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TOMTAT

Trong céc ting dung thuc té, hé Stewart-Gough duoc yéu cau thuc hién diéu khién bdm quy dao vdi do chinh xéc cao trong khi phai van hanh dudi céc rang
budc nghiém ngat vé trang thai va tin hiéu diéu khién. Diéu khién du bdo md hinh (Model Predictive Control - MPC) dutgic biét d&n nhu mot phuong phép diéu
khién x( Iy cho bai toan t6i uu hoa va xt Iy rang budc. Tuy nhién, viéc dp dung phuong phép diéu khién du bao m hinh tiéu chuan cho céc hé phi tuyén cao nhu
Stewart-Gough gap nhiéu théch thiic do khé dam bao tinh 6n dinh vong kin khi st dung mién dy doan hitu han. D€ khdc phuc nhiing han ché nay, nghién ctu
nay dé xudt mot phuong phap diéu khién du bdo mé hinh dua trén Lyapunov (Lyapunov-based Model Predictive Control - LMPC) cho bai todn diéu khién bam
quy dao ctia hé Stewart-Gough. Mot rang budc dua trén ham Lyapunov dugc tich hop truc ti€p vao bai todn toi uu du bao nhdm dam bao tinh kha thi lap lai va
6n dinh vong kin cta hé thdng duoc thiét lap mét cach chit ché. Cac két qua md phdng s6 dugic thuc hién bing MATLAB dudc trinh bay nham chiing minh hiéu
nang vuot trdi cla b diéu khién dugc dé xudt.

Tir khéa: Robot song song Stewart-Gough, b diéu khién du bdo dua trén Lyapunov.
ABSTRACT

In practical applications, Stewart-Gough platforms are required to perform accurate trajectory tracking while operating under strict state and input
constraints. Model Predictive Control (MPC) provides a unified framework for optimization and constraint management. However, its application to highly
nonlinear systems such as the Stewart-Gough platform is challenging due to the difficulty of guaranteeing closed-loop stability when finite prediction
horizons are used. To overcome these limitations, this work proposes a Lyapunov-based Model Predictive Control (LMPC) scheme for trajectory tracking of
the Stewart-Gough platform. A Lyapunov-based constraint is added directly into the predictive optimization problem to rigorously guarantee the recursive
feasibility and closed-loop stability of the system. Numerical simulations implemented in MATLAB are provided to demonstrate the superior performance
of the proposed controller.

Keywords: Stewart-Gough platform, Lyapunov-based model predictive control.
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1. GIGI THIEU va (iii) sdu chan chdp hanh tinh tién két néi bé c6 dinh véi

Hé robot song song dang Stewart-Gough la hé théng P& trén di dong [1]./Trong CéCA u’ngmdung th’UC~ té, hé
g6m 6 bac tu do bao gém 3 bac tu do tinh tién va 3 bac tu Stewart-Gough dugc ung dung réng rai trong cac linh vuc
do quay. V& két ciu co khi, hé Stewart-Gough bao gém ba doi hoi do chinh xac cao va dép ting déng luc nhanh, chang
thanh phan chinh: (i) bé dudi 8 dinh, (ii) bé trén di dong,  hannhumé phong chuyén dong trong nganh hang khong
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v tru va céng nghiép 6 té [2], cac hé thong thuc té 4o va
gidi tri [3], cling nhu cac linh vuc nghién cdu lién nganh tu
thién van hoc [4] dén cac ting dung y sinh [5].

Bai toan diéu khién bam cho hé Stewart-Gough yéu
cau diéu chinh do6 dich chuyén clia cac chan chdp hanh
nham dat dugc vi tri va tu thé ctia bé chuyén dong sao
cho bam theo mét quy dao tham chiéu dugc xac dinh
trudc. Nhiéu chién lugc diéu khién da dugc dé xuat nham
dam bao chat lugng bam chinh xac cho hé Stewart-
Gough. Cac bé diéu khién PID dugc sir dung réng rai
trong cac hé robot song song nha tinh don gian va dé
trién khai [6]. Ngoai ra, bo diéu khién téi uu tuyén tinh
(Linear Quadratic Regulator - LQR) cling da dugc ap dung
nham cai thién hiéu nang hé théng [71. Tuy nhién, do tinh
chat phi tuyén cao von cé cla hé Stewart-Gough, céc
chién lugc diéu khién [6, 7] thudng xuyén yéu cau tuyén
tinh hoa mé hinh quanh diém lam viéc. Diéu dé gay suy
gidm chat lugng diéu khién do ludn tén tai sai léch giira
mé hinh diéu khién va mé hinh thuc té. D€ giai quyét van
dé trén, cac phuang phap diéu khién phi tuyén nang cao
thudng xuyén dugc phét trién cho hé Stewart-Gough nhu
diéu khién khir nhiéu chd déng (Active Disturbance
Rejection Control - ADRC) [8, 9] hay diéu khién trugt
(Sliding Mode Control - SMC) [10, 11] nh& tinh bén vimng
cao, kha nang khir nhiéu hiéu qua va nang luc xt ly cac
bat dinh cia m6 hinh. Mac du vay, cac nghién ctu nay van
chua xem xét dén cac rang budc dau vao - dau ra cling
nhu bai todn bam quy dao t6i uu.

Bai bao nay tap trung gidi quyét bai toan diéu khién
bam quy dao téi uu cho hé Stewart-Gough phi tuyén cé
xét dén cac rang budc dau vao-dau ra bang cach tiép can
diéu khién du bdo mé hinh (Model Predictive Control -
MPC). So v&i phan 16n cac phuong phap diéu khién truyén
théng, phuong phap diéu khién du bao (MPC) nSi bat nho
kha niang dua ra tin hiéu diéu khién t&i uu thda man cac
rang budc cia hé théng [12]. Tuy nhién, do phuang phéap
diéu khién du bao (MPC) xac dinh tin hiéu diéu khién
thong qua viéc gidi moét bai toan téi uu truc tuyén, luat
diéu khién thu dugc phu thudéc mét cach ngam dinh vao
cac trang thai clia hé, diéu nay dat ra nhiing thach thuic
I6n trong viéc phan tich tinh 8n dinh vong kin, dac biét
dai véi cac hé phi tuyén nhu hé Stewart-Gough. Kha nang
t6i uu cha nghiém thu dugc théng qua viéc téi thiéu hoa
ham chi phi khéng dam bao tinh 6n dinh clia hé vong kin,
do trong trién khai thuc té chi stt dung mét hitu han cac
clia s6 du bdo. D€ khic phuc van dé nay, phuong phap
diéu khién du bao (MPC) tiéu chudn thudng tich hgp cac
rang budc cudi (terminal constraints) vao bai toan toi uu
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va dya vao mot luat diéu khién 6n dinh phu trg dugc xay
dung tU cac ky thuat tuyén tinh héa cuc bo [13]. Tuy
nhién, cac phuang phap dua trén tuyén tinh hoa thudng
khong phu hgp cho bai toan bam quy dao clia nén
Stewart-Gough do dac tinh phi tuyén manh va dai lam
viéc réng clia hé. Do do, viéc ap dung cac phuong phap
thiét ké MPC truyén théng cho nén Stewart-Gough gap
nhiéu khé khan.

Dé giai quyét déng thai bai toan diéu khién bam quy
dao t6i uu va cac rang budc dau vao - dau ra cho nén
Stewart-Gough phi tuyén, bai bdo nay phat trién mot
phuong phéap Diéu khién Dy bdo M6 hinh dua trén
Lyapunov (Lyapunov-based Model Predictive Control -
LMPC). Cac déng gép chinh cua bai bao dugc tom tat
nhu sau:

i) Bang cach truc tiép tich hgp moét rang budc dua trén
Lyapunov, dugc xay dung tir mot luat diéu khién bam phi
tuyén phu trg va ham Lyapunov tuong tng vao bo diéu
khién du béo tiéu chuin (MPC), tinh 6n dinh cda hé vong
kin dugc dam bao. Nhg d6, bé diéu khién du bao dua trén
ham Lyapunov (LMPC) dugc dé xuat cho phép hé
Stewart-Gough bam chinh xac quy dao mong muén.

ii) M6t nghién ctiu so sdnh mé phdng toan dién giira
phuong phap diéu khién du bdo dua trén ham Lyapunov
(LMPC) dugc dé xuat va mét phuong phap diéu khién
truyén théng, dién hinh la diéu khién trugt (Sliding Mode
Control - SMC), dugc thuc hién nham ching minh tinh
hiéu qua cing nhu hiéu nang vugt tréi cta chién lugc
diéu khién dé xuat.

Cau trac clia bai bdo dugc t6 chiic nhu sau: Muc 2 trinh
bay m6 hinh déng hoc va dong luc hoc clia hé Stewart-
Gough, déng thai phat bi€u bai toan diéu khién bam quy
dao. Muc 3 trinh bay chi tiét qua trinh thiét ké bo diéu
khién Du bdo M6 hinh dua trén Lyapunov (LMPC) dugc
dé xuat. Muc 4 dua ra phan tich tinh én dinh ctia hé vong
kin. Muc 5 trinh bay cac két qua mo6 phong so sanh. Cudi
cung, Muc 6 dua ra cac két luan cua bai bao.
2.DAT VAN BE
2.1. M6 hinh robot song song 6 bac tu do Stewart-
Gough

Xem xét mot hé théng robot song song 6 bac tu do
dang Stewart-Gough, nhu mé ta trén hinh 1. Dau tién, ta
dinh nghia hai hé toa do: hé toa dé gan vdi trén di dong
{T.xyz} va hé toa d6 quan tinh gan bé dugi c6 dinh
{B.XYZ}. Khi d6 vector toa dd bao gobm vi tri va tu thé ctia
bé trén di dong dugc dinh nghia nhu sau:

q=1[p"n"" M
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&dé,p=[x,v,z]" van = [¢,0,¥]" lan luct la vector
vi tri va tu thé ctia bé trén di déng, véi ¢, 0, vay la cac goc
Euler.

Moving platform

Base platform

Hinh 1. M@ hinh robot song song 6 bac tu do dang Stewart-Gough

Lay L; la chiéu dai chan thiri. Khi d6, phuong trinh mo
tad déng hoc clia robot Stewart-Gough dugc dua ra nhu
sau:

Li=BT.=p+RMT;—B;,i=12,..,6 2

Gdo, T; = [Txl-, Ty Tzi]T is 1a vector vi tri ca khép gan
gilt chan i va bén trén di dong trong hé quy chiéu gan véi
bé trén di dong {T. xyz} va B; = [Bys, By, Bui] la vector
vi tri ctia khép gan gitia chan i va bé dugi c6 dinh trong
hé quy chiéu quan tinh gan véi bé dudi c6 dinh {B.XYZ}.
Ma tran quay R () dugc biéu dién nhu sau:

cosy cos @

R(n) = |cosOsiny
—sinf

sin 8 sin ¢p cosp — siny cos ¢
sin ¢ siny sin @ + sin cos ¢
sin¢ cos 6

Do céc gidi han va rang budc vat ly, chiéu dai cac chan
@ mot ham lién tuc, xac dinh duong va kha vi. Theo
nghién ctu [14, 15], phuong trinh mé ta déng luc hoc clia
hé robot Stewart-Gough dugc mé td nhu sau:

M(q)4 +€(q,9)q + G(q) =] (QF )

& d6, F = [F|,F,, ..., Fg]Tla vector tin hiéu luc diéu
khién vdi F; 1a vector tao bdi chan thiti. matran M (q) €
R®*% 1a ma tran quan tinh, C (g, ) € R®*® la ma tran
Coriolis, G (q) € R® lavectortrong trudngvaj(q) € R%*®
la ma tran Jacobian. Mé ta chi tiét clla cac ma tran va
vector M(q), C(q,q), G(q) vaJ(q) dugc trinh bay trong
tai liéu tham khao [14, 15].
2.2, Van dé diéu khién

Dinh nghia vector trang thai x = [x],xI]" € R'? véi
X, = q va x, = q. Khi d6, mé hinh khong gian trang thai
cla hé robot Stewart-Gough thu dugc nhu sau:
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_ [ X2 ] (5)
T =M ) [C(xq, x0) x5 + G (xy)] + 1

=f(xu)

& d6, u=—-M"1(x;)JT(q)F € R® 1a vector tin hiéu
diéu khién. Gia thiét rang quy dao dat cho bé trén di déng
x, = [x]., x1.]T € R'? dugc c6 dang nhu sau:

X1r = [Xr, Vr 2y, by, O, ¢r]T
Xor = [xrr Vr» Zy, d)rr ér: wr]T

& do, py = [xy, yr, 2" van,. = [¢r, 0y, la vector
gia tri vi tri dat va tu thé dat cho bé trén di dong.

Gia thiét 1. Gia thiét rdng, cdc gid tri ddit cho bé trén di
doéng la lién tuc va bi chdn théa man diéu kién sau:

(6)

0<py< ||x1r|| SPu=®
0 <Py < [Ixzpl| S pau < 0 7)
0<pgy =< ||552r|| SP3y =

G do, p1y, P2, P31 1a cac gid tri chdn dudi va p1y, Pow, Pau
la cac gid tri chdn trén.

Muc tiéu diéu khién: Pam bao su 8n dinh clia vong
ldp kin ctia hé théng va dam bao gia tri vi tri va tu thé cta
bé trén di dong bam theo cac gia tri dat mong muodn,
tuong duong véi:

gl_{g“xl(t) - xlr(t)” < € (8)

3 do, €, la mot hang sé duong du nho va gan 0.

cos ¢ cosy sin B + sin sin ¢
cos ¢ sinysin @ — sin sin ¢ (3)
cos ¢ cos b

3. THIET KE DIEU KHIEN

Trong muc nay, mét bd diéu khién du bao dua trén
Lyapunov (Lyapunov-based Model Predictive Control-
LMPC) dugc thiét ké cho hé Stewart-Gough nham dam
bdo muc tiéu diéu khién dua ra Muc 2.2. Trudc hét, mét
khung/mé hinh dy bado dua trén Lyapunov cho hé
Stewart-Gough dugc thiét lap nhu sau:

T
min | = f (Ix@IL + llaeoll) dt
+|1=DI]

st.

x(t) = f(2(),2(1))
£(0) = 2(to)
[u®)| < Umax

ov ov
7. F(3(0),2(0)) < = f (2(0), h(2(0)))
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5do, ||J?(t)||z = 27X, |[a®)I[; = a(®)"Ra()

va [|Z(T)I|, = Z(T)"PZ(T) v6i P, Q, R Ia cc ma tran xac
dinh duong; X(t) = £(t) — x,(t) la sai léch bam vai
£(t) = [T, 1a quy dao trang thai du bdo cla hé
Stewart-Gough vdi luat diéu khién du bédo #i(t) véi trang
thai ban dau clia hé théng bt dau tur £(t,) = x(to); h(%)
la mot luat diéu khién bam phu trg dugc xay dung va thiét
ké dua trén mét ham Lyapunov tuong tng V (x); S(8) ho
cac ham hang ting doan dugc dac trung bai chu ky lay
mau & va khoang thaoi gian du bao T = N§ v6i N la sé
budc du bao.

Nhu da biét, nghiém t6i uu dat dugc théng qua viéc
cuc tiéu héa ham chi phi J khéng dam bao tinh én dinh
cta hé théng do dé dai hiu han cla cta sé du bao.
Nguyén nhan la do s6 ctia s6 du bao la hiru han, bai toan
diéu khién du bao (MPC) chi t6i uu hda hanh vi ctia hé
théng trong mét khoang thai gian gidi han. Vi vdy, méc
du ddm bao dugc ham chi phi J dat cuc tiéu, nghiém toi
uu thu dugc chua da dé dam bdo tinh én dinh tiém can
cua hé kin, dac biét khi hé phi tuyén hodc chiu rang budc.
Dé gidi quyét van dé nay, luat diéu khién bam phi tuyén
dua trén ham Lyapunov tuong tng dugc st dung, trong
dé rang budc Lyapunov sau day dugc tich hgp truc tiép
vao bai toan du doan nham dam bao tinh 6n dinh cta hé
kin. Vi vay, b6 diéu khién du bao dua trén Lyapunov
(LMPC) c6 kha nang tu déng thuc hién diéu khién bam tdi
uu trong khi van tuan thu cac rang budc vat ly ctia hé.

Thuat toan LMPC

1. Khéi tao ham chi phiJ

2. Do trang thai hién tai ctia hé théng x(t)

3. Gidi bai toan du bao (9) vai diéu kién dau
x(ty) = x(t), va thu dugc chudi tin hiéu diéu khién du bao
t6i uu k(7).

4. SU dung thanh phan dau tién cta chudi tin hiéu
diéu khién du bao t8i uu k(s) cho chukit = [0, 5]

5. Taibudc trich mau tiép theo, thiétlapt = t + &, va
quay lai budc 2.

4. PHAN TiCH TiNH ON PINH
4.1. Thiét ké luat diéu khién bam phu trg

Dinh nghia vector sai léch bam vi tri va tu thé cla bé

trén di dong nhu sau:
€1 = X1 — X1r
€ = X3 — Xor

Khi &6, mot mat truot terminal dugc dinh nghia nhu
sau:

(10)

(1)

s = e, + fler|*sign(e;)
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3do, 0 < a < 1vap > 0.Mét khi quy dao trang thai
cla hé théng x(t) tién t&i mat trugt, nghia la s = 0, sai
[éch bam sé hoi tu t&i khong trong thoi gian hiru han phu
thudc vao trang thai ban dau:
_lea (0
T pl-a
Dua trén mat trugt terminal thiét k& & (9), moét luat
diéu khién bam phu trg dugc thiét ké nhu sau:
F = [M(x) "Y1 Gy
— [M(x)]7(C(xy, x2)x,
+G(x;)) —aBle; |* e,
— kis — kysat(s) —e;)
&do, k, > 0vak, > 0lahdng sé diéu khién va sat(s)
[a ham bédo hoa dugc mé ta bai cong thiic sau:
s ,v00 |s| < 1

sal(s) = { sign(s)
Dinh Iy 1. VGi hé Stewart-Gough (5), lugt diéu khién bam
phi tuyén (13) khéng nhiing dam bam su én dinh cua
hé théng ma con dam bdo sai léch bam hoi tu vé khéng khi
t - oo,
Chirng minh:
Chon ham ung vién Lyapunov nhu sau:
IQ:%elTel +%STS (15)
Ldy dao ham cua ham Lyapunov (15) doc theo quy dao
trang thdi hé théng (5), ta thu duoc:
V,=elé; +sTs
= e{(s —ﬂ|el|“sign(el))
+ sT(=[M(x)] M (C(xy, x2)x;
+ G(x1) + MG YTF =y
+afle | tey)
Thé luat diéu khién bdm phi tuyén (13) vao (16), ta thu
duoc:
Vo = —kqle;|"les|® — kys™s — kpsTsat(s)
Dé dang thdy V,, < 0, theo ly thuyét 6n dinh Lyapunov,
hé Stewart-Gough véi ludt diéu khién bdm phi tuyén (13)
khéng nhiing dam bam su 6n dinh ctia hé théng ma con
dam bao sai léch bdm hoi tu vé khéng khit — oo,

(12)

(13)

(14)

(16)

(17)

4.2, Xay dung rang budc Lyapunov
Theo Muc 4.1, luat diéu khién bam phu tro dugc dua
ra nhu sau:
h(x) = %5 — [M(x)] 71 (CCxy, x2)x,
+ G(xl))
—apfle; | e, — kys
—kysaT(s) —e;

(18)
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Chon ham tng vién Lyapunov nhu sau:
1
Vimpe = ESTS
Lay dao ham ctia ham Lyapunov (19) doc theo quy dao
trang thai hé théng (5), ta thu dugc:

Vimpe = ST(=[M(x)]171(C(x1, x5)x,
+ G(xl)) +u _X'ZT'

+ aple;|“e;)
Khi d6, rang budc Lyapunov dugc thiét ké nhu sau:

. -1 (C(%,(0),%,(0))%,(0)
(MG (TN
8 +G(2,(0))
+2(0) — %2,(0) + aBlé;(0)|*~"&,(0)
< kile(0)["les (0)]¢
— k;5(0)7s(0)
— k3s(0)"saT(s(0))
4.3. Phan tich tinh 6n dinh
Dé ching minh sy én dinh cta hé thédng Stewart-
Gough (5) véi luat diéu khién du bao dua trén Lyapunov
(LMPC) dé xuat, hai gia thiét dusi day duoc dua ra nhu
sau:

(19)

(20)

(21)

Gia thiét 2. Gia thiét rdng cdc ma trdn va vector hé
théng M, C, G va | bi chdn théa mén diéu kién sau:

m, < |IM||_ <m,
iG], < g,
i, <7

¢doém,, m,, C, g, vaJla cdc hdng sé duong.

licl| <¢

Gid thiét 3. Trong thuc tién, cdc luc diéu khién thuong
xuyén bj chdn do giGi han cua co cdu chdp hanh. Gia st rdng
N . T .
ton tai Fmax = [Fl,maxv FZ,max: ey F6,max] vol Fi,max >
0 la giGi han trén luc diéu khién cua co cdu chdp hanh &ting
chdn déma
|F| < Fpax (23)

Dudi Gia thiét 2 va 3, giéi han chan trén cda vector tin
hiéu diéu khién dugc dua ra nhu sau:

Il

Chu y rang, tai méi thai diém 1dy mau trong bai toan
diéu khién du bao LMPC luén yéu cau gidi bai toan t6i uu
thai gian hitu han nham tim tin hiéu diéu khién u(x) thoa
man rang budc u(x) < Uy,qx- NEu bai todn khéng kha thi,
tuc 1a khong ton tai bat ki tin hiéu diéu khién nao lam hé
théng 6n dinh thda man rang budc, bd diéu khién du bao
khéng thé sinh ra tin hiéu diéu khién, va toan bé bao dam
én dinh tr& nén vé nghia. Do do, tinh kha thi dé quy

-19T 1
< ||M ] F|| Sm_]Fmax = Umax (24)
1

max
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(recursive feasibility) la diéu kién nén tang cta bo diéu
khién du bdo LMPC.

Pinh ly 2. Bing viéc chon k4 va k, du I6n, va bat phuong
trinh dudi day duogc théa man

c g
Umax = D3y +m_p2u +TTl_+k2 +
1 1

2O,
+8(a+=)(IlEOIL,)"

c
rm
vap? (llEI])"

véi E = col(s, e,). Tinh kha thi cua bai todn diéu khién
dubdo LMPC dugc dam bdo, nghia la tén tai it nhdt mét luat
diéu khién dam bdo su'6n dinh cta hé théng va téi thiéu héa
ham chi phi J.

Chirng minh:

(25)

Xem xét hé théng Stewart-Gough (5) véi ludt diéu khién
bdm phu trg (18). DoV, < 0, chiing ta cé dugcZ(t) < Z(0).
Hon thé nia, ta clng co:

llesl| < [121] < [I2CO)I]
|Is] < [121] < [IEO)]] (26)
|lea1] < |Isl] + Blles]]” < 12| + BlIEO)I]*
Do vy, ta thu dugc
lzeall
. -1 C(x1:x2)x2) _
— er [M(xl)] ( +G(X1) el
—afle; |* te, — kys — kysaT(s)
: _
< ||32:2r||‘l'rﬁ_l“ez-l'xb*”'i'rﬁi1
+ Balley|" " leal] + ks 27)

+||e1||

¢ g -
SPaut+ Pt otk t [IEOI],
c a
+6(a+=) (=1,
2a—-1
+ap? (|I20)]],)

M6t khi diéu kién (36) duoc théa man, ta luén thu duoc
||h(9?) || < Upmax Cho moi khodng thoi gian. Rang buéc nay
dam bdo rdng moi quy dao du bdo trong bai todn diéu khién
du bdo déu lam gigm ham Lyapunov, tuc la hé théng én
dinh. Khi do, tén tai it nhdt mét luat diéu khién bdm h(%)
dam bdo su'én dinh cua hé théng theo nhu chiing minh Muc
4.1. Mdt khdc, ta ciing c6 thé coi h(X) con la mét nghiém
kha thi hop Ié cho bai todn diéu khién du bdo. Tinh khad thi
cua bai todn du bdo LMPC dugc dam bdo.
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5. KET QUA MO PHONG [—Reference - - - LMPC - - - SMC]|
Trong muc nay, mét mé phong hé Stewart-Gough véi = 011 ) 0.1 7
luat diéu khién du bao LMPC dé xuat dugc thuc hién trén ‘g = 008
Matlab dugc dua ra dé xac nhan hiéu suat diéu khiénvugt = 0 Ed .
N o N v ; ) %
troi chia bo diéu khién dé xuat. Cac tham s6 mo hinh cda 4 = \/\/
robot Stewart-Gough dugc mo ta trong bang 1. Cac tham g L 5% = -0.05
56 vi tri két n6i cac chan véi bé trén di dong va bé dudi cé Tm ) < @ Tlﬂﬁ o
dinh ctia hé théng dugc trinh bay & bang 2. o 4 g
Bang 1. Tham s6 md hinh clia hé Stewart-Gough é " ; b /
Rl ] b0
. Z 0 g
Tham sé Ki hiéu Gia tri Ponvi z a 0.03
— — : . . DE / f; /’\\
Khoi lugng bé trén m 9 kg = 0.1 £ 0
— 0 20 0 20
Ban kinh bé du6i L 033 m (b) Tllll?‘: (s) (e) Tllne_s (s)
Ban kinh bé trén v 0,4 m = 08 )
Momen quén tinh bé trén | diag([ly, I, I.]) | diag([0,12 0,12 0,24]) | kg.m? 'g ; 0.03
= | 24
Bang 2. Tham 6 vi tri két ni cac chén v6i bé trén di dong va bé dudi ¢6 dinh @ S ! g ol V\ Z
£ | 2
Bé trén Gia tri Bé dudi Gia tri N 07 S -003
0 10 20 0 20
My | 10,16 0,16-0,07" B, [0,31 0,08 0,07]" (6) T s} Tm
_ T _ T
M. | 1006 021-0071 | B 0,08 031 0,07] Hinh 2. Bép tng vi triva tu thé bé trén di dong
M; [-0,21 0,06-0,07]" B; [-0,23 0,23 0,071 : :
[—LMPC —SMC]
M, [-0,21 0,06-0,071" B, [-0,2-0,23 0,07 oy 006
Ms | [006-021-007 | B [0,08-0,31 0,07 z K L= \\
s & 003
Ms | 1016-016-007 | B [0,31 -0,08 0,07 i =
Tham s6 b diéu khién du bao LMPC duoc thiét lap  ~ °U ) =
2 0 10 20 0 10 20
nhu bang 3. filh e ) joe (@ Times (5)
Béng 3. Tham s6 diéu khién T Uiz . —
Tham Gid tri Tham Gid tri S 005 /" & o /
s0 s0 ! , o P
8 0,2 N 10 M 10 20 0 10 20
(b) Times (s) (e) Times (s)
Q 10*x diag ([1,1,1,1,1,1]) R 102 diag([1,1,1,1,1,1]) g i
Foa | 102%12,2,2,2,2,2,2" | B | diag(10,10,20,5,5,5) S Lo \
(Nm) T‘ 005|/ T‘ —
ki | diag([5,5,10,5,5,5]) 102x diag([5, 5,10,5,5,51) | | s
B 10 20 0 10 20

K&t qua m6 phoéng clia bd diéu khién du bao LMPC
dugc dé xuat (ky hiéu 1a LMPC) va bo diéu khién trugt (ky
hiéu la SMC) dugc trinh bay trong hinh 2 + 4.

Dép Ung vi tri va tu thé clia hé thong dugc minh hoa
trong hinh 2. C6 thé dé dang nhan thay rang bo diéu
khién LMPC dé xuat dat dugc hiéu ndng bam quy dao
vugt troi so véi phuong phap SMC. Cu thé, s d6 LMPC
cho phép tét ca cac sai s6 vi tri va tu thé hoi tu vé khéng
nhanh hon, déng thoi d6 qua diéu chinh dugc giam
dang ké.
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(¢) Times (s) (£) Times (s)

Hinh 3. Sai léch bam vi tri va tu thé ctia bé trén di dong

Nguac lai, phuong phap SMC xuat hién sai s6 qua do
I6n hon va dao déng du rd rét hon, cho thay téc d6 héi tu
cham hon va do tron cla tin hiéu diéu khién bi suy giam.
Dé lam ré hon su khac biét nay, cac sai s6 bam vi tri va tu
thé dugc trinh bay chi tiét trong hinh 3. Cac két qua sai s6
bam quy dao cho thay LMPC dat dugc chat lugng bam
quy dao t6t hon so vai bo diéu khién SMC.
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Hinh 4. Chi tiéu danh gia hiéu suat bam

100
— —F1 Fg F3
g Fa F;
2
-
=
& A\/
g
=
g
< -100
=

20
TII’IIBS (s)

Hinh 5. Tin hiéu diéu khién

Hon nlta, nham chiing minh uu thé vé hiéu nang bam,
bén chi sé danh gia hiéu nang, bao gém tich phan sai s6
binh phuaong (ISE), tich phan sai s6 binh phuong cé trong
s thai gian (ITSE), tich phan sai s6 tuyét déi (IAE) va tich
phan sai s6 tuyét déi co trong so thai gian (ITAE), dugc st
dung dé so sanh, nhu thé hién trong hinh 4. Két qua cho
thay, bo diéu khién LMPC dé xuat dat hiéu nang bam quy
dao vuot tréi so vai bo diéu khién SMC.

Tin hiéu diéu khién lyc dugc trinh bay trong hinh 5,
trong do tat ca cac luc diéu khién déu duoc gi6i han va
théa man diéu kién

F; < Fymax = 200 (N) (28)

Téng quét lai, bd diéu khién LMPC dé xuat khong chi
dam bdo tinh 8n dinh cGia hé kin, ma con cai thién dang
ké dé chinh xac bam va hiéu nang diéu khién téng thé.
6. KET LUAN

Nghién clu nay tap trung giai quyét bai toan bam quy
dao t6i uu cho co ciu song song Stewart-Gough, cé xét
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dén cac rang budc trang thai va rang budc dau vao. Trudc
nhling thach thic do tinh phi tuyén manh cta hé théng
cling nhu khé khan trong viéc trién khai truc ti€p bo diéu
khién du bado mé hinh tiéu chuan, mét chién lugc diéu
khién du bao mé hinh dua trén Lyapunov (LMPC) da dugc
dé xuat. Bang cach tich hgp tudng minh rang buéc
Lyapunov vao khung t8i uu du bao, bé diéu khién LMPC
dé xuat ddm bao tinh kha thi dé quy va tinh én dinh cda
hé kin. Cac két qua moé phong sé dugc thuc hién trong
moi trudng MATLAB da xac nhan tinh hiéu qua va dé bén
viing cla phuong phap dé xuat, déng thai cho thay do
chinh xac bam dugc cai thién rd rét va hiéu niang diéu
khién vuot trdi so vé6i cac phuong phap diéu khién phi
tuyén truyén théng, chang han nhu diéu khién trugt.
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