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TOM TAT

Vi 16p bai todn diéu khyén bam dbi tuong phi ruyen c6 thanh phan bat dinh ham 56 bj chin
trong md hinh, ngudi ta thudmg nghi ngay t6i phwong phip diéu khién trugt. Py 1a mat trong
cac phuong ip diéu khién mang tinh bén virng rat cao vm nhidu va sai léch mé hinh. Tuy
nhién mdt trong nhimg han ché co ban cua phuong phip didu khién néy 12 higu \ng chattering
clia né. Bi co nhuéu phuong phép bd sung thém dé han ché higu ung nay du'qc gi6i thiéu trong
thoi gian qua. Ching déu t3p trung vao viéc nhan dang dé b bét di thanh phan bat dinh trong
hé. Bai bao ndy trinh bay mét phuong phdp thich nghi 1am gidm higu 1mg chattering d6 ma
khong cin nhan dang va diéu khién bi. Hon thé nira phuong phép d& xuAl cta bai béo con ap
dung dugc cho ca trudng hegp hé phi tuyen 6 ham bét dinh khdng thoa man diéu kién bi chn,

Tir khoa: diéu khién thich nghi, diéu khién truot, diéu khién bén vimg, hé bét dinh bam.
1. DAT VAN PE

Thudng gap trong thyc té & nhimg hé phi tuyén SISO (mdt dau vao-modt diu ra) 13 hé c6 md
hinh mé ta quan hé giira tin hiéu vdo u(t) va tin hiéu ra y(¢) dudi dang phuong trinh vi phin
[1,2,3):

¥ = (g, oy )4 Af 400 m
trong d6 Af la sai Iéch mé hinh vi 7(£) 12 nhifu téc dong vao hé théng.

Diéu dic biét 1a 16p hé c6 dang mé hinh vao ra (1) & trén ludn cé thé chuyén duge vé chu
triic md hinh trang théi truyén ngugc nhu sau [4,5,2]:

{z’k =z, khi 1<k<n-1

z, = f(@) +p(z, ) +u @
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véi T =(z), -0 2, )T 14 vector trang thai ctia hé ¢6 tin hiéu daura la y=1z;, f(x) 12 ham mé
ta hé théng dugc xic dinh ir ham f’(-) trong (1) va @(a, t) 14 thanh phin bit dinh cia mé hinh
¢6 lién quan t6i sai 1éch mé hinh Af va nhiéu 7(2) mé ta trong (1).

Bi toan diéu khién bim én dinh cho I6p hé (1) hodic (2) duoc d4t ra & day 1 phii xéc dinh
duge b didu khién sao cho khong phu thude vao thanh phin bét dinh khdng x4c dinh dugc trong
mb hinh (2) la @(z,t) hodc Af, n(t) trong (1), song hé ludn c6 quy dao trang thai z(t) bam
tiém cén theo dugc quy dao miu 4 (t) cho truée.

Tét nhién & bai toan diu khién bam néu trén can phai c6 diéu kién kém theo cho quy dao
83t trube (L), vi hé khong thé bam theo duge moi quy dao bit ky. Mot quy dao z,(t) duoc
£20i 12 hop 12 cho bai toan, néu tdn tai it nhét mét tin hidu dat u,(t) dé né 12 nghiém cua (2) ung
véi tin higu dat do. DE thy 14 che quy dao trang théi x,(t) mong muédn phu hop véi dang mé
hinh truy&n ngugc (2) d6 phai la:

z, =(w,u'), ,w("_')) 3)

trong d6 w(t) 14 ham kha vi n Tan cho trudc, w™ 14 ky hi¢u cia dao ham béc k cia w(t) .
Pi ¢6 kha nhiéu phong phép tim nghlem bai toan diéu khién trén duqc d& xuét. Phé bién
la nhimg pbuong phap cé str dung nguyen tic xap xi hay nhin dang thanh phﬁn bt dinh @(x,t)

trong md hinh dé b n6 bing phan hdi trang thai (0). Cong cu dé xay dung khéi nhan dang thanh
phin bét dinh d6 thudmg 13 hé mé hodc mang neural [1).

D6l wrgng
didu khién

Hinh 1. Ciu tric diéu khién bil bit djnh.

Mt phuong phap digu k}uen khac khong cén sir dung khéi nhan dang 12 diéu k.hlen trot
[2, 3]. Day 12 phuong phap diéu khién bén vimg dam bao luén c6 dugc diéu kién bam n djnh:

lim|e(t)| =0 va |e(t)] < o, Vi )
oo
v8i e=z,—z 12 sai lich bim, md khéng cin phai nhin dang vi bi thanh phan bat dinh
¢(,t) . Tuy nhién phuong phap nay can c6 gid thiét vé tinh bi chan ciia thaoh phin bét dinh:
let, )], = sup|e(=.t)| = 8, <o ©)
zt

ciing nhu hién tieomg rung (chattering) sinh ra khi b diéu khién phai gilr dugc sai léch quy dao
trang thai e(t) & lai trén mdt trirot, duoc hiéu 1a mat:



Didu khidn barm thich nghi bdn vieng hé phi tuyén cd thanh phan bat dinh ham khéng bj chan

sley=ae+aé+ ... +a, "D +e ©

=a’e
co vector @ =(ay, ... ,u,, l)T véi chc hé sb 13 nhimg sé duong tily chon dé da thire:

pla)=aq +a,a+ - +a, 1ﬂ"‘2+a"“ o

14 Hurwitz (c6 tét c4 cac nghidm ndm bén trai truc 4o). Khi da glu lal dugc ¢ trén mat trugt thi dr
tinh Hurwitz cua da thic (7), sai léch e() s& ty truot trén 46 vé gbe 0.

Didu khién truot c6 wu diém 14 c6 tinh bén vimg cao véi thanh phan bat dinh ham @(z,1),
nh\mg nhu d3 noi, diéu ta phai tra gia la no lai sinh ra hién tugng rung ma & d6 tin hiéu diéu
Kkhién u(t) phai c6 tin sé thay d6i gia trj rat cao dé cb thé giir duge quy dao sai léch e(t) & lai
trén mit trugt (6), thim chi thn sb nay lai 14 vd ciing. Chuén (5) clia thanh phin bAt dinh bam
cang 16n, bién d dao dong cia u(t) trang thai chattering cang manh.

Dé kbic phuc nhuoc diém weén cua nmg phuong phap iéu khién bit bat dinh va truot, bai
bao nay s trinh bay mét phucmg phap diéu khién duge xay dung dira trén nén diéu khién truot
dé c6 tinh bén vimg véi thanh phan bat dinh @(z,t) va chinh dinh thich nghi cho tinh khong bi
chin cua n6. Phuong phap nay con co thé lam gidm duge ca hién tuong rung ma khong cén t6i
viéc phai s dung thém khau nhan dang va bu bt dinh. 0 biéu dién nguyén tic lam viéc cia
phuong phap didu khién cia bai béo.

Hink 2. Chu triic diéu khién thich nghs bén vimg.

2. NOI DUNG CHINH

Tru6e tién ta xét h§ bt dinh bic n c6 chu tric truyén ngugc:
I =2y, khi 1Sk<n-1
z, =9 (z,t)+¢,(z,t)u
vi @;(z,t) va @, (z,t) 12 hai thanh phan bét dinh khong cin bi chan clia mé hinh (hai ham
khéng biét ru6c). Tinh khong bi chin ciia hai him @, (z, 1), @,(2,t) ciing 12 diém khac bit so
v6i hé (1).
Miic dii 12 hai ham bt dinh, song ta ciing cin mot sé gia thiét cho ching. Gia thiét dau tién
88 hé 12 diéu khién dugc la:

®)

9,(x,0)20, Va,t



hodc it nhit no ciing phi 1a t dd duge vé gbc (zero detectable), tic 1a khi hé dang & diém trang
thai khéng diéu khien dugc:

z€e Z={a:(t0)e R"

0,(z,1) =0}

thi quy dao trang thai ty do cia hé vin bj chin vA c6 hudng tién vé gdc toa dg. Néi cach khéc,
theo tinh than ndi dung dinh ly dao Lyapunov thi phai t6n tai ham V(z,t) hop thic (bi chin boi
hai ham 16p K ) sao cho [5]:

£z
%4.%_2 z:" <-y(|z|) km ze Z
o (z,t)

trong d6 ¥(-) ciing 14 mét ham thude 16p K.
Tiép theo, ta gid thiét cac thanh phén bt dinh ham khong bi chian @p(z,t), @,(z,t) ¢6
cAu truc:
(2.t = 6] f(z, 1) +d(=,0)
9,(z,)=6] g(z,t)
trong d6 f(z,t), g(,t) 1 hai vector ham 15 (4 biét), khong céin c6 cung s6 chidu véi hé va
ciing khong cén phai bi chin, ;, 8, 12 hai vector tham sb hiing sé bét dinh va chi c6 riéng
d(z,t) 1a thanh phin tap nhiéu (him) bt dinh théa man diéu kién bi chin theo nghia c6 chuin
v3 cing hiru han:
ldez, b)), =6 <o (10)
A C6 thé thiy gia thiét (9) nay la ludn duoc thoa man & re‘i} nhéu hé phi tuyén trong thyc i,
ching haq nhu ({éc hé robot, hé co dién nr [1,2].... Bai toan diéu khién bam cho hé (8) duoc hiéu
12 phai diéu khién sao cho qu¥ dao trang thai z(2) cta hé bdm tiém can theo dugc quy dao miu
z4(t) cho béi (3), tizc 14 thoa man diéu kién (4).

®

Dinh Iy: Xét hé truyén nguege bét djnh (8) tw do dwor 161 goc. Duti cdc gid thiér (9) va (10), hé
€ luén diéu khién bam theo duoc tin hi¢u mau (3) theo nghia (4) bang bj diéu khién déng
phdn hoi trang thdi, c6 vector trang thai.

6 =-s(&)F f(,1)

2 (n
6, = —s(e)G™'g(z, t)u
va tin hidu dau ra:
n-1 _
¥ ™ +w™ - 7 f(z, ) + Asgn(s)
u=2 2

6)9(z.t)



trong d6 A>0 la héng 56 tiy chon thoa man A>8, F, G la hai ma trgn d6i ximg xdc dinh

duong ciing tity chon.
Chaimg minh:
Tru6c tién ta thiy ngay 12 hé (8) cling cic gié thiét (9), (10) s& viét lai dugc thanh:
{z’k =z, khi 1<k<n-1

. 13
i, =6] f(z,t)+d(z, 1)+ 6] g(z.t)u o

Véi chu tride truyén nguoe chit (13) nhy trén, ta thdy x,(£) cho bi (3) ciing thoa man (13)
v6i mot tin hiéu diéu khién u,(t) thich hop, nén n6é du didu kign 14 quy dao trang thai mau. Noi
cach khac s& du dé co (4) néu c6:

lim (w(H) —a:k) =0, Vk=1, ... ,n

t—oo
va
|w("'") —a:k| <o, Yk
By gi0 ta sir dung nguyén Iy diéu khién truot véi mat gt (6). Theo nguyén 1y diéu khién
nay thi tir gia thiét vé tinh Hurwitz cia da thic (7), néu da co s(e) =0, ciing s& ¢6 (4). Do dé
chi con phai chimg minh 13 bj diéu khién (11), (12) s& mang dén cho hé théng diéu mong mudn
s(e) > 0.

Truéc tién, ta gid sir 2 biét hai vector tham s6 bit dinh 6;, 6, trong mb hinh (13). Vay thi
v6i ham xéac dinh duong:
12
V(s)==s
(s) 2

ta s& dugc clng voi cong thirc (12) khi ma & dé céc vector hing 8y, 6, duoc thay chd cho
6, 6,
V=s5
n=l
= s[ S ae® 4™ —z’nJ

k=1

. -1
' V= s["z a,e®) 4™ —(a,’ f(z,t)+d(z,t)+6] g(z,t)u):|
k=1

=s[-d(z,t) - Asgn(s)]
=—sd(z,t)- Als|
<|sl|a(a, ) - A)s| <|s| (5 - 2) <0
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Pidu ndy néi ring rong trucmg hop ;, , dwoc thay boi 8, 6, bp didu khién tinh (12) da
lam hé kin thoa man diéu kién s(e) — 0 va |s(e)| < oo, tirc la thoa man didu kién (4) dé bsm
theo tin hidu méu (3).
Chuyén sang truémg hop hé c6 8, 6, 12 vector hang bit dinh. Ky hi¢u sai léch:
6,=6,-6,va 5,=6,-6,
Khi d6, vi 6;, 6, 12 nhimg vector hing nén:
6,=6;, 6,=4,
Suy ra, cing v&i b6 didu khién (12) c6 chira céc tham s ham cin chinh dinh 6, 8, thi:

n=l
i= % ae®+u™ g,
=

n—l
- ae® ™ - [af F@)+d(@,0)+6] g(z, t)u:l

n-1 - -
=% g+ [6F £(@.0+ d(@.)+(6] - 6] ) ot yu+ 8 gz,

=(6,-6;)" f@)+(8,-8,) g(a,tyu-d(z,1)- Asgn(s)
=67 f(z,t)+ 8] g(z.tyu—d(z, ) Asgn(s) (14)
Sir dung ham x4c dinh duong, tron, don diéu ting theo |s(e)| va khéng bi chan:
P.6,,6,)=3 5 +25]85,+2 8163,
trong d6 F, G 1a hai ma trén déi ximg xic dinh duong thy chon, ta s& co:
!7=ss'+5}rF5,+6;rG35 (15)
Thay § tir cdng thirc (14) va u tir cdng thire (12) vao biéu thire (15) & trén, ta di dén:
V =s[ 6] f(z,0+ 8] g(a,tyu-d(a,0) - Asan(s) |+ 6TF 6, + 857G,
=5[] F(@.0)+ 8] g(a, tyu—d(a, 1) - 2sgn(s) |+ 57 ¥4, + 67G6,
o V = =sd(z, )~ sAsgn(s)+ 57 (sf(z,t)+F§,)+ o (sg(z, tyu+G4, )

Do d6, khi sit dung co céu chinh diah (11) 1am vector trang théi cho bj diéu khién xéc dinh theo
cong thirc (12) ta s€ ¢6 tinh x4c dinh &m theo s(e) cia:

‘7(5, 8;,8,) = —sd(z,t) - sAsgn(s)
<|f(6-4)<0
VA d6 14 diéu kién dit dé dugc s(e) — 0. N

14



0 mb 1 cAu tric hé théng didu khién mé ta trong dinb ly. G do cic vector trang thai é/, b"g
ciia b diéu khién tnrgt (12) 43 duge biéu dién tich ra khoi b6 diéu khién thinh khéi chinh dinh
thich nghi dé lam r5 hon niva tinh thich nghi cua hé.

Tuy nhién ciing c¢6 diéu cin ban thém & day 14 mic du 42 c6 gia thiét hé (8) 1 didu khién
dugc (hay it nhét 1 tr do duoc t6i gbe), tirc 1a phai co 6} g(z,t)# 0 véi moi ¢t va voi moi

xz¢ Z, song do & bd didu khién ta di thay vector 0, khong biét trrde bai vector ham ég ()
duoc ldy tir co chu chinh djnh thich nghi (11) nén vin c6 thé xay ra trudng hop ég(tk) =09
mdt vai thdi diém ¢, . Diéu nay s lam cho tin hiu ra u(f) cia b didu khién (12) trd thanh vo
clng tai d6. D& trénh trudng hop bét tién ndy, ta cb thé thay gid trj ég (1,)=0 46 bing hing sb
rat nho nhung khac 0 cua n6, ching han nhu:
6,(t) khi §,m]=¢

, ()= ~ s (16)
esgnd, () khi |6,(0)<e
trong d6 ham 14y déu ciia mdt vector dugc hidu 13:
w(t)) (sgny ()
sgn| [ |= :
v, (8)) (sgnov, ()

3. Vi DY MINH HQA
Xét hé truyén nguoc (8) bic 4 véi chc ham bit dinh khéng bi chan co cu tric cho boi (9),
trong dé:
f@t)=(z,, 2, z,,)T, g(z,t)=1va 5=||d|_=0.1 )
Sir dung b diéu khién (11), (12), (16) ¢6 céc tham sé:
F=0.21; véi I 12 ma trdn don vi cia R
G=100, 2=02, §;eR’, §,eR,
va a, =125, a, =75, a; =15, £=0.005
dé diéu khién déi tuong (17), ta thu duge két qué md phong cho & 0. Cu thé 0a) la db thi
w(t) =sin(0.1) tao thanh trang thai mu x,(¢) theo cong thirc (3) so sénh véi tin hiéu ra
y=1z,(t) trong 56 cac phin tr cua quy dao trang thai thyc z(t) cla hé, Ob) L3 chc dd thy cua 3
phén tir trong vector trang thai 5, (t) va Oc) 12 d6 thj cua trang thai @(t) clia bd didu khién
thich nghi bén vimg (11), (12). Tir db thj két qui m6 phong ta cb thé thy chi sau khoang 60s
quy dao trang thai 2(L) cia hé di bam theo ding dugc quy dao mAu T4(t) va hé da di vao ché
46 xic 1p v6i G;(£), G,(t) khi d6 I3 hing sb.
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o % m % @ % w W W
Hinh 3. Két qua mo phong h¢ diéu khién thich nghi bén vimg v61 quy dao trang thai m§p so sanh véi quy
da0 trang théi thyc cla hé va cic quy dao trang thdi cua bo diéu khién

3. KET LUAN

Téc 46 bam cua hé thich nghi bén vimg tao bi bo diéu khién (1), (12) la hoan toin chinh
, |G|| cang nho, téc dd chinh dinh cang nhanh. Tuong tw khi

chon a;, ..., a, déda thic Hurwitz (7) c6 nghiém nam cing xa truc 4o vé phia tréi, tc o
bém cia hé cling cang cao.
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Didu khidn bdm thich nahi bén virng hé phi tuyén cd thanh phdn bt dinh ham khéng bj chdn

For the efficient solution of tracking control problems of a class of nonlinear systems with
the bounded perturbation is sliding mode control the often used method. This method is known
as the appropriate robust control technique to suppress the effect of bounded noises or
disturbances in systems. However the occutred chattering of this control method is the main
uncomfortable phenomenon 1n the close loop system. Many additional control techniques are
published in few last years to damp this effect. They are primary based on approximation or
identification of uncertainties to compensate their presence in the system. This paper proposes
an approach to suppress this not wanted effect without using of the identification and
compensation. Moreover the proposed control method can be also applied for tracking control of
nonlinear systems with the presence of unbounded disturbances instead of bounded ones.

Keywords: adaptive control, sliding mode control, robust control, perturbed system.





