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Abstract. Model uncertainties always are hindrances to effectiveness of the control
system design and analysis. The contention of the present paper is to show that it is
not capable of completely avoiding model uncertainties because the realworld is beyond
our cognition. To find control algorithms working with model uncertainties is better than
looking for the way avoiding them. The purpose of this paper is to clarify the nature of
uncertainties and control algorithms. Then, some control techniques as adaptive control,
robust control, extremal control, stochastic control will be represented to demonstrate
feasibilities of overcoming uncertainties.

, '"1.Ma DAU

Tit be? dieu khi~n mire mrcc b~ chira do Polsunow thidt ke nam 1965, den
nay cac h~ thong tlf de}ng da tro- thanh quen thuoc khong chl trong san xuat cong
nghiep ma ca trong do-i song thiro'ng ngay, Cac h~ thdng ttr de}ng la d5i ttrong
nghien CU-U, thirc nghiem va cling la ket qua cua nhieu nghanh ky thuat khac
nhau. Trong h~ thong tlf de}ng ton tai ba qua trlnh eo' ban. Do chinh la qua trlnh
thu th~p va truyen thong tin, qua trlnh xli ly thong tin va ra quyet dinh, qua
trlnh tao ra va thirc hi~n tac de}ng dieu khi~n. Ba qua trlnh tren th~ hien mot
each ttrong minh (explicit) hoac khong tirong minh (implicit).

Cluing ta khong eo y dinh danh gia tarn quan trong cua tirng qua trlnh d5i
vrri slf hlnh thanh cac h~ thdng tlf de}ng. Bai nay chl t~p trung vao quo' trinh
aieu khitn (control process), xem no la tac de}ng trtrc tiep tao l~p cac trang thai
mong mudn 0- cac h~ thdng eo t5 chirc. Nhir da biet, cac qua trlnh tlf nhien eo xu
the tien t&i trang thai can b~ng (equilibrium). Trang thai can b~ng la trang thai
hon loan va mat trat tu nhat. Sir hon loan va mat trat tu di lien voi khai niem
entrop~ trong nhiet 'de}u'ghoc. Eu'tropy la 'phan nang l~qn~ kh6ng th~ tl! chuy'~n
thanh cong eo Ich vi no da diroc dung vao vi~c tao ra Sl.(han loan va mat tr~t tl!.
Dinh lu~t thir hai cua nhiet de}ng hoc phat bi~u r~ng, trong me}t h~ thong khep
kin entropy khong tlf giam. Mudn gian entropy phai eo mot tdc aqng ht((Yng aich
vao h~ thong.

* Do yeu cau han che so trang cua tap chi, bai nay viet thu gon tu m9t cong trlnh nghien ciru
dai vOi nhirng di~n gilH ttro'ng doi chi tiet cac thi du minh hoa, m9t so hro'ng Ion cac tai li~u
tham khao, Ban doe co nhu cau Urn hi~u sau hon, xin lien h~ v&i ta.c gicL.
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Nhln chung, cac h~ thong co t5 chirc eo kha nang htnrng tac de;>ngcila moi
trtrong xung quanh theo nhirng eo che nao do d~ duy tri trang thai cua no theo
chi'eu giam sv mat tr~t tv va h6n loan. Thuat ngir chuyen men goi ea che do la
aieu khitn. Cluing ta eo th~ md re;>ngkhai niem entropy cua nhiet de;>nghoc d~
chi tlnh trang vo tr~t tir, hon loan, mat s« dinh, chech muc tieu cua cac h~ thong
t5ng quat. Sv md re;>ngnay cho ta ket qua, trong me;>th~ dong kin entropy khong
tv giam. Dieu khi~n la CCf che lam giam entropy. a dau entropy khong tang, d
do dang di~n ra qua trlnh di'eu khien.

So v&i khai niem entropy, khai niem hat dinh (uncertainty) mang nhieu tfnh
chat heuristic. Entropy la thuoc tinh cua thu:« tt kluicb. quan (ohjctive reality) con
hat dinh la thue;>ctfnh cua nhq,n ihsi c (cognition). Tuy nhien sau nay ta se thay
r~ng, hat dinh la ket qua chira ca. hai yeu to kluich. quan va chd quan. VI v~y,
vi~c co g~ng loai trjr hoan toan hat dinh la dieu khong th~ thirc hien diroc.

Sv quan tarn ciia chting ta doi v&i bat ainh hc1t nguon tir hai ly do sau:
• Cac h~ thong ma cluing ta quan tarn t&i ngay cang eo de;>phirc hop va/ho~c

eo de;>phirc tap Ion hen. Nhir trong cac phan sau clning ta se thay ro, viec
ton tai hat dinh la dieu khi~n khong tranh khoi.

• Bat dinh la thuoc tfnh cua nhan thirc trong do eo qua trlnh tu duy (xli- ly
thong tin va ra quyet dinh]. Cac thiet hi xli- ly thong tin va ra quyet dinh
ngay nay da trd thanh me;>tphan quan trong trong cac h~ thong ttr de;>nghoa,
tirong tac true tiep voi cac thiet hi dieu khien.
Den day trurrc mc1t chiing ta hi~n len me;>tvan de thirc te rat don gian va

cling rat ly thii. Mudn giam entropy phai nho vao dieu khien , khi tien hanh dieu
khi~n thi yap phai hat dinh. Chap nhan sv eo m~t cila hat dinh, dtra ra nhirng
chidn hroc va phtrong phap di'eu khi~n eo kha nang chung song voi hat dinh. Do
chfnh la mvc tieu cua ly thuyet dieu khi~n hien dai,

.-n. BAT DJNH

Khai niern bat ainh (uncertainty) moi xufit hien trong ly thuyet dieu khi~n
tit khi aieu khitn ben vimg (robust control) ra do-i, mo dau h~ng cac cong trinh

. cua J. Ackermann [11 va J. C. Doyle [161 vao nhirng nam dau cua th~p ky 80.
Uncertainty, tieng Anh eo nghia la sv khong chc1c chc1n, str khong ro rang, tfnh
khong xac thirc, tfnh d~ thay d5i. J. C. Doyle dung khai niem uncertainty d~ thay
the nhirng khai niem nhir Sf! thitu thong tin, thong tin khong aay ad, mo hinh.
vai tham so chu a bitt, mo hinh khong aay ad v.v., trmrc do v~n dung trong dieu
khi~n, d~c hi~t trong aieu khitn tf! thich. nghi (adaptive control). Uncertainty doi
l~p v&i robustness (tfnh hen virng, tinh ch~c chc1n). V&i khai niem bat ainh trong
tieng Vi~t, chiing ta mudn noi t&i tat cci nhirng gl khong xac djnh diro'c [It ra thl
chira xac dinh diroc] vao thoi di~m gicii bai toan phan tich hay t5ng hop h~ thong
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di'eu khicn. V (Yi each hi~u nay, bat dinh trong di'eu khien la phan thieu hut cila
nhan thirc so voi thirc te khach.

1. Tinh tu nhien cua bat dinh. .
Nhir da biet, trong the gi{Yivi mo, khong eo khai niem chuyeri d9ng th!ng. Sl,l"

thay d5i trang thai cila m9t hat CcY ban dtroc di~n ta bo-i phirong trlnh Shrodinger

ik aw(s, t) = H w(s t)at ' (1)

,a day w(s, t) la ham song, s la vi trf cua v~t trong khong gian phi tirong doi,
t la thoi gian, i2 = -1, k = 1,054 X 10-27 ergs, H la toan tu Hamilton. Dang
thtrc cila toan tu Hamilton phu thuoc vao cau true cila h~ thong cac hat CcY ban.
Chting ta khong di sau vao n9i dung chi tiet ciia CcY hoc hrong tu cling nhir' each
giai phirong trlnh (1), chl neu ra day vai ket qua eo y nghia doi voi van de ciia
chting ta. G9i {(~p)2} va {(~s)2} la sai so binh phtrong trung binh khi xac dinh
gia tr] xung hrc va vi trf cua mdt hat eo ban. Heisenberg da chi ra r~ng

(2)

Theo cong thirc (2), khi {(~p)2} = 0 thl {(~s)2} = 00 va ngtro'c lai, Day
chfnh la n9i dung cua nguyen ly bat dinh n5i tieng cila Heisenberg [7]. Xung hrc
va v~n toc phu thucc nhau qua khdi hrong cua v~t chuydn d9ng. Do do, eo thg
phat bi~u nguyen ly bat dinh cua Heisenberg thanh lo-i nhir sau: Khong thE xac
ilinh v~n toc vd vi tri cua mot hot. ea bdn V(ri cung d,ij chinh ziic cho truo:c, Neu
ilq,i luC(ng ndy du o c taic ilinh chinh xac bao nhieu thi ilq,i luo tiq kia ilu o c xac il!'nh
kern chinh taic bay nhieu. Bat dinh co nguon goc ngay trong the gi&i vi moo Rat
buon la the gioi vi mo, trong do eo chiing ta, diroc tao ra tu the gi&i vi rnf ay.
Cong nhan nguyen If bat dinh hay khong la quyen cua chung ta.

NgJu nhien la thuoc tfnh cila tl,l"nhien, ngciu nhien la nguon goc sinh ra bat
dinh. Ch!ng han, cluing ta xet mdt van de rat quan trong trong ky thuat, van
de danh gia d9 tin c~y cua cac thiet b] cong nghiep. Vi~c danh gia nay thuong
dira vao cac phtrong phap phan tfch thong ke. Nhimg nhir ta da bidt, khi dira ra
nhirng ket lu~n danh gia, chiing ta eo tht1 m.1c hai loaisai lam sau:

- Sai lam thir nhat eo dang tong quat: gia thiet dung - ket luan sai.
- Sai lam thtr hai eo dang tang quat: gia thiet sai - ket luan dung.

Hai nguy CcY sai lam nay eo tinh chat doi khang. Mudn han che nguy CcY mKc
sai lam nay thl nguy CcY m.1c sai lam kia cang Ion hon va ngiroc lai. Hien tirong
nay cling xay ra trong moi qua trlnh quyet dinh, Ly thuydt quyet dinh (decision
theory) da chi ra r~ng, bat ky m9t quyet dinh nao cling gKn lien vrri rui ro (risk).
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Khi ta chon me?t mo hlnh toan hoc d~ mo ta doi tirong di'eu khi~n, ta cling m~c
sai ram nay [15]. Khong nen nghi r~ng tot nhat la d~ cho hai nguy CCf sai Him
b~ng nhau. Bo-i vt lam nhir v~y ch1ng giiip ta lam giam bat bat dinh.

2. Bat dinh: gi6'i han ctla kha nang nhan thtrc

Tiep c~n h~ thong
Trong the gi&i v~t chat cling nhir the gi&i phi v~t chat, cluing ta phan bi~t

cac h~ thong tinh (static systems) va cac h~ thong ilqng (dynamic systems). Thirc
ra theo quan di~m duy v~t, the gio'i ton tai trong sv v~n de?ng va VI the khong ton
tai h~ thong tinh tuyet doL Khai niern tinh va ilqng dircc hi~u me?t each ttrcrng
doi theo mire de? cam nhan va muc dich quan sat nhirng bien d5i theo tho'i gian,
Cling xufit phat tir quan di~m nay ta thay r~ng, khong ton tai h~ thong v&i tham
so bat bien theo thoi gian (systems with time-invariant parameter). Khai niern
tham so bat bien theo tho'i gian cling chi la me?t quy ircc mang tfnh heuristic.

Van de bat dinh thirc sir tro- nen nghiem trong khi ta xet cdc h~ thong phuc
ho p (complex systems) va ctic h~ thong phsi c tqp (complicated systems). Hai khai
niem nay nhieu khi hay b] nham l~n voi nhau. Ta cong nhan r~ng, d9 phirc hop
cua h~ thong tang theo so hrong phan ttt tham gia h~ thong va nhirng mdi ttro'ng
tac giira chiing. Me?t h~ thong phirc hop tlurong la phirc tap. Tuy nhien eo nhirng
h~ thong it phirc hop hon nhirng lai phirc tap hon. De? phirc tap cua h~ thong
thirong d~c trirng bo-i cac tfnh chat sau day:

• 'I'Inh khong dong nhat cua cac phan ttt.
• TInh phi tuyeri va de?ng lire hoc b~c cao ciia cac phan ttt.
• Tfnh tr~ cua cac qua trinh xay ra trong h~ thong .
• TInh da dang cua cac mci tiro'ng tac giira cac phan ttt.
• 'I'Inh nhay cam doi voi nhirng thay d5j cila moi trirong.
Phai cong nhan mot thirc te la, neu d9 phirc tap ctla h~ thong tang len , kha

nang cila chung ta mo ta m9t each chinh xac va kha dung hanh trang cua cac h~
thong nay giam dan. Den me?t ngufrng nao do, d9 chinh xac va tinh kha dung
cua sv mo ta tro- thanh nhirng don ttt loai trir nhau. Hien tirong nay diro'c L. A.
Zadeh d~t ten la nguyen 111bat phu hop (principle of incompatilibity) [19]. Nguyen
ly bat phu hop ciia L. A. Zadeh khang dinh mot Jan nira yeu to chu quan cila bat
dinh.

Gong Cl! roan boc va lo-gich.
Cac nha di'eu khidn thtro'ng dung cac cong cu toan hoc (giai tich, dai so, to-po)

d~ mo ta, phan tfch va thiet ke cac h~ thong. Vi toan hoc durrc cac nha dieu
khi~n coi nhir nhirng "cong C\l eo sgn" nen it quan tarn den tinh lo-gich dung d~n
cua no ma chi quan tarn den hieu qua stt dung. Giai quyet cac van de lien quan
t&i cac h~ thong phirc t~p doi hoi phai eo nhirng cong C\l manh va thich hop. Tuy
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v~Y, cac nha di'eu khi~n khong d~ y r~ng, bat dinh ti'em £n ngay trong cong cu ho
dang xtt dung, P. X. Novicdp da chi ra sv bat dinhnay qua viec phan tich khai
niem VD cung hay VD hon, m9t khai niem diroc dung nit ph6 bien trong khi nghien
ciru cac h~ di'eu khi~n.

Suy lu~n (inference) la mot khau quan trong cua qua trlnh nhan thirc (cog-
nition). Khi suy lu~n ngtroi ta thuong dira vao mot thir lo-gich nao do. TU- goc
d9 lich su ngiroi ta phan biet lo-gich Arixrot (Aristolelean logic), lo-gich c5 di~n
(classic logic) va Io-gich hien dai (modern logic) V.v... Cac nha triet h9C phan
biet lo-gich hinh thirc (formal logic), lo-gich trirc giac (intuitionistic logic), lo-gich
bien chimg (dialectical logic) v.v ... Cac nha toan hoc nghien ciru lo-gich kien thiet
(constructive logic), lo-gich qui nap (inductive logic), lo-gich t6 hop (combinatory
logic) v.v ... Cluing ta quan tarn den lo-gich hai tr] (binary logic), lo-gich da trj
(multivalued hay many-valued logic), lo-gich phan hoach (fractal logic), lo-gich da
ngir canh (polycontexturallogic) v.v ...

Van de dang hru y nhat lien qua t{Yibat dinh la phep keo theo diroc su dung
trong Hit d. cac lo-gich hlnh thirc vira nh.1c den tren kia. Trong lo-gich hai tr],
menh de "if A then B" nhan gia tr] sai khi va chi khi A dung va B sai, noi each
khac, menh de tren sai khi va chi khi A khong dan t{YiB. Khi A sai, menh de tr en
nhan ket qua dung, khong phu thuoc vao menh de B dung hay sai. Ho'n nira, khi
ap dung phep toan nay, ngtroi ta khong quan tarn den viec menh de A eo phan
anh dung hien thirc khach quan khong. Trong lo-gich mo , menh de A voi ham
thuoc f(A) cho triroc, B se nhan gia tri f(B) bKng bao nhieu qua phep toan "if
A then B"? Gia tri f(B) hoan toan do ta quy iroc (poorly defined). M. Peschel
cling da chl ra r~ng, qui t.1c b.1c c~u cua phep keo theo khong phii hop hoan toan
v{Yiduy v~t bien chimg [12].

is. ram ctla chung ta
Nhir da noi d phan dau, bat dinh la thieu hut giira hi~u biet cua chung ta so

vo'i thirc te khach quan. Sv thieu hut ay mot phan do khach quan gay ra nhir
vira trlnh bay d tren, mot phan do lam 16i cua chinh chung ta. Doi khi trong qua
trlnh tir duy, cluing ta da "lay tay che m.1t mlnh". M9t dang "lay tay che m.tt
minh" la sir nguy bien (vo tlnh hoac eo chil y) trong cac l~p lu~n khoa h9C. Ta eo
th~ neu ra vai dang nguy bien nhtr sau:

• Nguy bien lien h~ den sv kien .
• Nhirng nguy bien lien quan den tir ngir.
a Nhirng nguy bi~n lien h~ den dinh nghia va suy luan.

'" -JIll. DIEU KHIEN

Cluing ta hay xet mdt bai toan c6 di~n d~ lam sang t6 mot yen de trong thiet
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ke di'eu khien. Cho h~ thong roi rac di~n ta bo-i.

Ay=Bu (3)

trong do u la tfn hieu di'eu khi~n va y la tin hieu dau ra. A va B la cac da thirc
phu thuoc toan ttt tinh tien. Gia str r~ng can phai thiet ke m<)t b<)di'eu khien sao
cho tin hieu ra mong mudn Ym va tfn hieu chi dc1n Uc tuan theo quan h~

AmYm = Bmuc (4)

Lu~t di'eu khi~n diroc dung 0- day la

Ru = T'u , - Sy (5)

trong do R, S va T la cac da thirc. Tit cac cong tlnrc tren day ta thu dtro'c phirong
tlnh di~n ta h~ vong kin.

(AR + BS) y = e t:«, (6)

Cac nghiem cila h~ vong ha- la nghiern cila da thirc B. Cac nghiem nay cling
la nghiem cua h~ vong kin neu no khong diroc tri~t tieu bo-i cac cvc cua h~ vong
kin. Hi~n nhien la chi eo cac nghiern 5n dinh duce tri~t tieu, do v~y chiing ta
tach B thanh dang.

B = BnBa (7)

trong do Bn chira cac nghiem khong 5n dinh con Bi, chira cac nghiern 5n dinh.
Trong cong thirc (3.4), (AR +BS) la da thirc d~c trtrng cila h~ vong kin. Da thirc
nay diroc thiet ke gBm ba thanh phan: thanh phan tri~t tieu cac nghiern 5n dinh
cua Ba, thanh phan chira cac cvc mong mudn cua mo hlnh va thanh phan clnra
cac circ quan sat mong mudn khi quan tarn den trang thai cua h~. Nhir v~y ta eo
th~ viet mot each hlnh thirc

(AR + BS) = BaAm Aa (8)

"lr.. B l' , " , B d,J th' - (36) R" " , " l' B G' , ,v loa U<1C so cua , e oa man. can eo cac U'<1C so a a. la str

R = BaRI (9)

khi do bi~u thirc (8) eo th~ vidt thanh

(A RI + Bn S) = Am Aa (10)



CAC H~ THONG Tlt D9NG: BAT D~NH VADIEU KHIEN 17

Quan h~ giira tin hieu chi d~n va tin hieu dau ra ciia h~ phai thoa man bi~u thirc
(4), suy ra

»;».»;»,
nghia la Bm phai eo u&c s5 la Bn. Tit (6), (10), va (11) suy ra

(11)

T = AoBl (12)

D~ thu duce ket qua thoa dang, can hru y r~ng

deg(S) :::;deg(R) (13)

B~c nho nhat kha di cua S diroc xac dinh bd-i

deg(S) :::;deg(A) - 1 (14)

Tit cong thirc (10) ta eo th~ suy ra

deg(R) = deg(Ao) + deg(Am) + deg(Bo) - deg(A) (15)

Cac di'eu kien

deg(Ao) ~ 2 deg(A) - deg(Am) - deg(Bo) - 1 (16)

deg(Am) - deg(Bm) ~ deg(A) - deg(B) (17)

dam bao cho cac ham truyen S / R va T / R la cac ham truyen chan chfnh.

Bai toan c5 di~n tren day cho phep chiing ta rut ra nhirng ket lu~n rat quan
trong lam dau dau cac nha ly thuyet di'eu khi~n. Bai loan don gian nay se khong
co Uyigiai ho~c Uyigiai khong dung diroc khi:
• B~c cua A va/ho~c b~c cila B khong phii hop v&i b~ thirc sV cua dO'i tirong

dieu khi~n. (Bat dinh ve d(>ng hrc hoc, cac dieu kien (14), (15), (16), va (3.15)
thoa man tren tinh toan nhirng khong thoa man tren thirc te).

• Ndu cac h~ s5 cua cac da tlurc A va B khong phii hop vo'i dO'i tirong that,
d~c biet neu Bokhong chira cac nghiem 5n dinh th~t sir cua dO'i tirong. (Bat
dinh tham sO', cac dieu kien (8), (9), (10), (11) va (12) thoa man tren tfnh
toan nhirng khong phii hop v&i thirc tel. .
Gan mra the ky qua cac nha nghien ciru ly thuyet dieu khi~n da ra sire tlm

kiem cac giai phap kh~c phuc tinh trang nay. Co hai hircng chinh d~ virot qua
nhirng kho khan tren day.
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• Tiep tuc tlm kiem phirong phap nhan dang h~ thong (system indetification)
dg loai trir bat djnh, Cho den nay hirong nay v5.n tiep tuc dtroc nhieu nha
nghien ciru quan tarn [9], [14]. Tuy nhien doi v&i cac h~ thong phirc tap (thf
du cac h~ thong v&i tham so phan tan, cac h~ thong eo b~c dQng lire cao ho~c
cac h~ thong voi sir bien d5i tham so nhanh) thl nhirng co g~ng theo hirong

, , t LAb" t"nay ru nen e ac .
• . TIm kiem cac chien hroc di'eu khign eo kha nang "chung song" v&i bat dinh.

Co thg kg t&i mQt vai nghanh cua hirong nay nhir di'eu khien tlf thfch nghi
(adaptive control) [6], [8], di'eu khien ben virng (robust control) [1], [2], [5], [11],
[17], ket hop hai phtrong phap tlf thich nghi va ben virng (robust - adaptive
control) [13], [18], dieu khien mfr [10]' dieu khign thong minh (intelligent
control) [4] v.v ...

Sau day chiing ta se digm qua nQi dung ea ban ctla mQt vai phiro'ng phap dieu
khign eo kha nang chap nhan str bat dinh. Do khuon kh5 cila bai bao eo han &
day chl trlnh bay rat ngan gon.

1. Dfeu khi~n ttr thich nghi

Dieu khitn tf! thich nghi (adaptive control) la mQt giai phap tot dg chap nhan
bat dinh, d~c bi~t & nhirng h~ v&i bat dinh tham so hay tham so bien do'i. Dieu
khign tlf thfch nghi diro'c nghien ciru manh vao cudi nhirng narn 60 va trong sudt
thap ky 70. Tu ttrong triet hoc ciia dieu khign ttr thich nghi la chu thg tlf thay d5i
hlnh thirc ton tai dg phii hop voi dieu ki~n ton tai. Theo tinh than do, h~ thong
dieu khign tlf thfch nghi la h~ thong eo kha nang tf! thay aoi tham so va/holf,c
cau truc dg phii hop vrri nhirng thay d5i cua hoan canh. Co nhieu eo che tv
thfch nghi. Trong nhirng truong hop nhat dinh eo thg tlm thay cac dai hro'ng
phu lienh~ true tiep voi Slf thay d5i dQng lire hoc cua doi tirong. Tren eo s& do
eo thg han che anh hirong sir bidn d5i tham so cua doi tirong b~ng each thay d5i
tham so b9 dieu khign nhir la cac ham phu thuoc bien phu. CC! che nay eo ten g9i
la Gain Scheduling. MQt each khac dg hi~u chlnh tham so bQ dieu khign diro'c thg
hien qua eo' cau Model Reference Adaptive System (MRAS). BQ dieu khign eo thg
diroc xem nhir gom hai vong, Vong trong la h~ dieu khign thong thirong gom doi
tircng va bQ dieu khign theo nghia thong thuong. Tham so bQ dieu khieri vong
trong diroc thay d5i b&i met vong dieu khien ngoai tren nguyen t~c sao cho sai
l~ch giira dau ra cua doi tirong va dau ra cua md hlnh dat gia tri nho nhat. Van
de then chdt cua eo cau MRAS la xac dinh thuat toan hieu chinh tham so bo dieu
khign sao cho, trong trtrong hop doi ttro'ng la ~Qt h~ 5~ dinh, sai l~ch gifr~ dau
ra cua doi tirong va dau ra cua mo hinh hoan toan tri~t tieu. M9t trong nhirng
thuat toan kinh dign cila MRAS diroc di~n tci diroi dang

de = ke gradg e
dt

(18)
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trong do e la d<) sai l~ch giira dau ra cua doi ttrong va dau ra cua mo hlnh, e
la vectrr tham so can hieu chlnh cua h<) di'eu khien, k la mot so chon truxrc d~c
trimg cho toc d<) ttr thich nghi. Vong di'eu khidn ngoai dung d~ hieu chlnh tham
so h<) dieu khi~n d vong trong cling eo th~ diro'c xay dirng theo m<)t each khac,
hao gom m<)t h<) lI&Chrong tham so (estimator) va met h<) tfnh toan tham so cila
h<)dieu khien vong trong (design calculator). CO"ca u ttr thich nghi nay eo ten la
Self» Tuning Regulator (STR), la eo eau tl{ thich nghi diro'c coi la eo hieu qua nhat
hien nay.

Dieu khidn tl{ thich nghi eo kha nang chung song v&i bat dinh nhirng no lai
gay ra nhirng kho khan moi. Cling eo th~ noi, chinh no gay ra hat dinh mo'i. Cac
eo cau tl{ thfch nghi nhir vira trlnh hay deu dan t&i mot h~ thong di'eu khi~n vong
kin eo dang phi tuyen. Do do viec phan tich fln dinh cua h~ thong trd nen kho
khan. Hien ttro'ng n6i gi6 (windup) lam cho kha nang irng dung ciia dieu khi~n
tl{ thfch nghi vao thirc te hi han che rat nhieu,

2. Dfeu khi~n hen vfrng

Nhir da thay, rnot lan nira hat dinh v~n co tinh ham theo chiing ta. Nhirng S1{

co g~ng cua cac nha If thuyet dieu khidn cling khong kern phan quyet liet. Quan
sat the gioi sinh v~t, ta thay cluing eo nhirng kha nang th~t ky dieu. H~ thong
dieu khi~n nhiet d<) eo th~ cila nhirng con hai ly vimg hitc circ eo th€ diro'c xep
vao nhirng h~ thong dieu khien hoan my nhat, Chung eo th€ ton tai trong giai
nhiet d9 moi trirong thay d5i tU- -50°C den +30°C ma khong can phai l~n tron
trong hang hay di ClI ve nhirng vung khi hau am ap. Trong trirorig hop nay, chil
th~ khong thay dfli hlnh thai ton tai khi di'eu khi€n ton tai thay d5i. Hlnh thai
ton tai du hen virng trmrc tac d9ng cua dieu ki~n ton tai, Day chinh la nguon goc
tir ttrong cua If thuyet dieu khien hen virng ra dai vao dau thap ky 80 va phat
tri€n manh me cho t&i hien nay.

Tfnh hen virng diro'c hlnh thanh h~ng each, khi thiet ke h<)dieu khi~n ngtro i
ta khong thidt ke no cho m9t doi tirong duy nhat ma cho rnot ho doi ttro'ng. Ho
cac doi tirong eo th€ la mdt t~p hiru han [bai toan multi-model control) hoac
mot t~p vo han [bai toan rohust control). H<?cac doi tiro'ng thtrong diroc dien
ta h~ng each, trong do m6i thanh vien cila ho hao gom hai phan, phan da hiet
ch~c chiin [mo hlnh danh dinh] va phan hat dinh. Mf hinh danh dinh (nominal
model) chinh la mo hlnh doi tirong hi€u theo nghia c5 di€n. Bat dinh eo th~ chia
lam hai dang chinh: bat a!'nh tham so (parameter uncertainty) va bat ainh aqng
lue hoc (dynamic uncetainty). trong trirong hop hat dinh tham so, ta gia thiet
r~ng moi thanh vien cila ho cac mo hlnh eo cimg d<)ng hrc hoc nhtrng tham so thl
khac nhau. M9t ho nhir v~y eo th€ dien ta diro'i dang

M{P) := {P(s, p) : pEn ~ Rn} (19)

trong do n la khong gian tham so [thtrong diroc gia thiet la compact). Chang
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han h~ thong SISO voi bat dinh tham so co thg di~n t<i bo-i

m n

P(s, p) = L ai(p)si / L bj(p)sj
i=O j=O

(20)

trong do pEn ~ R" va n := {Pmin ~ P ~ Pmax}. Khi ai(p) va bj(p) chi phu tl;l_~e?C
tuyen tfnh vao cac thanh phan cua vecto tham so p, ta noi r~ng h~ thong (20) la
h~ thong eo eau true bat ilfnh tuyen Unh affine (affine linear uncetainty structure).
Me?t trircng hop d~c bi~t ciia cac h~ thong eo cau true bat dinh tuyen tfnh affnie la
h~ thong eo eau true bat ilinh ilqe l~p (independent uncertainty structure). Trong
trtrong hop nay, mBi h~ so ai va bj chi phu thuoc vao met thanh phan cua vectrr
tham so p. Nhirng ket qua thu diro'c ve tinh ben virng cua h~ thong eo cau true
bat dinh dc}c l~p chii yeu dira tren dinh ly cua Kharitonov. Doi voi cac h~ MIMO
ta cling eo thg lam tirrrng tir, Me?t h~ MOMO voi bat dinh tham so eo thg di~n
t<i bd-i

:i; = A (p) x + B (p) u, y = C (p) x (21)

Dinh ly Kharitonov cling eo kha nang diroc ap dung vao h~ MIMO khi trong
bigu thirc (21) chi eo A phu thuoc vecto tham so p. Cac khai niern cau true bat
djnh tuyen tfnh affine va eau true bat dinh de?Cl~p se diro'c dung can ctr vao tinh
chat cua da tlnrc d~c trtrng

h(s, p) = det(sI - A(p)) (22)

Bat dinh de?ng lire h9C la dang bat dinh kha plnrc tap va da khong diro'c gia! quyet
trong dieu khign ttr thich nghi. Da so cac cong trlnh nghien ciru ve dieu khign
ben virng de c~p den bat dinh de?ng hrc hoc thirong su dung mf hlnh trong mien
tan so. Chitng han eo thg di~n t<i mot ho nhir v~y boi

M(P) := {P(s) : P(s) = Po(s) + ll(s) (23)

trong do Po(s) la mf hinh danh dinh, ll(s) la phan de?ng lire h9C bat dinh. Truxrc
het be? dieu khign diroc thiet ke dg 5n dinh h~ thong va thoa man nhirng yeu cau
chat hrong khac [nhir tinh barn theo dai hrong chl dan, kha nang loai trir nhieu
ngoai lai v.v.) dira tren md hlnh danh dinh Po(s). Sau do se chi ra nhirng dieu
ki~n nao ll(s) phai thoa man dg moi P(s) E M(P) cling s« dinh va thoa man
cac yeu cau chat hrong. Dai hrong d~c trirng cua ll(s) la chuan Hoo hay gia tr],
ky di JL(Il{s)). a cac h~ MIMO, do ll{s) eo so chieu km, vi~c xac dinh gia tr] ky
d] cila no nhieu kho khan. Hem nira, de?bat dinh cua tirng phan tu cua ma tr~n
ham truyen tren thirc te khong gidng nhau. Dg su dung toi da cac thong tin tien
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nghiem, ngiroi ta thay bat ainh khong duo c kien thiet (unstructured uncertainty)
cua ho (23) b~ng bat ainh ilu o c kien thiet (structuerd uncertainty).

M(P) := {P(s) : P(s) = Po(s) + ~(s) W(s)} (24)

Trong (24), ~(s) la ma tr~n bat dinh diro'c kien thidt, W(s) la me:>tham trong
di~n ta mire de:>bat dinh cua tirng phan ta cua ma tr~n ham truyen. Co nhieu
each kien thiet ~(s). Khi thiet ke dfeu khien cho cac h~ MIMO theo md hlnh
danh dinh, ngoai cac phirong phap kinh di~n, phiro'ng phap toi tru theo chu~n
Hoo eo vai tro d~c bi~t quan trong,

3 Dieu khi~n c,!c tri
Cong b'~ng ma noi, cac h~ thong dau tien eo kha nang khKc phuc bat dinh

trong di'eu khi~n la cac h~ Cl{C tr] (extremal systems). Bai toan di'eu khi~ n C,!C tri
(extremal control) eo th~ mo ta m{>t each don gian nhir sau. Cia sa eo h~ thong
v&i quan h~ giira dau vao u va dau ra y di~n ta b3-i

y = f(u) (25)

Noi chung f(u) la m{>t ham phi tuydn theo u. f)~ don gian each trlnh bay, ta gia
thiet y chl eo m{>t di~m C,!C tri (minimum ho~c maximum). Neu f(u) diroc biet
m{>teach day du [khong chira bat dinh) thl ta eo th~ giai (theo phiro'ng phap giai
tich ch~ng han] d~ tlm dieu khien u irng voi di~m circ tr] mong mudn. Khi f(u)
khong diroc biet day du (bat dinh v'e doi ttrorig] ho~c f(u) bi nhieu ben ngoai tac
de:>ng(bat dinh nhieu}, van de trer nen phtrc tap, Thir nhat , di~m circ tri ma ta
tlm diroc tren mo hlnh f(u) khong phai la di~m circ tri cila h~ thong. Thu hai,
trong nhieu trtrong hop, di~m Cl{C tri khong phai la di~m 6n dinh. Can phai xay
dung eo cau dieu khi~n sao cho y chuydn tir gia tr] khong toi lIU den gia tr] toi
lIU sau m{>t thoi gian nhat dinh va duy tri no.

Co nhieu each xay dung h~ di'eu khieri Cl{C trio Phirong phap d~ hlnh dung
nhat la phirong phap dao ham. Taithoi di~m t ta tim dao ham dy / du thong qua
vi~c xac dinh dy/dt va du/dt nho cac phep do. Sau do dfeu khien u se diro'c tinh
bo-i cong thirc

t

1 J dyu = - K-dr
T du

o
(26)

Phirong phap nay eo nhiroc di~m, khi y da dat gia tri toi tru, dy / du = O. Khi
do bi~u thirc (26) se eo gia tri 0 [khong phai la gia tri u irng vrri di~m Cl{C tri}.
H~ thong s~ trirot ra khoi di~m Cl{C trio D~ kh~c phuc nlnroc di~m nay, ngiro'i ta
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dira them vao cong thirc (26) me}t thanh phan giao de}ng va u diro'c xac dinh theo
cong thirc

t

1 JK dy d .u = T du T + A sin wot
o

trong do A va Wo la cac h~ng so diroc chon mot each thfch hop.

(27)

4. Dfeu khi~n ng~u nhien
Trong cac phtrcmg phap di'eu khi~n da nh~c den t! tren, cac qua trinh xay

ra trong h~ thong diroc gia thiet la nhirng qua trlnh ti'en dinh (determinestic
proceses), chl eo di'eu ta chira biet ho~c khong th~ biet mot each day du ma thOi.
Tren thirc te cluing ta cling g~p cac h~ thong ma Cl do S,! bat dinh khong th~
loai bo nhirng eo th~ rno t<i no b~ng me}t md hlnh ng~u nhien (stochastic model).
Chitng han ta eo th~ mo ta h~ thong nhir v~y boi phtrong trlnh

y = f(u, v) (28)

trong do u, y la cac dai hrong ti'en dinh, f la mot ham phi tuyen, v la dai hro'ng
ng~u nhien. Me}t trong nhirng bai toan thtrorig g~p la tlm di'eu khi~n u sao cho
h~ thong (28) 5n dinh va ky vong cua ham muc tieu J(u, y) dat gia tri circ ti~u.
Trong trirong hop gia thiet ton tai di~m circ ti~u, bai toan nay eo th~ giai diroc
nhc plnrong phap quy hoach dong Bellman. Tirong tv nhir trircng hop STR, be}
dfeu khien Cl day cling eo thg xem nhir gom hai phan: be}di'eu khien phan hoi theo
nghia thong thirorig va be}irrrc hro'ng m~t de}xac suat eo di'eu kien cua trang thai
cua h~ tjr cac thong tin thu diro'c.

Di'eu khidn ng[u nhien da xay dung thanh mot ly thuyet rieng kha hoan chinh
trong th~p ky 60 va da thu diro'c nhieu ket qua irng dung. Nhirng bat dinh v~n
khong ro-i bo chiing ta. Khi v khong tuan theo phan ho chua:n va nhat la khi
khong biet ham m~t de}xac suat ciia v, bai toan trt! nen vo cung phtrc tap. Them
vao do, neu ham f ciing khong diroc biet day drl. thl chung ta danh chap nhan
that bai.

'" A

IV. KET LU~N

Tren day chiing ta da de c~p den van de bat dinh trong cac h~ thong di'eu
khign va nhirng kha nang kh~c phuc no. Trong If thuyet dieu khien, khai niem
bat dinh diroc dung nhir la mdt khai niem bao trum d~ chi sv thieu thong tin,
thong tin khong day du, mo hlnh voi tham so chira biet, mo hlnh khong day drl.
v.v ... Chung ta cling eo th~ coi bat a{nh la tat ca nhirng gi khong xac dinh dtro c
[It ra thi chira xac dinh diro'c] vao thoi digm gi<ii bai toan phan tfch hay t5ng
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hen> h~ thong. Vcri each hi~u nay, bat dinh trong di'eu khi~n la phan thieu hut
cila nhan thirc so v&i thirc te khach quan. Loai trir hoan toan bat dinh la mot
vi~c vtrot ra ngoai kha nang cua con ngtnri. Tuy nhien bat dinh eo th~ diroc kh~c
phuc. Trong bai nay da neu nguyen ly CCf ban cila rnc}t vai phiro'ng phap di'eu
khi~n voi muc dfch chl ra cac kha nang kh~c phuc SlF eo rn~t cila bat dinh. Do
khuon kh5 eo han, bai nay chira de c~p den rnc}t so htro'ng dieu khien khac eo kha
nang kh~c phuc bat dinh [nhir dieu khi~n mo' [10]' dieu khien voi qua trlnh hoc
[4], v.v). Day la htrong nghien ctru rat dang quan tarn. Tlrn kiern cac kha nang
moi d~ khdc phuc bat dinh trong vi~c xay dirng h~ thong tir dc}ng la muc dich
cua ly thuyet dieu khi~n hien dai.
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