Iy 3. Gid sit ¢, 1a nghiém cda bai todn (15), ¢, la nghiém cda bai todn loc véi~y =75. Khi
A

Py

dé, néu §L va 6Le, di nhd, trong dé e, = o, — o, thi quan hé gita 6L va 67,

s g
6Jp=J} —Jy
thda man dang thirc sau

A

6Jp = =0}, 8Lp,) + 1, n = Jyles] = (4, P) (17)

A
heu y rdng J, = Jple,]-

Céon quan hé gitta §L va 52,,, 62,, =2"- j,, c6 dang

A

OZ,,:—(<p:,,5L<,No7)+z, z=n+¢&. (18)

Day la két qud hoan toan méi dugc céc tac gid [4,6,7] ching minh nhu sau (v1 du truong
hop chua cé digu khién).

Gid st o, 51 13 nghiém cda (15) tuong ing véi todn t& L va L', J, = (p,p). Ap
dung dinh ly 1 thu Augc céng thirc nhiéu loan nhé cho 6L

Trong trudng hop tién dinh khi g, @y cho biét véi v =7, o, cb thé tich duoc tir (15).
Tuy nhién khi g, @y 1a ngu nhién, ¢, (z) 1a trudng ngu nhién va do d6 cd hai vé (19)
khong thé tinh dugc véi vy =7.

Dé vuot qua khé khin nay, st dung nguyén 1y néu trén. Gid st nhén dang duoc
gin ding mé hinh hé thdng véi 4 = 3. Theo nguyén 1y nay, mé hinh nhan dang s& duoc
st dung dé€ uéc luong bién trang thai .. Ky hiéu é,, 12 161 gidi cda bai todn loc véi
~=7. Khi 46

J,,[&,,] = (;57,13) = (927 + &4, P) = (P, ‘;7) + (p,&,) = Jp(<27) + J,,(s.,) = jp + Jp(s):
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Tir phuong trinh lién hop (3) tng véi (15)
JP[E] = (p,e) = ( *P;» )+ SO;’LE)-

Con tir (19)
67, = (5,6L°0}) = (¢}, 6L%) = (g}, (I’ — D)P).

Theo dinh nghia 6§/, va J, ta thay
—8Jp = —(J;I) - p) = —(J;I; - (jp + JP[E]) = _(‘I;Ia - “p) + JD[E]
va tir 36 thu duoc

Ty =y = Bylel + (63, 81) = el + (05,66 +9))
= (6}, 0L) + Jyle] ~ (2}, (L'~ L)e)

khi (L' — L) &d nhd
I —Jp=—(p5,6Lp) + P ey).

Cbdng thirc cudi cing chimg minh cdéng thirc (17). Bing cach twong tu, ¢ thé chimg minh
dwoc tinh ding d4n cla phuong trinh (18) trong trudrng hop phiém ham do ¢6 sai sd.

Céng thuc (17) (18) dwoc goi la cong thirc nhiéu loan nhd t8ng quét cho bai toan
nguoc ing véi bai toan loc thich nghi, (17) (18) dugc goi 1a hé phuong trinh nhan dang.

Céc phuong phap giai bai toan loc thich nghi hién nay, vi dy phuong phap ham hop
ly cuc dai, binh phuong cuc ti€u tdng quat, loc Kalman mé rong, tim kiém ngau nhién
.« thudng din d&n bai toan wéc luong phi tuyén phitc tap kém theo doi hdi cao ve théng
tin tién nghiém.

Phan tich thuat todn néu trén thiy ro ring, thuat toan dé dwge don gidn hod nhe
tach bai toan loc thich nghi ban d3u thanh hai bai todn ddc lip: Nhan ang 6L va loc o.

Qua trinh tach 46 thue hién duoc nho cé hé quan st trang thai (16) va tdp céc
phiém ham (13) ma né thudng khéng cé trong bai toan loc thich nghi tir truéc téi nay.
Vi vy céch duy nh&t cé thé chip nhan duoc la phai xay dl_rhg tap cidc phiém ham do
(13) tir hé quan sat (16).

Gid si, ta chi c6 quan hé (16). Dua vao tap cdc ham P!(z), 1 = 1, M, z € D va xéc
dinh

Z= [ P@Y @iz~ [ PR+ [ P =6,P) +&
TP+ &, =T | (200)
P(z) = Pl(a)E(a), & = [ Pl(a)ola)ds (200)
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Néu y(z) 13 quan st chinh xdc, Y(z) = H(2)p(z) thi & = 0 va Z[3] = L[3] = (3, P —9).
Béng cach nhu vay c¢é thé thu dugc tap cac phiém ham (Z;) (hay (J;)) cé dang (13) va
bién phan 6L cé thé tim dwoc tir hé phuong trinh (17) - (18).

Thoéng thudng nén chon M = n, n la cdc thong s6 can dugce xdc dinh. Viée chon téap
cidc ham P!(z) t8i wu la bai toan ridt quan trong lién quan dén ly thuyét quy hoach thuc
nghiém t&i Gu. C6 thé lam giiu thong tin vé §L bing cac dung khai tri€n truc giao ham
tuong quan cda Y (=), Ry(z, z') sé 13 ham riéng twong Ung v&i A;-gid tri riéng cda Ry (z, z')
trong khai trién truc giao va Z; sé 1a "toa d6” cda trudomng ngau nhién Y (z). nhiing toa dd
d6 1a nhirng phiém ham déc lap v&i nhau (chi'nh xac hon 1a khéng tuong quan véi nhau)
va do d6 sé mang luong théng tin 16n nhat veé 6L.

Hé nhén dang c6 s phuong trinh t3i thidu can thiét c6 thé chon nhu sau: ki hiéu
M; = max (m: s& cic toa dd déc lap ).

éun < .
M={ N s bt e

bidu thitc (21) cé thé ching minh dua trén tinh doc 1ip cia céc phiém ham duoc-xay

dung va sé cac thong s can xac dinh.

V.- THUAT TOAN

Chon tap (P/(z))M* va xay dung tap cac phiém ham theo (20). d4t 8 = 0 va trén co

s& thong tin tién nghiém vé v chon gid tri xap xiy°.

‘Budc 1. Gidi bai todn loc t61 uu (15), (16) véi v = 4?. Nghiém cda né la cip (é, P?) trong
d6 P? 1a ma tran sai s8 cia 9.

Buéc 2. Xay dung hé phuong trinh (17) (18) trén co s& M phiém hamJ,,, 1 = 1, M. Cin
gidi M phuong trinh lién hop (3) véi P= P, i =1, M va tinh cac d¥c trung thdng ké cda
qua trinh ngau nhién (¢&;).

Buéc 3. Gidi bai todn nhan dang (17) (18) bdng mét trong nhirng thuit toan léc vé&i nhiéu
cé twong quan. Lot giéi la 642,

Buéc 4. Gid tri mdi cda véc to théng s6 tinh theo céng thic 42! = 42 + 642, Néu

d+1 1

[y?+! = 4?| < € v&i e > 0 la gia tri dd nhd chon truéce, chdp nhén 4 = 42+! va gidi lai bai
todn loc v&i v = 4, sau d6 dung thuit todn. Trong truomg hop nguoc lai, quay vé buée

1 va 13p lal thuat todn tir ddu véi y = 49!,

Su hdi tu cda thudt todn duoc ching minh & [8].
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VI. - MO PHONG TREN PC - MATLAB

Gid st can phai loc trang thai hé théng sau

Titl = ATy = Wif)
Yi+1 = Hzipg =vig1, 1=0,..,k+1 (22)
& day a, g0, (wi), (vi) 12 doc 13p véi

E(w,-) = E(U.') = E(mo) =0
E(a) =@, E(wi,w;) = q:bi;, E(vi,v;) = rib;

E(a —a)? = 0d®

St dung thuit toan thich nghi trén dé loc ().

Buéc 1. Gidi bai todn lo
Buéc 2. Chon Pi(3), 5 =

c (15) (16) bdng loc Kalman-nghiém cda né 1a c3p (2?2, P?)
1, M ching han theo cong thuc

Pi(t)=1,1=25-1,25

Pi(x) =0, #2571, 25
Khi d6 (20) cho

K
Z; = Z Pi(d)z: + &5
i=1

Phuong trinh lién hop (3) c6 dang

I;’j-i = aaz;’,.i+1 + P](l), 1= k, k - 1, aeey 1

véiz, ;41 =0, Vi =1,M(23)

Hé phuong trinh nhan dang (18) sé la

K
6Z; = Z I:’j,ii‘?—l)6a +n5 1=1L,M
=1
a0

3 3 3 F)
n; = H(zszj_1 + 521-) + vgj-1 + vo5, € = z; — &
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Ma trin twong quan K, cia (s;) dwoc tinh theo gid thiét z2 ~ z;. D3t
$(t,5) = Ni=j41 (1 = KitH)
#(¢,7) = 1, K;-hé s dnh hudng loc Kalman & buéc 1. Khi dé

Ke(i,7) = 6(5,7) P/
. -, 7Ky, 2 J
Kaliys) = { 407 12
0, 1 < 7.
Buéc 3. Sau khi gidi (23) va tinh K., bai todn nhan dang (24) c6 thé tinh bing bd loc x4p
xi dang Markov. Nghiém cda né la wéc luong tdi uu 6a cda éa.
Buéc 4. Tinh a®t! = a? 4 §4. Néu |54a| < & dung thut todn sau khi gidi bai todn loc véi

9+1 con khong - 13p lai thuit todn véi a = a?+!

a=a
Tinh toan duoc ti€n hanh véia* =09, =04, 25 =0.296, ¢; =7, = 0.5, H =102 =
1, K=6, M =3, ¢=0.01. K&t qua tinh todn cho & bang 1:
2*-uéc lwong t8i wu cda z tinh theo loc Kalman véi a=a -

2%-wéc-luong t61 wu cda z tinh theo loc Kalman véi a = a

Bédng 1

i 1 1 2 3 4 ) 67

X 1.452 1.201 1.497 1.893 0.965 0.684

y 1.593 1.313 3.004 2.012 0.165 1.227

z! 0.906  0.859 1.727 1.378 0.350 0.705

z? 1.086 1.107  2.074 1.281 0.686  0.922

z° 1.112 1.145 2.134 1.893 0.740  0.963

z* 1.128 1.163 2.171 1.938 0.774  0.989

z8 1.137 1.183 2.195 1.965 0.793 1.004

z° 1.145 1.194 2.216 1.988  0.809 1.018

z’ 1.152 1.204  2.232 2.007 0.823 1.030

z* 1.153  1.207 2235 2.012 0.828 1.033

at 0.756 0.810 0.844 0.864 0.881 0.896 0.905
FP; 1.085 0.331 0.206 0.130 0.082 0.042 0.009

Nhu viy chi sau 6 buéc 13p - Két qud da duoc hoi tu. Nhanh hon so véi phuong

phap binh phuong cuc tidu théng thudong gap nhigu Iin.
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VII. - KET LUAN

Trong bai bio céc tac gid d3 mé rong dang ké khd ning gidi bai todn nguoc clda
dizu khi€n thich nghi trong didu kién thi€u théng tin khi cé cac yéu t3 bat dinh mang
tinh ngiu nhién cda moéi trudng, trong do dac ciing nhu cac tdc ddéng ngau nhién 1én bin
than hé thong. Da thu dwoc cdng thirc co ban va cong thirc tong quat cia ly thuyét
nhiéu loan nhé 1am cor s& xay dung hé phuong trinh nhan dang tham s& va dung lai trang
thai bi nhiéu loan cda hé théng loc (loc trang thai).

Véi bai toan loc thich nghi, di xay dwoc tap cac phiém ham do r&i rac va trén co
s& d6 thiét laan p hé phuong trinh nhan dang dua trén phuong phap ham lién hop ma
Marchuc dé xudt [1]. Uu thé cda phuong phép nay so véi cac phuong phap loc thich
nghi hién cé thé thé é:

1) V1 Z; 1a tich phan cla ~ nén Z rdt nhay cdm véi nhitng thay d6i nhdcda 84 (d{)k
léch 4 so vé1 v*). Do vay gi4 tri nhd §v vin dan dén d5 léch gitra Z!, va Z;, (17) (18) cho
phép tim 4*. Trong khi d6 tap quan sét (16) phdn 4nh tinh déng cia hé théng va nén
ding d¢ loc qua trinh. ‘ '

2) Vi & xéc dinh theo (20), thuc chit 1a phép tinh lam tron v(z), cho nén néu biés

cach chon P!(z) hop 1y, thi sai s8 & cé thé xdp xi (v6i d6 chinh xac cao) ky vong toén
hoc cia v(z) ma trong thuc té c6 thé coi bing 0. Diéu nay lam gidm inh hudngcia sai
s6 ngau nhién trong do dac va nang d6 chinh x4c cda wéc lwgng ~.
. 3) T4p céc phiém ham do dac (20) 1a rdi rac véi M c6 thé nhd t3i thi€u, hé phuong
trinh nhén dang (17) (18) 13 tuyén tinh do d6 bai todn nhan dang céc théng s3 ¢hua biét
v tré nén don gidn hon nhidu (tir quan diém tinh todn) so véi cdc phuong phap hién
hanh.

4) Téc d6 héi tu cao, khéng bi 4nh hudng bédi tinh khéng chinh & bai toan loc thich
nghi. . ‘
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