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SCIENCE - TECHNOLOGY

LUAT DIEU KHIEN TREN CO SG PHUONG PHAP
BACKSTEPPING CHO ROBOT ALMEGA 16
TRONG KHONG GIAN KHOP VA TRONG KHONG GIAN LAM VIEC

CONTROLLER BASIS ON BACKSTEPPING FOR ALMEGA 16 ROBOT IN JOINT SPACE AND IN WORKSPACE

TOM TAT

Trong ting dung thuc t€ cda cic thuat toan diéu khién dua trén mé hinh vao
cac hé thong phi tuyén thuong doi hoi cac tham s6 dong luc hoc phéi dugc biét
chinh xac ( khéi lugng, chiéu dai cac khdp...). Tuy nhién cac Robot la hé thong phi
tuyén, xen kénh va bat dinh trong md hinh dong luc hoc, do véy can cd phuang
phap diéu khién tién tién hon dé nang cao do bén vitng trong bdm quy dao chinh
xac. Thuat toan cudn chiéu cd tinh hé théng cao trong thiét ké cac bo diéu khién
dam bao 6n dinh tiém can cho cac hé théng phi tuyén bét dinh. Bai bao trinh bay
thudt toan diéu khién cudn chiéu cho chuyén ddng bam quy dao cho Robot n bac
tu do trong khdng gian khdp va khdng gian lam viéc. Két qua mé phong chuyén
dong bam quy dao cla Robot 3 bac tu do khang dinh tinh hiéu qué ciia luat diéu
khién dé xudt: hé chuyén dong Robot dam bao sai s6 clia céc khdp quay, vi tri co
cdu tac cudi nhanh chdng dat tdi khong véi thoi gian qua do nhd, lam cho hé
thdng kin 6n dinh theo tiéu chuan Lyapunov.

Tirkhda: Robot, phuang phdp cudn chiéu, ham Lyapunov.

ABSTRACT

The Practical implementation of the conventional model-based controllers for
nonlinear systems requires that the parameters in the dynamic models be known
precisely (mass, joint length v.v.).It is well known that robot manipulators are
considered as a class of nonlinear systems with large coupling and uncertainties in
dynamic models, thus advanced approaches should be developed to improve
robustness in high-accuracy tracking motions. The backstepping control is a
systematic technique for designing globally stable and asymptotically controllers
for nonlinear systems. The paper presents the backstepping control law for the
tracking motion of nDOF Robot manipulators in joint space and in workspace.
Simulation results of tracking motions of 3DOF Robot have reconfirmed the
effectiveness of the proposed control law: Robot movement system ensures that
the errors of the rotating joints quickly reach zero with a small transition time,
making the closed system stable according to Lyapunov standards.

Tir khéa: Robot, Backstepping, Lyapunov standards.
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1.PAT VAN BE

Trong thuc t&, dé Robot cong nghiép (RBCN) bam theo
moét quy dao dat trudc trong khéng gian lam viéc [2, 3] thi
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V6 Thu Ha"”

RBCN phai di theo mét quy dao dinh trudc trong khong
gian khdp. Su bién déi tir khéng gian lam viéc sang khéng
gian khdp dugc thuc hién bang ky thuat “day va lap lai”
(teach and play back) thay cho viéc s&t dung khau bién doéi
doéng hoc ngugc cé thé bao gém mé hinh khéng xac dinh.
Ky thuat nay lam viéc t6t néu phép bién déi cé thé I3p lai.
Do vay sé khéng ngac nhién néu moét bd diéu khién khong
gian khdp cé thé thuc hién bam theo quy dao thiét ké
trong khong gian lam viéc ma khéng can phan héi tu vi tri
khau tac dong cudi, tr d6 RBCN dugc két ciu chat lugng
cao vai kha nang l13p lai chinh xac va giai quyét dé loai bod
tinh khong xac dinh.

Trong diéu khién khéng gian khdp, phan héi tir khéng
gian khép dugc dua vé dé diéu khién hé théng bam theo
quy dao thiét ké. Hé théng diéu khién nay khéng phét hién
ra sai léch vi tri ciia khau tac déng cudi trong khéng gian
lam viéc. Hon nira, viéc thu dugc tin hiéu phan hoéi tir khéng
gian lam viéc khéong dé dang nhu & khong gian khép: vi tri
cta khép dugc do phu hgp bdng thiét bi encoder; vi tri
khau tac déng cudi cé thé dugc phat hién khi s&t dung hé
théng quan sat.

C6 mét thach thiic trong diéu khién robot |a loai bé tinh
bat dinh, phi tuyén va su ndi t nhiéu hudng khac nhau
trong khéng gian clia diéu khién bén viing [1]. Diéu khién
bén viing cung cap su én dinh trong tinh bat dinh vai su
danh déi gitra thuc hién bam va bién gidi clia su bat dinh.
Phuong phap diéu khién nay ti€p can bao quat dé diéu
khién RBCN trong khéng gian khdp trong khi diéu khién
trong khéng gian lam viéc van la van dé phc tap.

Trong diéu khién khéng gian lam viéc, bo diéu khién
xap xi Jacoby c6 bu trong trudng [3] s dung nhiéu trong
thi nghiém khi cac thong s6 dong hoc, déng luc hoc la phai
biét chinh xac. Vi viéc lya chon thich hgp bo thong sé cua
b6 diéu khién thi két qua sai léch tinh 1 tién vé khéng sau
khoang thai gian ngédn khoang 1 gidy, khong c6 dao déng,
khong cé d6 qua diéu chinh.Tuy nhién néu céc thong s6
dong luc hoc dua vao bo diéu khién ma cé sai khac véi
thong so thuc thi két qua nay khéng con dam bao nira, sai
léch e la khong tién vé khéng, tham chi la c6 dao dong va
c6 d6 qua diéu chinh dan tai bo diéu khién nay khéng dugc
st dung trong thuc té dac biét 1a cac diéu khién trong
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chuyén ddng chat lugng cao. Con phuong phap diéu khién
Setpoint Jacobian xdp xi c6 bu thich nghi luc trong trudng
[3] thi vdi viéc cap nhéat online cac théng s6 dong luc hoc
trong thanh phan trong trudng. Két qua la sai léch tinh da
tién vé 0 va khéng c6 d6 qua diéu chinh. Tuy nhién phuong
phap nay mdi chi dung lai & viéc cap nhat thich nghi cac
théng s6 dong luc hoc con cac théng s6 dong hoc thi chua
cap nhat, néu nhu xét dén sai léch clia cac thong s6 dong
hoc nay thi két qua dau ra van tén tai sai léch tinh. Diéu nay
sé& dugc khic phuc & phuong phap diéu khién bam thich
nghi ma tran Jacobian [3] dugc dé nghi cho diéu khién bam
quy dao cla tay may trong khéng gian lam viéc khi cac
tham s6 khéng xac dinh. Bé diéu khién khéng yéu cau
chinh xac vé ma tran Jacoby va thong sé dong hoc. Hon
nta, mdét phuong phap diéu khién bam thich nghi trong
khoéng gian lam viéc dugc dé xuat st dung quan sat thong
tin khéng gian lam viéc dé loai bd viéc khéng xac dinh cuda
cac tham sé trong mo hinh gom ca thiét bi chdp hanh. Nhu
vay diéu khién thich nghi robot trong khéng gian lam viéc
sé thanh cong trong viéc loai bd su bat dinh cta cac thong
50, tuy nhién tinh khong cé cau trdc la mot van dé can tiép
tuc xem xét. Hién nay cé nhiéu phuang phap thiét ké phi
tuyén nhu phuong phap tuyén tinh hoa chinh xac, phuong
phap tua phdng, diéu khién mg, mang ndaron, phucng
phap Backstepping... Trong ndi dung bai bdo nay ting dung
phuong phap thiét ké phi tuyén dua trén co s& ham
Lyapunov thiét lap theo phuong phap Backstepping cho
Robot Almegal6 diéu khién trong khéng gian khép va
khong gian lam viéc.

2. PHAN TiCH CAC THAM SO TRONG PHUONG TRINH
PONG LUCHOC 1, 2]

Phuaong trinh déng luc hoc cda robot n bac tu do:

T=M(q).+C(q,q)q+G(q) +F;q+F, +14 (1)

Trong do:

q: vecto nx1 cac bién khép, q(t) = [q:(t), qa(t),..., galt) 1T

q(t) : vecta nx1 t6c d6 thay déi cac bién khdp (van téc
goc, van toc thang). gty =[¢,(), 4, (®)...g,®]",

G(t): vecto nx1 gia téc bién khép;

a(t) =[&), &,@)... §,0]"

M(q): ma tran quan tinh (nxn) trong hé toa dé khép c6
cac thanh phan (i,j).
H(q,q) : vecta tuong hoé va ly tam (nx1),

H(a,q) =[h, h,..h, ]’
G(q): vecta trong trudng (nx1).
G =[G1,Gy, ... GoI"

F4: vecto luc ma sat dong; Fs: vecto nx1 hdang s6 ma sat
nhdat; t4: vecta nx1 mé ta nhiéu ngoai chua biét

Thay: H(q,q) = C(q, Q)G+ G(q) +F4(q) +F, + T,
Tadugc: T=M(q)g+H(q,q) (2)

18 | Tap chi KHOA HQC VA CONG NGHE @ Tép 58 - S6 3 (6/2022)

Trong phuong trinh (2) chtia cac thanh phan khong xac
dinh nhu: luc ma sat, tai thay d8i, nhiéu, mé hinh déng luc
hoc. Nén ta tach ra thanh cac thanh phan xac dinh (known)
va khoéng xac dinh (unknown)

M(q) = M, (q) + M, (q)

H(q,q) =H,(q,q) +H,(q,q)

Trong do6:

H(q,q) = Vi (q,q) + G, (q) + Fy. q

H,(q,q) = V,(q,q)+ G, (q) +Fy, q+F, +Ty

(3)

Thiét ké bo diéu khién can phai cé gia thiét sau:
M(q) <m.l,,VqeR"

V(a9 <€, 4
[Fy(én +F, || <&@ + €. Ya,a eR

IGtal] <, V<

[Tl <€

Vi: &¢q,€¢55€4,€y & 12 cdc hang s6 duong da biét trudc.

,¥qg,4eR"

Ta c6 dugc cac gia thiét nay la do: Ma tran M(q) la déi
xung xac dinh duong, cac thanh phan déu cé bién do gi6i
han vi chi chiia cac ham sin, cos clia bién khép. Thanh phan
luc Coriolis va momen nhét V(q,q), momen trong trudng
G(q) ciing la nhiing dai lugng bi chan. Déng thoi thanh
phan masat, nhiéu cling phai c6 gia tri hitu han cho phép
tuy thudc két cau co khi ctia robot.

3. LUAT DIEU KHIEN BACKSTEPPING TRONG KHONG
GIAN KHGP CHO ROBOT ALMEGA 16 [4-8]

Thay hé phuong trinh (3) vao (2), luat diéu khién:

T=[M(q)+M,(a)].d+H,(q,q) +H,(q,q) 5)

Dat sai léch vi tri va sai léch van toc trong khéng gian
khdp la: e = qa - q - sai s6 vi tri cila khdp tay mdy; é=q4-9q
- sai s6 van téc cta khap tay may.

Theo phuang trinh (5) ta dé xuat dua ra luat diéu khién
c6 dang sau:

T=M,(q).qq.+H,(q,q)—ae—-ké+u (6)

Trong do:

qq € R" : gia téc dat trudc; a, k: cac hang s6 duong;

u: luat diéu khién bén viing mdi.

Thay (6) vao (5) va rut gon:

é= M;‘ (@).[M,(q,6)+H,(q,q) +a.e +k.é-u] @
bat:
DA =M, (q)dy +H, (q, &) +ae +ke (8)

Coi tat ca cac khdp la quay va theo cac gia thiét phia
trén ta co:

A< e Jao |+ € (e i + &0

‘ (9)
+ &+ &g (@) + & +a e +k e
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Ta chuyén (9) sang dang sau:

[BA]|<B+ae]+k[é] (10)

B la hang s6.
bdt: e=x;;é=x, phuong trinh (6) trg thanh hé
phuong trinh sau:

X; =X,
. A (11)
X, =M (q).(AA-u)
Hé kin (11) c6 thé diéu khién bang phuong phéap

backstepping, do d6 ta chon x; la luat diéu khién cho dén x;
khi hoi tu vé 0. Do d6 ta dé xuat x, nhu sau:
X2 = -PX (12)
Vi pla hang s6 duong
Chung minh tinh én dinh (11). Ta chon ham Lyapunpov
nhu sau:

1
V(%) =E.X1T.x1 (13)

Lay dao ham (13) theo thai gian ta dugc:
V1 (xq) = X1T-X1

Thay (11) va (12) vao (14) ta dugc:

(14)

Vi (xy) = —f1xg X (15)

Theo (15) ta thdy ring V;(x,) <0 do d6 x; luén luén hoi
tu vé khong.

Két qua moé phong dugc néu trong phan 5.

* Luat diéu khién trong khong gian khép:

Luat diéu khién backstepping dugc hinh thanh trén co
s& ching minh tinh 8n dinh cta hé théng vong kin (11). Ta
chon ham Lyapunov nhu sau:

1 1
E'XI'X1 +E.(x2 1) (X ;) (16)

V(x,,%,) =
Pao ham (16) theo thai gian dugc:

ViX,, X,) = X] g + (%, + X )T o (Xg + 1) 17)
Thay (11) (12) vao (17) ta duagc:

V(x,,X,) = -p“x1T “ X, .
18
+[M[(1 (q).(AA-u) +p.x, ]T (x5 +px,)

Rat gon (18):

VX, X,) = -p.|x, ||2 + [M,‘:(q).(AA)]T (%, +px,)
; T (19)
+[p.x2 -M, (q).u} Xy +RX,).

Theo cac gia thiét ta cé:
V(x,,X,) < -|,|.||x1||2 +Hm'1H.||AA||.||x2 + X | o0
+[|1.x2 - M',:(q).u]T (X +px,)
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Theo (20) luat diéu khién mdi dugc viét nhu sau:

u =M, (q).p.x, + .M, (q).(X, +H.X,) (21)

Trong dé:y la hang s6 duang.
Thay (21) vao (20):

VX, X,) < e, +“m'1 “||AA||||x2 X

- \(."x2 +HX, ||2
Thay (10),(11),(12) vao (22):

Vi, %5) < iy [ + 7 g

) 2
+”m 1H.}\."x,”- V[ x5 +px |
(23)

O day: €, A 1a cac hing s6 duong.

Theo (21) va (23), 4, Y 1a cac hé s8 diéu khién.

Dé dam bao V(x,,xz) < 0 ta phai lua chon nhiing hé s6
trén cho phu hop (dé cac thanh phan mang ddu am I6n
hon céc thanh phan duong).

Do vay hé théng vong kin (11) 6n dinh toan cuc phu
thudc vao cac hé s6 diéu khién, y. Nhu vay luat diéu khién
i, v. Nhu vay luat diéu khién trong khéng gian khdp la:

T=M,(q)dq +H(q,q)—oa.e—k.é+u (24)

Véi: u=M,(q)ué+yM(q).(é+pe)

4. LUAT PIEU KHIEN BACKSTEPPING TRONG KHONG
GIAN LAM VIEC CHO ROBOT ALMEGA 16 [4-8]

Hé théng vong kin (11) 6n dinh toan cuc khi st dung
luat diéu khién trong khong gian khép (24) da dugc ching
minh phan 3, dé ddm bao bam theo quy dao moét cach
chinh xac trong khéng gian lam viéc ma s dung luat (24)
thi khéng thuc hién dugc. Phai chuyén luat diéu khién
robot backstepping tU khéng gian khép sang khéong gian
lam viéc.

Phuong trinh dong luc trong khong gian khép dugc
bi€u dién nhu sau:

F=A(q)% +N(q,q) (25)
Trong dé:

— -T -1
A(q)=J" (q).M(q).)'(q) (26)

N(q, ) = JT(q).H(q, q)- I (q).M(q).)"(q).j(9).q

Trong phuong trinh c6 chia cac thanh phan khong xac
dinh nén ta tach (26) thanh hai thanh phan: Thanh phan
xac dinh (known), thanh phan khéng xac dinh (unknown).

A(q)=A,(kq)+A,(q)
A(q) =JT(q).M(q).J(q)
N(q,¢) =JT(q).H (q,9)-JT(q).M, (q).)(q).j(q).4

Chuing minh hé théng (26) én dinh toan cuc, tuong tu
ching minh trong khéng gian khdép ta cé st dung ham
Lyapunov sau:

Vol. 58 - No. 3 (June 2022) e Journal of SCIENCE & TECHNOLOGY | 19



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

1
V,(x,) = E.xI.x1

1 1
V, (x4, X%;) = E.x,T.x1 +E(x2 +1x,) "L (X +px,)

Tu d6 rat ra dugc luat diéu khién trong khéng gian lam
viéc nhu sau:

F=A (q)xy+N,(q,q)-a.e—ké+u

Vai:

u=A.(q).pe+y.A(q)(e+pe)

e=Xy4-X;e=Xy-X

(27)

Trong d6:

0, k, W, y: cac hdng s6 duong; X4: vecto van toc dat
trong khong gian lam viéc

e,é: La vecto sai léch vi tri va van t6c tuang tng trong
khong gian lam viéc.

Thay déi luat diéu khién trong khéng gian lam viéc:
Mét van dé quan trong trong luat diéu khién backstepping
la yéu cau tinh nhay phai dugc xem xét & day. Luat diéu
khién (27) dugc tao ra bang cach do cac gia tri: vi tri géc
khdp g, van téc q, vi tri diém cudi x, van téc diém cudi x.
Vi tri khép thuong dugc do bang encoder, van téc khép cé
thé do truc ti€p hodc dao ham cla g, dugc do bang hé
théng quan sat (vision). Tuy nhién thudng khéng do ludng
ma c6 thé dugc tinh toan. Luat diéu khién (27) dugc thay
déi nhu sau:

F=A (q)xy+N,(q,q)-a.e—ké+u (28)
u=Ac(q)ué+yAlq).(é+pe)
e=xy-X;é=%Xy-Jq)q

A (q) =TT (.M () (q)

N, (q, @) = I T (q).H (q)- T (@M, (q)I".J(q).4

J(q) : 1a ma tran udc luong Jacoby.

Véi:

Luat diéu khién (28) ltc nay chi can do cac gia tri g,q va
vi tri diém cudi x. Do d6 luat (28) dugc dung trong thuc té
nhiéu hon so véi luat (28). Nhung do ma tran Jacoby la udc
lugng nén trong luat (28) co sai léch tinh toan van téc. Do
vay hé théng vong kin 6n dinh trong mot gidi han bi chan
déu cho phép khi st dung luat diéu khién (28). D& gidm bét
viéc tinh toan trong luat diéu khién (28), ta c6 thé tinh toan
sai léch vi tri thong qua tinh toén sai léch van téc. Nhu vay
luat diéu khién (28) lic nay sé la:

F=A (q)xq+N,(q,q)-c.e—ké+u (29)

VGi: u=A,(q)ué+ VA (q).(é+ue)

Trong dé:

&= j &dt, é=x,-J(q).q

A (q)=T"(q).M(q))(q)

Ny (a,6) =T (q).H (@)- T (@M, (q))".J(q)q

20 | Tap chi KHOA HOC VA CONG NGHE @ Tap 58 - Sé 3 (6/2022)

DPé 4p dung luat diéu khién (29) chung ta can do vi tri
gbc g va van téc goc §. Miac du hé théng vong kin én dinh
gidi han déu khi sit dung luat diéu khién trén, nhung sai
léch bam theo quy dao trong khéng gian lam viéc c6 thé
kiém soat dugc theo cong thic sau:

e=xy-%e=x4-dqlq
é= m.e;é= m.e
é-e=m.-e)=x-J(q)é-e=m".(x-J(q))

Nhan xét: Luat diéu khién trong khong gian lam viéc
khéng can do gia tri van toc. D€ xac dinh sai léch van téc
chi can tinh toan thong qua ma tran Jacoby uéc luogng va
gia tri dat; Sai léch gira vi tri thuc va vi tri dat trong
khéng gian lam viéc sé ducc gidm di dang ké khi tang hé
6 diéu khién .

Uu diém cGia phuong phap Backstepping: Dua ra mot
quy trinh mang tinh hé thong cao trong thiét ké bo diéu
khién dam bao én dinh bang gidi phéap tuan tu theo ting
budc. Tranh dugc su triét tiéu tinh phi tuyén hiu ich dé dat
dugc 6n dinh trong bam quy dao.

Nhugc diém phuong phap Backstepping: Khéi lugng
tinh toan I6n.

Co s& ly thuyét phuong phap Backstepping [4]: Ham
CLF V(x) dugc xem nhu la cdng cu toan ning dé thiét ké bd
diéu khién 6n dinh cho déi tugng phi tuyén. Song chua cé
phuongg phép téng quéat dé xac dinh ham CLV nhanh
choéng va don gian. Mot tu tudng thiét ké (hién cé Ié la duy
nhat) rat hiu ich trong viéc xac dinh ham CLF cho hé gém
nhiéu hé con tao thanh & thiét k& cuén chiéu
(backstepping) ham CLF. Ttc la xac dinh ham CLF cho toan
hé tu nhitng ham CLF cla cac hé con bén trong né dugc gia
thiét la da biét bang cach sir dung mét s6 bién trang thai do
va thiét k& cac thuat toan diéu khién trung gian cho chiing.
5. UNG DUNG PHUONG PHAP PDIEU KHIEN
BACKSTEPPING CHO ROBOT ALMEGA 16 3 BAC TU DO

5.1. Théng sé cia Robot 3 bac tu do

Robot 3 bac tu do, khép 1 va khép 2 la khép quay; khép 3
la khép tinh tién. Cac théng s6 clia Robot nhu trong bang 1.

Bang 1. Thong so ctia robot

Ki hiéu Gia tri Y nghia
m 4kg Khdi lugng thanh noi 1
m, 2kg Khéi lugng thanh ndi 2
m; 2,5kg Khéi lugng thanh ndi 3
l; 0,25m Chiéu dai thanh ndi 1
l, 0,15m Chiéu dai thanh ndi 2

5.2. Mé phéng diéu khién chuyén déng Robot 3 bac tu
do bang phuong phap Backstepping khéng gian khép
Luat diéu khién theo (24):
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Gi: u=M,(queé+yM(q).(é+pe)

Goc quay khop 1 Van toc goc quay khop 1

thoi gian (s) thoi gian (s)

: . 2 e
Hs=H+Fd'q+Fs+Td §"ES— qitdhlic _____ | ;%:
= 15H cceee q1 daf
o N . . A 2 " T i £
Gid su diéu khién cho Robot chay tu vi tri dau g « LEEEE B N T 5
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3 | : : g H :
m m % o5 1 75 2 § %5 05 7 5 2
qO = [_ - 032] thoi gian (s) 27 thoi gian (s)
6 6 = Sai lech goc quay khop 1 L Sai lech toc do quay khop 1
0.02 =
[ y g S osf-- SECRUN - S . T
/? 2 = g :
N & £ :
8 g :
& 7o 05 1 75 2 E % 0.5 1 1.5 2
3

Hinh 3. Dap ting g6c quay 1khi tang 1, y

Goc quay khop 2 Van toc goc quay khop 2
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Hinh 1. Vi tri Robot ban d&u va vi tri cudi g 0af---- R R A é_‘ oz| -l TR -
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1 O O 32 O O_ 45 O 0 DB D-‘E thoi giln (s) 1f5 # %‘ -0-20 0.5 thoi g;llan (=) 1‘5 :
k =a 0 -I 0 9“ — 0 32 0 ’ Y — O 45 0 E s x 107'Sal lech goc quay khc:D 2 E’ - Sal l‘ech toc cllo quay kr:on 2
00 1 0o 0 2] |o o 10 § T B
Goc quay khop 1 Goe quay khop 2 g ’ guz_“ _T“"J: _____ 3 -----
2 . 0.8 - g . 8 01 ; ] }
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g é \x 10 Sai lech do dich chuyen khop 3 % oa Sai lech toc do dich chuyen khop 3
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Ta thay rang khi y, y quéa nhé thi chua du dé lam cho
. , Hinh 5. Dép ting vi khdp tinh tién 3 khi tang p,
ham CLF théa man V <0 nén cac gid tri thyc rat xa vai. Khi . p’ v R Pe B vgu Y . L
tang dan y, y dén mot nguéng nao d6 p>30,y > 48 thi 4 N:;“ x;t: Thong qua keé quahmobphong cho éhaydbo
. Gr 4R g - . x ) ie ieén dap ung toét, quy dao thuc bam sat quy dao dat.
quy dao thyc bat dau bam quy dao ddt, tuy nhién chua du 1eu K pung quy da i qu RN
I&n thi sé gay dao dong. o ) 32 00
Khi ta tang cac hé s6 p, y da I6n, sai léch giam di rat Khi ta ting cac hé s6 diéu khién y,y léntr | 0 32 0
nhiéu, quy dao thuc bam sat quy dao dat, cu thé véi cac hé 0 0 2
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100 40 0 O 50 0 O dén | 0 50 O | thisailéch goc quay khép 1, khép 2, vi
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0 0 1 0 0 3 0 0 10 tri khdp 3 tién dén khéng.
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5.3. M6 phéng diéu khién chuyén déng Robot 3 bac tu
do bang phuong phap Backstepping cho robot trong
khéng gian lam viéc
Luat diéu khién theo (28):
T=j"(q)[N(q,@) - a.e—k.é+u]
u=A.(q).pé+yA(q).(é+ue)
e =xXq—X;&=%q —J(q)<
vei e (f')f
A (q)=J"(q).M(q)) (q)
N (9,4) = I (q).H (@) - I (@M, (@) ".J(q).

Gia s ta diéu khién robot tU vi tri dau x, = [0 0 0]
chuyén téi vi tri x4 = 0,3[m]; ya = 0,5[m].

Yéu cau diéu khién: sai léch vi tri e=x—x4 — 0; sai
léch vantéc é =x—x4 —> 0

Trong dé: Théng sé dong hoc va dong luc hoc udc cla
robot nhu sau: i, = 4,5;m, = 2,5;; =3,0;1, =0,26:1, =0,16.

Cac thong s6 diéu khién nhu sau:

100 60 0 O 8 0 O
k=al0O 1 O|;pu={0 60 O [;y=|0 86 0
0 0 1 0 0 10 0 0 8

Tirne [5]

Tirne [5]
Hinh 6. Két qua md phong bam quyj dao trong khong gian lam viéc
6. KET LUAN

Thuat toan diéu khién cé st dung ky thuat cudn chiéu
(Backstepping) phu hgp trong diéu khién chuyén doéng
bam quy dao cua robot khi cac théng sé déng luc hoc
khéng xac dinh trudc. Su 6n dinh clia hé théng dong luc
hoc kin dugc chiing minh theo tiéu chudn 6n dinh
Lyapunov. Cac tin hiéu diéu khién cé dang toan hoc tuang
doi don gian, do do tang tinh kha thi khi 4p dung trong
thuc té. Tinh hiéu qua cla thuat toan dé xuat dugc xac
nhan lai bang cac két qua moé phong trén MatLab/Simulink
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cho thay Robot 3 bac tu do da bam sat quy dao dat trong
thoi gian yéu cau. Phuong phap dé xuat cé thé dugc st
dung cho cac Robot c6 s6 bac tu do I6n hon va cac tac
nghiép linh hoat hon.
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