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Céc toa do suy rong du thuong dugc sir dung dé thiét 1ap mo6 hinh dong lyc cho robot
song song dé bai toan dugc don gian. Két qua cho ta phuong trinh vi phan dai s6
(DAEs) md ta dong luc hoc robot song song. Cac phuong trinh nay sau d6 duoc bién
doi vé dang toa do t6i thiéu dé phuc vu cho viée thlet ké bo diéu khién phan hoi. Bo
diéu khién dugc thiét ké thuong yéu cau phan hoi tit ca cac toa do suy rong du va cac
dao ham cta nd. Vé mit thyc té, & dap tmg dugc cac yéu cau nay cia bo diéu khién,
doi hoi phai trang bi cho robot nhiéu loai cam bién dé do khong chi cac bién khép chu
dong ma con do cé cac bién khép phu tro va tham chi ca vi tri va van tdc cua ban may
dong. Tuy nhién, mot s6 toa do rat kho co thé do duge mot cach dé dang bang cac cam
bién théng thuong nhu encoder. Trong bai bao nay, mot phuong phap udc lugng cac
toa do suy rong phu thudc ciing nhu chuyén dong cua ban may dong duoc trinh bay.
K§ thuat phan hoi sai sb dong hoc duogc khai thac dé dam bao chuyén dong wéc luwong
tiém can voi chuyén dong thuc cua robot. Cac két qua mé phong sb duoc thyuc hién dé
khang dinh sy kha thi va tin cdy cua phuong 4n dé xuat.
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Redundant coordinates are often used to establish the dynamics equations of parallel
robots because that makes the problem simpler in comparison to the case of using
minimal coordinates. The obtained results are a set of differential algebraic equations
(DAESs). After that, these equations are transformed to the form of minimal coordinates
to design a feedback controller. This controller requires feedbacks of all the redundant
coordinates and their derivatives. In practice, to have all feedback variables for the
controller, a robot needs more sensors than its degree of freedom. These sensors
measure not only the actuated joint variables, but also the auxiliary variables and
position and velocity of the moving platform. However, some coordinates can not be
easily measured by sensors like encoder. In this paper, a novel method is introduced to
estimate dependently generalized coordinates and motion of the moving platform. A
kinematic error feedback technique is exploited to ensure the estimated motion
converge to the actual motion of the robot. Numerical simulation results are performed
to confirm the reliability and efficiency of the proposed method.

Ngay nhén bai: 14/7/2018

Ngay nhén bai stra: 10/9/2018
Ngay chip nhan ding: 15/9/2018




HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

1. GIOI THIEU

Trong san xuat hién dai, robot song song ngay cang duoc str dung nhiéu do cac wu diém
cua nd nhu do chinh xac va d¢ cing cao hon, ty 1€ tai trén khdi luong robot cao hon so véi robot
chudi. Cac dic diém nay c6 dugce 1a do tinh lién két thanh vong kin cta cac khau. Tuy nhién, khi
nhéc téi robot song song chiing ta ciing phai thuong nhic téi mot sd nhuge dlem rat 16n nhu:
khong gian lam vi¢c nho va c6 nhiéu diém ky di trong khong gian lam viéc[1][2], s0 luong khop
dong can giam sat 16n va kho b6 tri cam bién. Twong tuy nhu ddi voi tay may chudi, co nhiéu luat
didu khién da duogc thiét ké cho robot song song [3]-[6] nhu: PD+bu trong lyc, tuyén tinh hoa
chinh xac, diéu khién truot, thich nghi, diéu khién mo, diéu khlen dya trén mang no ron,.... Vi
cac phuong phap nay, bd diéu khién dugc xay dung dya trén nén tang md hinh dong luc hoc hay
chinh 1a cac phuong trinh vi phan da1 s6 mo ta he [7][8]. Pé co du thong tin tinh toan cac bd diéu
khién robot song song thuong yéu cau phan hoi tat ca cac toa do suy rong du va cac dao ham cua
no sau d6 tinh toan dé dua ra thong sé diéu khién hop 1y [9][10].

Trén robot song song, cic khau cta robot thuong manh nén ching ta rat kho bd tri cam
bién tai cac khop bi dong, hon nira robot song song ¢o s sd lugng khép 16n nén phuong an b6 tri
cam bién trén tat ca cac khop sé dan téi g1a thanh san pham cao[11][12]. Do d6, yéu cau day dua
thong tin truc t1ep tir cac khép phan hdi vé bo diéu khién robot khong phai lic nao cting dé dang
dap ung dugc. Dé khic phuc dwoc nhitng han ché ndy, bai bao dé xudt phuong an st dung bd
wdc lwong dong hoc dé xac dinh cac toa do suy rong phu thudc va cac dao ham ciia no6. Ngoai ra,
ky thuat phan hoi sai s6 dong hoc dugc khai thac d¢é dam bao chuyén dong udc luong tiém can
v6i chuyén dong thuc cia robot.

Phan con lai cia bai bao duoc cAu trac nhu sau: Phan 2.1 trinh bay vé md hinh cta robot
song song dan dong boi dong co dién. Phan 2.2 trinh bay viéc thiét ké bo diéu khién dya trén mo
hinh dong lyc véi gia thiét réng toan bg toa do suy rong du dugc do. Phan 2.3 trinh bay vé bd
udc lwgng dong hoc dé xac dinh céc toa do suy rong phu thudc. Céc Kkét qua mo phdng s6 duoc
trinh bay trong muc 3. Cudi cung 1a phan két luan.

2. CO SO LY THUYET
2.1. M6 hinh ddng Iyc ciia robot song song din dong bang dong co dién

Khao sat robot song song n bac ty do dugc din dong bing n dong co dién. Dé mo ta
dong luc hoc robot song song cac toa do suy rong du thuong duoc sir dung, vi né cho phép dé
dang hon trong viéc thiét 1ap phwong trinh vi phan chuyén dong va ciing thuan tién hon dé méo

phong trén may tinh. Goi q = [q,,q,,-..,q,]" =[0",y" ", m >n 1a vécto toa d suy rong du
cho robot, trong d6 @ - bién khép chu dong, y - toa d6 ban may dong va cac bién phu trg. Viéc
thiét 1ap cac phuong trinh vi phan chuyén dong cho cac hé nay di dugc trinh bay trong rat nhiéu

cac tai liéu tham khao[1][6][13][14][15]. Vi cac nhén tir Lagrange phuong trinh vi phan chuyén
dong cho hé duogc viét & dang sau:

M (9)§+C(g,9)g +Dg+g,(q) = Bu+® (q)4. (1)
®(q) =0, P(q) =09 /0q (2)
trong do: M (q) = M(q) + BJ r°Z - ma tran khdi lugng, C (q,q) - ma tran Coriolis va ly

tam dwoc xac dinh tir ma tran khdi lwong theo cong thirc Christoffel[4][7] hodc sir dung tich
Kronecker [16], D, = B(D_+ K R 'K )r’Z 1a ma trdn can, g (q) - véc to lyc suy rong do
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trong luc, B. = BK_R_'r - ma tran dau vao diéu khién. Chi tiét vé céc dai lugng trong phuong
trinh trén dugc trinh bay trong cdc bai bao [11][12][15].

bé thuan tién cho viéc thict ke b§) dicu khién dua trén mo6 hinh déng‘h.rc, h¢ phuong trinh
vi phan dai s6 (1)&(2) s& dugc bien doi vé dang toa do khdp chi dong. Bang cach s dung ma
tran R(q) € R™" duogc dinh nghia nhu sau:

FE
—p!

y [4

R(q) = , 3)

trong d6 @,(q) = 0¢ / 90, @ (q) = ¢ / Oy lan Iuot 1a ma tran Jacobi ctia véc to phuong trinh

lién két theo véc to toa do suy rong chu dong va phu thudc, phuong trinh dong luc hoc cua robot
song song dugc chuyén vé dang

M,(6)0 +C,0,0)0 + D, +g,0) =R Bu=r1,, (4)
voi M,(0) = R"M (q)R, M, € R™", C,(0,6) = R"|[M (q)R + C,(q.4)R|
D,=R'DR, 9,0)=R'g (q), g, €R".

Phuong trinh (4) vadn dam bao tinh chat: M ,(0) 12 ma trén xac dinh duong va
N, = M ,(0)—2C,(0,0) 1a ma tran phan doi xtng. Phuong trinh (4) 1a co s¢ dé thiet ke bd
dieu khién cho robot trong phan sau.
2.2. Thiét ké b diéu khién phan hoi dwa trén mé hinh dong luwc

Muc tiéu cta bai toan didu khién 1a tim luat md men cac dong co dé ban may dong chuyén
dong theo qui ludt cho truéc « = x,(¢). Luat diéu khién c6 thé dugc thiét ké trong khong gian
khép dé e, = 6 = 0,(t)—0(t) — 0, hodc ciing co thé duoc thiét ké trong khong gian thao tac
dé e =& =x,(t)—=x(t) — 0. Trong phin nay phuong phap thiét ké diéu khién trong khong
gian kh6p dugc trinh bay. Dé ap dung duoc didu khién trong khong gian khép, tir chuyén dong
mong mudn x (t) ctia ban may dong ta can thiét phai giai bai toan dong hoc ngugc dé tim 0 ().

Phan sau day s& trinh bay vé viéc thiét ké diéu khién trong khong gian khdp cho robot song song.

2.2.1. Piéu khién vi tri: diéu khién PD + bu trong luc

Di v6i bai toan diéu khién vi tri, ta co thé ap dung luat PD + bu trong luc nhu sau:

u=(R'B)"(Ke,+Kg,+g,0), v e, =0,—6. (5)

Su on dinh cua hé voi luat diéu khién trén dugc chirng minh bﬁng cach chon ham Lyapunov sau
T 0 T
Vz%@ M6(0)0 +%eeree. (6)

Dao ham theo thoi gian ham V', chii dén phwong trinh (4), va cha y dén tinh chat phan d6i

xung clia ma tran [M, — 2C |, ta c6 dugc
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V=0"M,0)0+16"M,0)0+¢ Ke,=—6"(D,0)+K,)0<0 ()

2.2.2. Diéu khién theo mé men tinh todn

Bing phuong phéap diéu khién theo md men tinh toan (hodc phuong phap tuyén tinh hoa
chinh x4c), ta chon luat diéu khién nhu sau:

u=(R"B) "' [M,0)v+C,0,0)0+ D0 +g,0), (8)
. t
wiv=0,+ K¢ +Ke +K, [ er)ir. )
Tac dong diéu khién (8) 1én hé (4) ta nhan duoc: M, (0)(0 —v) =0. (10)
Vima trdn M, () 1a x4c dinh duong, nén tir (10) ta co: 0—v=0 (11)
Chu y dén (9) ta duoc
. . t
0, -0+Ke +Ke +K, . e,(T)dr =0 (12)
t
hay &+ K, +K,e, +K, [er)dr=0. (13)
0

Dao ham phuong trinh (13) theo thoi gian ta nhan dugc
¢, +Ké +Ke +Ke =0. (14)
Néu cac ma tran xac dinh duong K K, K, duogc chon la dang dudng cheo, tir (14) ta c6
dugc hé cac phuong trinh vi phan tuyén tinh bac 3 nhu sau
¢+ kyf, +kpf, ke, =0,i=12..n (15)
Phuong trinh dac trung cua (15) c6 dang
N kN kN + k=0 1=12..n (16)

Céc di@zu kién dé nghiém cua phuong trinh dic trung (16) c6 phan thyc 4m duoc dua ra
theo tiéu chuan Hurwitz nhu sau:

k,>o0 k,>0 k. >0k k, -k >0 1=12..n (17)

Di "Pi

Nhu thé, néu ta chon cac hé sb k... kK, thoa man diéu kién (17), thi nghiém cua hé¢

(15) s& tiém can vé khong theo luat mii. Diéu nay dan téi 6(t) — 0,(1).
2.3. Thiét ké by wéc lwgng dong hoc dwa trén phwong trinh lién két

Luat diéu khién (5) va (8) yéu cdu khong chi cac bién khép chu dong 6,0 ma né con yéu
cau ca cac bién y,9. Dé c6 cac bién nay cho phan hoi, doi hoi phai trang bi thém cho robot
nhiéu cam bién khac nita ngoai cac encoder do bién khop chu dong. Pé tranh sy ton kém nay,

trong bai bao dé xuat phuong 4n wdc luong cac bién can do nay tir cac phuong trinh lién két
dong hoc. Phan nay trinh bay viéc xay dung bo udc lwong dép tmg yéu cau trén.
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Céc phuong trinh lién két dong hoc ¢ mirc vi tri dugce viét lai nhu sau

#q) = ¢(6,y) = 0. (18)
Tur day nhan dugc cac phuong trinh lién két & mirc van toc

#(q) = @ (9)q = B(0,y)0 + @ (6,y)y (19)
Xét truong hop khong ky di, tir phuong trinh trén ta gii dugc

y=-9 (9)2,(9)0 = -2 '(6,4),0.y)0 (20)

Tich phan phuong trinh (20) v6i diéu kién dau y(0) cho ta gia tri cta dai lugng y(t). Cac
gia tri y(t) nhan duoc sau khi tich phan phwong trinh (20) c6 thé s& khong con thdéa mén phwong
trinh lién két (18) do nhiing sai s6 tich liy khi tinh toan. Do sai s6 cta phuwong trinh lién két nén
hoan toan c6 thé dan dén su troi dat vi tri va van tdc trong m6 phong s6. Dé loai bo su troi dat
niy, ¢ ddy dé xuét sir dung k¥ thuat phan hoi sai s6 dong hoc. Y tudng ctia phuwong phép 1a thay
vi gidi tim y tir phuong trinh (19), ta sit dung phuong trinh

#(q) = —Kg(q), v6i K > 0. (21)
Khi d6 phuong trinh (19) dugc hi¢u chinh thanh

P(q) = ®,(q)q = ®,(0,y)q + ®,(6,y)y = —Kp(q) (22)
Tur day gidi duoc

§=—(0,9)|,00,9)0 + K$(0,9)|- (23)

Trong phuong trinh (23) cac ky hiéu g va g da duge su dung dé phan biét véi cac bién
trong toa do suy rong cua robotla ¥ va y .

Ll [isleqd] Tmhy ST
i theo (23) |«
i — |l Bo uéc luong dong hoe
d » A
. + é v Y, y ~
0 —» g \— > Kp > A > d
¢ X Cong Tinh u theo % | Robot 0,0

v

Ky ®)

0 + 0 y ’_> )
‘ s 1/s | K, 6.6
) 0

0

Hinh 1. So db diéu khién trong khong gian khép voi bd wdce luong dong hoc

v
\ 4

Luu ¥ rang, phuong trinh (21) twong duong véi é + Ke = 0, do d6 v6i K c6 dang duong
chéo xic dinh duong thi nghiém ctia n6 c6 dang e (t) = e (0)exp(—k.t). Hién nhién 1 cac
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nghiém nay s& hoi tu vé khong, tirc 1a sai s6 ctia phuong trinh lién két duge dam bao hoi tu vé
khong. Nhu thé cac lién két van duoc dam bao ma khong bi pha va.

Tir cac co s Iy thuyét trén ta co so do diéu khién robot song song sir dung uéc lwong dong
hoc nhu trén Hinh 1.

3. KET QUA VA THAO LUAN

Luat diéu khi?:n va bd udc lugng dong hoc trinh ‘pély phﬁn trén s€ dugc ap dung ddi voi
robot song song phang 3RRR chuyén dong trong mat phang ngang. Robot nay c6 ban co dinh va
ban may dong 1 cac tam giac déu 0,0,0, canh dai L, va B B,B, canh dai a, ba chan nhu nhau
gdm hai khau ¢6 chiéu dai tuong tmg O.A =1, AB, =1,. Cic khép chii dong dugc dan dong
bang cac dong co dién DC thong qua bd truyén giam tdc (Hinh 2).

Hinh 2. M5 hinh robot phang song song 3RRR cting v6i dong co DC va hop giam tdc

3.1. M6 hinh dgng lyc ciia robot song song phing 3RRR
Dé cho don gian khi thiét lap md hinh dong lyc, khoi lugng m, cua thanh ndi A B coi
nhu tap trung tai hai dau thanh. Khi d6 véc to toa do suy rong du cho robot dugc chon nhu sau:

a=[0"y"]" =10,,0,.0,,7.,y..] .
Biéu thirc dong ning ciia hé co dang don gian nhu sau:

3
1
;Z Tur oy imll + im0 + 2(m 3o dm,) (i + 30+ 5 (e +3-mp ¢ (24)
k=1

Luc suy rong do mé men dong co truyén 1én khau din thong qua bd truyén duoc tinh tir
cac phuong trinh sau:
L di +Ri=U-K 0

T =K i 25
d e m m ( )
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véiu, - dién ap dit vao dong co thir i (V), r - ty sO truyén hop giam tdc, J - md men quan tinh
khdi 16 to dong co (kg.mz), R - dién tr¢ cudn day dong co (Ohm), K - hﬁng sb phan stc dién
dong (Vs/rad), K - hang s mé men dong co (Nm/A).

Do hang s6 thoi gian dién nhoé hon hang sé thoi gian co rat nhiéu, nén co thé sir dung xap
xi L di / dt =~ 0 khi ¢ > ¢ > 0 tir hai phuong trinh trén ta nhan dugc mé men dong co:

r,=Ki=KR'U-K0 ) (26)

Thong qua bd truyén giam téc, mé men dan dong dat 1én khau din sé& 1a:
r=rr,=rK R'U—1rK KR (27)

Néu ké dén lyc can nhét véi hé s6 d (Nms/rad) tac dung 1én khau dan, tong mé men dan
va can tac dung lén khau dan la:

T=rK R'U—(r"K KR ' +d)f=kU—c0 (28)

voi k = erRafl, c= 7’2KmRaflKe +d.

Robot song song phang 3RRR lam viéc trong mit phing nim ngang nén thé ning trong
truong cua h¢ bang hang so6: 11 = const .

Céc phuong trinh lién két dugc thiét 1ap tir dicu kién khoang céach gifra cac diém A; va B;:

f=@, —r)(r, —r,)-L =0 =123 (29)

Bv‘ A/ Bv‘

z, +1 cost, z, +bcos(p + a,)

4 Y. + bsin(p + o)

, I
Yo, T sinf, | "

Céc phuong trinh lién két (29) duoc viét lai dang:

#q) =90,y) =0, PR’ (30)

Tt biéu thire dong nang, thé nang, lyc suy rong va cac phuong trinh lién két, ta nhan dugc
h¢ phuong trinh vi phan chuyén dong dang (1) va (2) cho robot song song 3RRR vdi cac ma tran
va véc to nhu sau:

M =diag((J r* +J,, +<imI +Lml*)[1,11],(m, +3-2m,)[1,1]J,, + 3-Lmp*]),

o3
C(q,9) =0, D = diag([c,c,c,0,0,0)), 9.(@)=0,,
kE, 04
s 03;3 s u = [Ulaugaug] ) Qq(q) - a_q, A= [)\1,>\2,)\3] .

Pé thyc hién md phong, cac thong sd ctia robot dugc chon nhu sau: Ly = 1,2, [; = 0,581,
[,=0,620,a=0,2,b=0,185 [m] m;=2,072, m,= 0,750, m3 = 0,978 [kg]; J,, = 0,01, Jc; = 0,13,
Jer = 0,03, Jez = 0,007 [kg.m’]; d = 0,1 [Nms/rad]; K, = 3,0 [Nm/A]; K. = 0,1 [Vs/rad]; R, = 3,0
[Ohm]; » = 10. Trong d6 cac thong sb co ban duoc lay tir tai liéu [12][14][19]. H¢ s0 cua bo udc
lwong dong hoc dugc chon K = 10. Trong quéa trinh mo phong sd ching ta can giai phwong
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trinh vi phén dai s6. Nhdam muc dich 6n dinh hoa céc lién két trong qua trinh giai phwong phap
6n dinh hoa Baumgarte dugc sir dung trong mo phong [18]. Cac phu:ong trinh nay s& duoc trién
khai trong MATLAB dé mé phong dap tmg ctia hé twong tmg v6i cdu hinh A (=1,-1,~1) cua
robot [19].

3.2. M6 phéng s6 truwong hop diéu khién vi tri
Trong md phong nay, ban may dong ciia robot dugc diéu khién tir vi tri ban dau c6 toa do
= [0,65 0,35 0] di i vi tri cudi cung z, = [0,3 0,6 0,5]". C4c thong sb cta bd dicu khién

du:oc chon nhu sau: K, = 600*diag([1,1,1]), Kq = 200*diag([1,1,1]). Thyc hién m6 phong trén

phan mém MATLAB, ket qua md phong so trong truong hop nay dugc dua ra trén cac hinh 3-6,
va ll.

3.3. M6 phéng s6 trueomg hop diéu khién bam qui dao
Thyc hién diéu khién ban may dong cua robot di chuyén theo quy dao duong tron véi
hudng khong doi, mo ta boi phuong trinh:
r =1, + Rcos(wt), y =y, + Rsin(wt), ¢ = 0.17ad (31)

v6i toa d6 tAm quy dao: C(0.6, 0.4) m, ban kinh quy dao R = 0,12m, va w = 7 / 3 rad/s, vi tri
xuét phét: z, = [0,65;0,35;0]".

Céc thong s6 cta by diéu khién PID két hop v6i dong luc hoc nguoc duge chon nhu sau:
K, = 6QO*diag([1,1,1]), K, =,200*diag([1,1,1]) va K; = 10*diag([1,1,1]). Thyc hi€én m6é phong

trén phan mém MATLAB, két qua mo phong trong trudng hop niy dugc dwa ra trén cac hinh
7-10 va 12.

= 1 0.01
fli} N
<, 05
> 0 0
0 1 2 3 4 5 6 / o
X
— 067 -
E o | e e e [ e,
o 0.4 e,
0.2 -0.02
0 1 2 3 4 5 6
= 1 -0.03
Sos
<0 0.04
0 1 2 3 4 5 6 e 1 2 3 4 5 5
t[s]

{[s]

Hinh 3. Toa d6 suy rong phu thudc thuc té va tinh toan

L Hinh 4. Sai l¢ch toa d6 suy rong phu thudc thuc té va
theo thoi gian

tinh toan theo thoi gian
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Hinh 5. Van téc suy rong phu thudc thuc té va tinh toan

theo thoi gian
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Hinh 6. Sai 1éch van tde suy rong phuy thudc thuc té va
tinh toan theo thoi gian

Trong céc do thi trén: dudng mau do 1a gia tri thuc té, duong mau den 14 gia tri tinh toan.
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Hinh 7. Toa d6 suy rong phu thudc thiét k&, tinh toan va

thue te theo thoi gian
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Hinh 9. Vin téc suy rong phu thudc thiét ké, tinh toan
va thue te theo thoi gian

0.01

-0.01

@
-0.02

-0.03

-0.04

0 2 4 6 8
t[s]

Hinh 8. Sai l¢ch toa d6 suy rong thuc té va tinh toan
theo thoi gian
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Hinh 10. Sai léch van toc suy rong thuc té va tinh toan
theo thoi gian
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Trong cac d6 thi trén: dudong mau do 1a gia tri thuc té, dudng mau xanh 14 gia tri tinh toan va duong
mau den la gia tri mong muon.
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Hinh 12. Quy dao chuyen dong cta ban may dong

Hinh 11. Quy dao chuyen dong cua ban may dong truong hop diéu khién bam quy dao

truong hop diéu khién vi tri

Nhan xét: Trong ca hai truong hop di€u khién vi tri va diéu khién bam qui dao, cac bién vi
tri ¢ va bién van toc g udc lwong déu tiém cin véi gia tri thuce cia nd. Sai s6 vi tri khi st dung
dr liéu udc lugng trong bo di€u khién déu ti€ém can vé khong. Di€u nay ching té rang cac udc
luong dong hoc 1a thay thé dugc cho cac bién toa do suy rong phu thudc dang ra can phai do.

4. KET LUAN

Bai bio dd d& xuat va trién khai thanh cong phuong an ude lugng cac toa do suy rong phu
thudc tir cac phuong trinh lién két dong hoc. O day ky thuat phan héi sai s6 dong hoc duoc dua
vao dé dam bao giam thiéu anh hudng cia sai s tich liy trong qua trinh tich phan, giam thiéu s6
lwong cac cam bién phan hdi thong tin khép dem lai loi thé trong qua trinh thiét ké ché tao robot
song song ma cac phuong an khong st dung bd udc lugng khong c6 duge. Cac két qua mod
phong sb v6i bd didu khién trong khong gian khép cho thiy tinh hidu qua cua phuong an dé xuét.
Vi phuong an nay ching ta hoan toan tao ra dugc cac tin hiéu phan hoi can thiét cho bo diéu
khién ma khong can thiét phai trang bi thém cac cam bién cho robot song song. Bai toan két hop
bd udc luong dong hoc vdi bd diéu khién trong khong gian thao tac s€ dugc nghién ctru trong
thoi gian toi.
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