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NGHIEN CUU PONG LUC HQC VA PIEU KHI EN

CHO HE THONG TELEOPERATION

TOM TAT

bing Ngoc Trung’

Truong Pagi hoc Ky thuit Cong nghép - DH Thai Nguyén

Trong inh wrc diéu khién tir xa viéc thyc thi chinh xac cac taaa diéu cin thiét. Voi muc dich
d6, bai bao nayap trung xem xét & diéu khién vi tri cha ¢ Teleoperation gm hé thong Master

(cha dong) va & thbng Slave (bdong) —

H SMSS. H théng SMSS c6 s dung luat didu khién

PID kinhdién, dam bao duoc vi tri caa robot Slave chun dong theo q§ dao cho tiréc cua robot
Master.bay la ndt dé tai moi va dang dugc ar quan tam 4t I6n tir phia cac nha khoaph trén

khap thé gigi, tiéu lgbu nhr & Nhat va chau Au..
Tir khoa: Pieu khién hé robot Master - Slave

DAT VAN DE

Teleoperation 1a 0t hé théng théét bi co sr
tuong tacé khaang cach khac nhauwrdéng t
nhe mot hé thdng “didu khién tir xa” thuong
gap trong lvc thuit va méi teong ki thuat.
Cac thét bi trong 1 thdng Teleoperation
thuong lién quardén linh wre robot (6 dinh
hoic di dong) va cé 4t nhidu ttng ding trong
khoa hc ky thuat va trong cac 5ng hang
ngay. Cac thit bi nay throng dugc diéu khién
tir xa byi con ngroi thdng qua rt trong céac
thiét bi thuoc he thong.

Hé thong Teleoperation l& &t hé théng cho
phép con ngoi st dung sr hiéu biét, kha
nang tr duy va hat dong chan tay @a minh
thong qua s cong tacdiéu khién cac robot
khi diéu hanh lam \ic & cac méi teong nguy
hiém doc hai. Trong tmong hyp nay, con
nguoi st dung hait dong aia minhdé diéu
khién robot Master va céc thao tasacrobot
Slaveduoc thyc hién theo g diéu khién caa
robot Master va robot Slave nayynta robot
tryc tiép c6 nhiing trong tac Wi méi truong
lam viéc. Trong vai thp nién gn day, k&
théng Teleoperationid duoc phéat trén voi
nhiéu ang ding khac nhau nh la duoc sr
dung & ngoai Vi tru, dudi day bén, trong cac
thiét bi hat nhan,trong hat dong pHu thut,
trongdiéu khién 1ai xe tr xa, trong éu ho...
va cac lai ung ding aia ke théng
Teleoperation va cac nghiénic vé hé
théng nay \in dangdugc cac nha khoadt
theodudi [5].
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Trong Teleoperation song phng, robot
Master va robot Slavéugc Sr dung nhr mot
cap thiét bi duoc b tri & hai phia vatuoc két
ndi voi nhau qua kénh trigyn théng, i ma
cac thdng tin & vi tri, van toc, gia Bc haic
luc duoc truyén. Trong qué trinh trdn di
liéu giita robot Master va robot Slave c@ti
tuong ti€ trong kénh trugn théng. TE trong
hé théng vong kin c6 thlam it tinh6n dinh
va lam saidch viéc thuc hién cac hat dong
thao tac va lam gm tinh dong nHit cua he
thong Teleoperationbé phan tich g 6n dinh
Teleoperation song pong, nhéu nghién au
cin ar trén tinh thk dong dé thanh &p ar 6n
dinh cho toan & théng king cach & dung
mot ham Lyapunov cé lién quadén céac
théng $ caa he thong.

Hinh anh va am

; Phuong tié %
tha phi b e

truyén thong

f / < | Méi truong
| } L otrxa

=—=

Neei didu
Khién

Robot Master/Cin
diéu khién

Robot Slave

Hinh 1. Hé thong Teleoperation song phng
DONG LUC HQOC CHO HE SMSS
Gigi thiéu
Xét mot cip aia ke thong robot @a b thong
SMSSduoc lién Ié'g théng quaiuong lién hc
vérj thoi gian t@€ kgién thién. Gu hinh @a re
thong nayduoc thé hién trong hinh ddi.
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16t trrbmg

Slave robot I

o N@&fﬁ(

Master robot
________________ Kénhtruyén théng

Hinh 2. Hé thong diéu khién tir xa mpt robot
Master ngt robot Slave (SMSS)
Gia s bo qua tac dng aia ma sat, cac nfu
khéc va tong luc, phrong trinhdong luc hoc
cua robot Master va robot Slavéiwn biac tu
do dugc mé & nhe sau [3], [4]:

{Mm(qm)qnﬁcn( O 0 Q=T F J.Fo
M.(a)g.+C{a, a)a=7 & J.F,
Trongddé: m, n béu thi chi s
va Slaveongung.

0.,,9. OR™ la vect goc dia khop.
0,4, OR™ la vect van téc aia khop.
G,,,4. OR™ la vect gia ¢ aia khop.
r,,,7, OR™ la vect momendiu vao.

F, DR“X1 la vect luc tac ding Ién robot
Master i nguoi diéu khién.

F,OR™ la vect lyc phin hdi Ién robot
Slave tr mdi trrong.

M., M_,OR™ la ma tan quan tinh xac
dinh drong.

C,,,C.OR™ la ma tén Coriolis.

J.Js OR™ 1a ma tén Jacobi.

Xét h¢ s cho bit toa do tay mayq; , voi i =
m, s, ¢ toa do dé cac co quandvai hé toa
do nay theo: z=h(q() (2.2)
Trongdé: h 1a ham chugn toa do tir khéng
gian khop toi khdng gian lam \c.

Z la v tri lam vic cWi cua robot trong
khong gian lam Wic.

Pao ham béu thic trén thudwoc ma tan
Jacobi nlrsau:  z =J(q)q (23)
Phwong trinh dgng luc hec robot

Ta c6 & dd dong hoc cia 2 Robot Master va
Robot Slave, 2 Robot nay trong hhng

(2.1)

5 robot Master

SMSS c6 Kt ciu gibng nhau. Nén ta tinh toan

cho Robot Master
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YA

Joint 2

=3
o
(B, F, T,)

Joint 1
Hinh 3. Robot 2 lc tr do ding tay i tiép
Trongdo :
g : goc quay kap i.
m; : khdi luong khau i.
|, : chiéu dai khau i.
li : momen quén tinhé¥ tdmdi qua tong tam
cua khau i.
r, - 1a khaing cach i tam khop dén trong tam
cua khau i.
T; : la momen tadéng vao klap i.
F : 1a ngai luc dat tai khop .
B; : lado giam chin cia khop i.
Ap dungdinh nghia ham Lagrange ta c6:
L=Kf]
Trongdo: L 1a ham Lagrange
K la tong dong ning aia ke théng
[ 1a tong thé nang
Doi véi khéu 1:
K, =

[M.=0
1 2 .2
2mv +2Iw 2(m1r1+lj)q1

DPéi vai khau 2: [M2=0

Vé toado: = l,cosq + r, cos( g + @)
;y- Ilslnq + rz sin(q + @)
Vévantdc: W= i+ 9
1 1 .
K, = :szzz"‘ :|2m2 ::mz[llzﬂnz"'

(@’ + 29192 +§2°) +2hrcosq(qs’ +.1dp)]
+ 212 (040’

Ap dung ham Lagrange, ta c6 :
L= (1K1 +Ky) = (11 + |_|2)1
L==( myr? + 1) g + - my [ %" + n(a,”

+ 20ue +Y) +2hrcosq(ql +qif)] + $|2

(‘.:J.1+'512)2
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Xét khau 1:
doL odL 2 .
=——-——=(mr+ ml’+ I+ |
1 dtaql aql ( 1 21 1 2)q

+(m,r,? +2m,Lr,cosq) g+( mf+ mlgcosgr )

- m,lrsing,qq —mJtsing (g +g)q

Xét khau 2 :
=dO0L O (i) (g+,)
dtog, dgq,

+m,lrcosqgq+ mlrsing g
Piat: My = mr+mp (17 +5°) + 1 + 1
Mnz = mpr” + 1
Rn = mlir;
Ta co:
FE=(My+ 2R, cosq) g+ ( M,+ R,cosq
- R.sing'q'q — R sing (g+ )9
F,=( Mg+ R,C0sG)q +M,q+ R, sing?
Phrong trinhdong lrc hoc cia robot Master
dugc viét lai dudi dang sSr dung ham
Lagrange nh sau:

M (@) g+ Gn(a,@ g=t+ 3 F (2.4)
Trongdo: q :[gi]
M _[Mm1+ 2R, cosq M, +R, cosg}
™ |M,,+Rcosq, M,,
c _[—Rmsinoe'o2 -R,sing (g+ g j
™ |-R,sing,q 0
Matran Jacobi :
_|Ising - Isin(g+ ) - Lsin(g+ q)
" ‘Llcosq+ Leos(@+ q)  lcos(g g J
Twong tr tinh toan cho Robot Slave
Mi(@a+G(a,ag=t+IF (25)

bong lec hoc cia b Teleoperation trong
mién khéng gian lam ¢c

Gia thiét 2.3.1J, va J la kha dao va khong
ky di & tat cac thi diém haat dong.

Chu y: $ bac tr do aia robot Slavedn hon
cua robot Masterr> m

Ta c6 z 1a v tri khau cwéi, dao ham z theo
thoi gian ta cé mi quan 1§ giita van toc trong
khéng gian lam vic vi van t6c goc:

2(t) = J(@) a(® k=m,s (26)
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Dao ham tép theo thi gian ta co :
(1) =3(q) 4 +J(a) a* @ k=m, s
2.7)

CVéi % 1a vecto giadc khau céi. Thay (2.6),

(2.7) vao (2.1) ching ta coé&mhin dugc he
dong lec hoc trong khéng gian lam && nhr
M 7z +C(q,0Q)z=T +
SaUJL IO 2, Cof oy 0 277
MS(qS)ZS+ CS( qS ‘q) .ZS= T S_ Fe
Trongdé : M, =J,"M, J;*
Co= 3 (G- M I3 I
r,=J.'1, (k=m,s)
Gia thiét 2.3.2 Luc tacdong aia ngroi Fop va
luc moi teong Rl bi gidi han
Gia thiét 2.3.3Ngudi tAcdong va mdi teong
c6 thé dugc md hinh nir nhitng ke thng thy
dong trongtng.
Véi gia thiét nay ngroi tac dong dugc md &
nhu sau:
t "
..rg. _FGI';:I [ﬂzm ({) di =0 (29)
va moi trong tr xaduoc mo & nhr sau:

LE(@Dz(®d =0 54

Trong d6 %, #. 1a cac 4n toc cia Robot

Fo 2.8)

Master va Robot Slave.

Do tré trén kénh truyén théng

bit T:R - R",i=m,s la thvi gian ph
thuoc thoi gian t€ trén kénh trugn théngdi
(i=m) va \& (i=s) rong ung.

M6 hinhdo tré duoc dua ra trong hinhwbi,
u(t) la dau vao, y(t—T(t)) la dau ra tg,
J(t) la sai $ diéu chinh aia h¢ thong.

u hY

P tre
T(t)

v(t-T(1))
-

Hinh 4. M6 hinh thi gian tré

Néu vi tri va van toc cia Master va Slave
truyen t6i nhau i d¢ tré T, cac tin hu
tré duoc biéu dién nhr sau:
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2, (1) = 2, (=T, (1)) 2,(1) = 2, (t =T, ()T, ()

2,(t) = Z,(t - T, (1); 2, (1) = 2, T, ()T, (®)
(2.11)

Trong d6: T, (t) va T(t) duoc gia thict 1a

thoi gian té bién thién.

THIET KE PIEU KHIEN CHO HE SMSS

Muc tiéu diéu khién

Ta € thiét ké 7, va T, & dat dugc sr dong

bo trong khéng gian lam &t cho I

teleoperation &i cau hinh robot Master,

Slave khac nhau va cdo tré trén kénh

truyén théng.

Ta xacdinh sai &ch Vi tri caa khau chp hanh

cudi nhu sau [1], [2]:

{em (t) =z.(t =T,) —z,,(t)

eg[t] = zm[t — Tm] —z(t) (2.12)

Trongdo: T, vaT, la thoi gian té

z,., 2, la Vi tri cha khau chp hanh céi.

Thiét ké diéu khién

Ta thiét bd dieu khién cho robot Master va
Slave theo 6t PD nhr
{:r;n = KP'(—z, +2.) + Kp(—2n +2.)

Te = K;‘[_zs + Emj + Kp(—z. + Em)

. (2.13)
Véi: %=~ z(t—T,)

5=z (t—T.,)

T, T. la thoi gian t€ (= const)

Thay vao (2.8) ta c6 émhu sau:
{w(qozm+qqn'q4'zn: Rzt 3+ Rz |
M@z+C(q 'z R 273 Koz 3 E

(2.14)

St dung phin i thu dong (Feedback
Passivation) nin pheong trinh (2.13),d6ng
luc hoc robot Master va Slave i ldong, co
cacdiu ra chra G théng tin ¥ vi tri va vin
tbc khau chp hanh cdi. Do d6 h¢ thdng
Teleoperatiorcd thé dugc diéu khién trong ©
ciu bi dong cho ning tin hgu Vi tri va vn toc
khau clip hanh cdi bing nhingdau ra noi.
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Hinh 5. So @6 khdi diéu khién 2 kénh
Phan tich tinhén dinh caa hé théng
+ Xét Robot Master :
Vecto tang thaidiu vao z = (z5, zI)",

kich thichu =%_,%,)

T

Xétham Vi = 2z T My 2+ 2z K22 -
f; Fop (&) 2 (§)d(©)

Ta c6: Ms , Ki' 1a cac ma #n xac dinh
duong.
Dod6:V,=0
i"'m = _zmT( KDm L B
—z_ (B zm - Ke"%, -Kp"Z,)
Véi diéu kién :

¥ [l = (KoME] +Ko"2]) B
Chon': K™ = B
SuyraVm= —z_ "(Ko"-8pn)z, =0
Do d6 he thdng Master 1a ‘@au vaodén trang
thaion dinh” cuc b
Tuong tr chang minh tir)hén dinh cho Robot
Slave ta @ing co6 Kt qua 6n dinh.
Két qua md pheng hé théng diéu khién
SMSS
Voéi Tm =Ts =0.5

)2y

0.2
0.15
0.1

Truc X
0.05f

-0.05

-0.1

-0.15
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Nhan xét : Tir cAcdd thi trén cho thy quy

dao aia robot Master va Slave trongring

hop robot Slave khénguting tac ¥i moi

truong, q dao va \in téc aia robot Slave
bam trong déi sat Wi quy dao va \an téc cia

robot Master. Tuy nhién,¢hthdng mét on

dinh trong vai giaydau, nhrng phrong phap
diéu khién nayda dua hg thong tién dén trang

thai 6n dinh. Do tré trén kénh trugn thdng co
anh hrong rt 16n dén sai Bch e vi tri giita

Robot Master va Robot Slave
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SUMMARY

A RESEARCH ON DYNAMICS AND CONTROL
OF TELEOPERATION SYSTEM

Dang Ngoc Trung
College of Technology - TNU

In the field of remote control, the task of thereat execution is essential. For that purpose, this
paper focuses on the position control system offéleoperation system with Master (active) and
Slave system (passive) - SMSS system using cla$3iPacontrol law ensures the position of the
slave robot to move following the Master robot'ajéctory. This is a new topic and is great
interest of the scientists around the world, exqibgiin Japan and Europe ...etc.

Keywords: Control robot Master - Slave system
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