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THIET KE BO DIEU KHIEN TRUOT VI TRI/LUC CANH TAY ROBOT
TUONG TAC VOI MOI TRUONG LAM VIEC

DESIGN OF SLINDING POSITION/FORCE CONTROLLER FOR ROBOT MANIPULATOR

UNDER WORKING ENVIRONMENT

TOMTAT

Bai bao trinh bay phuong phap thiét ké bo digu khién treot lue/ vi tri cho
canh tay robot lam viéc dudi sw rang budc clla moi truong lam viée. So voi
phuang phéap PID truyén thang bd diéu khién trugt 6 ku diém luon 6n dinh, bén
viing ddm béo vi tri va luc twong tac clia diém téc ddng cudi ludn bam theo gia tri
dét trude ké ca khi tham s6 dong luc hoc canh tay robot thay dai. St 6n dinh clia
bo diéu khién luc va vi tri deoc ching minh bang ham Lyapunov. Két qua mo
phdng luc vi tri cAnh tay robot A465 clia CRS robotics bang phan mém Matlab
Simulink dam bao d6 chinh x&c va tin cay clia vi tri, luc clia diém tac dong cudi
canh tay robot khi trong téc véi moi tredng lam viéc.

Tlr khda: BA digu khién truot lyc/vi tri; moi triong lam viéc; tham so thay doi;
canh tay robot.

ABSTRACT

This paper presents a method of sliding position/force controller design for
robot manipulators under working environment constraint. Compare to the
tranditional PID controller, the sliding mode controller has advantages such as high
stability, robustness and ensure the end - effector robot interaction high tracking
the reference value regrardless of the parameter uncertainty. The stability of the
position/force controller is proved by Lyapunov theory. The simulation results of
A465 CRS robotics using Matlab Simulink software guarantee the accuracy and
reliability of the position/force end - effector robot manipulators.

Keyword: Sliding position/force controller; working environment; parameter
uncertainty; robot manipulators.
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1.GIOI THIEU

Trong cac truong hgp canh tay robot lam viéc duGi sy
rang budc cda mdi trvong, sé ton tai lwc twong tac gilta
diém tac dong cudi clia canh tay robot vgi bé mat moi
trwong. Luc twong tac nay gom luc do canh tay robot tac
dong lén bé mat méi trwong va phan luc cda bé mat moi
truong tac dong ngugc Ién diém tac dong cudi canh tay

Phan Binh Hiéu**, Pao Minh Tudn?,
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robot. Nhu vay, ca quy dao vi tri va lyc twong tac phai dong
thoi dugc diéu khién. C6 rat nhiéu coéng trinh nghién ctu
da duoc cong bé trong Iinh vuc diéu khién nay. Phuong
phap diéu khién lai gitta lvc va vi tri dau tién dwoc dé xuét
trong [1]. Trong nghién ctu nay, bd diéu khién dwgc tach
riéng thanh hai bé diéu khién con la b diéu khién luc va vi
tri théng qua mdt ma trén chon. Trong [2] da dwa ra mot
phuong phap diéu khién lai vi tri/lyc cho canh tay robot ba
bac tv do. Nghién ctru nay dugc thuc hién trong c trvong
hop chuyén dong trong khéng gian tv do va chuyén dong
trong sv rang budc ctia moi truong lam viéc. Mot bo diéu
khién lai vi tri/lvc st dung cac dong hoc truc ti€p dé tim ra
vi tri hién tai clia diém tac dong cudi dwoc gigi thiéu trong
nghién ctru [3]. Thuat toan diéu khién trong nghién ctru nay
sir dung ma tran Jacobi chuyén vi dé tinh toan sai léch vi tri
cla canh tay robot. Mot bo diéu khién lai vi tri/lwc duoc
cbng bo trong [4]. Trong nghién ctru nay, tin hiéu phan hoi
lvc tvong tac gitra diém tac déng cudi clia canh tay robot
vGi moi truong lam viéc khéng duoc lay tir cdm bién lic ma
duwoc phan hoi tir bd quan sat lwc. Trén co s& thiét ké mot
b6 quan sat van t6c va luc, mét bo diéu khién vi/tri va luc
cho cénh tay robot dugc dé xuat trong [5] véi khoéng st
dung bat ky cdm bién lyc hodc cAm bién van toc nao. Tat ca
cac nghién ctru néu trén déu thuc hién diéu khién trong
tredng hgp mod hinh déng lwc hoc canh tay robot duoc xac
dinh rd rang bang cac phuong trinh toan hoc cu thé. Tuy
nhién, trong mot s6 trwdng hop, mot sd canh tay robot
khong c6 nhitng mé hinh rd rang hoac trong mé hinh cé
cac tham s6 dong luc hoc khéng duwoc xac dinh hodc cac
tham s6 dong lirc hoc bién d6i, vi du nhu khéi lvgng cla tai
trong, tham s6 dong lyc hoc canh tay robot thay déi. Dé
giai quyét van dé nay c6 nhiéu phwong phap diéu khién
dugc st dung, mot trong nhitng phuvong phap mang lai
hiéu qua cao dé chinh la bd diéu trwot. Phuong phap nay
da duoc nhiéu nha khoa hoc quan tdm vi tinh bén vitng va
tinh 6n dinh ngay ca khi co tac dong nhiéu va cling nhu su
thay ddi théng s6 m6 hinh. Biéu khién treot da duoc ng
dung réat nhiéu trong diéu khién robot tay may [6, 7]. Tuy
nhién cac bai bao chi thuc hién diéu khién van toc va vi tri
canh tay robot ma chua thirc hién diéu khién lyc tvong tac
véi moi treong lam viéc. Bai bao nay, bo diéu khién truot
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dugc thiét ké dé diéu khién ca vi tri va luc tac dong cla
canh tay robot vai méi treong. Ngoai ra, tinh én dinh clia
b6 diéu khién cho canh tay robot ciing dwgc chirng minh
trong bai bao.
2. THIET KE BO PIEU KHIEN
2.1. Bong lvc hoc canh tay robot

Xét phuong trinh dong lwc hoc canh tay robot n bac tv
do [8] nhv sau:

H@E+C(9,§)a+Dg+9(q) = T+ I, (A (1)

Trong d6, g€ R" la véc to goc quay xét trong khdng
gian khop, g€ R" la véc to van tdc géc, g€ R" la véc to
gia tdc goc khap, H(q) € R™ 1a ma tran thanh phan quan
tinh, C(g,g)eR" la véc to thanh phan huéng tam va
coriolis, D € R™" la ma tran dwong chéo xac dinh duong va
la dai luong biéu thi cho hé s6 ma sat nhot, g(q)€R" 1a
véc to cla lyc trong trvong, T R" la véc to cla mé men
dau vao dat tai cac khop, A€R" la véc to nhan ti
Lagrange (la dai lvgng vat ly biéu thi cho lwvc tac dong clia
diém tac déng cudi canh tay robot Ién méi tredng). Gia st
dwa ra moét cap gia tri, bao gdbm quy dao dat (mong mudn)
cla vi tri gq(t) trong khdng gian khép va quy dao dat cla
luc Aq(t) trén bé mat cla mai treong; J, (q) € R™ laky hiéu
gradient ctia rang budc holonomic va dwoc mé ta bang
phuong trinh sau:

0()=0 @)
Piém tac dong cudi canh tay robot twong tac véi moi
trvong lam viéc duwge mé ta trong hinh 1.

Hinh L. Canh tay robot ba béc tw do

Hinh 1 mo ta diém tac déng cudi canh tay robot chuyén
dong theo mot quy dao trén mot bé mat dwgc mo ta béi
mot ham vé huéng o(x)= 0. VGi x =[x, y, z]" 1a toa do di€ém
tac dong cudi xét trong hé toa do Decac. Khi do, luc twong
tac gitta diém tac dong cubi voi bé mat sinh ra theo
phuong vudng goc véi bé mat ¢(x)=0 tai diém x. Khi diém
tac dong cudi chuyén déng triot trén bé mat, tai diém téac
dong x(t) xudt hién mot lyc ma sat c6 phuong trung voi
véc to van tdéc x cung chiéu v6i —x va cé do Ion
p(%1|)]1xI|. Luc tac dong clia di€m tac dong cudi canh tay
robot [én mo6i truong A cé huwéng vudng goc voi bé mat
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¢(x)=0. Ma tran phan d&i xing H(q) —2C(qq ) théa man
x" (A(q) ~2C(qq))x =0
V& tréi clia phwong trinh (1) ¢6 thé dwoc viét lai nhu sau:

H(q)q + Cqq)g +Dq +g(q =¥aq.q,%p 3)

Trong do, Y(qq ,q ,9 la ma tran héi quy, hoan toan
khong phu thudc vao cac tham s6 dong luc hoc cla cac
khop clia canh tay robot nhu khéi lvgng va cac thanh phan
quan tinh. p=[ p1, P2 P3, -P 1] 1& VEC to ma cd cac thanh
phan la cac ham cla cac tham s6 khong duwgc biét hoac
khong chéc chan hodc c6 thé thay d6i trong qua trinh lam
viéc cia mo hinh dong lwc hoc canh tay robot. Véc to tham
s6 p nay phu thudc vao két cau co khi, bao gdom chiéu dai,
khéi lvgng cac thanh ndi va phu thudc vao cac moé men
guan tinh sinh ra khi canh tay robot lam viéc. Nhu vay, véc
to tham s6 nay sé cé su thay d6i khi canh tay robot lam viéc
tai cac vi tri khac nhau. Mot yéu t6 anh huéng dén s thay
déi clia véc to tham sO p la sv thay doi cla tai trong ma
canh tay robot mang theo. Phwong trinh (1) cé dugc viét lai
nhu sau:

Y(aq,q ., 9p=t+] 5(dA )
2.2. Thiét ké bo diéu khién truot
Giad st dwa ra mot cap gia tri, bao gobm quy dao dat
(mong mudn) cuia vi tri g4 (t) trong khdng gian khép va quy
dao dat cda lyc Ad (t) trén bé mat cda moi truong dua ra.
Muc tiéu la thiét ké b diéu khién trwot vi tri/ luc dé tao ra
md men T dat vao cac khop clia canh tay robot du dé dua
quy dao cac khép bam tiém can voi quy dao dat g, (t) dong
thoi diém tac dong cudi canh tay robot tac déng vao bé
mat moi trudng mot luc bam tiém can voi lvc mong mudn
Ad (t) khi t — co. Goi g, 1a gia tri tham chi€u danh dinh cua
véc to van téc q duoc dinh nghia nhu sau:
4 =@, —L+1 $(Q)E ()
_ Trong do, L 1a ma tran dudng chéo xac dinh dwong, n la
hang s6 dwong. Véc to ¢, dwgc phan tich trong hai khdng
gian tryc giao v6i nhau dua trén hai ma tran chiéu la Q(q)
va P(q). Nhu vay, Q(q) s& la ma tran chiéu ma chiéu cac vec
to trong khéng gian khép 1én mat phang ma tiép tuyén véi
bé mat ¢(g) = 0 tai diém g va dugc xac dinh nhu sau:
Q@) =1-R9 (6)
V6i phép chi€u l1én bé mat ¢(q)= 0 ta co:
Jo(@a =0; @q =q;@®@J5(@ =0; [(@],(q) =Rq
CAac sai léch vi tri, van toc va lwc dwoc xac dinh:
e=q-qg € Zxqq; A=F=1-14
Néu ta goi sai léch gitra dap tng cla van téc q va gia tri
tham chiéudanh dinhcliavantécq,las =q —g,tacé
s =5+ s, =Q@(e +Le —1 G(P&F
Trong d6, s, = Q(q)(e + Le),s, = —1] ,(9&F thé hién

phuong ti€p tuyén va phwong vuéng goc véi bé mat moi
truong tai diém tac dong cudi canh tay robot. DE thiét ké
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b6 diéu khién truot vi tri/lyc canh tay robot thi van t6c cac
khop q va gia téc cac khépq lan lvgt dugc thay thé bang
gia tri danh dinh van téc va gia téc géc g, ,'g Phuong trinh
(3) dwoc viét lai duti dang sau:

H(@)q, + C(qq)q, +Dg +g(9 =Yaq,4¢ ;9p (7)
DE 0 thé thiét ké bd diéu khién trwot thi cadc ma tran
H(q),C(qq) vamatran Y(qq ,q. ,@ la nhitng ma tran bi
chan. Ham Lyapunov cda hé théng dwgc chon nhu sau;
V() == (sTH(Q)s + ¥ 2) ®)
Taco:
. 1 .. .
V(t) =s"H(q)s —]Z—STH(q)s +FE )
=sTH(Q)S +'C(qq)s + ¥ F
=sTH(q)(q —q,) +s"Cqq)(q —q) + FF
=s"(t+] (@A —Dq —g(q) —H(q)q,
—C(qq)q,) + FF
=sT(t+]5(@A-Y(qq,G ;AP +FEF (9

BO diéu khién truot lwc/vi tri duoc thiét ké theo luat nhw
sau:

t=Y(qq,G ;AP —kgn(s)-Jo(@Aq —ufF) (10)
Thé phuwong trinh (10) vao phuwong trinh (9) ta cé:
V(®) =s"(Y(qq , ¢ ;AP
—sgn ()+ 5 (A + pfF ) + FF
=s"(Y(qaq ¢ ;AP —kgn(s))
+5TJH (@A + pfF ) + ¥ (11)

Trong d6: A =F =2A—-Ag P=Po—P ;Po la tham
s0 ban dau hé théng khi chwa bién doi.
Mat khéc ta co:

STTB(@ = (o (@) = Up@ e + 50" = (p(@s0)’
= (@1 g(QF) T = ¥
Vivay tir phuong trinh (11)
V() =5"Y(qq, 4 ;0P —s s gn(s)
—F (B +pfF ) +FF
=s"(Y(aq,4 ;AP —kgn(s)) —mF 2
Tacé p =[] i= 1,2,3...20; do cac tham s6 bién d6i co
gi6i han nén p; < |p,| <p; vi vady ma tran k cda bo diéu
khién duoc xac dinh:
k; =225 Yi{aq .G ;0B
Suy ra:
VO = 2SR sV by — 2SI sl i -
WF 2 <=l 2
Ta c6 cac tham s6 n> 0; p > 0vivay V(t) <mfF 2 <
0 ma V(t) > 0 vi vay hé thdng on dinh. Vay bd diéu khién

trvot dugc xac dinh theo phuong trinh (10) va ma tran
tham s0 bd diéu khién xac dinh theo phwong trinh (12).

(i=1,2,3) (12)

3. MO PHONG HE THONG

DPé kiém chirng thuat toan diéu khién truot vi tri/luc,
nhém tac gia thuc hién diéu khién canh tay robot R465 CRS
Robotics chuyén dong trong rang budc véi méi treong co
phuong trinh va cac tham s6 dugc dugc phan tich trong [9].
Trong qué trinh mo phong bo diéu khién thuc hién diéu
khién diém tac dong cudi di chuyén trén doan thang dai
d, = 0,4m. M3t phdng nghiéng dwroc mé ta béi phuong trinh:

@(x) = cos(@) y—sin(a) (x —B) =0 (13)

Trong d6 a= 68° 1a géc nghiéng ctia mat phéng,
B = 0,35m la khodng cach gitta mat phang va truc thang
ding. Quy dao mong mudn duoc thi€t ké theo da thic ndi
suy bac 5. Robot di chuyén va di vao mit phang nghiéng
phai dam bao sao cho diém tac déng cudi canh tay robot
c6 huwéng vubng goéc véi mit phang nghiéng vi vay goc
nghiéng diém tac dong cudi véi phuong truc ndm ngang
bg = a—90° = —22° phaéi luén dwgc ddm bao trong sudt
qud trinh hoat dong.

A
y=x,

4 d o

B

Hinh 2. Canh tay robot twong tAc méi truéng lam viéc

Pé danh gia duwoc kha nang dap (ng cdia bd diéu khién
voi st thay doi cac tham sd dong luc hoc va tai trong cla
canh tay robot, tai thoi diém (t = 4s ), ta thuc hién ting va
giam céc tham s6 nay voéi sy thay d6i dugc cong thém 10%.
K&t qlia mo6 phong duoc thé hién trén cac hinh 3, 4.

E
E 0.4_‘_\ X b
x ——=-xd
X
0" 1 1 1 1 1
0 2 4 6 8 10 12
Time[s]
Hinh 3. Toa do diém tac ddng cudi theo truc x
E _x\_ —
2 o o
= =S
0 2 4 6 8 10 12
Time[s]

Hinh 4. Toa do diém tac dong cudi theo trucy

K&t qua mo phéng trén cac hinh 3, 4 cho thay cac gia
tri thiwc vé vi tri tai diém tac dong cudi toa do x,y luén bam
theo gia tri dat. Trong khi d6 hinh 5, 9 chi ra géc nghiéng
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¢ va luc twong téc tai thoi diém ban dau dao dong nheng
sau khodng thoi gian 0,5s cac gia tri nay da bam séat voi
gia tri dat.

T 21§ r
g
= — phi
E -2 - — ph.—
8 -~ phi
=
Q 1 1 L 1 n
0 2 4 6 8 10 12
Time[s]
Hinh 5. Toa dd theo géc ¢
x10°
—_— 1. m
1S
= 0
@ -1t ! ! ! ! ! ]
0 2 4 6 8 10 12
Time[s]

Hinh 6. Sai léch vi tri truc x

Cac hinh 6, 7, 8 ,10 cho thdy sai léch vé vi tri diém tac
dong cudi va luc twong tac voi moi truong la rat bé. Bén
canh do, tai thoi diém (t = 4s) khi thay déi tham s6 cla
robot thi cac két qua mé phong chi ra s sai léch gitra gia tri
thuc va gia tri dat la khdng dang ké. Nhw vay, bo digu khién
truot da diéu khién dam bao chét lvgng tét cac thdng so vé
Iwc va vi tri ngay ca khi tham so hé théng thay déi.

3

x10
E 9
(o]
“o 2 4 6 8 10 12
Timel[s]
Hinh 7. Sai léch vi tritrycy
= 0 . . . . . .
ge Ol
o -0. ! ! ! ! ! ]
0 2 4 6 8 10 12
Time[s]
Hinh 8. Sai l&ch theo géc ¢
15
Z 100 P !
({_ SOL“’"“ — R*—ﬁ-\,-ﬂ"'dﬂ e i N H
S off ===yl
-5 L L . 1
0 2 4 6 8 10 12
Time[s]

Hinh 9. Lyc twong téc véi mdi tredng
15

100 b
50 b
O

-5l

&Nl

Time[s]

Hinh 10. Sai l&ch lyyc twong téc
4. KET LUAN

Bai bao da trinh bay két qua xay duwng mot thuat toan
diéu khién truot vi tri/lec dé diéu khién vi tri va lwc cho
canh tay robot chuyén déng trong sv rang budc ctia moi
truong. Bén canh dé tinh 6n dinh cda hé thong da duwoc
chirng minh bang phuong trinh Lyapunov. Qua két qua mé
phdng kiém chitrng cho thdy, thuat toan rat hiéu qua trong
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viéc diéu khién song song ca luc va vi tri cho canh tay robot
trong diéu kién lam viéc ma cé s thay doi clia cac tham so
dong luc hoc hodc tai trong. Trong nghién clru ti€p theo,
thuat toan diéu khién nay co6 thé duoc két hop voi cac bd
guan sat lyc va van tdc dé diéu khién vi tri va lic cho canh
tay robot ma khéng can dén s do lwvdng clia lic va van toc.
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