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MOT PHUONG PHAP PIEU KHIEN VI TRI VA LUC TUONG TAC
VOI MOI TRUONG TRONG HE TELEOPERATION

TOM TAT

Ding Ngoc Trung , Nguyén Vin Trong
Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

Trong linh vuc diéu khién tir xa viéc thuc thi chinh xéac céc tac vu 1a diéu can thiét. Vi muc dich
d6, bai bao nay tap trung xem xét vé diéu khién vi tri cua hé Teleoperation gom hé thong Master
(chu dong) va h¢ théng Slave (bi dong) — Hé SMSS. O day c6 sir dung luat diéu khién PD kinh
dién két hop véi diéu khién lyc thy dong, dam bao duoc vi tri va luc tuong tac giita robot Slave
v6i méi truong dong nhat vai robot Master khi cd ké dén do tré trén kénh truyén théng. Két qua
bai bao thdng qua sy m6 phong hé théng trén Matlab cho thay tinh wu viét cua phuwong phap diéu

khién dugc dé Xuat. )
Tw khoa: Piéu khiéen hé thong Teleoperation

DAT VAN DE

Teleoperation 1a mot hé théng thiét bi co su
tuong tac & khoang cach khac nhau tuwong tu
nhu mot hé thdng “diéu khién tir xa” thuong
gap trong hoc thudt va moi truong ky thuét.
Trong céc thiét bi thudc hé thdng nay, Robot
diéu khién tir xa (c6 dinh hodc di dong) dugc
st dung trong nhiéu linh vuc khoa hoc ky
thuat va cudc sdng hang ngay. Teleoperation
bao gdm mot hé théng chu dong, goi la
“Master” va mot hé théng phu thudc goi la
“Slave”. Nguoi didu khién st dung mot hé
thong Teleoperation dé giri cac tin hiéu thong
tin va yéu cau dén hé “Slave” thong qua hé
“Master”. Can cir vao kénh truyén thong tin,
hé théng Teleoperation dugc goi 1a hé thong
kin hodc hé thng hé. Trong hé hd, khong co
phan hdi nao tir hé “Slave” vé hé “Master”, va
hé “Slave” dugc thic drfly lam vi€c nho nhitng
tin hiéu dugc gui tor “Master”[1]. Trong h¢
kin, ngoai tin hiéu duoc gui tir “Master” dén
“Slave” thi con co tin hiu phan hoi ngugc tir
hé “Slave” gui vé hé “Master”, nhitng tin hi¢u
phan hdi c6 thé 1a vé vi tri, van tdc, gia toc
cua robot, luc tuong tac véi moi trudong lam
viéc va tham chi 1a hinh anh, 4m thanh, nhiét
d%... tai khu vuc lam viéc ¢ ca hai phia trong
hé [2], [3].
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Trong vai thdp nién gan diy, hé thdng
Teleoperation dd duoc phat trién v6i nhidu
ung dung khac nhau nhu 1a dugc st dung &
ngoai vil tru, dudi ddy bién, trong cac thiét bi
hat nhan, trong hoat dong phau thuat, trong
diéu khién 1ai xe tir xa, trong ctru ho... Cac
mg dung ctia hé thong Teleoperation va céc
nghién ctru vé hé théng nay van dang duoc
céc nha khoa hoc theo dudi.

Bai béo ndy dé xudt mot phuong phap diéu
khién song phuong méi cho hé Teleoperation
SMSS v61 mot robot Master va mot robot
Slave. Trong thut giai nay, chung t6i d& xuét
két hop diéu khién PD kinh dién véi diéu
khién lyc thy dong. Viéc st dung phuong
phép Lyapunov da chi ra sy 6n dinh toan cuc
ctia hé théng diéu khién da dé xuit. Két qua
nhan dugc ctia phuong phap di cai tién dugc
tinh ddng nhat v& vi tri va lyc tuong tac & ca
hai phia cua hé thong Teleoeration. Két qua
md phong da cho thdy tinh hiéu qua cua
phuong phap dé xuét nay.

Hinh dnh va ém
thanh phn hoi
Neuii diéu : S F ¢
L | M trmg
\ [ trxa
%
Robot Master/Cén
diéu khién Robot Slave

Hinh 1. H¢ thong Teleoperation
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DPONG LUC HOC CHO HE SMSS

Giéi thi¢u

Xét moét cap cua hé théng robot cua hé théng
SMSS dugc lién két thong qua duong lién lac
v6i thoi gian tré bién thién. C4u hinh ciia hé
thong nay duoc thé hién trong hinh dudi.
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: Slave robot
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Hinh 2. Hé tho”'ng diéu khién tir xa mét robot
Master mot robot Slave (SMSS)
Gia sir bo qua tac dung ctia ma sat, cac nhiéu
khéc va trong luc, phuong trinh dong luc hoc
cua robot Master va robot Slave Vi n bac tu
do dugc mo ta nhu sau [4],[6]:

{Mm(qm)qm+cm(qm,qm)qm =t tdafy o1

MS(qS)qS +C5(q5’q5)q5 :TS _‘]:Fe
Trong d6: m, s biéu thi chi sb robot Master
va Slave tuong Ung.
Xét hé sb cho biét toa do tay may Q;, voii=

m, s, hé toa do dé cac c6 quan hé voi hé toa

d6 nay theo:
z; =h,(q; (1))

Trong d6: h, 1a ham chuyén toa do tir khong

gian khop t61 khong gian lam viéc.

Z; la vi tri lam viéc cubi cua robot trong

khong gian lam viéc.

Pao ham biéu thic trén thu dugc ma tran

z; =J,(q;)q;

bong lyc hoc cia hé Teleoperation trong

mién khong gian lam viéc

Ta gia sir 2 robot Master va Slave trong hé

théng SMSS ¢6 két ciu giéng nhau.

Ap dung dinh nghia ham Lagrange ta co:
L=K-TI

Tt d6 dua ra dugc phuong trinh dong luc hoc

ciia robot Master dugc viét lai dudi dang st

dung ham Lagrange nhu sau:

M, (@)d+C,(q.4)g=7+J,F
172

Jacobi nhu sau:

Tuong tu tinh toan cho Robot Slave

M. (@)d+C,(a.q)q=7+JF
Gié thiét 2.3.1 J, va J; 1a khd déo va khong
ky di o tat cac thoi diém hoat dong.
Ta ¢ z 1a vi tri khau cudi, dao ham z theo
thoi gian ta c6 mdi quan hé giita van tdc trong
khong gian lam viéc vai van tde goc
2(0)=3(0)d() k =m,s @2)
Dao ham tiép theo thoi gian ta co :

()= J(q)4®+ I, )d) k =m,s (2.3)
Véi Z 1a vecto gia toc khau cudi. Thay (2.2),
(2.3) vao (2.1) chung ta c6 thé nhéan duogc
hé& dong lyc hoc trong khong gian lam viéc
nhu sau:

{h{lm(qm>zm+~cm(qm,qm)zmfrm+Fop 24
M, (0,)Z,+C (05, 6) 2, =7, - F,
Trong do : M, =J.'M,J.*
C,=3."(C.—MJ1,)J*
. =J.7, (k=m,s)

Gia thiét 2.3.2 Luc tac dong cua ngudi Fop Va
luc méi truong Fela bi gidi han

Gia thiét 2.3.3 Nguoi tac dong va méi trudng
¢6 thé duge mo hinh nhu nhitng hé thdng thu
ddng tuong ung.

Véi gia thiét nay nguoi tic dong dugc mo ta
nhu sau:

t
[~Fa(©)2,(£)de =0
va mdi truong tur xa dugec mo ta nhu sau:

[Fl &)z (&)de=0

Trong d6 Z,, Z; 1a cic van téc ciia Robot
Master va Robot Slave.

Pj tré trén kénh truyén thong

bat T,:R—>R",i=m,s la thoi gian phu
thudc thoi gian tré trén kénh truyén thong di
(i=m) va ve (i=s) tuong ung. M6 hinh d¢ tre
duoc dua ra trong hinh dudi, u(t) 1a dau vao,
y(t=T(t)) 1a dau ra tré, S(t) 1a sai sé didu
chinh ctia hé théng.
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u®) | pswd
T(t)

y(t-T(1))

Hinh 3. M6 hinh thoi gian tré
Néu vi tri va van tdc cia Master va Slave
truyén t6i nhau véi do wé T,,.(.), cac tin
hiéu tr& duwoc biéu dién nhu  sau:
2\m (t) =7, (t _Tm (t))v 2.\m (t) = Z.m (t _Tm (t))Tm (t)
2,(0) =2, (t =T, (O) 2, () =2, (t - T, ()T, )
Trong do: T, (t) va T (t) dugc gia thiét 1a
thoi gian tré bién thién.
THIET KE PIEU KHIEN CHO HE SMSS
Muc tiéu diéu khién
Ta sé& thiét ké 7, va 7, dé dat dugc sy dong
bo trong khong gian lam viéc cho hé
teleoperation voi cau hinh robot Master, Slave
khac nhau va c6 do tre trén kénh truyén thong.
Ta’xéc dinh sai 1éch vi tri cua khau chép hanh
cuoi nhu sau:

€n (t) = Zs(t_Ts)_Zm(t) (31)
€ (t) =z, (t _Tm) —Z (t)

Trong d6: Ty, va Ts 14 thoi gian tré

Zm , Zs 12 vi tri cia khau chép hanh cubi.

Thiét ké diéu khién

Tir 2.4 ta co thé dé xudt ludt diéu khién két

hop phuong phép PD & di€u khién luc thu

dong nhu sau :

om0 =Ko Z,0)-2,() +K,
—CE.(t)
o ®)=Kpy i (t)-2,1) +K,
+CF, ()
Kp va Kp e R™" |2 cac ma tran hé s6 diéu
khién vi tri.
Ce R™" 14 ma tran hé s6 diéu khién lyc.
Phan tich tinh 6n dinh
Ching minh: Tinh 6n dinh cua hé thong
bang phuong phap ISS - Lyapunov:

Z,(1) -2, (t) ~(L-C)F, (1)

@2
2,(t)-z(t) +L-C)F

env

Can cu trén phuong trinh dong luc hoc cua
hé thong ta chon mot ham xac dinh duong
nhu sau :

V,=2,M, 2, +2,K 7, —ZCIF (&)1, (H)dé

voi M_, K,, Cla cac ma tran xac dinh
duong. Theo gia thiét moi truong va tay
may la thu dong, do d6 Vy, 1a ham xac dinh
duong

Lay dao ham cua Vi, v6i cac diéu kién cho
phép sau d6 bién ddi ta dugc:

V,=22'M, 7, + 2'M2, + 22K ,2, - 2CF 2

opm

V, =221[ €2, +F, +r']+zTM 2,+20K,2, ~2CF 2,

V = 27K, ﬂz() () +22K, ﬂz() .0
L20C F () -aF.(t) -

mmm

+2'M 2 +22°K, 2~ 2CFz

op m

V=221 Ko BL.(t) - 220 K2, (t) + 220K, BZ (1)
—ZZTCaIf()+22'T€z' -2110 1

V,, =22 (K, -6,)2,,(t) - 22, 4,87, (t) + Ko B, (1)

—CaFt }o
Do vay quy dao chuyén dong robot Master
la on dinh cuc bo. Tuong ty chung mvinh Vi
rqbot Slave ta cling dan dén dc sy 6n dinh
vé quy dao chuyén dong.
KET QUA MO PHONG
Két qua md phong véi thoi gian tré trén kénh
truyén thong. Gia thiét hai robot Master va
Slave su dung trong qua trinh mé phong cé
céu hinh giong nhau. Cac két qua mo phong
nhan dugc bang viéc st dung phan mém
Matlab Simulink.
+ Trwong hop 1: Khi robot Slave khdng va
cham véi moi truong
+ Trwong hop 2 : Khi robot Slave va cham
vOi moi truong
Nhan xét: Trong nghién ctru nay, cac tac gia
da dwa ra mot phuong phap diéu khién mai va
da dat duoc cac muc tiéu diéu khién dua ra &
phan trén.. Tuy nhién trong cic huéng nghién
ctru tiép theo chung ta cAn quan tAm véi thoi
gian tré 16n va 4p dung mo rong cho cic robot
¢6 kich thuée khong dong nhat.
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time delayl
xd xd
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trajectory Human ume delay3
Enviroment
time delay2
SAvLm time delay4
Hinh 4. So' do khoi dieu khién hé thong SMSS
AT
4Tz
L e
AUTE
AT () a1}
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Hinh 5. Khoi Master
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Hinh 6. Khéi Slave
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PID Controller
(with Approximate
Derivative)1

PID Controller
(with Approximate
Derivative)

Hinh 7. Khéi Human
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Hinh 9. Vi tri ciia robot Master va slave khi cé tré
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Hinh 11. Vi tri ciia robot Master va slave khi cé tré
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SUMMARY
A CONTROL METHOD FOR LOCATION AND HUMAN INTERACTION
WITH THE ENVIRONMENT IN THE TELEOPERATION

Dang Ngoc Trung”, Nguyen Van Trong
College of Technology - TNU

In the field of remote control, the task of the correct execution is essential. For that purpose, this
paper focuses on the position control of the Teleoperation system including Master (active) and
Slave system (passive) - SMSS system. This system applied the combination between classical PD
control law and Scattering parameters to ensure the position and interactive force between the Slave
robot and homogeneous medium with the Master robot regarding to the delay of communication. The
illustrative results in Matlab shows the preeminent of control method suggested.

Keywords: Teleoperation control systems, robot control, SMSS robot systems, bilateral robot
control, passive control
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