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Nguyin Doan Phiro ĉ̂ '*, Le Thi Thu Ha^ 

'£>a/ hgc Bdch khoa Hd Noi. 1 Dgi Co Viet, Q. Hai Bd Tnmg. Hd Noi 

^Dgi hoc Ky thuat Cong nghiep Thdi Nguyen, ducmg 3/2 Tich Luong, Thdi Nguyen 

'Email: phuoc.nguyendoan899@gmail.com 

Din Tda soan: 3/3/2014; Chip nhan dang: 4/10/2014 

T 6 M TAT 

Vdi ldp bai toan dieu khien bam doi tugng phi tuyln cd thanh phin bit dinh ham sd bi chan 
trong md hinh, ngudi ta thudng nghi ngay^ tdi phuong phap dilu khiln trugt. Day la mdt trong 
cac phuong p'';ip dieu khiln mang tinh bin viing rat cao vai nhilu va sai ISch mo hinh. Tuy 
nhien mot troiiy nhimg ban chi ea ban eua phuang phap dilu khiln nay la hieu iing chatteriag 
ciia nd. Da cd nhieu phuong phap bd sung them de han che hieu ling nay dupe gidi thieu trong 
thdi gian qua. Chiing deu tap tnmg vao viec nhan dang de bii bdt di thaiih phin bit dinh trong 
he. Bai bao nay trinh bay mdt phuang phap thich nghi lam giam hieu ung chattering dd ma 
khdng can nhan dang va dilu khiln bu. Han the niia phuang phap dl xuat eiia bai bao cdn ap 
dung dugc cho ca trudng hop he phi tuyen cd ham bat dinh khdng thda man dilu kien bi ehan. 

Tu khoa: dieu khien thich nghi, dieu khien trugt, dieu khien ben viing, he bat dinh ham. 

1. D^T VAN DE 

Thudng gap trong thuc te a nhiing he phi tuyen SISO (mdt diu vao-mpt dau ra) la he ed md 
hinh md ta quan he giiia tin hieu vao u(t) va tin hieu ra y{t) dudi dang phuang trinh vi phan 
[1,2,3]: 

y^-'^^!'[u,y,y, ... ,y(--i))+A/ + /7(t) (1) 

trong dd A/ la sai lech md hinh va rjit) la nhiSu tac dpng vao he thdng. 

Dieu dae biet la ldp he cd dang md hinh vao ra (1) d tren luon cd the chuyen dugc ve cau 
tnic md hinh trang thai truyen ngugc nhu sau [4,5,2]: 

[x^ = x^+i khi 1 < fc < n - 1 

\x^ = f(x) + <p{x, t) + u 
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v6i x^[xi, ... ,x,^) la vector tr^ng thai ciia he ed tin hieu dau ra la y = Xj, f(x) la ham md 

ta he thdng dugc xac dinh tir ham / (•) trong (1) va (p(x, t) la thanh phin bit dinh ciia mo hinh 

ed lien quan tdi sai leeh md hinh A/ va nhilu 7j(t) md ta trong (1). 

Bai toan dilu khiln bam dn dinh cho lop he (1) hoae (2) dugc dat ra d day la phai xac dinh 
dupe bd dilu khiln sao cho khdng phii thupc vao thanh phin bit dinh khdng xae dinh duge trong 
md hinh (2) la ^{x,t) hoac A / , T}(t) trong (1), song he luon cd quy dao trang thai x{t) bam 
tiem can theo duge quy dao mau x^ (t) cho trudc. 

Tat nhien d bai toan dieu khien bam neu tren can phai cd dieu kiSn kem theo cho quy dao 

dat trudc x^(t), vi he khdng the bam theo dugc mpi quy dao bit ky. Mdt quy dao x^(t) dugc 

gpi la hgp IS eho bai toan, neu tdn tai it nhat mdt tin hiSu dat u^ (t) d8 nd la nghiem ciia (2) ling 

vdi tin hieu dat dd. Dl thiy la cac quy dao trang thai x^(t) mong mudn phii hgp vdi dang md 

hinh truyen ngugc (2) dd phai la: 

.,.("-') ̂  (3) 

trong dd w(t) la ham kha vi n lan cho trudc, w^ ^ la ky hi8u eua dao ham bac k ciia w(t). 

Da ed kha nhieu phuang phap tim nghiem bai todn dieu khien tren dugc de xuat. Phd bien 
la nhung phuang phap cd sii dung nguyen tic xap xi hay nhan dang thanh phan bat dinh <p(x, t) 
trong mo hinh de bu nd bing phan hdi trang thai (0). Cdng cu de xay dimg khdi nhdn dang thanh 
phan bat dinh do thudng la he md ho^e mang neural [1], 

-^d J 
B6 di^u 
khien 

u 

1 ^ 

Doi tipg'ng 
dieu l<tliln 

(2) 

Kiioi nli^n 
i j n g 

Ifmh 1. Cau tnic dieu khien bit bat dinh. 

Mat phuctng phap diSu khi6n khac khong cin sir dung khSi nh$n dang la dilu khiSn truot 
[2,3]. Day la phuong phap di6u khiln bin vimg dam bao luon co duoc dilu kien bam 6n dinh: 

l im|e(0 | = Ova |e (0 |<oo , Vt (4) 

voi e = x^-x la sai lech bam, ma khong cSn phai nhan dang va bii thanh phjn bit dinh 

(p(x,t). Tuy nhien phtiong phap nay clin CO gia thilt vl tinh bi ch jn cua thanh phin bit djnh: 

| |p(3;,()L=sup|p(a;,i) | = <5'y<oo (5) 
x,t 

ciing nhu hien tuang rung (chattering) sinh ra khi bo dilu khiln phai giii dugc sai lech quy dao 

trang thai e{t) a lai tren mat truot, dugc hilu la mat: 
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(6) 
s(e) = aie + a2e+ ... +a„_ie^" ^^+e*"' ' 

T 

= a e 

cd vector a = (fij, . . . ,Li„_j,l) vdi cac he sd la nhiing sd duong tuy chpn de da thiic: 

p(a) = ai + a2a-\- ••• + a^_ia''''^ + a""'^ (7) 
la Hurwitz (ed tat ea eac nghiem nam ben trai true ao). Khi da giii lai dugc d tren mat trugt thi tii 
tinh Hurwitz cua da thiic (7), sai lech e(t) se tir trugt tren do ve gdc 0. 

Dieu khien trugt cd uu diem la cd tinh ben viing cao vdi thanh phan bdt dinh ham (p(x, t), 
nhung nhu da ndi, dilu ta phai tra gia la nd lai sinh ra hien tugng rung ma d dd tin hieu dieu 
khiln u(i) phai cd tan sd thay ddi gia tri rat cao de cd the giii duge quy dtio sai lech e(t) d lai 
tren mat trugt (6), tham chi tan sd nay lai la vd cung. Chuan (5) eua thanh phin bat dinh ham 
cang Idn, biSn dp dao ddng cua u(t) trang thai chattering cang manh. 

De khic phuc nhugc diem tren eiia timg phuong phap dieu khien bu bat dinh va trirgt, bai 
bao nay se trinh bay mdt phucmg phap dieu khien dugc xay dung dua tren nen didu khiSn trugt 
de cd tinh ben viing vdi thanh phin bit dinh ^ (x , t) va chinh dinh thich nghi cho tinh khdng bi 
ehan eiia nd. Phuang phap nay edn cd the lam giam dugc ca hien tugng rung ma khdng can tdi 
viee phai sit dung them khau nhan dang va bii bit dinh. 0 bieu diln nguyen tic lam viec ciia 
phuang phap dieu khien cua bai bao. 

Bo di^u khien 
b^n vi>ng 

•-

u D6i tu'p'ng 
dieu khien 

Khoi chinh djnh 
thich nghi 

Hinh 2. Cau tnic dieu khien thich nghi ben viing. 

(8) 

2. NOI DUNG CHINH 

Trudc tien ta xet he bit dinh bac n cd cau tnic truyen ngugc: 

^k^^k+i '^i l<k<n-l 

vdi ^y(cc,i) va ^ (a;,^) la hai thanh phin bat dinh khong can bi chan ciia mo hinh (hai ham 

khdng bilt trudc). Tinh khong bi chan cua hai ham ^t (x, t), ^„ (x, t) cung la diem khae biet so 

vai he (1). 

Mac du la hai ham bat dinh, song ta eiing can mgt sd gia thilt cho ehiing. Gia thiet dau tien 
de he la dieu khien duge la: 

g> ix,t):^0, yx,t 
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hoae it nhit nd ciing phai la tu dd dugc vl gdc (zero detectable), tiic la khi he dang a diem trang 
thai khdng dieu khien dugc: 

XG Z = |a;(to)GR" I q>gix,^)^0] 

thi quy dao trang thai tu do ciia he vin bi ehan va ed hudng tien ve gdc tpa dp. Ndi each khae, 

theo tinh thin ndi dung dinh ly dao Lyapunov thi phai ton tai ham V{x,t) hgp thiic (bi chan bdi 

hai ham ldp /C) sao eho [5]: 

< - 7 ( | x | ) khi x& Z 

(9) 

dV dV 

dt dx 

^<Pjix,t)) 

trong dd y{-) eiing la mot ham thudc ldp }C. 

Tilp theo, ta gia thilt cac thanh phin bit dinh ham khdng bi chan Pf(x,t), ^g(x,t) cd 

cau tnie: 

^j {x, t) = of fix, t) + d(x, t) 

Pg(x,t) = ejg(x,t) 

trong dd f(x, t), g(x, t) la hai vector h ^ rd (da bilt), khdng ein cd eung so chilu vdi he va 

ciing khdng can phai bi chan. Of, 0 la hai vector tham sd hang so bat dinh v^ chi cd riSng 

d(x, t) la thanh phan tap nhieu (ham) bat dinh thda man dieu kien bi chan theo nghia cd chuan 

vd cung hiiu han: 

| |d(a: , i) |L=^<oo (10) 

Cd the thay gia thiet (9) nay la luon dugc thda man d rat nheu he phi tuyln trong thuc tl, 
ching han nhu cac he robot, he co di|n tii [ 1,2].... Bai toan dieu khien bam cho he (8) dugc hiSu 
la phfii dieu khien sao eho quy dao trang thai x(t) ciia he bam tiem can theo dugc quy dao mau 
x^(t) eho bdi (3), tiic la thda man dilu kien (4). 

Dinh ly: Xet he truyen nguac bdt dinh (8) tu dd dugtc toi gdc. Du&i cdc ^d thiit (9) vo (10), he 
se luon dieu khien bdm theo duac tin hieu mdu (3) theo nghia (4) hdng bo dieu khien dgng 
phdn hoi trgng thdi, co vector trgng thdi: 

-sie)F-'f(x,t) 

-s(e)G~ g(x,t)u 

vd tin hi^ ddu ra: 

I a^e**' + w^"' - e i f(_x,t) + Asgn(s) 
fe! 1 

el9(.x.t) 

(U) 

(12) 
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trong do Jl>0 Id hdng so tuy chon thoa man X> S, F, G Id hai ma trgn doi xung xdc dinh 

duong cung tiiy chon. 

Chung minh: 

Trudc tien ta thay ngay la he (8) cimg cac gia thiet (9), (10) se viet lai duge thanh: 

Xj. = Xj^j^^ k h i \<k<n — l 

T T (13) 

x^ = 0jf(x, t) + d{x, t) + 0jg(x, t)u 
Vdi cau tnic truyen ngugc chat (13) nhu tren, ta thay x^(i) cho bdi (3) eung thda man (13) 

vdi mpt tin hieu dilu khiln u,^ (t) thieh hgp, nen nd dii dieu kien la quy dao trang thai mlu. Ndi 

each khae se dii de cd (4) neu cd: 

lim{w^^-^^-Xk) = 0, Vifc = l, ... ,n 

„Xh-l) -Xj.\<°o , Vfc 

Bay gid ta sii dung nguyen ly dieu khien trugt vdi mat tncat (6). Theo nguyen ly dieu khien 
nay thi tir gia thiet ve tinh Hurwitz cua da thiic (7), nlu da cd s(e) = 0 , ciing se cd (4). Do dd 
chi cdn phai chung minh la bd dilu khien (11), (12) se mang den cho he thdng dilu mong muon 
5(e) -^ 0 . 

Trudc tien, ta gia su da biet hai vector tham sd bat dinh 6^, 6 trong md hinh (13). Vay thi 

vdi ham xac dinh duong: 

V{s) = -s^ 
2 

ta se dugc eung vdi edng thiic (12) khi ma d dd cac vector hing Ot, 0 dupe thay chd cho 

§,. e,: 

V = ss 

= S "f %<:<*'+to*"'-2:„ 

o 1̂  = 8 1 Oic"* + m<"* -[ejfix, t) + d(x, t) + 0jg(x, t)uj 

= s[-d{x,t)-A sgn(s)] 

= -sd(x,t)~Z\s\ 

< | s | | c ! ( a : , 0 | - / l | s |< | s | ( ^ - / l )<0 
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Dieu nay ndi rang trong trudng hgp Of, Og dugc thay bdi Of, 0g, bd dieu khien tTnh (12) da 

lam he kin thda man dilu kien s(e) —̂  0 va |s(e)| < oo, tiic la thda man dilu kiSn (4) &h bam 

theo tin hieu mlu (3). 

Chuyen sang trudng hgp he cd Oc, 9g la vector hang bat dinh. Ky hieu sai lech; 

Khidd, \^ Of, Og la nhung vector hing nen: 

0, = s,. e, = 5, 

Suy ra, cung vol bp dieu khien (12) c6 chua cac tham s6 ham cin chmh dinh 6t, § thi: 

fc=i 

= Z ttic'" + m<"'-[ejfix,t) + d(x,t) + 0jg(x,t)u] 

= J:a„e'''^+w^'''>-[0ff(x.t) + d(x,t)+(eJ-§^)g(x,t)u+e^g(x,t)uj 

= (Sf-0ff f(.x,t) + (S,-ff,f g(,x,t)u-d(x,t)-Asgn{s) 

= djfix, t) + S^g(x, t)u - d(x, t) - ,lsgn(s) (14) 

Su dung ham xac djnh duong, tron, don diSu tang theo |s(e)| va khong bi chan: 

trong do F, G la hai ma tran doi xiing xac djnh dugng tiiy chpn, ta se co: 

V = 3s+SjvSf + SjGS, (15) 

Thay s tir cong thiic (14) va u tirc6ngthiic(12) vao bilu thiic (15) otrSn, tadi din: 

y = s [^Jf(.x, t)+Sjg(x,t)u-d(x,t) - /Isgn(s)] + SJT S, + SJGS^ 

= s[sff(x,f) + Sjg(x,t)u-d(x,t)-l sgn(»)] + ^JF 0, + SjGff^ 

o V=-sd(x,t)-sAsgiiis) + Sfi^sf{x,t)+F0,yS^l^sg(x,t)u+Ge^^ 

Do do, khi sil dung eg ciu chinh dinh (11) lam vector trang thai cho bp dilu khiln xac dinh theo 
cong thirc (12) ta se cp tinh xac dmh am theo s(e) cua: 

V(s,S,,S^) = -sd(x,t)-sA.sgl:i(s) 

i\s\{S-X)<0 

va do la dieu kien dii d l dugc s(e) ^ 0 . 4 
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0 md ta cau tnic he thdng dieu khien md ta trong dinh ly. O dd cac vector trang thai Of, 9g 
ciia bp dilu khien trugt (12) da dugc bilu diln tach ra khdi bd dilu khien thanh khoi chinh dinh 
thich nghi dl lam ro hon niia tinh thieh nghi cua he. 

Tuy nhien ciing cd dieu can ban them d day la mac du da cd gia thiSt he (8) la dieu khien 

duge (hay it nhat la tu dd dupe tdi gdc), tiie la phai cd Og g{x, t)^0 vdi mpi t va vdi mpi 

xS Z, song do d bd dieu khien ta da thay vector 0 khdng biet trudc bdi vector ham Og(t) 

dugc lay tir ea cau chinh dinh thich nghi (11) nen van cd the xay ra trudng hgp Og(tj^) = 0 d 

mpt vai thdi diem t^.. Dieu nay se lam cho tin hieu ra u(t) cua bd dieu khien (12) trd thanh vd 

cung tai dd. De tranh trudng hgp bat tien nay, ta cd the thay gia tri ^ (ij.) = 0 do bang hang sd 

rat nhd nhung khae 0 cua nd, ching han nhu: 

g^(t) khi \e,(t)\>e 

£sgn^,(«) khi | e , ( t ) | <£ 

trong dd ham lay dau ciia mpt vector dugc hieu la: 

("lit)] 

m- (16) 

sgn 

^„(t). 

'sgavjit) 

avn(.t) 

3. VI DU MINH HOA 

Xet he truyen ngugc (8) bac 4 voi cac ham bat dinh khong bi chan co cau tnic cho boi (9), 
trong do: 

(17) ML=0-1 f(x, t) = [x2 , ^3 , 2:4 ) , g(x, t) = l va S = 

Sir dung bd dilu khien (11), (12), (16) cd cac tham so: 

F = O.2I3 vdi I3 la ma trSn dan vi eua R^'^ 

G = 100, A = 0.2, ^9^eR^ Og^R, 

va Ol = 125, (12 = "^5, aj =\5, £ = 0.005 

d6 dieu khien ddi tuong (17), ta thu dugc ket qua md phdng cho d 0. Cu the Oa) la do thi 

w(t) = sin(O.li) tao thanh trang thai mau x^(t) theo cdng thiic (3) so sanh vdi tin hieu ra 

y = Xi (t) trong sd cae phin tu eua quy dao trang thai thuc x{t) cua he, Ob) la cac dd thi cua 3 

phan tu trong vector trang thai Of{t) va Oc) la do thi eiia trang thai 0 (t) cua bg dieu khiln 

thicb nghi bin virng (11), (12). Tir dd thi kit qua md phdng ta co thi thiy ehi sau khoang 60s 

quy dao trang thai x(t) ciia he da bam theo diing dugc quy dao mSu x^ (t) va he da di vao chi 

dp xae lap vdi Of(t), Og(t) khi dd la hing sd. 
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Hinh 3. Kit qua mo phdng he dilu khiln thich nghi bin viing vdi quy dgo trang thai miu so sanh vdi quy 
dao trang thai thuc cua he va cac quy dao trang thai cua bo dieu khien 

3. KET LUAN 

Tdc dp bam eiia he thich nghi bin vung tao bdi bd dilu khiln (11), (12) la hoan toan chinh 

djnh dupe. NIU ehpn F, G cd |F | | , | G | | cang nhd, tde dp ehinh dinh cang nhanh. Tucmg tu khi 

chpn ttj, ... , a^_i dl da thiic Hurwitz (7) cd nghiem nam c ^ g xa true ao vl phia trai, tde dp 

bam ciia he ciing cang eao. 
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Diiu khien bam thich nghi bin vOng he phi tuyin co thanh phin bat dinh ham khong bi chan 

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 occurred chattering of this control method is the main 
uncomfortable phenomenon in 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. 




