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DIEU KHIEN ROBOT N BAC TU DO CO NHIEU THAM SO BAT DINH
TRONG KHONG GIAN BE CAC

PHAM THUONG CAT

Vién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam

Abstract. The paper proposes a new method for tracking control of 7-DOF robot with dynamic
and Jacobian uncertainties in Cartesian space. Robot dynamics and Jacobian are highly nonlinear
with many uncertainties such as static and viscous frictions, inertia matrix, center of gravity of
links. So the traditional robot control methods like PD control with gravity compensation, computed
torque control usually are not adequate. The paper consists of 4 parts. In the first part we raise
the main purpose of the paper and give a short summary about recently published results related
to the Cartesian robot controls. In the second part, the mathematical formation of the Cartesian
control problem of robot manipulator with dynamic and Jacobian uncertainties is given. The 3rd part
presents the proposed method. The main idea is using a neural network with on-line learning law to
approximate the unknown part in the overall system model, and an adaptive signal is generated from
the neural network output signals to compensate the uncertainties in the closed loop control of the
robot joints torques. The asymptotical stability of the overall system is proved by Lyapunov direct

method. Finally some conclusion remarks and future extensions of the idea are listed in the 4th part.

Tém tit. Bdo cdo dé xudt phuwong phép didu khién rébot n bac tu do bdm theo qiiy dao mong
muoén trong khong gian Pé cic khi khong biét chinh xdc mo hinh ciia r6bot. Robot 13 mot hé nhieu
vat véi hé dong luc phi tuyén cé nhiéu tham s6 bat dinh nhur ma sit tinh va nhét, mémen quin
tinh, trong tam cla cdc khép ... Mit khac bai téan diéu khién bam trong khong gian Pé céc con doi
héi phai biét chinh x4c hé phrrong trinh déng hoc va ma tran Jacobi clia ré6bot. Béo cdo gom 4 phan.
Phan mé diu néu ¥ nghia clia bai téan diéu khién rébot ¢é nhiéu tham s6 bat dinh trong khong gian
Dé céc va tém tat cic két qua nghién ciru lién quan trén thé gigi. Phan 2 mé td hé phwong trinh
dong luc (dynamics) va dong hoc (kinematics) cia robot ¢é nhiéu tham sé bat dinh. Phan 3 dé xudt
phuong phép diéu khién st dung mang no ron duoc hoc on-line dé bl céc tdc dong cla céc tham s6
bat dinh. Tinh én dinh tiém cin toan cuc clia hé diéu khién duoc chirng minh bing phuirong phap
6n dinh Lyapunov. Phan két luan néu mét sé nhan xét va dinh hwéng nghién ctru tiép tuc.

1. PAT VAN PE

Robot dwoc nghién citu phét trién va tng dung trong nhiéu linh vuc kinh t& va an ninh
quoc phong. Robot cong nghiép c¢é cic khép két ndi tir bé robot dén dau tay nam robot.
Tay nam robot thuomg kep cdc dao cu va tién hanh cdc cong viéc nhwr han, phay, doa, son
... dwoc mo ta trong khong gian Dé cédc. Tuy nhién robot lai dwoc dieu khién qua cic dong
co chuyén dong duoc gan & cac khép robot. DE ¢é thé dieu khién rébot chuyén dong theo
qity dao mong muén ta phai xay dung duoc mé hinh téan hoc chinh xdc cia robot qua céc



PIEU KHIEN ROBOT N BAC TU DO ¢O NHIEU THAM SO BAT PINH 333

hé phuong trinh dong lwe (dynamics) va hé phuong trinh dong hoc (kinematics) cia robot.
Hé phwong trinh dong Iwc va dong hoc cia robot n bac tw do ¢6 tinh phi tuyén cao, cb céc
tédc dong xuyeén chéo gitra cac khép va nhieu ham lwong gide. Mot thach thite 1ém cia viec
x4c dinh céc hé phwong trinh nay la nhiéu tham s6 dong luc cia robot khong xdc dinh dwoc
chinh xdc nhu hé s6 ma sit, mémen quéan tinh, trong tam cia céc khép va cde dac tinh phi
tuyén cia cdc khau truyén dong vv.. Véi nhiéu tham s6 bat dinh cdc phwong phép dieu khién
robot ¢ dieén nhw diéu khién PID véi bu

toc trong truomng, phwong phap tinh moémen... [1, 2] thuong khong mang lai két qua mong
muon.

Thoi gian gan day c¢6 nhiéu tac gia da nghién ciru dé xuat cdc phwong phép nhan dang va
diéu khién robot trong khong gian Pecidc. Pablo va Fernando [3] dé xudt mot phwong phép
dieu khién robét st dung phwong phap “tao ham ndng leong’ trong khéng gian Pécédc dé mit
ra thuat dieu khién moémen & cac khép robot. Phwong phép nay cho két qua 6n dinh tiém
can tuy nhién doi héi phai biét chinh xdc mé hinh cia rébot. D. Braganza va dong nhiép [4]
trinh bay phwong phép diéu khién tu thich nghi trén co s& mé td hwéng cia dau tay nim
robot bang “4 tham sé chudn héd’ (unit quaternion) thay vi 3 géc Euler hay RPY. Thuat
téan dieu khién thich nghi nay bdo dam hé théng 6n dinh va khong doi héi biét chinh xéc
cdc tham s6 ciia robot. Rodriguez va céc cong s [5] giéi thieu phwong phép diéu khién dung
ma tran Jacobi chuyén vi két hop thuat diéu khién on dinh PID trong khéng gian Peécéc véi
thuat dieu khién téi tu trong khong gian bién truc. Phwong phap nay doi héi phai biét chinh
xéc cdc tham s6 ctia robot. Para-Vega [9] sit dung phuwong phép diéu khién trwot véi phan
hoi PID cho bai téan diéu khién bam trong khong gian bién truc cia robot ¢é cac tham sé
bt dinh.

Bai bdo dé xuat mot phwong phap dieu khién rébot n bac tu do ¢é nhieu tham s6 bat
dinh bam theo qily dao mong muén trong khong gian Pécac sit dung mang no ron. Momen
clia cac khép dwoc dieu chinh gom hai phan. Phan phan hoi tuyén tinh va bl phi tuyén véi
cac dai lwong biét truée. Phan thit hai 14 mot mang no ron ¢é cdce trong s6 dwroc hoc on-line
dé bu tac dong cia cdc tham s6 bat dinh. Tinh 6n dinh tiém can cia toan hé thong dwoc

chttng minh bang phwong phap 6n dinh Lyapunov.

2. MO HINH TOAN HOC CUA ROBOT CO NHIEU THAM SO BAT BPINH

M6 hinh téan hoc ciia mot hé robot n bac tir do ¢é thé dwoc mé td bang céc hé phwong
trinh vi phan phi tuyén dang vector nhuw sau.
Hé phuong trinh dong luc

M(9)i + B(g,9)d + §(q) + d(g,9) = 7. (1)
Hé phuong trinh dong hoc

© = h(q), (2)
trong dé, ¢ = [q1, ¢2, ..., qn]T, q= |1, 42, ..., qn]T, qd = g1, G2, .-, qn]T 14 céc vecto n x 1 bidu

. X . z ~ ~ N . ~ z e z ’
dien vi tri, van toc va gia toc géc clia cac khép twong tng.
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x = |x,y, 2, sy Py, ®,]7 13 vecto 6 x 1 biéu dién vi trf va hitong ctia dau tay ndm robot
trong khong gian Pécic.

T = |71, 7, ..., Tu|L 1& vecto n x 1 biéu dién momen téc dong lén cac khép.

M(q) € R™"™ la ma tran qudn tinh doi xing va xéc dinh dwong.

B(q, g) € R™*™ la thanh phan Viscosity, lwrc/moémen Coriolis va lwc huéng tam.

a(g) € R™! la thanh phan gia toc trong trwomg,

d(q,§) € R™! 1a thanh phan lwc ma sat va nhiéu tdc dong lén cic khép cia robot.

h(q) € R%*! 13 ham véc to dong hoc mé td méi quan hé vi trf va huéng cia dau tay ndm
robot véi vi tri (géc quay) cla cde khép robot.

Trong phwong trinh (1) va (2) do tinh bat dinh cia moé hinh robot, cdc dai lwong
M(q), B(gq,4), 4(g) c6 thé duwoc mo td nhu sau:

M(q) = M(q) + AM(q),
B(q,4) = B(g,4) + AB(g,4), (3)

9(q) = 9(q9) + Ag(g),

h(q) = h(q) + Ah(g),

trong d6 M(q), B(q, 4),9(q), h(q) 13 cic thanh phan dwgc xdc dinh chinh xdc. Ta gia thiét
M(q) van bdo ton duwoc tinh chdt co ban cia ma tran moémen qudn tinh la d6i xing x4c
dinh dwong. AM(q), AB(q, 4), Ag(q), Ah(qg) bieu dién sai léch do tinh bat dinh ciia mo6 hinh
robot. Doi véi robot cong nghiép cdc dai lwrong khong biét nay thwong nam trong mot giéi
han ¢6 the xdc dinh duoc [[AM(q) < mo, [AB(g,9)|| < bo, |Ag(@)ll < go, [[AR(g)]| < hao,
(mo, bo, go, ho 1a céc gid tri dwoc biét). T hé dong hoc (2) ta c6 quan hé toc do va gia toc
(&,%) cia dau tay nam robot trong khong gian Pecac véi toc do géc va gia téc goéc (4, §) cla
cic khép robot nhu sau:

& = J(q)4, (4)

&~ J(@)i + (@i (5)



