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Abstract

The Gough-Stewart platform, also known as the Stewart platform, is a six-degree-of-freedom parallel robot with a complex interaction
structure. It is widely used in applications requiring high precision and fast response, such as vehicle simulation, automobile, ship, and boat,
as well as aerospace and medical. As a result, dealing with load changes during operation might lead the system to lose its high accuracy
when using dynamic-based control models. To address this issue, this work begins with employing sliding mode control, a commonly utilized
method for controlling high-order nonlinear systems. Then, for estimating the moving platform’s mass and moment of inertia, an adaptive load
management strategy for the system is introduced. To objectively demonstrate the proposed control structure’s effectiveness, simulations are
performed on the quasi-physical, Simscape simulation platform, provided by MATLAB. The simulation results demonstrate the outweigh

performance of the proposed adaptive structure.
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Symbols
Symbols  Units Description
my kg khdi lugng bé di chuyén
my kg khéi lugng chan gan véi bé di chuyén
mp kg khéi Iugng chan gan véi bé ¢ dinh
I m chiéu dai chan gin véi bé cb dinh
b m chiéu dai chan gin vdi bé di chuyén
5 m khoang cich tif diém xoay dén trong tim
chan gin véi bé ¢b dinh
Je,Jy,J.  kgm?  mé men quén tinh b¢ di chuyén
T m diém két ndi v6i chan trén bé di chuyén
B; m diém két ndi v6i chan dudi bé cb dinh
F; N lyc phat dong cua cac khép trugt
L; N vector huéng va d6 16n ctia chan
Px,Dy:Pz M vi tri bé di chuyén
6,6,,0. rad g6c hudng bé di chuyén
g ms~2  gia tdc trong trudng
Tom tat

Gough-Stewart platform, con dudc goi la Stewart platform, la mot
robot song song sau bac tu do vé6i ciu triic xen kénh phifc tap dugc
ting dung rong rai trong nhitng yéu cau doi héi dé chinh xdc cao va
dép tng nhanh nhu la tng dung trong mé phong phuong tién, 6 to,
tau, thuyén, cho dén céc ting dung trong hang khong vii tru va y té.

Do d6, viéc dbi mit v6i vin dé thay ddi vé tai trong trong qud trinh
hoat dong c6 thé 1am mét tinh tinh x4c cao ctia hé thdng nay khi dua
vao nhitng mo hinh diéu khién dong Iuc hoc khong cé tinh thich nghi.
DE gidi quyét vin d& nay, nghién ciiu nay tiép can diéu khién mo hinh
robot Stewart platform theo phuong phap diéu khién ché do truot,
dudc st dung rong rii vdi cac hé phi tuyén manh. Sau d6, cung cip
mot chién Iuge didu khién thich nghi tai trong cho hé théng qua viéc
udc lugng cac tham s6 vé khdi lugng v md men quédn tinh ciia bé
di chuyén. P& chiing minh hiéu qua ciia ciu triic diéu khién dé xuét
mot cach khich quan, cac mo phdng dugc thuc hién trén nén ting mo
phdng bén vat ly Simscape, dugc cung cip bdi MATLAB. Cic két
qua md phdng chitng minh hiéu qua vuot trdi ciia ciu triic thich nghi
dé xuét.

1. Pat van dé

Gough-Stewart platform, con dudc goi l1a Stewart platform, la
mot loai robot song song phiic tap cé 6 bac tu do (DOF) [1].
CAu tao ctia robot bao gdm 3 phan chinh: 1) mot bé cb dinh dé
cb dinh hé thdng; 2) mot bé di dong véi 6 bic tu do, dugc két
ndi bi 3) sau chan khép trudt c6 kha ning thay ddi chiéu dai.
Trong bbi canh nay ctia Stewart platform, vi tri va géc quay clia
bé di dong c6 thé dudc didu khién bang cach diéu chinh su di
chuyén ctia c4c chan. Do céu triic song song, robot Stewart n6i
riéng, va cac hé thdng diéu khién song song néi chung, thudng
dugc st dung trong cic ting dung yéu ciu do chinh xéc cao va
phan hoi nhanh. Vi dy, [2] da ing dung Stewart platform trong
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viéc md phdng chuyén dong cho cic phuong tién nhu 12 6 to
hodc mdy bay. Hon nifa, né con dudc ting dung trong thuc t&
4o va gidi tri [3]. Bén canh do, Stewart platform c6 thé dugc
ung dung trong cac nghién ctiu lién nganh, tir thién van hoc [4]
dén y hoc [5].

V& khia canh diéu khién, muc tiéu diéu khién cia robot Stewart
platform 14 diéu khién trang théi ctia né - bao gdbm hudéng va vi
tri - bam theo gi4 tri dit véi sai s6 nho nhit c6 thé. Do d6, c6
hai loai phuong phap diéu khién cho Stewart platform: 1) diéu
khién dua trén dong hoc va 2) diéu khién dua trén dong luc hoc.
Thi nhét, phuong phap diéu khién dua trén dong hoc yéu ciu
x4c dinh dong hoc thuan va nghich ctia hé théng [6]. Sau do6,
cdc co cAu chip hanh sé bam theo két qua tinh toan dong hoc
nghich, 12 d6 dai tham chiéu cho mdi chan. Tuy nhién, phuong
phép diéu khién nay c6 thé gip mot s6 van dé nhu xung dot
gitta cdc cd ciu chip hanh va do chinh xic giam do sai 1&ch
trong tinh toan dong hoc. Vi vay, diéu khién dua trén dong
luc hoc dudc uu tién st dung trong céc trudng hop yéu cau do
chinh xdc cao va téc dd dap ting nhanh. Khic vé6i diéu khién
dua trén dong hoc, phuong phép diéu khién dua trén dong luc
hoc doi héi khédi lugng tinh toan 16n vé todn hoc va vat ly. Khi
do, Stewart platform dudc phén tich thong qua phuong trinh vi
phan bac hai [7], [8]. Piéu nay cho phép md ta hanh vi ctia hé
thong chinh x4c hon va ddm bao ring diéu khién dua trén mo
hinh 6n dinh va giam thiéu sai sb.

Nhiéu chién lugc diéu khién da dugc dé xuit trong cac nghién
ctiu truc d6 dé diéu khién trang thai ctia bé di dong bam trang
thai tham chiéu du6i mé hinh dong luc hoc. Mdt trong nhiing
chién lugc diéu khién c§ dién véi hiéu suét tbt, PID (diéu khién
ty 1é-tich phan-dao ham), dudc dua ra trong rong rai [9]. Cu thé
hon, trong [10] c6 trinh bay hai phuong phép diéu khién PD
(ty 1&-dao ham) cho céc robot song song trong 2 khong gian
md hinh dong luc hoc: 1) trong khong gian cia end-effector
(task space), v6i vi tri va huéng ctia bé di dong 1a cic bién
trang thai [11], va 2) trong khdng gian cla cac chén, véi do
dich chuyén ctia co ciu chip hanh dudc st dung d€ mo ta hé
théng [12]. D€ t6i uu cac tham sb ciia bd diéu khién PD, goc
nhin ctia diéu khién tuyén tinh t6i vu (LQR, LQG) [13], [14]
cdc tham sb c6 thé dudc xac dinh bang cach t6i uu héa ham
chi phi bac hai clia cc trang thai va tin hiéu diéu khién dudi
cic trong sd kém theo. Vi su phat trién ciia tinh toan s6 trong
nhiing nim gan day, cac k¥ thuat diéu khién robot tan tién dugc
4ap dung rong rai dé phu hop véi cac hé phi tuyén manh nhu
Stewart platform. Vi du, trong [15], [16], phuong phép diéu
khién chdng nhiéu chii dong (ADRC) 12 mot phuong phép diéu
khién PD néng cao, da dugc st dung rdng rai dé bu nhiéu va
céc thanh phan bét dinh trong mé hinh va do ludng. Hon niia,
cho céc ting dung yéu ciu do chinh x4c cao va phan hoi nhanh,
trong céc nghién ctu [17], [18] da trinh bay phuong phap diéu
khién ché dd trugt (SMC) dua trén mé hinh. SMC di trd nén
phd bién trong nhiing nim gan day vi kha ning xt ly cac yéu
t6 khong chic chan va phi tuyén hién dién trong dong luc hoc
clia Stewart platform, dong thdi duy tri tinh &n dinh va su bén
vitng duéi su thay ddi ctia mdi trudng va nhiéu. Hon nita, chién
lugc ché do trudt c6 10i thé 16n 6 kha niing dé dang céi tién va
két hop véi cac phuong phép khéc dé thich nghi, va bu nhiéu
[19], hodc phat hién 16i [16].

Nhu di dé cap & trén, Stewart platform dudc ting dung trong
cic ting dung yéu ciu c6 tai trong, do d6, n6 c6 thé dbi mit véi
thay ddi tai trong trong qu4 trinh 1am viéc. Cu thé hon, trong
cdc ting dung lién quan dén cic mo phéng phuong tién, nang

tai, khi d6 thudc tinh ti trong, khoi lugng va mdé men quan
tinh, c6 thé thay ddi trong qua trinh hoat dong, cic thudc tinh
ctia bé di chuyén c6 thé thay d6i bsi khdi luong va md men
quén tinh. Hé qua 13, khi tai trong thay ddi, mé hinh mo ta cii
tré nén 16i thoi, din dén giam hiéu suét diéu khién dang ké.
Trong diéu khién ché d¢ trudt, ta da biét rang day 1a chién lugc
diéu khién dua trén m6 hinh, nghia Ia tin hiéu diéu khién phu
thuoc vao cac tham sé mo hinh, bao gdm khéi lugng va mo
men quan tinh ctia tai trong. D€ gidi quyét vin dé nay, mot mo
hinh thich nghi dudc trinh bay trong cong bb nay. Cu thé hon,
dua trén clu tric von c6 ctia bd diéu khién ché do trugt (SMC),
dugc thé hién dua trén mo6 hinh dong luc hoc ciia hé théng,
lién quan chit ché va mat thiét v6i cac thudc tinh co hoc (khéi
lugng, md men quén tinh), cdc tac gid dé xudt mot tin hiéu diéu
khién dua céc gia tri udc lugng dudc ctia khbi lugng va mod
men quan tinh. Sauddos, cic tic gia d& xuit mot luat cap nhat
cho cac gia tri uSc lugng cia cac thudce tinh co hoc nay. Luit
tiép can nay dudc chiing minh &n dinh dua trén 1y thuyét 6n
dinh Lyapunov.

Thém vao d6, d€ danh gid mot cach khach quan hiéu suét
ciing nhu tinh diing din ctia bd diéu khién dudc dé xuét, cic
tac gia xay dung mo hinh ban vt ly (Quasi-Physical Model)
cua Stewart platform. M6 hinh ban vét ly dugc xay dung trén
nén ting MATLAB/Simulink bing viéc st dung Simscape
Multibody Toolbox. Véi cong cu nay, bang viéc thiét 1ap nhiing
khé6p ndi, khép chuyén dong va co ciu chip hanh ciia robot, ta
¢6 thé mo hinh héa robot mot cich truc quan va thé hién dudc
gan ding nhiing ddp ting ctia robot so véi thuc té.

Pong gop cia cong trinh:

1. Cung cip mdt thuit todn thich nghi tai dua trén ky thuat
diéu khién mit trudt d€ xdc dinh thudc tinh tai, va dap
ting vé6i nhiing thay ddi clia ti trong qua trinh hoat dong.

2. Pua ra caic md phong dva trén moé hinh ban vat ly
(Simscape - MATLAB) dé kiém chiing hiéu qua ctia chién
lugc diéu khién dugc dé xuit. Két qua dudc so sanh véi
cach tiép can diéu khién ché do truct truyén thong.

Bai nghién ciiu ndy gdm niim phan. Phin diu tién 12 phan gi6i
thiéu. Trong phan tiép theo, chiing t6i dua ra mo hinh todn hoc
clia Stewart platform mot cach chi tiét. Cac két qua chinh dugc
phan tich trong phan thif ba. Phan 4 trién khai md phéng ban
vat ly va két luan dudc thé hién trong phan cudi cling.

2. M6 hinh héa hé théng Stewart platform

Stewart platform la mét robot song song 6 bac tu do (DOF)
phiic tap, hoat dong véi dd chinh xdc cao va phan hdi nhanh
(nhu trong Hinh 1), bao gdm mot bé ¢ dinh (dudc gin véi hé
quy chiéu 0p) va mot nbé di dong (dugc gan véi hé quy chiéu
0,). Bé c6 dinh va bé di chuyén dudc két nbi bsi 6 chan 1a 6
khép truyén dong dang trugt (prismatic joint) tai cac diém B;
va T;. Khi dé, vi tri va géc quay ctia bé di chuyén c6 thé dugc
diéu khién bang viéc thay d6i do dai cac khop trugt. Trude hét,
ta can c6 cic gia dinh nhu sau:

Gia dinh 1. B¢ cé dinh duoc gdn trén hé quy chiéu qudn tinh

Gia dinh 2. Ma sdt tai cdc khdp quay tai cdc diém két noi
giita chdn va bé trén, bé dudi dii nhd, cé thé' bé qua.
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Hinh 1: Mb hinh robot Gough-Stewart platform

2.1. bong hoc

Khi xem xét cac robot ndi chung va robot song song noi riéng,
cdc dé vé dong hoc can phai xem xét mot cach k§ ludng. Trudc
hét, dinh nghia cic bién thé hién vi tri, géc quay ctia bé trén,
va trang thai clia cac chan, dugce quyét dinh bdi chiéu dai ctia
chin nhu sau:

P=[p. p p' )

12 vi tri ctia Stewart platform trong khong gian 3 chiéu v6i hé
quy chiéu gan véi bé cb dinh,

o=1[6. 6, 6] )

1a géc quay Euler ctia bé di chuyén. Khi d6, dudi rang budc vé
dong hoc ctia hé théng, véc to do 16n va huéng clia cdc chan
dudc dua ra nhu sau

0] O
B/T;=T;"—B}"

O =126 3)

v6i BiO” =B; va Tiol’ dudc tinh qua ma trin quay tucng Ung cla
g6c quay R(0) va vi tri ctia bé di chuyén P. Khi d6, phuong
trinh dong hoc ngudgc clia Stewart platform (3) c6 thé viét thanh

BT, =L; =T;R(8)+P—B; = fin(P,6), j=1,2,..,6
@)

trong do L; la vector do 16n va huéng cia cic chan, cu thé
lj = ||L;|| 1a d6 dai va u; = L;/I; 1a huéng ctia cac chan. Khi
d6, dong hoc thuan ctia hé théng dudc dua ra nhu sau

T —1
= Jiny (Lj)a

Do sy phiic tap clia viéc tim ham ngudgc cla fi,, ta cé thé

e A

xép xi két qua dong hoc ngudc bang cic phuong phép gidi to
uu dua trén cdc thuat toan giai sb nhu Gradient-Descent hoic
Levenberg-Marquardt khi khai quat héa bai toan ti uu 1a

xed (6)

x=[P" 67] j=1,2,..6 3)

x* = argmin,(fim (x) —L) |

2.2. Pong luc hoc

Dong luc hoc chi tiét ctia hé Stewart platform dudc dua ra trong
rit nhiéu céc tai liéu dua trén phuong phdp Euler-Lagrange
[20] bang viéc xem xét ham Lagrange nhu sau

do¥ 9%
giox ox o =TV @
v6i T va V 1an luot 12 tdng dong ning (7;: tdng dong ning cla
phan bé di chuyén va 7; tdng dong ning ctia cac chan) va tdng
thé ning ctia hé (V,: tong thé ning ctia phan bé di chuyén va Vv,
tong thé ning ctia cac chan), va x 1a bién trang thai bao gém
vi tri va huéng ctia bé di chuyén, thanh phan 7 = J ' F 1a luc
va md men tdc dong 1én bé di chuyén dugc tinh qua ma tran
Jacobian va Iyc cung cp vao 6 chan, F = (F 1)6x 1. Khi d6, mo
hinh khong gian trang thai ctia Stewart platform dudc viét dudi
dang ma tran nhu sau

M(x)i+C(x,%)%+G(x) =J(x)'F (8)

trong d6 M (x) = M, +M;; C(x, %)% = Mx— w; G(x)=
q

w = G,(x) +G;(x); J(x) = J1J». Chi tiét dudc cung

clp & bén dudi.

Nhan xét 1. Dd dugc dé cdp trong [20], dT;/dx dai dién cho
thanh phdn Coriolis trong phuong trinh chuyén déng ciia hé
théng rdt kho dé'tinh todn. Piéu nay xdy ra do tinh xen kénh
manh giita cdc chdn. Hon nita, trong cdc ving dung cua Stewart
platform, thanh phdn nay chi dnh hudng nhé dén hé thong nén
6 thé dwoc bé qua.

3. Diéu khién thich nghi tai cho Stewart platform

Trong phan nay, thuat toan diéu khién thich nghi tai dugc dua
ra dua trén cach tiép can ctia luat diéu khién ché do truot.

3.1. Tiép cin dua trén diéu khién ché dé truot (SMC)

Tru6c hét, phuong trinh chuyén dong ctia hé Stewart platform
c6 thé dudc viét dudi dang hé phuong trinh vi phan bac nhét
bing cich dit x; = x and x, = x, khi d6

X1 =X

Xp = —M(X1)71 (C(xl,XQ)XQ +G(x1)) —|—M(X1)71JTF )

Gi4 st rang, muc tiéu diéu khién ctia hé thong Stewart platform
yéu cau bam theo céc gia tri dit ctia vi tri va van toc clia cac
bién trang thai x, = xy, and %, = xp,, khi d6, sai 1éch dugc biéu
dién qua

c RGXI
c Rﬁxl

10)
1)

Tiép can SMC theo céch don gian, ta dinh nghia bién truot s;,
va chon k; > 0 cia ma trin dudng chéo k, véi siéu mat trugt S

€1 = X1 —X1r

€2 =Xy — X2,

12)
13)

5= (si)ox1 = €2 + ke;

S £ {e1,ea]s = 0px1}

Khi d6, ta ¢6 nhan xét sau:
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m, 0 O 0 0 0
0O m, O 0 0 0
|0 0 m, 0 0 0
““10 0 0 Jycos? 6, +J, sin” 6, cos B, cos 0, sin 0. J, — J,, 0
0 0 0 cosOcos0,sin6,J,—Jy, J, c0s? 0, + J;sin® 6, cos? 0, + J, sin”> 6, —J.sin” 6,
0 0 0 0 —J.sin” 6, g
1
T, = EXTMMXQ Vu=mugpz;; Gulx)= [0 0 gm, 0 0O O]T
. . 25mbll 7mtlz ny 2 ny
My = (e -+ my) I ( (diag(hi) @15 ) — ] diag  ( ) - )91 )
L= (i tmp) |y ( glhi) @1 ) =Jy diag 2(m +mp)L;  mp+my m+my) ")
1 6 T 25mbl] —m,lz ny 8V,
T,= i My, V= 00 ( L~) s G = 2
=X M Vo= (my +mb)i§1 [ g TR 1% = =+
u, 0 0 0 0 O I; RySxRxRzTi SyRyRxRzT\ RyRxSzRzTi]
0 u; O 0 0 O Iz RySxRxR;z;T» SyRyRxRz;T» RyRxSzR;T»
s |0 0 W 0 0 0| |5 RySxRxR;T; SyRyRxRzT3 RyRxSzR.Ts
10 0 0 wu 0 0|7 | RySxRxRzTy SyRyRxR;Ti RyRxS;R;Ti
0 0 0 0 ul O I3 RySxRxRzTs SyRyRxRzTs RyRxSzR7Ts
0 0 0 0 0 u I3 RySxRxRzTe SyRyRxRzTs RyRxSzRzTs|
0 0 O 0 0 1 0 —1 0]
Sx=10 0 —1f; Sy=]10 0 0|; Sz=|1 O O
01 O -1 0 0 0 0 0]

Chi tiét ma trdn déng luc hoc ciia hé thong Stewart platform (8)

Nhén xét 2. Néu ton tai mot ludt diéu khién co thé ddy bién
trugt (12) tién vé mdt truot (13), thi sai sé dugc dinh nghia
trong (10) va (11) tién vé 0. Diéu nay cé thé dé dang duoc
chiing minh do k > 0.

Tin hiéu diéu khién ctia bo diéu khién ché do trudt c6 thé tim
dugc bang mot ham Lyapunov don gian ¢ dang toan phucng
ctia bién trugt

1
V()= ESTS (14)
Theo ly thuyét 6n dinh Lyapunov, ta c6 dao ham ctia ham

Lyapunov dugc bién ddi sao cho thda min

d
—V

yAdUE V()=s"5<0

(15)
Khi d6, chon k, va 1 x4c dinh duong, véi luat diéu khién
F= J—TM(er + M (Ci+ G) — kes — nsat(s) — kss) (16)

thay vao (15), ta c6

V(t) = —s' (nsat(s) +kes) <0; Vs 17

Do do6, lim = 0, theo Nhan xét 2, limx; — xj, = Ogx; va
t—>o0 t—ro0

limxz — X2y = 06x1~
t—>oo

Nhén xét 3. Dé thdy rdng, diéu khién ché do trugt SMC la mot
cdu triic diéu khién dwa vao mo hinh, nghia la né phu thudc
vao cdc thanh phdn M, C, va G, hién nhién sé phu thudc chdt
ché vao khéi luong vao mé men qudn tinh ciia bé di chuyén.
Khi do, tdi ciia bé di chuyén thay doi sé ddn dén mo hinh cii

bi 16i gdy ra cdc hé qud diéu khién nhu la sai léch tinh & ddp
1ing vi tri gdy ra bdi khéi luong va & ddp iing géc gdy ra bdi
mo men qudn tinh. D€ gidi quyét vdn dé nay, trong phdn tiép
theo cua nghién citu trinh bay mot phuong phdp wdc luong cdc
thanh phan khéi lwgng i, va J, = [y, Jy,J;] dé'cdp nhdt gid tri
cila cdc ma trdn déng lyc hoc ciia hé thdng, nhu mé td trong
Hinh 2.

3.2. Thich nghi tai dua trén ham Lyapunov

Trudc hét, gia st rang, cac gid tri khdi lugng va md men quéan
tinh dugc udc lugng 1a iy, va J, = [Jy,Jy,J;]. Dinh nghia Am,
va AJ, 1 sai 1&ch clia tham sb u6c lugng

Amu = ’/hu —my (18)
Al =M Ay ALl =J,—J, (19)

Khi d6, sai 1éch giita cic gid tri u6c lugng ma tran dudc biéu
dién tuong tu

AM(X])ZM(X])—M(X]) (20)
AC(x1,x2) = C(x1,x2) — C(x1,x2) 1)
AG(xl) = G(xl) — G(xl) (22)

Gia dinh 3. Gid sit rdang, cdc tham sé wic luong duoc la
duong, titc la M(x) la xdc dinh duong va tham sé diéu khién
kg dwgce chon dii 1on dé 2Mks > M

Nhan xét 4. Pugc dinh nghia trong (16), tham sé cia bo diéu
khién ks dwoc dinh nghia la xdc dinh dwong. Nhu dd biét, trong
ludt diéu khién ché do truot, hé sé ks dnh hudng dén sw bén
vitng ciia hé thong, quyét dinh toc do tién vé mdt trugt ciia bién
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o
ra
Xip, X }}31?3}‘?15; Fo_ M hinh bén vat Iy L | Ponghoc thuan | %%
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Hinh 2: Cu triic diéu khién thich nghi tai trong cho Stewart platform

trugt. Khi hé s6 kg ting 1én dii lon, theo Gid dinh 3, thoi gian
tién vé mdit truot ciia bién truot sé nhanh hon, diéu nay ddnh
doi vdi viéc tin hiéu diéu khién xudt hién vot 16, hodc tién téi
viing bdo hoa trong khodng thoi gian ban ddu, khi khdi dong
hé thong. Tuy nhién, khi bién truot tién vé mdt truot, ticc la
s =0, dnh hudng ciia kg 1én hé thong giam ddng ké. Viy nén,
theo Gid dinh 3, tity vao ting dung cu thé ciia Stewart platform,
hé s6 kg c6 thé dwoc chon mét cdch phit hop ma khong qud dnh
hudng dén qud trinh hoat déng ciia hé thong, khi né da on dinh
tai mdt truot.

V6i céc gia tri wéc lugng clia tai, ta c6 tin hiéu didu khién dudgc
tdng hop lai tir (16) nhu sau

F=J"™m ()’czr + M (Ci+ G) — key — nsat(s) — kss> (23)

Thay (23) vao md hinh dong luc hoc (8), ta dugc

Mi+Ci+G
= Moy, + Cxo + G+ M(—kes — nsat(s) — kys) (24)
Két hop véi (20), (21), va (22),
Mi = My, + ACx + AG — M (key + nsat(s) + kys) (25)
Nhu dugc dinh nghia trong (12),
s=ey+key = xp—xp=5—kep,
Do d6, ta co
Xp = Xor+ S —kes.
Thay vao (25) ta ¢6 phuong trinh:
Ms = —Mp, + Mkey + Min,+

ACx+ AG — M (ke + nsat(s) + kgs) (26)
Bién d6i (26) ta c6:
Ms = AM% + ACx + AG + AM [ (X2, — X2) — ke)

—M(nsat(s) +kss), (27)

Viét lai thanh:

M5 = AM + ACx + AG + AM [—é; — ke ] — M(nsat(s) + kys).

(28)
Phuong trinh trén tuong dudng véi

Ms = AMi+ AC% + AG — M(nsat(s) + kys). (29)

Miit khdc, tif cac biéu thiic trong bai bdo (8) va (19)-(22) ta cé:

AMi+ACi+AG =J'F. (30)
Vi ma tran M la ma tran x4c dinh duong, d€ (29) 6n dinh va
két hop véi (30) bai bao dé xuit ham Lyapunov nhu sau:

1. 1 1
Vo= ~s Ms+ i/llAmﬁ + EAJTMJ (31)

2

Vi A1 va A = diag(A2, 23, A4) 12 cac tham s6 lan lugt xac dinh
duong. Do d6, dao ham cia ham Lyapunov V,, la

1 Amgiin, AT, ALy AL
V—TM’ fTM uly xJx ywy Yz
a=s s+2s s+ A + 1 + 23 + s
(32)
Khi dé, véi luat thich nghi dugc dé xuét
. 2 3
—" S o} (33)
Am, i=1
A 7/121—‘4.?4 A 7131—‘5;95 A 7/’L4F6S6
Jy= 3Jy = = 34
* A T Ay, ¢ AJ, )

v6i A = AMi+ ACx+ AG vaT'j 1a hang thi j ctia ma tran A.
Thay luat cap nhéat vao (32),

. TS I TR R
V,= sTMs+ ESTMS — Zs,-Fi =5 Ms+ ESTMS —sTA
i=1

(35)

Khi do,
V,=s' (AMx + ACX + AG) + %STMS —sTA

+5" M(—nsat(s) — kys) (36)
Theo dinh nghia ctia ma tran A, dé thiy
V, = —s' M(nsat(s) + kys) + %sTl\sz 37
Theo Gia dinh 3,
V, = —s Mnsat(s) — s Mkys + %STMS <0; Vs (38)

Viy, s, i1, and J,, bi chin va dé thy ring s — 0 khi 1 — oo,
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Bang 1: Tham s6 mo hinh Stewart platform dugc thiét k&

Tham sé  Gi tri Tham s  Gid tri Tham s  Gid tri Tham s  Gid tri
T [0.16,0.16,—0.07] B [0.31,0.08,0.07] m 9kg I 0.47m
T [0.06,0.21,—0.07] B, [—0.08,0.31,0.07] my 0.2kg I 0.33m
Tz [-0.21,0.06,—0.07] B3 [—0.23,0.23,0.07] my 0.8kg 1) 0.2m
Ty [-0.21,—0.06,—0.07] | B4 [—0.23,—-0.23,0.07] Jx 0.12kgm? | Fjmax 200N
Ts [0.06,—0.21,—0.07] Bs [-0.08,—0.31,0.07] Jy 0.12kgm? | g 9.81m.s 2
Ts [0.16,—0.16,—0.07] Bg [0.31,—0.08,0.07] J; 0.24kgm’
‘ Proposed Control = = SMC —-—-References|
0.1
— 005 / 0.05
L0
Tin hiéu -0.05 ¢ 0 =~
diéu khién 0 5 10 15 20 0 2
(Lwrc tac dong) 0 ‘ ‘ . <1073
0=~
El - RN
/ L7005 13 N
) Ny
-0.1 -15
0 5 10 15 20 0 05 1
Tin hiéu — 0871 \\_
do luong 07
(Chiéu dai chan) £ - - N
06 T~~~ N
0 5 10 15 20
Time [s]
Hinh 4: Ddp dng vi tri ctia Stewart platform
‘ Proposed Control = = SMC —-—-R,eferences|
Hinh 3: Mo hinh thiét ké Simscape cho Stewart platform — 0
g - 0.05
2 oy~ ~ RN P L
gz N / N\ 0
A ” =04t Ny /
4. Mo phong A -0.05 A
0 5 10 15 20 0 1 2
Trong phan nay, Stewart platform dudc thuc hién md phéng Zosl  ~ o /] o3 -
PN . e 1 ~ . % ooe il | e - N - : Ve
dudéi mo hinh ban vat ly dua trén Simscape, dugc cung cap bdi “o02h - 02t 4
MATLAB d€ lam ting d9 tin cay ctia két qui mo phong thay vi E 01 A 01L{
md phong thuin tiy trén nén tang todn hoc xay dung dudc trong 0 /\\//\\/ 0
phan 2. Mb hinh Stewart platform dudc thiét ké trén mot nén 0 5 10 15 20 0 05 1
ting CAD dudc hé tro bdi bén thit ba va nhiing vao MATLAB _ ~ 01 L
Simulink duéi sy hd tr¢ clia toolbox Simscape-Multibody £ 0 4 “\ 0051, e
nhu trong Hinh 3. Cic tham s6 thiét ké ctia mo hinh Stewart E - 0
platform dugc dua ra trong Bang 1. Pong thdi, cac két qua o1 0.05
mo phdng ciing dudc so sanh véi cach tiép can dua trén diéu 0 s 10 . 15 20 0 1

kién ché dd trugt truyén théng véi chung mot bd tham sb bao
gom: k =20, ky = diag(1,1,4,4,4), and N = diag(1,1,4,4,4).
Su that rang, chét lugng cédc tham sb clia bo diéu khién SMC
dudc chon tuong d6i kém so vé6i nhiing gi c6 thé 1am dudc.
Tuy nhién véi cac tham sb bd sung cho thuit toan thich nghi
Bi=1,B;=1,j=2,3,4, cdc két qua md phong dudgc céi thién
mot cach ro rang.

Cic Hinh 4, 5, 6 thé hién ddp tng ctia hé théng Stewart platform
khi thuc hién md phong véi quy dao ngiu nhién véi mot tai co
khéi lugng 8kg dudc dit 1én vi tri bat ky trén bé di chuyén. Tut
két qua mo phéng, ta c6 thé thdy ring, mic du chit lugng ciia

Hinh 5: Dap ing géc cla Stewart platform

bd diéu khién d& xuit tuong d6i kém va viéc két hop thém ciu
triic thich nghi da cai thién mot cach ro rang hiéu suit bam,
bao gdm bam vi tri va bam géc, hé qua 1a két qua chiéu dai
chan bam theo cic gi4 tri dit cia dong hoc nghich véi sai sb
nhd hon rit nhiéu so véi ciu triic ban diu. Luu y ring, n va k
dudc chon tuong d6i nho, sai sb tinh ctia bo diéu khién SMC
truyén théng phu thudc 16n vao tham s6 1) va k, tuy nhién, viéc
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Proposed Control Iy L3 L;
osl|= = SMC e [ Ly e L
’ --—p--- Inverse Kinematics 7
3
\ - - -
T B - -
s - ~ . . -
~ e - ~ ~ -
. - < N -~
04r o T -
03 . | | )
0 5 10 15 20
Time [s]

Hinh 6: Dép ting chiéu dai chan ctia Stewart platform

200

Proposed Control Fy Fy Fy
—=g== SMC

150

Forces [N]

5 10 15 20
Time [s]

Hinh 7: Luc tic dong clia cdc chan

ting hai tham sb nay khong 1am ci thién dugc hiéu suét diéu
khién hé théng nhu cach ma bo diéu khién thich nghi dé xuét
da dua ra. Mit khéc, viéc ting cac tham sb 1) va k c6 thé dnh
hudng dén hé thong tai khoang thoi gian dau tién, tin hiéu diéu
khién c6 xu huéng bién ddi nhanh dén gia tri bio hoa trong
thoi gian rat nho, khi d6, ap luc giy 1én co ciu chip hanh 1a
rt 16n. Tuy nhién, bang viéc giam tham s& 1 va k két hop véi
thuat toan thich nghi, viéc x4y ra hién tugng bién ddi nhanh tai
giai doan dau tién ctia tin hiéu diéu khién khong con xuét hién.
Diéu nay c6 thé d& dang nhin thiy trong Hinh 7. Thém vao
do, viéc triét tiéu di sai léch tinh trong diéu khién bam Stewart
platform, dic biét v6i nhiing tai khong dbi xting, gitip céc tin
hiéu diéu khién khong bi vot 16, diéu niy con gitp cai thién vé
miit ning lugng cho hé thong.

Hinh 8 dua ra ddp ting ctia cu tric thich nghi véi gid tri ban
dau 12 14kg cho hé thdng (cé4c gia tri ban du nay ciing dugc
st dung cho md hinh SMC théng thuong), né da cho thiy ring
thuét toan c6 kha ning thich nghi véi sy thay ddi cda tai mot
cach ro rang va hiéu qua. Thém vao d6, nhu trong Hinh 9, v6i
tai c6 khdi lugng thay déi theo thdi gian, ciu tric nay van thé
hién dudc tinh uwu viét va vugt troi ma ndé mang lai.

5. Két luan
Téng két lai, cong trinh nay da gidi thiéu vé hé théng robot

song song 6 bac tu do dudc st dung rong rai nhiéu trong cac
hé thdng yéu cau c6 do chinh xic cao trong phan 1. Tuy nhién,

16 ---=zs=scccccoococoooooooooooocooooocoooos
‘E 14 f 4
12t |-----Total mass = 16kg| |
0 5 10 15 20
Time [s]
20 o 1 20f r¥a~ s
X y z 1
15 _ o o _ _ _ ___ _1 151
~ 10 101
- = l e
5 5 'f
0 ot
0 5 10 15 20 0 0.02
Time [s]
Hinh 8: Dép tng thich nghi clia ciu tric dé xuit
20 | me—— Total mass —8— Estimated mass | |

0 20 40 60 80 100

Proposed control SMC — — —Reference
07 v - v ~
0.65 1
% 0.6 |

0.55 8
0.5 | | ‘ 1

0 20 40 60 80 100

Time [s]

Hinh 9: Dap ting thich nghi ctia ciu tric dé xuét véi tai thay d6i

duéi céu tric diéu khién trugt thong thudng, véi cac tai khong
cb dinh thi hiéu suét ctia hé thdng c6 thé bi suy giam mot cach
dang ké, do d6, mot thuat todn thich nghi ti trong ctia m6 hinh
da dugc dua ra. Bai toan dudc tiép can bing viéc diéu khién
ché do trugt, dugc trinh bay trong phan 3.1 v6i md hinh dugc
xdy dung trong phan 2. Sau d6, mot luat thich nghi dua trén 1y
thuyét &n dinh Lyapunov dugc dua ra trong phan 3.2 va dugc
md phdng kiém chiing tinh hiéu qua dua trén géc nhin khach
quan tu md hinh ban vt ly dugc xay dung trén Simscape trong
phan 4. Céc két qua cho thiy su vugt troi vé hiéu suét ciing nhu
do chinh xdc ma cAu tric nay mang lai, ching td rang n6 c6 thé
dugc ting dung mot cach hidu qua trong céc md hinh thuc té.

Tuy nhién, trong nghién cifu nay, md hinh nhiéu chua dugc
xem xét, do d6, trong tuong lai, nhém nghién ctu sé dé xut
thém cac chién lugc diéu khién mdéi nhim cai thién hiéu suét
diéu khién dudi tac dong ctia nhiéu va trién khai trén mo hinh
thuc nghiém.
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