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TOM TAT

Vi 16p bai toandiéu khién bamdéi twong phi tuyn c6 thanh pin kit dinh ham 4 bi chin
trong mo hinh, ngoi ta throng nghi ngay i phuong phapdiéu khién trugt. Pay 1a nft trong
cac phlrong phapdiéu khién mang tinh Bn virng rat cao i nhidu va sai éch mé hinh. Tuy
nhién ndt trong ntirng han ¢k co ban aia phrong phapdiéu khién nay 1a héu ttng chattering
ciia n6.PA c6 nhiu phrong phap b sung thémié han cré hi¢u ting nayduoc gisi thigu trong
thoi gian qua. Changéu tp trung vao vic nhan dang dé bu bt di thanh plan bit dinh trong
hé. Bai bao nay trinh bay &h phrong phap thich nghi lam gih hiéu tng chatteringié ma
khdng @n nhin dang vadiéu khién bl. Hn thé nira phrong phapdé xuat caa bai bao con &p
dung dugc cho @ truong hyp hé phi tuyén c6 ham Bt dinh khong tba mandiéu kién bi chan.

Tir khoa diéu khién thich nghidiéu khién treot, didu khién bén vitng, F bit dinh ham.

1.PAT VAN PE

Thuong dip trong thrc t ¢ nhitng ke phi tuyén SISO (ndt dau vao-ndt dau ra) 1a k8 cé6 mo
hinh mo & quan I gitra tin héu vao u(t) va tin héu ra y(¢) dusi dang phrong trinh vi phan
[1,2,3]:

v = (wyg, . y"P)+0f+00) (1)
trongd6 Af |a sai éch mé hinh vag(t) 1a nhiu tacdong vao I thong.
Diéu dic bigt 1a lop he c6 cing md hinh vao ra () trén ludn c6 th chuyén duoc Ve ciu
trdc mo hinh tng thai trugn ngroc nhr sau [4,5,2]:
{:&k =1, khi I<k<n-1

o @)
Ty, —f(il)) +¢($!t)+u
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voi T =(1y, ... ,xn)T |la vector tang thai dia ke c6 tin hgu dau ra lay = z;, f(z) 1a ham mo
ta hé théng duoc xacdinh tr ham £/ () trong (1) vag(x, ¢) 1a thanh phn bit dinh aia md hinh
c6 lién quandi sai kch mé hinhAf va nhéu 77(t) mo # trong (1).

Bai toandiéu khién bamon dinh cho ép hé (1) hdic (2) duoc dit rad day la phii xac dinh
duogc bo diéu khién sao cho khéng phthuse vao thanh pin bit dinh khéng xadtinh dugc trong
mo hinh (2) lag(x,t) haic Af, 17(t) trong (1), song &ludn c6 q§ dao trang thai z(t) bam
tiém can theoduoc quy dao mu x,(¢) cho tuéce.

T4t nhiéng bai toandidu khién bAm néu trénan phai cé didu kién kém theo cho gudao
dat truéc @, (t), vi e khong tit bam theatuge moi quy dao bit ky. Mot quy dao x, (t) dugc
goi 1& hop 1& cho bai toan, éu tn tai it nhat mot tin higu dat w, (t) dé né 1a nghém caa (2)ang
véi tin higu dat d6. Dé thdy 1a cac q dao trang thai z,(t) mong mén phl hp v6i dang mo
hinh truyén ngroc (2) d6 phai la:

x, :(w,w, ,w(n_l)) ©)

trongdé w(t) 1a ham ki vi n lan cho tiéc, w® 1a ky héu ciadao ham lic £ cua w(t) .

D3 c6 kha nliu phrong phap tim ngléim bai toandiéu khién tréndugc dé xuat. Prb bién
la nhitng phrong phap céis dung nguyénic xap xi hay ntn dang thanh phn bit dinh @(z,t)
trong md hinhié bii n6 king phin hoi trang thai (0). Congwde xay drg khdi nhan dang thanh
phan bat dinh @6 theong la i€ mo hoac mang neural [1].

Ly

— 1 u Doitwong |
— Bﬁlidéﬁu diéu khi én >
— (2)
® |Knéinhan |
dang

Hinh 1 Ciu tricdiéu khién bu Hit dinh.
Mot phrong phapdiéu khien khac khong an s dung khbi nhan dang ladiéu khién truot
[2, 3]. Pay la plrong phapdiéu khien ben vitng dam bao ludn codugc dieu kign bamon dinh:

tlim le()| =0 vae(t)| <, Ot 4

véi e=z,;—x la sai éch bam, ma khéngao phii nhan dang va bu thanh g@im bit dinh
@(x,t) . Tuy nhién phrong phap nayan c6 gi thiét vé tinh  chin cia thanh phn bit dinh:

[P, =suig @ 1)=0, < ®

ciing nhr hién twong rung(chattering sinh ra khi b diéu khién phai gitr duoc sai Ech quy dao
trang thaie(t) ¢ lai trén mit truot, duoc hiéu 1a mit:
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s@) =aetax+ ... +a,_ "D+ o
= aTe
co vectora = (al, ,an_l,il) VGi cac It 5 1a nhitng $ duong thy chon dé da thic:
pl@)=a ta,a+ -+ + an_lan—Z +g" L -

la Hurwitz (c6 it ca cAc nghdm nim bén trai tac 40). Khi da gii lai duoc ¢ trén miit truot thi tir
tinh Hurwitz @ia da thic (7), saiéch e(t) 3 tu truot tréndoé vé goc 0.

Diéu khién trurot couu diém la co tinh Bn vitng cao i thanh plan bat dinh hamg(z,t),
nhung nhr da ndi, diéu ta phii tra gia 1a n6 4i sinh ra hén twong rung mas dé tin hiu diéu
khién u(t) phai c6 tn $ thayddi gia tri rat caodé coé th giit duoc quy dao sai Bch e(t) o lai
trén mit truot (6), thim chi fin 5 nay hi la vé cung. Chin (5) dia thanh phn bit dinh ham
cang bn, biéndd daodong aia u(t) trang thai chattering cangamh.

Dé khic phic nhroc diém trén @a ting phrong phapdiéu khién bu Hit dinh va toot, bai
bao nay & trinh bay nét pheong phapdiéu khién duge xay drng dra trén @n diéu khién truot
dé co tinh Bn vitng Wi thanh plan bit dinh @(z,t) va ctinhdinh thich nghi cho tinh khéng b
chan aia né. Plrong phap nay con cédham gam duoc ¢ hién tuong rung ma khongan 16i
viéc phii sir dung thém khau rim cang va bu Bt dinh. 0 béu dién nguyén ic lam vic cia
phueong phapdiéu khién cia bai bao.

z,; al

BO diéu khién| * | Péitwong
bén virng "| diéu khi én

ira

1
. Khéi chinh dinh
thich nghi

Hinh 2.CAu tracdiéu khién thich nghi Bn viing.

2. NOI DUNG CHiNH

Trudc tién ta xét & bit dinh kic n ¢6 diu tric trugn ngroc:
T, =%y Khi 1ISk<n-1
{in =@ (x,t)+ ¢, (z,)u
voi @ (x,t) va @, (x,t) 1a hai thanh pin bat dinh khong én bi chin cia m6 hinh (hai ham
khong bét truéc). Tinh khong behin cia hai hamg, (z,t), @, (x,t) ciing ladiém khac bt so
véi hé (1).

~ Mac du la hai hami dinh, song ta@ing éin mjt s6 gia thiét cho ching. Gi thiét dau tién
dé hé ladiéu khién duogc la:

(8)

@,(x,t)#0, Uzt
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hoac it nhit n6 ding phii la t do duoc V& goc (zero detectable)rt Ia khi i dangs diém trang
thai khéngdieu khién duoc:

x0Z :{m(to)DR”

¢, (@.t0)=

thi quy dao trang thai tr do aia k8 van bi chin va c6 lréng tién vé goc toa dd. Noi cach khéc,
theo tinh tlAn ndi dungdinh ly dao Lyapunov thi phi ton tai ham V (x,t) hop thic (bi chin boi
hai ham ép K) sao cho [5]:

T
oV ov| .
¥+£ . s—y(|a:|) khi z0Z2
b;(.1)

trongdoé y([)) cting la ndt ham théc lop K.

Tiép theo, ta gi thiét cac thanh pin kit dinh ham khong jchin @ (x,t), @,(x,t) co
cau trac:

¢ (x,t)=6] f(z,t)+d(z,t)

¢, (x,t) =6, g(x,t)
trongdé f(z,t), g(x,t) 1a hai vector ham r&ié biét), khdng @n cé cung & chiéu véi hé va

(9)

cing khong &n phii b chin, &;, 8, 1a hai vector thaméshing $ bat dinh va ch c6 riéng

d(z,t) 1a thanh phn tap nh&u (ham) Bt dinh tha mandiéu kién bi chan theo ngka c6 chén
vO cung lru han:

|d(@.1)], =& < (10)

Co the thay gia thiét (9) nay la lubrdugc thoa mana rat nhéu hé phi tuyén trong thic &,

ching han nhr céc 1§ robot, & co dién tir [1,2].... Bai toandiéu khién bam cho & (8) duoc hiéu

la phai diéu khién sao cho gudao trang thai z(¢) cia hé bam tém cin theodugc quy dao mau

x,(t) cho Wi (3), tic la thva mandiéu kién (4).
Pinh ly: Xét k¢ truyén ngroc kit dinh (8) tw do duoc i goc. Dusi cac gi thiét (9) va(10), hé

s¢ ludndiéu khién bam theatuoc tin hitu miu (3) theo nglia (4) bang by diéu khien dong
phan hai trang thai, c6 vector tmg thai

éf =—s(e)F Lf(z,t)

N (12)
6, =-s(e)G g(z,t)u
va tin héu dau ra:
n=1 ~
> ake(k) +w™ - Gfo(w,t) +Asgng)
u =4 (12)

éng(w7 t)
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trongdé A >0 1a hang $ tly chon thva man A >J, F, G la hai ma ten doi xiing xacdinh
dwong aing tuy chn.
Chizng minh
Truéc tién ta thy ngay 1a 1& (8) cung céc githiét (9), (10) § viét lai duoc thanh:
{w’k =1, khi 1<k<sn-1

i, =] f(z,t)+d(2,t)+ 6, gt (13)

Vi cau trdc truygn ngroc chit (13) nhr trén, ta thy x,(¢) cho Wi (3) ding tha mén (13)
véi mét tin hiéu diéu khién w, (t) thich fyp, nén ndata diéu kién la qur dao trang thai nau. NOi
cach khac&du dé co (4) rtu co:

im (0" -z,)=0, k=1, ... »

t - 00

va
‘w(k—l) _:L.k‘ < 00 , Dk

Bay giv ta sr dung nguyén ydiéu khién trrot voi mdt triet (6). Theo nguyén Ifiiéu khién
nay thi tr gia thiét vé tinh Hurwitz @ia da thic (7), réu da cé s(e) =0, cing € c6 (4). Dod6
chi con phii chirng minh Ia b diéu khién (11), (12) &8 mangdén cho k¢ thong diéu mong mén
s(e) » 0.

Trudc tién, ta gi si d& biét hai vector thamésbét dinh 8;, 6, trong mo hinh (13). ¥ thi
vai ham xéadinh drong:
1,
V(s)=—=s
(s) )
ta € dugc clng Wi cdng thic (12) khi mag d6 cac vector ing 6;, g, duoc thay clh cho
6;, 6,:

V =5

n=1

= s( Y a,e® +™ —x’nj
=]

. n—1
- V= s[ Y ae® +u™ —(Bff(m,t)+d(m,t)+09Tg(m,t)u)}

K=l

= s[~d(z,t)~Asgné )

=-sd(x,t)—A |s|

S|s||d(:1:,t)|—/1|s| S|5|(5—/1) <0
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biéu nay ndi iing trong trrong hop 9f, éq dugc thay i 8;, 6,, bo diéu khien tinh (12)d&
lam Fe kin thoa méandiéu kicn s(e) — O va|s(e)| <o, tirc 1a thba mandiéu kien (4)dé bam
theo tin héu mau (3).
Chuyén sang trong hyp e c6 6;, 6, 1a vector king kit dinh. Ky hiéu sai Ech:
5 =6,-6,vad,=6,-6,
Khi @6, vi 8, 8, la nhing vector Bng nén:

Bf:b"f, 6 =5g

g

Suy ra, cung &i by diéu khién (12) c6 clra cac tham&ham an chinhdinh 9f, 9g thi:

n=1 )
s=3 ake("’) + ™) -,
k=

n—1
= % e 4w [ 6] flat) + (.0 + 6] gt

n=1 ~ —~
=3 a0 - 6] )+ dw)+(6] -6 o+ 6 9w 1

- T ~ T
=(6,-8,) fx.)+(8,-6,) glx.tyu-d(z.t)-Asgng)
=0/ f(z,t)+ 3, g(a,t)u~d(z,t)~ Asgng ) (14)
Sir dung ham xadinh drong, ton, don diéu ting theols(e)| va khong behan:
V(s.6;.9,) =1 +15fF5f +—15§c559
2 2 2
trongdé F, G |& hai ma tin d6i xang xacdinh drong tuy chon, ta $ co:
V =si+3 Fd; + 3G, (15)
Thay § tir cong thirc (14) vau tir cong thirc (12) vao béu thirc (15)¢ trén, tadi dén:
v = 5| 8] f(@,t)+ 0] gla,yu—d(@,1)~ A sgng )|+ 8] F&; +8, G4,
=s[5fo(m,t)+5ng(m,t)u—d(m,t)—/1 sgné )}+5fTF§f +37G6,

- V = —sd(m,1) - sA sgnk )+5fT(sf @/ )-I-Féf)+d'gT($g € )L+G§g)

Do d6, khi sr dung a cau chinhdinh (11) 1am vector #ing thai cho b diéu khién xacdinh theo
cong thirc (12) ta & c6 tinh xaatinh am theos(e) cua:

V(s,8;,8,) = -sd(w,t)=sA sgné )
S|s|(5—/]) <0

vado ladiéu kién du dé dugc s(e) — 0. ‘.
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0 md & cau trac g théng diéu khién mé & trongdinh ly. G d6 cAc vector ting thai 9f, éq

ciia b diéu khién trrot (12) da dugc bicu dién tach ra khi bo diéu khien thanh kibi chinh dinh
thich nghidé lam ré fon nra tinh thich nghiwa k.

Tuy nhién @ing codiéu cin ban thénb day la mic duda co gi thiét he (8) ladiéu khién
duoc (hay it niat 1a tr do dwoc ti goc), tic 1a phii c6 Qng(:z:,t) #0 véi moi t va Wi moi
x[Z, song dov b dicu khien tada thay vectorg, khong bt truoc boi vector hamég ®)
duoc lay tir co cdu chinh dinh thich nghi (11) nénawm cé tié xay ra tarong hop ég (t,)=0¢
mot vai thoi diém ¢, . Diéu nay & lam cho tin Fu ra u(t) cia b didu khién (12) to& thanh vo
clng i d6. Bé tranh toong hyp bit tién nay, ta cé ththay gia tr éq (t,) =0 d6 king hing $
rat nho nheng kh&c caa né, cking han nhu:
8,(t) khi \ag (t)( > e

£sgnd, ¢) khi \ég (b<g

8 (1) =

(] (16)

trongd6 ham fy diu aia mt vectorduoc hiéu la:
u(t)) (sgm ()
sgn : |= :
v,(t)) \sgnv, ¢)

3. Vi DU MINH H QA
Xét hé truyén ngroc (8) bic 4 Wi cac ham Bt dinh khéng b chin c6 du tric cho bi (9),
trongdo:
T .
f(x,t)= (xz , T3 ,x4) , g(xz,t)=1vao= ||d||oo =0.1 (17)
St dung ko diéu khién (11), (12), (16) c6 cac tharh:s
F=0.2; vi |, 1& matan don vi cia r >
G =100,4=0.2,6,0r® 6,0,
va 0, =125, a, = 75,a5= 15£= 0.00
dé didu khién ddi tuong (17), ta thudugc két qua mé phong chod 0. Gu thé Oa) ladd thi
w(t) =sin(0.% ) tao thanh tang thai nau x,(t) theo cong thc (3) so sanhdi tin hi¢u ra
y =, (t) trong $ cac pln tir cia quy dao trang thai thre z(t) coa ke, Ob) la caats thi caa 3
phan tir trong vector ting thai 9f (t) va 0c) lado thi cua trang thai 99 (t) cua by diéu khién
thich nghi Bn vitng (11), (12). & d thi két qua mé plong ta c6 th thiy chi sau khang 60s
quy dao trang thai z(t) cua k¢ d& bam thedlngduoc quy dao miu x,(t) va ke dadi vao cké
do xéc Bp Vi 8;(t), 6,(t) khidd lahing .
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Hinh 3.Két qua md phéng K diéu khien thich nghi Bn vitng Wi quy dao trang thai ndu so sanh i quy
dao trang thai thrc cia k¢ va cac g§i dao trang thai dia 16 dieu khien

3. KET LUAN
Tbc do bam @a b8 thich nghi Bn vitng ©o boi bo diéu khién (11), (12) 1a hoan toan ith
dinhdugc. Néu chon F, G ¢6|F||, |G| cang nb, téc do chinhdinh cang nhanh.dong tr khi
chon ay, ... , a,_, dé da thic Hurwitz (7) c6 nghm nim cang xa trc a0 Vé phia trai, éc do
bam d@ia ke ciing cang cao.
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For the efficient solution of tracking control pfetns of a class of nonlinear systems with
the bounded perturbation is sliding mode contrel aften used method. This method is known
as the appropriate robust control technique to mg3pthe effect of bounded noises or
disturbances in systems. However the occurred eriradt of this control method is the main
uncomfortable phenomenon in the close loop systdamy additional control techniques are
published in few last years to damp this effecteyllare primary based on approximation or
identification of uncertainties to compensate thpgsence in the system. This paper proposes
an approach to suppress this not wanted effectowittusing of the identification and
compensation. Moreover the proposed control metlandbe also applied for tracking control of
nonlinear systems with the presence of unboundsdriances instead of bounded ones.

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