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TOM TAT

Bai bdo nay trinh bay thiét ké va trién khai chién lwoc diéu khién ché dg triegt (SMC) cho robot
song song 6 bdc tu do, dwoc blet dén véi tén goi Stewart Platform. Stewart Platform la mot logi
robot song song voi cau triic gom sau thanh noi giga nén c6 dinh va nén di dong, cho phép di
chuyén va diéu khién chinh xdc trong khéng gian ba chiéu. Nghién ciru bt dau véi viéc mé hinh
héa toan hoc chi tiét cho Stewart Platform, nam bdt cac ddc tinh dong hoc va dong luc hoc phiec
tap cia hé thong. Duwa trén mé hinh déng lwc hoc ciia hé thong, bai bdo trinh bdy phwong phdp
diéu khién duwa trén ché dé truot cho hé théng Stewart Platform. Sau do, mé hinh Simscape, mot
méi trieong mé phong dira trén MATLAB, dwoc dwa ra dé kiém tra va xdc thiee hiéu sudt ciing nhir
doé chinh xdc ciia bé diéu khién. Cac mé phong cho thcfy sw cdi thién dang ké vé aé chinh xdac va
do on dinh, khcfng dinh tiem nang cua SMC trong viéc ndng cao hiéu qua hoat dong cua robot
song song. Két qud mé phong dwoc dwa ra trong video: https://youtu.be/7YORBNNKAZE

Tir khoa: Stewart Platform; M6 hinh héa; Diéu khién ché do trwot; M6 hinh ban vét 1y; Simscape/MATLAB.
1. MO PAU

Stewart Platform hay con dugc goi la Stewart — Gough Platform la mé hinh robot song song 6
bac tu do. Stewart Platform dugc dua ra va sir dung 1an dau vao niam 1954 tai Vuong qudc Anh
boi Eric Gough, thiét ké sau d6 dugc cong bd boi D. Stewart vao nam 1965 [1]. Stewart Platform
bao gom 1 phan dé c¢6 dinh va 1 platform di chuyén bang 6 chan két ndi c6 kha ning thay déi chiéu
dai va c6 kha nang quay linh hoat. Do d6, Stewart Platform duoc s dung rong rai tor m6 phong
141, md phong bay [2], gidi tri, thyc té a0 [3] cho dén sir dung trong y té [4], chong rung cho cac
hé thong hang hai [5], diéu hudng rada, kinh thién vin [6],.. - Mot diém chung vé cac ung dung cua
hé thong str dung Stewart Platform la cac myc dich nay yéu cau do chinh xdc cao va tbc do dap
g nhanh. So sanh v&i robot néi tiép, cac canh tay ctia robot ni tiép lién két tuan tw véi nhau qua
céc khép va chi khép cudi cing két ndi véi end-effector, thi ¢ robot song song, nhiéu canh tay két
ndi chung véi end-effector, do d6, robot song song c6 kha niang thue hién cac tac vu véi thoi gian
dap tng va sai sb rat nho so. Tuy nhién, do m6 hinh Stewart Platform véi bac tu do cao, nhiéu
chan két nbi voi end-effector nén hién twong xen kénh giita cac khop 1 rat 16n va lam cho mé hinh
dong luc hoc trd nén phtrc tap va khéi lugng tinh toan tré nén vo cung lon. biéu nay mo ra nhiing
thach thtrc cho viée thiét ké didu khién va thuc nghiém mé hinh nay.

V& mé hinh dong luc hoc cua Stewart Platform, trong cac nghién ciru trudc day di dua ra cac
phuong phéap dé tim dugc phuong trinh mé ta chuyén dong ctia hé thong theo 2 phuwong phap chinh
bao gom Euler-Lagrage [7] va Euler-Newton [8]. Ddi v6i phuong phép Euler-Newton, cac tac gia
xay dung mo hinh toan hoc cua hé théng dua trén viéc xem xét cac luc tac dong vao hé théng dua
trén dinh luat II Newton, tir d6 téng hop cac luc va phuong trinh dé xay dung dugc phuong trinh
day du. Béi voi Euler-Lagrange [9, 10], phuong phap ndy yéu cau mot ham Lagrage lién quan dén
ning lugng ciia hé théng phu thudc vao cac bién trang thai, ham Lagrange tuong dbi don gian dé
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¢6 thé tim dugc, tuy nhién, vigc giai phuong trinh co hoc Lagrange rat phirc tap do khoi luong tinh
toan 16n. Mic du phirc tap, van dé nay co thé giai quyét dé dang bang may tinh, vay nén, tiép can
cac mo hinh dong luc hoc ctia robot bang co hoc Lagrange van 1a mot cach tiép can duoc wa chudng
hon ca.

Trong cac nghién ctru vé thiét ké diéu khién, c6 thé thay rang, co hai cach tiép can chinh 1a diéu
khién dya trén dong hoc va dong luc hoc. Trong bai toan thiét ké diéu khién dua trén dong hoc, tur
cac gia tri mong mudn cia bé di chuyén, bai toan dong hoc thuan dé dang dugc dua ra dé tinh duge
chiéu dai mong muén cua cic khép, viéc diéu khién chiéu dai cta cac khép s€ duogc déy cho co
cAu chap hanh. Trong bai toan thiét ké diéu khién dwa trén dong luc hoc, phuong phap diéu khién
nay cho phép diéu khién chinh xac hon, giam thiéu sai s6 va han ché viéc xung dot gitra cac co
cau chap hanh. Déi VO‘l phuong phap nay, trang thai ciia bé di chuyen c6 thé duge phan héi truc
tiép vé tir cam bién gan trén bé (vi du nhu st dung IMU) hodc c6 thé tinh toan gian tiép qua céc
cam bién trén dong co bang dong hoc thuan. Tt do, hoac 1a c6 thé diéu khién truc t1ep trén h¢ quy
chiéu cua bé di chuyén hoic 1a c6 thé diéu khién gian tiép trén hé quy chiéu ctia co ciu chip hanh.
Uu diém cua hé thong Stewart Platform 1a mot hé da co ciu chap hanh (actuated system), do do,
rat nhiéu phuong phép diéu khién phu hop voi h¢ thong nhu 1a dicu khién phan tan PID [11], hodc
13 diéu khién t6i vu LQR (Lmear Quadratlc Regulator) [12] MPC (Model Predictive Control) [13],
hoic c6 thé sir dung cac bo diéu khién c6 kha nang bui nhidu va bén viing vdi nhidu [14].

Trong cac nghién ctru trudc day vé diéu khién mo hinh Stewart Platform, céc tac gia thuong
tap trung vao viéc dua ra Iy thuyét didu khién, sau d6 ap dung 1én cac md hinh mé phong toan hoc
hodc trién khai trén mo hinh thyc nghiém. D4i v6i viée trién khai trén mé hinh toan hoc, cac két
qua c6 thé s& khong con chinh xac véi thuc té, va chi phi cao dbi véi viée trién khai trén mo hinh
thuc nghiém. Do @6, trong nghién ctru nay, mot mo hinh Quasi-Physical (m6 hinh ban vat ly) cua
Stewart Platform dugc dwa ra va trién khai diéu khién véi thuat toan diéu khién mit truot (Sliding
Mode Control, SMC) nhim dua ra mot danh gia khach quan hon, cac hanh vi chinh xac hon mé
hinh toan hoc dugc xay dung.

Nghién ctru ndy bao gdm 5 phan: phan 1 gidi thiéu, dua ra cai nhin chung vé mé hinh héa va diéu
khién cho hé théng Stewart Platform; chi tiét mo hinh hoa cua hé théng va thiét ké diéu khién duoc
dua ra 1an luot trong phan 2 va phan 3; két qua mo phong kiém chimg voi mé hinh ban vat 1y
Simscape dugc dua ra trong phan 4; va phan 5 14 két luan ciing nhu huéng phat trién trong tuong lai.

2. MO HINH HOA

Phan nay tap trung gidi thiéu mé hinh dong luc choc clia Stewart Platform thong qua co hoc
Lagragian. Trude hét, theo co hoc Lagrange, m6 hinh dong luc hoc ctua Stewart Platform c6 thé
duoc tinh thdng qua phuong trinh sau

— = JTF ()

trong d6, L 1a ham Lagrage dugc dinh nghia 1a hiéu cua tong dong ning trir di tong thé ning, q
duoc goi la bién trang thai ctia hé thong va J, F lan lugt 1a ma tran Jacobian va luc tac dong vao
co cau chap hanh. Do d6, mo hinh cua h¢ thong c6 the tim dugc bang cach xem xét ndng lugng
cua tung thanh phan trong hé thong. Tuy nhién, trudc doé can phai phan tich hé truc toa d ctia hé
thong, cac bién vao ra va dong hoc cua hé thong.
2.1. Hé truc toa dd tong quat va lwe dwa vao hé thong

Trudce tién, xem xét muc ti€u diéu khién cua hé théng la trang thai ctia bé di chuyén vO1 6 bac
tu do, do do, h¢ truc toa do tong quat trong phuong trinh chuyén ddng, hay bién trang thai cua h¢
thong va cac luc dau vao F dugc dinh nghia nhu sau:
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q=[x y z @ B y] eR*; F=[R F, F, F, Ry F] eR™ @

trong d6, P=[x y z] 1a vi tri ciia bé di chuyén va O=[a B »] 1a hudng cia bé di
chuyén duoc biéu dién theo gbc Euler. T4t céc céc bién trang thai duoc xem xét trong hé truc
toa d6 quan tinh.
2.2. Pong hoc nghich

Dong hoc ngugc duge dinh nghia la mdt ham L(qQ) co thé tinh duoc trang thai cta co ciu chép
hanh tir trang théi ctia end-effector. Trong truong hop nay, L: R® — R®  tirc 1a tir cc bién trang
thai g ctia hé théng c6 thé tinh duoc chidu dai cia timg chan, tirc 1a

I =t;R(e, B,7) +P—Db, 3)

trong do, 1. e R 1a vector chiéu dai ctia chan thir i, t, € R** 13 vi tri ctia khop két ndi cua chan
thir i v6i bé di chuyén (nhin trong hé quy chiéu gin vdi bé di chuyén), b, e R*>* 1a vi tri ciia khop
két ndi cia chan tht i v6i bé c¢b dinh (nhin tong hé quy chiéu gin v&i bé ¢ dinh) va
R(a, B,7) € R®®1a ma trin quay cta bé di chuyén. Do d0, chiéu dai ctia co ciu chap hanh dugc
tinh 1a chuan cua vector |;.
2.3. Ma tran Jacobian

Ma tran Jacobian ctia Stewart Platform duoc dinh nghia nhu sau
L=JV, ; V=14 (4)

trong d6, V; = (V) e R*®*, j=1,...,61a van toc ciia khép trén.
2.4. Niing luong ciia bé di chuyén

Ning luong ciia bé di chuyén bao gdm dong niang va thé ning. Trong d6, dong ning duoc tinh
bang dong ning tinh tién va dong ning quay cia bé di chuyén. Téng dong ning cua bé di chuyén
tuong doi dé dang dé tim va né co thé viét dudi dang toan phuong ctia ma tran khoi lugng — quén
tinh M__, cu thé

mp >

1.+ .
=>4 M9 (5)
2
trong d6, ma tran khéi lwong quan tinh c6 thé dé dang tinh toan, phu thudc vao m va
T 4 7 A
= [I l |Z] lan luot 1a khoi lugng va mé men quan tinh ctia bé di chuyén. cac ky hi€u goc

lwong giac duoc viét ¢() cho ham cos() va s() cho ham sin(). Cudi cung, thé ning cua bé di chuyén
chi phu thudc vao d6 cao ctia bé di chuyén va gia toc trong trudng.

2.5. Ning lwgng ciia cac chan

Trong mdt sd cac nghién ctru kinh dién nhu 1a [10], ning lugng cua phan chan dugce xem xét
nhu 14 ning luong ctia mot diém chuyén dong, tirc 14 cac tac gia s& tap trung khdi lugng ciia chan
trén va chan dudi ctia timg chan thanh mot diém trong tim bién thién theo trang thai ctia hé thong.
Tuong tu nhu cach tinh ning lugng ctia phan bé di chuyén, ning lugng cua tat ca cac chin ciing
c6 thé duoc Viét dudi dang toan phuong nhu sau

q Mlegsq; Mo =M[J, (H=J,'KJ;)J,]; H=diag(h) ® I,,;K =diag(k;)  (6)

Iegs =5 legs
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v6i“®7 la tich Kronecker, h = (I_ , ki=h - ( ) al= M Véi
L ml+m2 m, + mz 2(m, +my)

céc tham s6 md hinh bao gdm khéi luong ctia phan chan dudi m, khdi lwong ciia phan chén trén

m, va khoang cach tir chan duéi dén trong tim ctia né & . Sau do, thé ning ciia cac chan co thé dé

dang tinh dugc bdi phuong trinh sau

6 A
Plegs = (rnl + mz)égTPi—legs; I:)i—legs = (I + m1 +m, L|) || | ” (7)

2.6. Phuong trinh ddng luc hoc ciia toan by h¢ théng

Tt phuong trinh co hoc Lagrange (1), két hop véi cac phuong trinh nang lugng cua hé thong
duoc dé cap & trén, md hinh dong luc hoc cua toan bd hé thong Stewart Platform duoc viét dudi
dang ma trdn nhu sau:

M(a)d +C(a,§)q+G(q) +D(q,0) = J(q) 'F ®)
trong do, M(a)=M_, +M,.; C(q,4)4=Mqg- I(Kinp + Kiegs ) . G(q) = o(P, Iegs)
oq Gq

J(q) =J3,3,; va D(q,q) = diag(d.)(3")? q véi di 1a h¢ s6 ma sat cua chan thi i.
3.THIET KE PIEU KHIEN

Trong phan nay, ching t6i dé xuat bo diéu khién ché do truot (Sliding Mode Control, SMC)
cho viéc on dinh bé di chuyen clia Stewart Platform. Xem xét muyc tiéu diéu khién 1a gia tri cta
bién trang thai q bam theo gia tri dat gr. Khi do, sai 1éch giira bién trang thai va gia tri dat va dao
ham ctia né dugc dinh nghia nhu sau

e:q_qr;é:q_qr 9)

Khi d6, bién truot duoc dinh nghia voi hé s k 13 ma tran dudng chéo véi cac phan tir 16n hon
0 nhu sau:

s=é+ke (20)
va mit truot duge dinh nghia 13 tap hop nhiing gia tri ctia e va é sao cho bién truot bang 0,
S={e,é|s=0} (11)

D@ théy, né}l ton tai mot tin higu diéu khién~sa0 cho bién truot s tién dén mit trugt S thi sai
1éch cuia h¢ thong tién vé 0. Di€u ndy c6 thé dé dang ching minh boi khi s = 0 thi nghiém cua
phuong trinh (10) hoi tu vé 0. Viét lai phuong trinh mo ta chuyén dong ctia hé thong (8) nhu sau

g="f@a)+g(F (12)

trong d6, f(q,q)=M7(~Cq-G -D)va g(q) =M™J" . Khi do, tin hiéu didu khién cho toan hé
thng dua theo luat diéu khién ché do trugt nhu sau:
F=9(@)"(-1(a,6)+d, —ke—ksign(s) - s) (13)
v6i cac hing s6 diéu khién Ks va 7 1a ma trin dudng chéo véi cac gia tri duong.
binh ly 1: Xem xét mo hinh hé thong Stewart Platform dwoc mé ta trong phuong trinh (8) va
dwoc viét lai trong phuwrong trinh (12), néu hé thong dwoc diéu khién bang ludt diéu khién mat trueot

dwoc mo ta trong phuong trinh (13) thi bz,en truegt dugc mo ta trong phuong trinh (10) sé tién dén
mat truot (11). Khi do, sai léch cua hé thong hoi tu vé khong.
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Chirng minh: Dinh 1y nay c6 thé d& dang duoc ching minh qua 1y thuyét 6n dinh Lyapunov
véi ham Lyapunov duoc chon1a V =s's.

4. MO PHONG

Trong phan nay, cac ly thuyet dugc dua ra ¢ trén sé duge kiém ching thong qua mo phong. Dé
tang do tin cay ciia chién luoc didu khién dugc dua ra, ching toi sir dung md hinh Stewart Platform
dugc xdy dung trén Simscape Multibody. Céac két qua mo phong duoc so sanh giita mé hinh toan
hoc va mo hinh xay dung trén Simscape. Trong ca m6 phong trén mo hinh ban vat Iy va mé hinh
toan hoc, ching t6i do vé chiéu dai chan, va suy ra dugc trang thai cua bé di chuyén. Chu y rang,
viée giai ham nguoc tir dong hoc nghich trong phuong trinh (12) rat kho khan, do do, trong nghién
ctru ndy, chiing t6i dé xuat mot thuat toan tdi wu trong timg budc mo phong cho phép giai ham
nguoc mot cach don gian hon tir gia tri phan hoi vé ctia chiéu dai chan L

q =argmin(L(q)-L) (14)

Céc tham s6 md hinh bao gém: cac diém két ndi khép trén t, =[155.6;155.6;—66.5],
t, =[56.9;212.5,—66.5], t, =[212.5;56.9,~66.5], t, =[-212.5,-56.4,—66.5],
t, =[56.9,—212.5,—66.5], t,=[155.6,—155.6,—66.5], cac diém két ndi khop dudi
b, =[309.1;82.8;66.5], b, =[-82.8,309.1;66.5] b, =[-226.3;226.3;66.5],

b, =[-226.3,—226.3;66.5], b, =[-82.8;—309.1,66.5], by =[309.1;—82.8;66.5] (don vi tinh:
mm), khoi lugng bé di chuyén m=9kg, khéi lugng chan duéi m =0.8 kg, khéi lugng chan trén
m, =0.2 kg, md men quén tinh ctia bé di chuyén 1 =0.121 kgm?, I, =0.121 kgm 2, 1,=0.242
kgm?2, chiéu dai chan dudi |, =0.47m, chiéu dai chan trén I, =0.33m, khodng céch tir chan dudi
dén trong tdm cua n65=0.2m, va h¢ sb ma sat d, =1. Cac tham sO diéu khién k= 20044,
k, =diag(4,4,8,16,16,16) va 7=diag(4,4,8,16,16,16). Thuat toan tdi wu (17) dugc giai bang
phuong phap Levenberg — Marquardt véi diém bat dau tdi uu nhét 13 gia tri trude d6 do duge.
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Hinh 1. Ddp g vi tri va hudng cua Stewart platform.

Hinh 1 va hinh 2 trinh bay két qua mé phong bao gom dap tng dau ra va trang thai cua co cdu
chap hanh ciia hé thong véi thuat toan diéu khién dugc thiét ké trong phan 3 dudi moé hinh dwoc
mo ta trong phuong trinh (8) (Mathematical Model) va m6 hinh dugc xay dung qua Simscape trén
nén ting MATLAB (Quasi-Physical Model). Pau tién, c6 thé thay ring, cac dap ng trang thai cia
mo hinh ban vat 1y va mé hinh toan hoc cho thiy khong c6 su khac biét dang ké. Luu y rang, tai
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thoi diém bat dau, do m6 hinh ban vat 1y dugc thiét ké khong dua trén viée tw xdy dung, bién doi
cac phuong trinh toan hoc chi tiét ma thiét ké dya trén cac phan mém CAD, cac phuong trinh toan
hoc ciia timg co cau ghép ndi voi nhau ciia phan mém, nén co sy dung sai vé gia tri ban dau giira
mo hinh todn hoc va mé hinh ban vat 1y. Thém vao d6, ddi véi cac dap ung ctia bo diéu khién duoc
dua ra trong hai hinh trén, sy sai 1¢ch trong mé hinh toan hoc va mé hinh ban vat 1y 1a khong dang
ké, sai 1éch nay c6 thé duoc chap nhan trong thuc té, nguyén nhan chii yéu do cac yéu té khong
dugc xem xét trong mo hinh 1y twong. Thir hai, voi cac gia tri bat dau khac nhau ciia ca mo hinh
ban vét 1y va m hinh toan hoc, c6 thé thay rang thuét toan diéu khién déu co thé l4i cac bién trang
thai nay tién vé gia tri dit, didu nay chirmg minh ring chién luoc diéu khién dé xuit kha thi va dung
dan. Mo ta két qua mo phong Simscape dugc dua ra trong video: https://youtu.be/7YOhBNNKAZE
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Hinh 2. Chiéu dai chdn va luc tac dong cia co cau chdp hanh ciia Stewart platform.
Duong nét lién la gia tri cua moé hinh ban vat Iy va duong nét dut dwoc danh dau tam giac
la gia tri cia mo hinh todn hoc.

5. KET LUAN

Nghién ctru nay trinh bay chi tiét timg budc xay dung md hinh cua ddi trong sau do thiét ké
diéu khién dya trén lut diéu khién ché d6 truot. Bén canh do, cac tac gia xay dung mo hinh va
diéu khién cho hé théng trén ca mo hinh ban vét ly va toan hoc dé thyc hién mé phong. Cac két
qua md phong cho thay: 1) M hinh todn hoc dé xuat duoc xay dung c6 tinh dén trong viéc mo ta
hanh vi cua hé théng; 2) Luat diéu khién ché do trugt duoc dé xuit va thiét ké co thé kiém soat cac
trang thai ctia hé thong tGi gia tri dat. Tuy nhién, nhu da thiy, van ton tai cac sai 1éch nho trong
trang thai cua co cAu chép hanh, va luat diéu khién dugc dé xuét tai thoi diém ban dau dua ra cac
gi4 tri c6 bién do 16n va bio hoa, do do, trong twong lai, cac phuong phap diéu khién tién tién hon
nhu st dung céac dir liéu ttr mo hinh va tri tu€ nhan tao dé c6 thé dat dugc sai s6 nho hon trong mo
hinh. Pdng thoi, cac phuong phap diéu khién manh mé& hon, cho toc do dap ung tét hon va giam
thiéu sai 1&ch tinh s& duoc nghién ciru.

Loi cdm? on: Vii Buc Cuong duoc tai tro boi Ch’wong trinh hoc béng dao tao thac si, tién si trong nuoc
cua Quy Doi moi sang tao Vingroup (VINIF), md so VINIF.2024.ThS.11.

TAI LIEU THAM KHAO

[1]. M. Furgan, M. Suhaib, and N. Ahmad, “Studies on Stewart platform manipulator: A review,” Journal
of Mechanical Science and Technology, vol. 31, pp. 4459-4470, (2017).

[2]. Y. Huang, D. M. Pool, O. Stroosma, Q. P. Chu, and M. Mulder, “A review of control schemes for
hydraulic stewart platform flight simulator motion systems,” in AIAA Modeling and Simulation
Technologies Conference, p. 1436, (2016).

[3]. K. Herbu$ and P. Ociepka, “Integration of the virtual model of a Stewart platform with the avatar of a
vehicle in a virtual reality,” in IOP Conference Series: Materials Science and Engineering, p. 42018, (2016).

Tap chi Nghién citu KH&CN quén sw, Sé Péc san FEE 2024, 20-26 25


https://youtu.be/7Y0hBNNKAZE

Diéu khién — Tw dpng héa

[4].
[5].
[6].

[7].
[8].
[9].

V. Patel, S. Krishnan, A. Goncalves, and K. Goldberg, “SPRK: A low-cost Stewart platform for motion study
in surgical robotics,” in 2018 International Symposium on Medical Robotics (ISMR), pp. 1-6, (2018).

A. L. Madsen and S. G. Kristensen, “Design of Stewart platform for wave compensation,” Aalborg
University, (2012).

G. Kazezkhan, B. Xiang, N. Wang, and A. Yusup, “Dynamic modeling of the Stewart platform for the
NanShan Radio Telescope,” Advances in Mechanical Engineering, vol. 12, no. 7, p.
1687814020940072, (2020).

D. Li and S. E. Salcudean, “Modeling, simulation, and control of a hydraulic Stewart platform,” in
Proceedings of International Conference on Robotics and Automation, pp. 33603366, (1997).

B. Dasgupta and T. S. Mruthyunjaya, “4 Newton-Euler formulation for the inverse dynamics of the
Stewart platform manipulator,” Mech Mach Theory, vol. 33, no. 8, pp. 1135-1152, (1998).

M.-J. Liu, C.-X. Li, and C.-N. Li, “Dynamics analysis of the Gough-Stewart platform manipulator,”
IEEE Transactions on Robotics and Automation, vol. 16, no. 1, pp. 94-98, (2000).

[10]. G. Lebret, K. Liu, and F. L. Lewis, “Dynamic analysis and control of a Stewart platform manipulator,”

J Robot Syst, vol. 10, no. 5, pp. 629-655, (1993), doi: 10.1002/rob.4620100506.

[11]. A. Sumnu, \.Ibrahim Halil Giizelbey, and M. V. Cakir, “Simulation and PID control of a Stewart platform

with linear motor,” Journal of Mechanical Science and Technology, vol. 31, pp. 345-356, (2017).

[12]. E. Akgul, “PID and LQR control of a planar head stabilization platform,” Middle East Technical

University, (2011).

[13]. M. R. C. Qazani, H. Asadi, S. Mohamed, C. P. Lim, and S. Nahavandi, “4 time-varying weight MPC-

based motion cueing algorithm for motion simulation platform,” |EEE Transactions on Intelligent
Transportation Systems, vol. 23, no. 8, pp. 11767-11778, (2021).

[14]. Y. Zhou, J. She, F. Wang, and M. lwasaki, “Disturbance rejection for Stewart platform based on

integration of equivalent-input-disturbance and sliding-mode control methods,” |EEE/ASME
Transactions on Mechatronics, (2023).

ABSTRACT

Sliding Mode Control for Stewart platform manipulators:
A quasi-physical model-based approach

This paper presents the design and implementation of a Sliding Mode Control (SMC)
strategy for a 6-degree-of-freedom parallel robot, the Stewart Platform. The Stewart
Platform is a type of parallel robot characterized by a structure consisting of six links
connecting a fixed base to a movable platform, allowing for precise movement and control.
This research begins with a detailed mathematical modeling of the Stewart Platform,
capturing the system's complex kinematic and dynamic characteristics. Based on the
system's dynamic model, the paper introduces a control method utilizing SMC for the
Stewart Platform. Subsequently, a Simscape model, a simulation environment based on
MATLAB, is provided to validate the performance and accuracy of the proposed control
strategy. The simulations demonstrate significant improvements in the precision and
stability of SMC in enhancing the operational efficiency of parallel robots. The simulation
results are available at: https://youtu.be/7YOhBNNKAZE.

Keywords: Stewart Platform; System modeling; Sliding Mode Control; Quasi-Physical Model; Simscape/MATLAB.
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