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DIEU KHIEN LAI LUC/VI TRi ROBOT N BAC TU DO
cO NHIEU THAM SO BAT PINH
TRONG KHUNG TOA DO TAY NAM ROBOT

PHAM THUONG CAT, NCUYEN VAN TiNH

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

Abstract. Proposed in the paper is a method to control the hybrid force and the position of an
n-DOF robot in a moving hand coordinate frame without knowing exactly the model of the robot.
The advantage of the proposed method compared to classical hybrid control methods is that it
allows to control the changing direction of the interaction force even though the robot’s model is not
known. Entities of a robot are related by a system of non-linear dynamic equations with uncertain
parameters like static friction, viscosity, moment of inertia, link centroids, etc. In addition, the hybrid
force/position control problem also requires accurate knowledge of the robot’s system of kinematic
equations, and the robot’s Jacobian matrix in the task space and in the hand frame. The paper
consists of 5 sections. The first section explains the problem and summarizes recent results. Section
2 formulates the robot’s system of dynamic and kinematic equations with uncertain parameters.
Section 3 introduces the method to control the robot’s movement in hand coordinate frame, so as
to follow a desired trajectory, by using a neural network to compensate the effects of the uncertain
parameters in the robot’s model. Section 4 extends the method to address the hybrid force/position
control problem on an arbitrary surface. The global asymptotic stability of the overall system is
proven using the Lyapunov stability method. Section 5 gives simulation results on a 6-DOF PUMA
560 robot. The last section presents conclusive remarks and directions for future work.

Tém tit. Bso cdo dé xuat phirong phép diéu khién lai lirc va vi tri r6bot n bac tu do gia cong céc
mit cong moé té trong khung toa do tay nim khi khong biét chinh xdc mé hinh cla rébot. Uu diém
clia phurong phép dé xuat so véi cdc phurong phap diéu khién lai luc/vi tri ¢6 dién & cho cho phép
diéu chinh huéng cia luc tdc dong thay déi theo cdc mat cong gia cong trong khi khéng biét chinh
x4dc mo hinh cia robot. Ro bot 14 mot hé nhiéu vat véi hé dong luc phi tuyén cé nhieu tham sé bat
dinh nhu ma sat tinh va nhét, mo men quan tinh, trong tam cia cic khép Mat khéc bai téan diéu
khién bam trong khung toa do tay nim con doi héi phai biét chinh xdc hé phurong trinh déng hoc
va ma tran Jacobi clia r6bét mé td & cd khong gian céng téc lan trong khung toa dé tay nim robét.
Bso cdo gom 5 muc. Phan mé dau néu ¥ nghia cla bai téan diéu khién lai lwe/vi tri khi robot cé
nhiéu tham s6 bat dinh trong khung toa d6 tay nim va tém tat cdc két qui nghién citu lien quan
trén thé gigi. Muc 2 mo td hé phuong trinh dong luc (dynamics) va dong hoc (kinematics) cia robot
c6 nhiéu tham s6 bat dinh. Muc 3 giéi thiéu phurrong phap diéu khién chuyén dong ciia robot bam
theo quy dao mong muén moé ta trong khung toa doé tay ndm st dung mang no ron bl cic tdc dong
cla cdc tham s6 bat dinh trong mo hinh robot. Muc 4 tiép tuc mé rong phwong phép cho bai téan
dieu khién lai lrc/vi tri cho r6bot gia cong cdc mit cong tuy ¥. Tinh 6n dinh tiém can toan cuc cia
hé diéu khién dwroc chitng minh bang phiwong phép 6n dinh Lyapunov. Muc 5 giéi thiéu moét s6 mé
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phéng trén robot 6 bac tu do PUMA 560. Phan két luan néu mot s6 nhan xét va dinh huéng nghién

’ . A
ctru tiep tuc.

1. PAT VAN BE

Khi rébot thire hién céc cong viec lap rap hay gia cong phire tap, robot phai tiép xidc véi
vat gia cong va cé quan hé twong tdc vé lwc/mo men voi moi trueong tiép xic. Lic nay néu
robot chi dwgce dieu khién bang vi tri s& khong hiéu qua ma ta can diéu chinh ca lirc/mé men
twong téc gitra Tobot va moi truong tiép xic. Crag [1] 1 ngudi dau tién dé xuat khai niem
diéu khién lai lrc/vi tri trén co s& xdc dinh khung toa do cong tic cho cdc huwéng dieu khien
lirc va mé men truc giao. Tuy nhién tinh én dinh cia phwong phép nay khong dwoc ching
minh chat ché va chi gi¢i han cho cdc mat phang gia cong cé hudng luc tic dong khong thay
d6i. Do vay da cé nhiéu nghién ciru nham khac phuc cdc nhwoc diém cia phwong phép dieu
khién lai ¢6 dién nay. Ta hay diém qua mot s6 két qua cong bo trong thoi gian qua. Panwar
va Sukavanam [5] de xuat phwong phéap diéu khién lai lwc/vi trf t6i wu dwra trén phwong phap
dieu khién truot véi mang no ron bu cdc thanh phan bat dinh. Tin hiéu dieu khién téi wu
dwoc tinh tir chuan t6i wu toan phuwong trén co s gidi phwong trinh Riccati. Phwong phap
nay bao ddm hé théng én dinh nhung viéc gidi phwong trinh Riccati trong thoi gian thuc 1a
mot thach thitc 16n. Touati, Amirat va Saadia [6] giéi thieu phrong phép diéu khién robot
lip rép st dung mang no ron gom 2 pha. Pha dau 3 mang no ron dwoc sit dung dé wéc
lrong off-line céc e tac dong khi rébot chuyén dong tu do, xéc dinh hé dong Iwe va quan
hé vao/ra ctia phwong phap diéu khién lai. Pha hai & pha hoc on-line theo phirong phap lan
truyén ngwoc clia mang no ron dieu khién. Véi nhiéu mang no ron hoat dong ca hai ché do
off-line v& on-line phwong phap nay doi héi nhiéu thoi gian cho tich téan va xit 1y. Azenha
va Machado [11,12] mé ta cic két qua thuc nghiém ve dieu khién lai lre/vi tri nhung van
chwa chimg minh tinh 6n dinh cia hé thong. Doulgeri, Fahantidis va Faul [13] da dua ra
mot phuong phap diéu khién lai lrc/vi tri cai tién va chimg minh tinh 6n dinh cia heé théng
nhung tinh 6n dinh nay chi mang tinh cuc bo. Kawai, Murao va Fujita [14] dé xuat phuwong
phép dieu khién lai st dung camera khong nhirng diéu chinh dwoc vi tri/hwéng cia robot
ma con dieu khién dwoc luc twong téc. Tinh on dinh cia hé théng dwoe chitng minh bang
phwong phap én dinh Lyapunov.

Mot s6 cong trinh gan day dé xudt phuwong phap diéu khién lai véi cdc mit cong gia cong
c6 phap tuyén thay doi. Trong [15] cia Chang va Wu, céc téc gid giéi thiéu bai todn dieu
khién vi tri va hwéng robot phang 3 bac tu do cho mot 16p céc chuyén dong rang budc. Vong
dieu khién vi tri va huéng dwoc dat & bén trong, con vong dieu khién luc dwoc dit & bén
ngoai. Phwong phép nay cé thé duwoc 4p dung trong céc bai todn dieu khién lai hrc/vi tri cho
cdc mat cong gia cong. Zhao va Cheah [16] dé xuat mot bo diéu khién mang no ron trén nén
thi gidc cho cac hé tay may gia cong c¢é cdc thanh phan bat dinh trong dong hoc va dong luc
hoc va clia mat gia cong. Phwong phap nay cé tinh linh hoat cao trong viéc xit 1y cédc yéu
t6 bat dinh cia moi trwdmg tiép xidc va tinh n dinh cia hé théng van diwroc ddm bao. Pac
biét Goradia [4] dwa ra phwong phap diéu khién lai lwc/vi tri trong hé toa do tay nam cho
gia cong cdc mat cong cé phap tuyén thay déi. Nhuoc diém la phwong phép nay phai biét
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chinh xac m6 hinh rébot.

Bai bdo dé xuat mét phwong phap dieu khién lai lwc/vi tri trong khung toa do tay nam
khi moé hinh hé théng robot gia cong khong duwoc biét chinh xdc. Phwong phéap cho phép gia
cong cac mat cong cé phap tuyén thay doi tiy y. Cac thanh phan bat dinh trong phuwong
trinh dong lwc v dong hoc dwoc bl bang mang no ron truyeén thing cé céc trong sé hoc
on-line. Mang no ron khéng yéu cau phai huan luyén off-line ngay tir ban dau. Tinh én dinh
tiém can cia hé thong dwoc chitng minh bang phwong phép Lyapunov. Muc 2 néu mé hinh
toan hoc mé ta trong khung toa dé tay nam cia rébot cé nhiu tham sé bat dinh. Muc 3 gigi
thiéu bai toan diéu khién robot bam quy dao tw do (Chuyén dong tuw do chwa tiép xiic véi
mit cong gia cong) véi robot ¢é nhiéu tham s6 bat dinh. Muc 4 dé xuit phwong phéap diéu
khién lai lwe/vi tri cho cdc mat cong gia cong trong khung toa doé tay nam. Muc 5 mo ta cic
két qua moé phéng trén robot PUMA 560 sdu bac tw do va cudi cliing 1a cdc két luan.

2. MO HINH TOAN HQOC CUA ROBOT CO NHIEU SO BAT DINH
TRONG KHUNG TQA DO TAY NAM

Mo hinh dong lue (dynamics) va dong hoc (kinematics) cia robot n bac tw do duge mo
té bang céc hé phwong trinh vi phan phi tuyén bac hai lan lwot nhuw sau [2, 3]:

M(q)d+ B(q,d)q + §(q) + I (9w + d(q,9) = T, (1)
x = p(q), (2)

trong dé, ¢ = [q1, G2y vy @), G = [d1, Gos ey @) T, G Tan lwot 13 céc vector n x 1 biéu dién vi
tri, van toc va gia téc géc cia cdc khép robot.

2 13 vector 6 x 1 biéu dién vi trf va hitong ctia dao cu (end effector) trong khong gian cong
tac (task space -Khung toa do R) dwoc gan & bé robot.

T = |11, 72, ..., Tu] T 12 vector m x 1 biéu dién momen téc déng lén cic khép.
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w € RY 1a ngoai lrc téac dong lén dau dao cu robot.

M(q), B(q, §), 9(g) Tan luot 13 ma tran quan tinh n X n chiéu déi xtng va xéc dinh duwong,
ma tran n X n chiéu mo6 ta tdc dong lwc/moé men Coriolis va lwc hwéng tam va thanh phan
moé men do cdc luc trong trudmg gay ra; J(g) 1a ma tran Jacobi 6 x 7 lién hé t¢ do dai va
toc do quay cia dao cu md ta trong khong gian ¢ dinh véi téc do cia cdc khép robot, tie
& = J(g)¢; p(q) & ham véc to dong hoc 6 x 1 chieu, biéu dién toa dé vi tri v huéng cia
dao cu trong hé toa do c6 dinh; d(q, §) 1a véc to n x 1 chiéu mo ta thanh phan lwc ma st va
nhiéu tdc dong lén cic khép cia robot.

Trong phwong trinh (1) va (2) do tinh bat dinh cia moé hinh cda robot, cac dai lugng
M(q), B(gq,9), 4(g), p(q) ¢6 thé dwoc mo ta nhu sau:

M(q) = M(q) + AM(q), p(q) = p(q) + Ap(q),

9(q) = g(g) + Ag(q), B(q,4) = B(q,4) + AB(q,4), (3)

& day M(q), B(q, 4), 9(q), p(g) 14 cdc thanh phan dugc xdc dinh chinh xdc. Ta gia thiét M(q)
van bdo ton dwoc tinh chat co ban clia ma tran moé men quén tinh 13 ddi xitng xéc dinh
dwong. AM(q), AB(q,q), Ag(q), Ap(qg) 1a phan khong biét bieu dién sai léch do tinh bat
dinh cia moé hinh robot. BaSi véi robot cong nghiép cdc dai lwong khong biét nay thwong

N ~ s ’ A , .
nam trong mot giéi han c6 thé xac dinh dwoc

|AM((g)|| < mo, |AB(g, §)|| < bo, [|Ag(a)]l < go, |AP(9)]] < po,

mo, bo, go, Po 1a céc gid tri duoc biét.

Ky hiéu h 1 véc to 6 X 1 mo ta vi tri va hwéng ciia dao cu trong khung toa do e cic
gian trén tay nam robot (Khung H -Xem Hinh 1). Ta ¢6 thé moé td kb = (2, y, 2, du, @y ¢2) 7
trong d6 (x,y, )T 1a véc to vi tri va (¢y, ¢y, ¢.)T 14 vée to huéng (Raw, Pitch,Yaw) clia dao
cu dwoc mo ta trong khung toa do tay nam robot. Ky hiéu h, R 13 véc to tdc do va véc to gia
tSc (dai va géc) ciia dao cu mo ta trong khung toa do H. M3i quan hé gitra tc do h véi toc
do ctla cde bién truc ¢ dwoc mé té qua ma tran Jacobi khung H Jg(g) nhu sau:

h = Ju(9)4. (4)
Ta gid thiét
Ju(q) = Ju(g) + AJu(q), (5)
trong d6 Jg(q) 1a phan biét dwoc xéc dinh va AJg(g) 1a phan khong biét.

Thay thé (5) vao (4) ta cé:
h = Ju(9)d+ AJu(g)d- (6)

Twong tu, ta c6 thé tinh duoc gia tdc kb phu thude vao t6c dd va gia téc ¢, § cia cac khép
nhw sau:
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h = Ju(9)i + Ju(9)d + AJu(q)i + AJu(qg)4. (7)

3. PIEU KHIEN ROBOT BAM QUY DAO TRONG KHUNG TOA PO H

Muc dich ctia diéu khién la xdc dinh tin hiéu dieu khién 7 sao cho vi tri va huwéng cia dao
cu trong khung toa do H h(t) bam duoc quy dao (vi tri va huéng) hg(t) mong mudn, nghia
1a h(t) — ha(t). Ta khdo sit bai téan bam quy dao trong khung toa d6 H ma ma tran Jacobi
Ju(q) khong bi suy bién. Phuong phép dé xuat cia bdo cdo nay duwoc phat trien tiép tir cic
két qua diéu khién chuyén dong robot ¢é nhieu tham s6 bat dinh [8,9]. Ky hiéu Jg(q) 14 ma
tran gid ddo cia ma tran Jacobi Jg(q). Khin = 6 ta ¢ Jﬁ(q) = J}:II (g). Ta chon moé men
7 dieu khién céc khép robot nhu sau:

M(9)7%(9)(u~ JH()D) + B, i +9(@) + I (@u =, (®)
trong d6, u la tin hiéu diéu khién phu sé dwoc xéc dinh sau. Néu cac thanh phan M(q), B(q, §),
9(q), Ju(q) phan anh chinh xdc céc dai lrong M(q), B(q, 4), §(q), Ju(q) va d(g,4) = 0 thi h¢
dong lrc cia robot sé cé dang tuyén tinh tich phan 2 16p nhu sau:

h=u. (9)

Sai lech bam dugce dinh nghia:

e(t) = h(t) — hq(t). (10)
Va véi tin hiéu u chon duéi dang phan hoi PD:

u:Bd—KDé—er, (11)

ta sé ¢6 phrong trinh sai léch bam dang:

é+ Kpé+ Kpe=0. (12)

Hé thong sé on dinh tiém can, khong bi qué dieu chinh va ¢ tdc dong nhanh néu
céc hé s6 Kp, Kp dwoc chon pht hop chang han nhw theo phwong phidp chon diém cue.
Trudmg hop cdc thanh phan M(q), B(q, ), 9(q), Ju(q) khong phdn dnh chinh xéc cac dai
lwong M(q), B(q, ), 9(q), Ju(g) thl hé dong lwc cia sai léch bam (12) s& khong bang 0. Ta
sé x4c dinh hé phuwong trinh sai léch bam trong truomg hop khong biét chinh xdc cdc tham
s6 cda robot. Thay (3) vao (1) ta cé:

(M(q) + AM(q))d+ (B(q,4) + AB(q, @) + (9(g) + Ag(@)) + JTw+d=7.  (13)

Phuwong trinh (13) ¢6 thé viét lai dwéi dang:

M(q)§+ B(q,4)d +g(q) =1—f, (14)
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f=AM(q)§+ AB(q,4)¢ + Ag(q) +d(q, 9),

nhiéu loan tic dong lén r6bot va né bi chian bdi || f]] < fo véi fo cé thé xdc dinh dwoc.

Chon

T:TO+7-17

0 = M(q)JH(g)(u — Ju(9)d) + B(g,4))d + 9(q)-

Thay (16),(17) vao (14) 16i riit gon phwong trinh, ta c6 hé kin n sau:

i— JH(a)(u— Ju(9)d) = M~ (g)(r1 — f).

Nhén 2 vé cia phuong trinh (18) véi Jg(g) ta duoc

Ja(9)d + Ju(g)g —u = Ja(g) M~ (g)(n — f).
Két hop (7) véi (19) va sau khi rit gon ta dwoc

h—u=Ju(@M (@)r1 — (Ju()M ' (9)f — AJu(q)i — AJu(q)d).
Pt

' =Jg(QM Y (@n va ' =Ja(@M (q)f — AJu(9)d— Adu(q)d).

Phuong trinh (20) sé ¢6 dang:

h—u=1—f.
Chon

u:ﬁd—KDé—KPe.

Thay (23) vao phuong trinh (22), hé sai léch bdm sé ¢6 dang

é—I—KDé—I—er:TI—fI,

é=1 —f —Kpé— Kpe.

(15)

f(g,9) € R" trong (15) 1 tong hop céc thanh phan khong xdc dinh cia hé dong lwc, ma sit,

(21)

(22)

(25)

DE bl cdc hanh phan bat dinh ctia hé 16bot, c6 thé sit dung mang noron nhan tao (ANN)

dwoc hoc on-line dé xap xi céc thanh phan bat dinh f’(q, ) cia heé robot.

Ta chon mat truwot dwdi dang:
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s=é+Ce véima tran C ddi xtmg xac dinh duong C =CT >0 (26)

véi bién s 1a ham cia é, e phu thudc vao vi tri va téc do cia cdc khép g, ¢ ta cé theé mo ta
f'(q,¢) nhw ham véc to cia bién s : f/(s). Theo dinh 1y Stone-Weierstrass [7], thanh phan
khong x4c dinh f/(s) trong (25) cé thé duwoc xap xi bang mot mang c6 s6 nit noron hiru han
vGi cau tric nhu sau:

fl(s)=Wo+e=f+e, (27)

f=wo, (28)

trong d6, W 1a ma tran trong s6 cia mang duoc cap nhat on-line; £ 1a sai s6 xap xi va bi
chan ||g]| < o.

Mang noron xap xi ham f’(s) la mang RBF 3 16p. Cau tric mang RBF thod man céc
diéu kién cia dinh 1y Stone-WeierStrass. Lép dau vao la 6 thanh phan cia mat truot. Lép

e z z ~) z ’ 7 N ~
ra ¢6 6 no ron tuyén tinh. Lép an chira cdc noron ¢6 ham phan bé Gauss dang:

(sj —¢)?

0j — eXp——3
J

y 7 =1,2,...,6, (29>
trong d6 ¢;, A; 1a ky vong va phuong sai cia ham phan bé Gauss ¢6 thé tw chon. Ta phai
chon céc tham s6 c¢;, A; khdc nhau va phi hét dai thay doi cd ve bién do va dai tan cia ham
bat dinh f/(s). Pau ra cia mang f(s) la gid tri xap xi cia f/(s).

Pinh ly 1. Qugy dao h(t) cia rébét n bic tw do ¢é nhiéu tham sé bat dinh (1),(2) véi mang
noron (28),(29) va mat truot (26) s€ bam theo quy dao mong muén hg(t) trong khdng gian
DE cdc véi sai s6 € — 0 néu ta chon thudt dicu khién T vi thudt hoc W ciia mang noron nhu

sau.!
7= MJ}(ha — Kpé — Kpe — Juq) + B(q, )q + g(q) + JTw + 71, (30)
n=MJ* (1—|—17)Wa—<5”‘%II ; (31)
W = —nsaT, (32)

trong @6 cdc tham s6 tu chon Kp = &I+ C, Kp = £C la ma tran d6i xing xdc dinh dwong,
I la ma tran don vi, cdc hé sé n,d,& > 0.

C&u tric cia hé diéu khién cé thé mo ta theo so do trén Hinh 2. Lwu y trong ché do
chuyén dong tu do, ngoai lirc w thwomg bang 0. Tuy nhién néu tay nim rébdt nam dao cu va
dang trén duong chuyén dong dén diem gia cong thi thanh phan w lic nay 1 trong luc cia
dao cu tdc dong lén dau tay nam robot. Mo men 7 gom hai thanh phan chinh: 7o 14 thanh
phan phan hoi, bu cdc thanh phan phi tuyén va ngoai lwe, 71 1a thanh phan ¢ mang noron
véi thuat hoc on-line dé xap xi cdc thanh phan bat dinh. Dinh 1y nay dwoc chitng minh bang
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phuong phép 6n dinh Lyapunov dam bao tinh 6n dinh tiém can toan cuc cia ca hé thong

nhu sau.

Chitng minh: Chon ham V xdc dinh duwong nhw sau:

6
1
V= 5 (sTs + ;'w,T'w,) , (33)

trong dé w; la véc to cot thir ¢ clia ma tran trong s6 W cida mang no ron. Ta ¢ V > 0 khi
s, w; #0. V = 0 khi va chi khis, w; =0, i = 1,2,...,n. V — oo khi 8, w; — co. Liy dao
ham V theo { ta co:

s=é+Ce
T, =MJy {(l +I])W0'—<5”:—|J T
W = —7se”
X4, Xa — — — T +1'
— 5 ha-Kof -Kpe -3 o M Robot

Bq +g+JTw

A

Chuyén X, X dova q.9
toa do ude lugng

Hinh 2. Cau tric cia hé diéu khién roboét bam quy dao trong khong gian H
tay nam c6 nhieu tham s6 bat dinh

6
1 . ,
V= 5 (sTs + Z'w,T'w,) , (34)
i=1
T (25),(26) va céc tham s6 Kp = &I +C, Kp = £C ta nhan duoc:
s=17'+f —(Kp—C)ée—Kpe=1"—f' —¢s. (35)
Thay (35) vao (34), dao ham V theo ¢ ¢6 dang:
6
V=—¢sTs+sT(r —f)+ zwgu’)i. (36)
=1
V&i thuat hoc on-line

w; = —nso;, i =1,2,...,6 (37)

ta c6 thé xéac dinh duoc:
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6 6 6
Z'wg'wi = Z —nw! so; = —nsT Z —nw;o; = —ns' Wo. (38)
i=1

i=1 i=1

Thay (38) va (27) vao (36) ta cé:

6
V=—tsTs+sT(r—f)+ Z'wgu’)i = —¢tsTs+sT(r' — (1 +n)Wo —¢). (39)

i=1
Chon

S
Isll’

=01+n)Wo -6 5> 0. (40)

Thay (40) vao (39) ta duoec:

. 8
V= —¢lsl|* + ST(—5H — &) <Ellsl® = ollsll + lIsll-llell < —€llsll* —sllsll + lIslleo.  (41)
Néu chon

d=2¢0+v, v>0, tacd d|s|+ [|s||lco < —7]|s]l- (42)

Thay (42) vao (41) cudi cing ta nhan dugec:

V= —lsl* =l < . (43)

Ta thdy V < 0khis # 0 va V = 0 khi v& chi khi s = 0. Theo nguyén Iy én dinh Lyapunov,
ta c6 s = 0 va sai s6 e = 0. Nhuw vay hé (22) la on dinh tiém can h(t) — hg hay néi cich
khéc quy dao ciia r6bot bam theo quy dao mong muén véi sai s6 bang 0 trong khung toa do
H tay nam roébot. Dinh 1y 1 ciing nhw tinh n dinh tiém can toan cuc cia hé diéu khién tinh
moé men st dung mang no ron mo ta trong Hinh 3 da dwoc chitng minh. [ |

4. PIEU KHIEN LAI LUC/VI TR ROBOT
TRONG KHUNG TQA DO H

bieu khién lai lrc/vi tri trong khung toa do H 1a tac vu diéu khién luc twong téc gitra tay
nam va moéi treong doc theo cic huéng duwoc dieu khién luc trong hé toa do H va dong thoi
dieu khién vi tri doc theo cdc hwémg dwoc dieu khién vi tri trong hé toa do H. Céc huéng
dwoc dieu khién luc va duwoc dieu khién vi trf luén vuéng géc véi nhau. Do dé ta sé chia
khong gian toa do H thanh hai khong gian con vuéng goéc véi nhau. Ta dung mot ma tran
lwra chon 8 = diag(s;) véi s; = 0 khi bac tw do thit ¢ dwoc diéu khién vi tri va s; = 1 khi bac
tu do thit ¢ dwoc dieu khién luc.

St dung luat dieu khién (8), hé théng roébot cé thé dwoc tuyén tinh hod nhuw trong (9).
Nhung do cdc thanh phan khong xdc dinh nén thay vi ¢6 phuong trinh (9) ma ta cé phwong
trinh (22):
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h—u=17]—f véir],f cing dwoc xdc dinh theo (20),(21).

Phan tach h, 7, f’ theo cdc huéng diéu chinh lyc va vi tri ta cé:

h=Sh*+ (I —-8)h*, 1—f =St —ffe4T=8)r—f" ff=Sfc+(I-8)f™" (44
Dinh nghia véc to sai s6 vi tr{ va lwe nhu sau:
e*=h*—hy, = f°—f]. (45)
Ta chon:
u= (I —S)(h% — K&&* — K%e*) + S(—¢° — Kfe® — K§ / €°dt). (46)

Thay (44-46) vao phwong trinh (22) va tach theo hai thanh phan lwc va vi tri ta nhan
duwoc:

&+ Kpe* + Kpe* = " — [, (47)

he +é° + Kfe® + K§ / efdt = 7i° — f'°. (48)

Do huéng luc bi giéi han chuyén déng bang méi trwong phu thuoc vao dé dan hoi cia
phoi nén thanh phan h¢ trong (48) rat nhoé cé thé coi bang 0. Do vay phwong trinh sai s6 Iirc
(48) c6 theé it gon vé dang vi tich phan nhu sau:

e+ Kfe° + K5 / e“dt = 11¢ — f'°. (49)
Pao ham hai vé cia phwong trinh (49) ta dugc:

& + K€ + KSe© = ¢ — f'°. (50)

Ta thay phwong trinh sai s6 vi tri (47) va luc (50) c6 dang twong tu nhw phwong trinh
(24) trong d6 f'™, f'¢ 1a céc dai lwong khong biét, 7§%,#€ 13 céc thanh phin mé men khép
can xdc dinh d&€ bao ddm cic véc to sai s6 luc e va vi trf e* triét tieu vé khong. Ta dp dung
nguyeén ly diéu khién sit dung mang no ron mé ta trong phan 3 cho bai téan diéu khién lai cé
nhiéu tham s6 bat dinh trong khong gian H. So @6 diéu khién lai diroc mé ta trong Hinh 3.
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Hinh 3. Cau tric ciia hé dieu khién lai lrc/vi tri trong khong gian tay nam H,
robot ¢é nhiéu tham sé bat dinh

5. Vi DU MO PHONG

Ta sé thuc hién moé phéng thuat todn trén robot PUMAS60. Céc tham sé cia robot
duoc trich tir tai lieu [10]. Yeéu cau dwoc dat ra la phai diéu khién tay nam robot chuyén
dong trong khéng gian tuw do tir vi trf ban dau la Xo = [0, 05m0, 4m0, 175m000]7 té&i X4 =
[0, 25m0, 2m0m01, 4060]” thuéc mat cong & Hinh 4a trong thoi gian 3 [s]. Sau khi téi diém
A, ta s& phai diéu khién tay nam robot chuyén dong theo mat gia cong nay téi diém B ¢6 toa
dé trong hé 6 dinh Ogxoyozo 13X p = [0, 5m0, 2m0m01,4060]” trong thoi gian 10 [s].

truc z

Hinh 4. Mat gia cong
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Trong qué trinh chuyén dong tir A dén B, tay nam ludn ty lén mat gia cong nay mot lrc
F =10 [N] theo phwong phéap tuyén ciia mit cong. Phwong trinh dédc tinh cia mit gia cong
la F(t) = k(z(t) — z0(t)). Trong d6 k = 5000 N/m la hé s6 ciing cila mit cong, con z(), zo(t)
lin lwot la toa do cia tay nam robot va mat cong theo phwong phdp tuyén cia mat cong,
F(t) 14 do 16n cia lwe twong tac. Lwe mong muon Fy(t) = 10N. Ta tién hanh mo6 phdéng thuat
toan diéu khién lai trén phan mém Matlab véi do bat dinh tham s6 chiém 15% thu dwoc cic
két quad moé phong nhu sau.

0.7 : 0.04 : :
------- X —_—e =X-X
06 0 14 0.03 N
: — Y € =YYy
, 1.2 0.02 e.,=z-z_ |1
0.5 0 e 1 A A A 3~ d
P / ..... Raw, 0.01
0.4 o e 0.8 Pitch. [1
e ‘“":-'.‘/ / ——Pitchy 0
0.3 i e 0.6 Yaw [
SN o™ / 2 -0.01
02 wC 0.4
T 02 -0.02
01+ 0 / -0.03
0 0.2 -0.04
0 2 4 6 8 10 12 2 4 6 8 10 12 (] 2 4 6 8 10 12
a) b) c)
0.01 12 10 :
—e,= F{aw-F{awd F
—— &, = Pitch -Pitch 10 Y AR SN S S A5 S BUNURNN | ha 0 |
0.005 e ©_=Yaw -Yaw, [ ( —Fp
6 d 8 F
P SRR SO S 1 W R US| P ol
6
0 | 4
4
‘ —IFll T
5 - R A S s
-0.005
0 0
-0.01 2 2
0 2 4 6 8 10 12 (] 2 4 6 8 10 12 (] 2 4 6 8 10 12
d) e) f)
N
Hinh &

a) 1a toa do g, yo, 20 cia dao cu trong hé c6 dinh Opxoyo20;

b) la céc toa do géc (Raw, Pitch, Yaw) cia dao cu quanh céc truc zg,yo, 2o cia hé
OooYoz0;

c) la céc sai léch toa do x,y, z trong hé toa do tay nam H;

d) la cdc sai léch cia céc géc hwéng Raw, Pitch, Yaw trong heé toa do tay nam H;

e) thanh phan z cia luc F trong hé H;

f) cdc thanh phan xo, o, 20 cla luc F trong hé Ogzoyozo-

Ta thdy khi & trong ché do diéu khién chuyén dong tuwr do cdc sai léch gifta cic toa do cia
quy dao thuc x,y, z v6i cdc toa do cia quy dao x4, ¥4, z¢ mong mudn trong hé H tién veé 0.
Con trong ché do dieu khién lai lirc/vi tri, cdc sai léch gitra cdc toa do @,y thuc véi céc toa
do x4, yq mong mudn trong hé H; con sai léch gitra toa do z véi toa do zd clda mit gia cong
khong tién vé 0 (Hinh 5(c)), Iy do la trong ché do dieu khién lai Iwc/vi tri, theo huémg truc
z cia hé H toa do z cla dao cu khong dwoc dieu chinh ma thay vao dé 14 luc twong tac gitra
dao cu va mit gia cong méi duge diéu chinh. Trong hinh 5(d), céc sai léch géc huéng Raw,
Pitch, Yaw trong hé H ludn tién vé 0 do céc bién niy luén duoc diéu chinh ca trong ché do
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diéu khién chuyén dong tu do lan trong ché do dieu khién lai lwc/vi tri. Trong hinh 5(e), do
gia tri lwc mong muon ludén la 10N nén gia tri luc thue (titc thanh phan lwc F theo hwéng
truc z ciia hé H) sé tién vé 10N theo dudng tiém can. Trong hinh 5(f) bi€u dién ba thanh
phan ctia lurc F thuc theo céc truc xg, 3o, 2o trong hé c¢é dinh Ogzoyozo, tong binh phuwong
cla ba thanh phan nay luén bang gid tri lwc F thue.

6. KET LUAN

Béo cdo nay da dé xudt mot moé hinh dieu khién lai lwc/vi tri mé ta trong khung toa do H
tay nam gia cong theo céc mit cong cho robot cé nhiéu tham s bat dinh. Tinh 6n dinh tiém
can toan cuc cia hé thong dwoc chitng minh bang phuwong phap 6n dinh Lyapunov. Céc két
qua moé phdng trén robot PUMA 560 véi do bat dinh tham s6 lén dé 15% van cho két qua
tot. Toc do hoi tu va do chinh xdc cia thuat téan phu thude vao viéc lwa chon ma tran C va
cac hé s6 A;, ¢, 0,1, & Véi C va € 16m ta c6 toc do hoi tu cao. Qua trinh qud do sé bi giao
dong hay khong phu thudc vao viéc lra chon cdc tham s6 A;, 1, 0. Viéc lra chon cdc tham s6
cla mang no ron A;, ¢;, 7 anh hwdng dén sai s6 xap xi g9 va téc do hoi tu on-line. Viéc chon
cac tham s6 t01 wu cia thuat téan con 1a van dé mé cho cdc nghién ciru tiép theo.
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