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TOM TAT

Viéc trién khai ky thudt diéu khién diw bdo gdp khé khdn trong viéc thiét Igp mé hinh dy bdo
d6i véi hé chiu anh huong cia nhiéu. Thém nita, sw thay doi ciia bai todn t6i wu sau méi chu ky
tinh todn c¢é thé gay anh huong dén tinh 6n dinh ciia hé kin mdc di tinh én dinh ¢é thé dwoc dam
béo tai méi bai todn t6i vu & thoi diém trich méu gian dogn. Bai bao dé xudt mot cau tric diéu
khién g&m 6 bé diéu khién dir bao cho hé chudn khéng lién tuc sau khi logi bo thanh phan nhiéu
va phan bé sung xir 1y anh hwong ciia nhiéu. Voi muyc dich xem xét tinh_ on dinh cia bg diéu
khién dw bdo, bdi todn toi wu sé dwoc thiét lgp tai moi thoi diém trich mau théa man bat ding
thirc ma trdn dé cho phép thiee hién viéc so sanh ham g vién Lyapunov tai cac thoi diém trich
mau lién tiép. Két qua mo phong dwoc thuc hién cho mgt con ldc ngwoc ¢6 nhiéu dé khang dinh
kha nang cua bo diéu khién dwoc dé xudt.
Tir kho4: Con lic nguoc; Diéu khién du béo; Bét déng thire ma tran; Téi wu hoa; On dinh.

1. MO PAU

Vi dic diém cia viée thiét ké bo diéu khién dy bao doi hoi du bao mé hinh ciing nhu giai bai
toan t6i wu nén nhin chung né phi hop voi hé bién d6i cham. Vi vay, trong cac hé dién bién nhanh
nhu hé robot thi cho dén nay, hau hét cdc phuong phap diéu khién dya trén 1y thuyét On dinh
Lyapunov vdi cac huong nhu thiét ké cudn chiéu (BackStepping) hay bo diéu khién truot,... [1- 4]
Diéu nay dan dén mot sb kho khan khi co tinh dén yéu t6 rang budc, nhu rang bude cua tin hleu diéu
khién hay 1a ring budc ciia bién trang thai [1]. Giai phap duoc thyc hién nhu truyén thong la hi¢u
chinh ngugc, tire la dya trén sai 1éch cua tin hiu diéu khién va gia tri ngudng cua tin hiéu diéu khién,
ta s€ thay ddi hiéu chinh b diéu khién ban dau dé tin hiéu diéu khién khi di vao vung bao hoa thi trd
vé ving lam viéc [1]. Phuong phap ny c6 nhuoc diém 1a khéng ap dung duoc tng quat ma chi van
dung cho truong hop riéng [1]. Ngoai ra, dic diém rang budc ciing chi thé hién mot cach don gian
nhu 13 bién do cua tin hiéu diéu khién bé hon gid tri ngudng. Viéc xem xét sir dung cau tric didu
khién du bao cho phép khong nhitng khic phuc dic diém rang budc néi trén ma con dam bao tbi
thiéu hoa ham muyc tiéu cho trudc [5-9]. Tuy nhién, tinh 6n dinh hay kha ning bam cua hé thdng khi
str dung bo diéu khién du bao can phai xem xét vi ¢ su thay doi bai toan t6i wu sau mdi chu ky trich
mAu. Diéu nay din dén mic du timg bai toan ti wru gitip cho hé kin 6n dinh nhung vé6i su thay ddi bai
toan ti wu sau mdi chu ky trich mau co thé dan dén hé kin mét kha ning bam. Céc nghién ciru [5-9]
chi yéu tap trung vao xem xét img dung diéu khién du bao cho hé tuyén tinh ciing nhu hé lién tuc.
Thém nira, trong viéc khao sat tinh on dinh thi gap kho khan trong viéc xac dinh cu thé tin hiéu diéu
khién trung gian phit hop dé so sanh béc cu giira cac ham tGmg vién [6, 8]. Trong bai bao ndy, mot
phuong phap diéu khién dy bao cho hé phi tuyén khéng lién tuc co nhidu di dugce trién khai bang
cach xem xét thiét ké b diéu khién dy bao cho hé chuén sau khi loai bo nhiéu rdi bd sung thém thanh
phﬁn xtr Iy anh hudng cta nhiéu nay. Bo diéu khién du béo s& duoc thuc hién dua trén viée tdi thiéu
hoa can trén ciia ham muc tiéu voi sy xem xét sai 1éch gitra mo hinh chuan va mo hinh tuyén tinh cta
no. Ngoal ra, tinh 6n dinh cua bo diéu khlen du bao dugc dam bao thong qua viée thlet 1ap nhiing bai
toan toi wu phtt hop & cac bude trich mau. Diéu nay doi hoi mién rang budc cua mbi bai toan t6i wu s&
chira dung trong d6 rang budc cua tin hi¢u diéu khién, thiét 1ap cén trén cua ham muyc tiéu.

Tap chi Nghién ciru KH&CN qudn su, 86 (2023), 3-11 3



Ky thudt diéu khién & Dign tiv

2. PIEU KHIEN DU BAO CHO HE KHONG LIEN TUC CO NHIEU
Trude hét xem xét hé khong lién tuc phi tuyén cé dang:
X(1+)= £ (x(1)u(1)+w(1) ®

Trong d6, X(.)eR"u(.)eR"™,w(.)eR" lan luot 14 trang thai, dau vao, nhiéu ciia hé (1).
Ngoai ra nhidu va ham f((.),(.))€R" c6 diéu kién nhu sau:
Gia thiét 1: f((.),(.)): XxU >F,X =R"U cR",F R", 1a ham kha vi céip 2 thoa man

f(0,0)=0.

Gia thiét 2: Tdn tai L da 16n sao cho nhiéu bi chin ||W(| )" <L Vlez®

Tir (2.4.1), bang phuong phap tuyén tinh héa quanh diém lam viéc din dén:

(1) = Ax(1)+Bu(1)+ £ (x(1).u(1)) +w(1) @
_a(x<.),u<.>>’ £ (x(1),u(D)=f(x(1),u(n))-(Ax(D+Bu(M)) @

) | — T~
(x()u(0) au
Viéc trién khai bd diéu khién du bao cho hé ¢ nhiu dugc tién hanh theo 2 budce:

Bude 1: Xem xét cho hé chuén sau khi loai bo nhidu:

z(1+1)=Az(1)+Byv(1)+ f (z(1).v(1)) (4)
va tién hanh thyc hién bo diéu khién dy bao kiéu Min-Max cho md hinh (4).
Buwéc 2: Phat trién cho bd diéu khién ¢ budc 1 dé xir 1y voi nhiéu. Theo (3) va (4), sai léch trang
thai e(1)=x(1)—z(l) duoc thé hién qua phuong trinh:

e(1+1)=Ae(1)+B (u(l)-v())+ f, (x(1).u(1))- f, (z(1).v(1))+w(1)  (5)

Tir gia thiét 1 din dén su ton tai ctia p,q > 0sao cho:

[a] < px(D) =2 ()] +aJu(h)-v(1) (6)
vei A= f (x(1),u(1))-f(z(1).v(1)), vx(1)eR",z(1)eR"u(l)eR",v(l)eR"
Gia thiét 3: Vi 1 e Z*, tdn tai s6 dwong A, va2 matran L va Q xéac dinh duong théa man
phuong trinh:

N - « . .

(A+BL) F(A+BL)-R =—Q (7)

¢6 duy nhat nghiém F’l*d(’)i xtrng xac dinh duong théa man:
A ()2 2 (RO (my + 24 +2(my 4 4) 1 | (®)

véi m = p+a|L.@ =|A +BL]

Nhiém vu diéu khién duoc dua ra la dn dinh hé khong lién tuc (1) dudi anh hudng cua nhidu
w(l) bang phuong phép diéu khién du bao Min-Max MPC. Nhu da biét do su thay ddi tin hiéu
diéu khlen t6i wu sau moOi chu ky nén kha nang on dinh bang bo diéu khién MPC 1a kho dat duge
mic da néu gilr ¢b dinh bo diéu khién t6i uu hé c6 thé én dinh. Thém nira ky thuat diéu khién du
bao kiéu Min-Max s& duoc trién khai cho mé hinh con lic ngugc. SO di van dung phuong phap
noi trén cho h¢ nay 1a boi co s¢ cua phuong phap diéu khién dy bao kiéu Min-Max MPC dugc
trinh bay & phan sau 14 trién khai cho hé tuyén tinh ma mo hinh con lic nguoc khi lam viée & lan
can quanh diém can bang c6 thé dugc xem 14 x4p xi tuyén tinh.
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2.1. Piéu khién dw bo kiéu Min-Max cho hé chuén va phan tich én dinh
i Triénv khai budc 1 nhu néu ¢ trén cho hé phi tuyén khong lién tuc da loai bod nhiéu (2) voi bd
diéu khién du bao kiéu Min-Max:

v(I+ih)=Lz(1+i[l);(i0,ieZ) )
Vi ham muc tiéu tai thoi diém hién tai | ¢6 dang sau:
I =3 2(1+i|1) Qz(1+i[1)+v(1+i[1) Ry(I+i[l) (10)

i=0
& ddy, Q,R, la nhitng ma tran x4c dinh duong véi s6 chiéu phu hop, z(1+i|l),v(l+i|l) lan luot
1a trang thai dugc dy bao dya vao gia tri do dugce va tin hiéu diéu khién tai thoi diém | +i duge
tinh toan tai thoi diém hién tai | . Khac vai cac phuong phép trude day xi 1y cho tinh huong rang
bugc tin hi¢u di€u khién nhu ¢ (11) bang k¥ thuat hi€u chinh nguoc hay anti windup [1].

V(D] < Vi (12)
voi v, =u_ — r1|1aNx||P|*e(I )| thu duoc tir gid thiét 3 voi chu y sai léch (1) di nho dé v,,, >0

va nhitng gia tri bi€n cda tin hi€u diéu khién ciing nhu viéc thict ké s€ dugc xem xét trong muc
tiép theo. Viéc udc luong s€ dugc thuc hién dya trén bo dé sau:
Bo dé 1. Bat dang thire sau 1a dung véi moi ma tran M, N va ma tran xac dinh duong P véi s

chiéu phit hgp: MTPN + NTPM<yM™PM +y *NTPN, (Vi > 0)
Chirng minh [10]: Két qua trén 13 dung vi twong duong v6i bit ding thirc sau

;
1 1
N7 ——NJ P(\/JM ——NJ)O
( W W
B6 dé 2. V6i mo hinh va by didu khién Min-Max MPC tai thoi diém trich mau |, néu ton tai
w >0 va mdt ma trén xac dinh duong P, thoa man:

(1+y)(A+BL) R(A+BL)+(1+y " )H, -R+Q +LRL<O (12)
thi s& ton tai cin trén cia ham muc tiéu (10) véi dang toan phwong nhu sau:
JMy<z(111)' Rz(1]1)

Chimg minh: Dya vao dang toan phuong V (z(.[1))=2z(.| I)T Rz(.|1), ta c6 u6c lugng nhu sau:
V(z(1+i+1[1))=V (z(1+i]l
)y "
=z(1+i+1[1) Pz(Il+i+1[1)—z(I+i[l) Rz(I+i]l)
z(1+i+1]1) Rz(1+i+1[1)=O] RO, + ATRO, + O] PA, + ATPA,
Trong d6, ©, = Az(I+i[l)+Bv(I+i]l);
A= F(z(T+iln),v(1+i[1))
Ta dan dén:

z(1+i+1[1)' Bz(1+i+1[1)<(1+w)O] PO, +(1+¢,//’1)A,TF>|AI
Két hop véi md hinh sai léch dianho f, (z(1+i[1),v(I+il)), ta cé duge quan hé:

f(z(+i )+ D) R (2 +i )y +i11))<z(L+i 1) Hz(1+i 1)
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Do vay, ta dan dén bat dang thirc:
V(z(1+i+1]1) =V (z(1+i[1))<
(20 i) Qz(1+il)+v(1+i1) Ry(1+i] })
Ta dé ¥ (14) ding v6i moi i=0,1,2,...,00 nén V (X(oo|1)) -V (X (I]1))<-JI(1) =
IV (z(11) =V (z(so[1)<z(11) Rz(1]1)

Tiép theo, bd didu khién du béo v(.) duge thiét 1ap bing cach giai bai toan toi wu héa 1 dé

(14)

dat dugc nghiém 1a y, tai timg thoi diém trich m3u | ¢6 tinh dén rang budc dau vao va dang ham
toan phuong chin trén ciia ham muc tiéu nhur md ta & bo dé 2. Y nghia cta bai toan t6i uu sau
day thé hién thong qua mién rang budc Q, s& 1a réng khi < 7/|* .

Bai toan T6i wu héa 1. min

RLH,

V6i mién rang bude Q, :
a)z(11) Rz(11)<x;
b) [V (1] < Vipa:

C')7/I Symax’
d)(1+y)(A+BL) R(A+BL)+(1+y")H -R+Q +LRL <0

(15)

Bai toan t6i wu ndy s& duoc chuyén vé twong duong voi bai toan tdi wu véi rang bude 1a Bét
dang thirc Ma tran nhu mo ta trong [2] thé hién & dinh 1y sau day:

Pinh 1y 1. Néu tap hop nghiém (X,,Y,,Z,,7 ) cua bai toan tdi uu véi rang budc 1a Bat ding thuc
1 \ p hop ng ERIEESEVS g g

Ma tran sau day:
Bai toan Toi wu hoa 2. min 7,

Xy Y.Z,

S Y ~ r.
V&1 mién rang bugc Q, :

a)}/lgymax;
X eyl XY X!
J1I+WE, X, 0 0 0
b X 0 Q" 0 0 >0, E=(AX,+BY);
Y, 0 0 R™ 0
X, 0 0 0 (l+y?) % (16)
T
0 7l Z(I) ~0:
z() X

d){

ymax’l (Vmax )2 YI 20
A X,

thi n6 cling 14 nghiém ctia bai toan ti wu 1 voi quan hé twong duong nhu sau:
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X, = Pl_l;YI =LX 4 = H|_1
Chirng minh: Theo (15) ta suy ra:

R -(L+y)(AR'+BLR") R(AR'+BLR")

(17
-R'QR*-(LR") R(LR?)-(1+y )R HR =0
Dua vao B6 d& Schur, (17) twong duong véi bat dang thirc ma tran sau:
_XI E‘I” XIT YIT XIT
E X 0 0 0
X, 0 Q" 0 0 >0 (18)
Yy 0 0 R* 0
X, 0 0 0 (Lty?)'z
o day, Z/=\J1+yE,, E=J1+yE 5 =(AX +BY))
Thong qua cac phép bién ddi trung gian, ta thu dugc két luan sau:
O+ <oz X Pz ] < o Tl xcz i) i~
19

<N ||YI X ” N

v X

Véi muc dich xem xét tinh 6n dinh cta hé kin khi sir dung bo diéu khién dy bao dua trén két
qua cua bai toan toi wu sau moi budc, van dé ve ,,Tinh kha thi* can dugc xem xét dé cho phép so
sanh ham ung vién Lyapunov tai hai thoi diém lién ti€p bang phuong phap bac cau. Sau khi giai
bai toan toi uu 2 ¢ thoi diém trich mau | dé tim dugc nghiém {R,L} thi gia thiét sau day can
dugc dua ra dé xem xét van dé vé ,,Tinh kha thi“ nhu mo ta & B6 dé 3.

Gia thiét 4. Ton tai p, tai mdi thoi diém trich mau | e N sao cho:

(1+9)Y, +(1+y ) (H—H) < o1 <Q voi
Y, =(A4+BuL) R(A.+B.L) —(A+BL) R(A+BL)

Cé thé thiy, gia thiét nay 1a hop 1y véi gid tri dau z(0) 1a pht hop va thoi gian trich miu
dud nho.
Bo d& 3. (Tinh kha thi) Nghiém (X,,Y;,Z,, ) clia bai toan t0i wu 2 trong Pinh Iy 1 tai thoi diém
trich mau | € N ciling nam trong mién rang budc cua bai toan toi vu 2 trong DPinh 1y 1 tai thoi
diém trich mau (I +1).
Ching minh.
Theo (14) ta c6 dugc quan hé gilta 2 ham dang toan phuong nhu sau:
z(1+11)" Rz(1+2]1)=z(11)" Rz(1 1) <z(H1) [-Q - LR L, Jz(1]1)
<—(z(D) Qz(HD+v(11) Ryv(11))
= z(1+1]1+2) Rz(1 +1[1 +2)<y; (21)

(20)

Rang budc cua tin hiéu diéu khién dwoc thé hién nhu sau:
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2

O+ D) =+ =Lz (L] < X [ (Vo) (22)

Nghiém (X, A ) clia bai toan ti uu 2 trong dinh 1y 1 tai thoi diém trich mau | e N sé&
thoa man:
(1+y)(A+BL) R(A+BL)+(1+y")H, -R+Q +LRL<O (23)
Két hop véi Gia thiét 4 ta co:
(149 (A Bl ) R (AL +Bul)+ (143 Hi R +(Q — 4l )+ LR L<O

Vi vy, (XI Yy ) thoa man rang budc sau:

z(1+2[1+2)" PBX(1 +1]1+2) <y
[v(r+1)|<v,

) max ! (24)
yl Symax’

. ) _
(1+'//)(A+1 +B,L ) R (A1+1 + B|+1L|)+(1+W l)H|+1 -R+Q + LlT RL <0

V6i Q =Q —p1>0. Do dé, nghiém (X,,Y,,;') tai thoi diém trich mdu | s& ndm trong
mién rang bugc Q,,, cua bai toan t&i wu 2 tai thoi diém trich mau 1+1 véi Q,,=Q,,P,, =P
nhu sau (X, Y, ,;/,*) eQ, .
Bo dé 4. (Tinh 6n dinh ciia DK dy bdo) Gia sir ton tai nghiém cuia bai ton tdi wu 2 trong Dinh 1y
1 tai thoi diém ban dau | =0 thi hé kin thu dugc tir hé chuan (4) dudi tac dong cuia bd dicu khién
du bao trong dinh ly 1 s& 6n dinh ti€ém can.

C6 thé thy rang, ton tai 1 gia tri p>0da nho dé (Q, — pl)va (R, — pl) 1a x4c dinh dwong,

din dén v (1+2) =V (1)<=p(Jz()] +[v(1)["). Do vay:

j=oo
V(0) -V (0)=> —,D(Z:("Z(I)”2 +||V(|)||2 )J . Bitu nay dan dén bién trang thai z(1)(1eN) va
j=0
tin hiéu diéu khién dw bao v(1)(I € N) s& hoi tu dén 0.
2.2. Phat trién Piéu khién dy bio kiéu Min-Max cho hé khéng lién tuc c6 nhiéu

B6 diéu khién du bao cho hé chuan (4) nhu & muc trén s& duge phat trién cho hé c6 nhiéu
bang cach bo sung thém mot thanh phan ¢ tinh dén nhiéu nhu sau:
Pinh 1y 2. Xét hé khong lién tuc c6 nhidu (1) dugc diéu khién bsi bo diéu khién du bao suy bién
c6 ké thira tir dinh 1y 1 nhu sau: u(1)=v(I)+L(x(1)-z(1)) véi v(1I)thu duoc tir bai toan t5i
uu 2 trong dinh Iy 1 va L thu dugc tir gia thiét 3. Khi do6 sai léch trang thai e(l) = x(1) —z(l)

gilta quy dao trang thai ctia hé chuan va hé thuc dudi tic dong ctia nhimg bo diéu khién dy bao
tuong ung s€ hdi tu dén mién hap dan nhu sau:

Qz{e(j)esnn:

dudi tac dong cua b di€u khién dy bao suy bién noi trén.

. L’ A LA X .
|e( ] )" < Z} va do cling 1a mién hap dan ctia quy dao trang thai ctia hé (1)

8 N. T. Long, P. X. Minh, P. P. Nam, “Diéu khién dw bdo ... cho con lic ngwoc cé nhiéu.”
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Chirng minh: Ta c6 u(I)—v(I): LT(X(I)—Z(I)) = LTe(I) (25)
Két hop véi (6), ta dan dén

A= (p+al])le()=m e (26)
Tt (5) dan dén
e(1+1) =Ae(l)+BLe(l)+A+w(l)= (A +B,LT)e(I)+A+W(I) (27)

e(1)' P'e(l) 6 duoc:

Sir dung ham tmg vién Lyapunov U (1) =
U(1+2)-U(1)=¢e P Xe,, —e(1) Pe(l);
L

e|+1=|:(A1+B| |) (|)+A+W(I)] )
Dén dén:
U ~U( ' B BL)-P" |e(l
(1+9)-u () =e(1) [(A+BL) R (A+BL)-F |e() -
+2e(1) (A +BL) P (A+w(l )+ATP A+2ATRw(l)+w(1) Pw(l)
Va U(1+1)-U(1)=—e(1) Qe(l )+2e(I)T(A +BL) Ra+2e(l) (A +BL) Pw(l)
+ATR'A+2ATRw(l)+ () “w(l)
Tur d6 thu duoc
U+ -0 (0) < (@] 2mar R w20 o)
+m¢ [P le (I +2m R [le(L+R7|L?
Udc luong (30) c6 thé duoc viét lai nhu sau:
U(1+1)-U (1)< 20 (P7)R (31)
A (Q )
Vi R= {—/Im'" ((§L;+2m,cq +m,2J||e(I)|| +2(ay +m)|e(1)| L+ L7 (32)

A (Q
Doviy, U(1+1)- <I>samax(e*>{(<w. emle+ ) [ﬂ 2] mf]nea»r} @
max |
Str dung gia thiét 3, ta thu duoc mién h?ip dan nhu sau;
. . L’
Q=<e R" :lle <=
{ (i)eR:e(i)] ﬂl}

3. KET QUA MO PHONG

Pé kiém chung chit luong ciia bo didu khién du bao dugc dé xuét, hé con lic nguoc da duge
dua ra xem xét véi mo hinh nhu sau [3, 4]

{Xlzxz+wl; (34)

%, =f(X)+g(X)F
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(M +m)gsinx, —mlx; cosx, sinx, W
S 3

f(X)=

& day, g(X)z%; VA X =0, x, =0 duoc ky hiéu tuong

5=I[M +(1—cosz(x1))m], X =[x, %]

g 1a goc va tbe d6 goc. F 1a tin hidu diéu khién dwoc xem nhu 13 Lyc tac dong. Ngoai ra, khbi
luong xe va con lic lan luot 1a M =1(kg), m=0.1(kg), chiéu dai con ldc 1a 1=0.5 (m), bién

I8 A 5 < \ L
trang thai ban dau cua con lac la X, = [—0.15 O] va
Frax =12(N), ¥ =100, =3,w, , =0.1rand (2,1). Ma tran trong s6 cua ham muc tiéu (10)
e 1 0]
trong bai toan to6i uvu 1 dugc lya chon nhu sau: Q, = 0 2| R =15
0.04 1.8 - v .
wi@— Tin hiéu chuan - o 7
0 g; 14
g’ 0.02 § 12
§ -0.04 § 1
= 8
8 -0.06 : 0.8 ¢
§ -0.08 3,
5
-0.14 Q
a
0.12
0.14
0 0.5 1 1.5 2 25
Theoi gian (s) Théi gian (s)
Hinh 1. Ddp vng goc cua hé thuc Hinh 2. Pdp iing téc dé goc ciia hé thuc
va hé chuan. va hé chuan.

Céc hinh 1- 4 giup kiém chimg thuat toan diéu khién dugc dé xuét. Co thé thdy, vi xem xét
tinh 6n dinh khi thuc hién bo dk du béo nén hiéu qua bam ciing nhu can bang dwoc thé hién &
hinh 1, 2. Ngoai ra, dap g cta cic ma tran ciia bd diéu khién t6i vu thé hién qua ma tran L va
ma tran P nhu mo6 ta ¢ hinh 3, 4.
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Hinh 3. Dap img cac thong so Hinh 4. Bdp itng hé s6 ciia ma trdn L

cua ma trgn P. trong diéu khién con lac nguoc.

10 N. T. Long, P. X. Minh, P. P. Nam, “Diéu khién dw bdo ... cho con lic ngwoc cé nhiéu.”
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4. KET LUAN
Trong bai béo nay, ky thuat diéu khién dy bao da dugc trién khai cho hé phi tuyén khong lién

tuc c6 nhidu va mot vi du ap dung duoc tién hanh cho con lac nguoc thong qua mo phong. Thuat
toan dleu khién du bao dugc thuc hién sau khi tuyen tinh héa md hinh véi bai toan t6i uu dugc

dé

xut dua trén mién rang budc phit hop c6 tinh dén rang budc tin hiéu didu khién va dang toan

phuong chin trén ciia ham muyc tiéu khi co tinh dén sai 1éch giita mo hinh chuén bo qua nhidu va
dang tuyén tinh hoa ctia né. Piéu nay giup dam bao tinh 6n dinh ciia by diéu khién dy bao thong
qua ca vé Iy thuyét 14n mé phong. Hudng phat trién cta bai bao 1a trién khai thuat toan MPC dé
xuét trén hé théng thure.
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ABSTRACT
Model predictive control scheme for an inverted pendulum with disturbance

The development of model predictive control (MPC) is difficult to establish predictive
model under the influence of external disturbance. Moreover, the changing of optimization
solutions after each computation step implies the stability effectiveness of the closed
system is hard to satisfy although it can be guaranteed in each optimization problem at
time instant. This paper presents a control design involving a MPC approach for the
nominal discrete time system after eliminating external disturbance and the addition of
handling external disturbance. In order to study the stability of MPC strategy, the
optimization problem is established at each time instant satisfying linear matrix
inequalities (LMIs) to achieve the comparison between Lyapunov function candidates at
the consecutive sampling times. Simulation studies for a perturbed Inverted Pendulum (IP)
are implemented to demonstrate the effectiveness of the proposed control scheme.

Keywords: Perturbed Inverted Pendulum (IP); Model predictive control (MPC); Linear matrix inequalities (LMIs);
Optimization; Stability.
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