TAP CHi PHAT TRIEN KH&CN, TAP 13, S0 K5 - 2010

PIEU KHIEN TELE-MANIPULATOR

Tir Diép Cong Thanh
Truong Pai hoc Bach Khoa, PHQG-HCM
(Bai nhan ngay 01 thang 06 nam 2010, hoan chinh sira chita ngay 27 thang 10 ndm 2010)

TOM TAT: Hién nay trén thé gici, hau hét cdc vin dé lwong tdc giita con nguoi va cac moi

trieomg nguy hiém, déc hai, lay nhiém hodc vé tring déu duoc gidi quyét bang ky thudt robot. Trong do,

mdt trong nhimg gidi phdp mang tinh kha thi, 6n dinh va triec quan nhat la ky thudt Tele-Manipulator.

Bang cdch sir dung tay mady twong tw dé ghi nhin cac chuyén dong va hanh vi cia ngudi diéu khién

trong méi trwcng an toan, sau dé truyén cdc théng sé nay qua mang LAN cho tay may chinh thuc hién
g b ) g Vv q g y may

diing theo hanh vi cia nguoi diéu khién trong maoi truong dgc hai va nguy hiém hogc vo tring la hudng

nghién citu d@é xuat trong bai bdo nay.

Tir khod: Tele-Manipulator, mang LAN, diéu khién.

1. GIOI THIEU

Tele-Manipulator (TM) la hé théng dugc
diéu khién tir xa gdm 2 cénh tay may: master va
slave. Tay mdy slave s& dugc diéu khién dé thuce
hién cac chuyén dong giéng hét nhu tay may
master. Dé thyc hién didu khién ndy, tay mdy
master s&¢ dugc con ngudi didu khién. Céc
chuyén ddng mong mudn cua con nguoi sé
dugc tay mdy master ghi nhin bing cic cim
bién do géc chuyén dong. Va cic gid tri nay sé
dugc truyén qua vi mach dién tw ghi nhén, xu ly
va giri dén bj diéu khién tay may slave.

Tay may slave hay con goi la tay mdy thuc
thi thuc hién céc chuyén déng theo cinh tay
master. Su chuyén dong nay thuc hién tic thoi
dya vao cac gia tri chuyén dong ma tay mdy
master ghi nhén duoc. Théng thuong cdc gid ui
nay duoc truyén qua tir xa bing nhiéu phuong
phép khic nhau nhu: mang Lan, internet, song
vo tuyén v.v...nén toan bd hé théng tay mdy va

diéu khién duoc goi 1a Tele-Manipulator.

Nam 1898, Nikola Tesla dd dua ra m6 hinh
thuyén diéu khién bang séng radio dau tién &
NewYork thi dén nay TM da c6 lich sit phat
trién hon mét thé ky [1]. Hé théng TM thyc su
diu tién dang master - slave dugc ché tao 1a mot
co cu thuan co khi duge R.Goertz phat thién
vao cudi nam 1940 tai Phong thi nghiém quéc
gia Argone [2]. Nim 1054, R.Goertz phat trién
hé théng thao tic dién co diu tién véi bo didu
khién servo. Vi su phat trién cia ky thuat ngay
cang hién dai thi h¢ théng TM xuét hién trong
nhiéu linh vuc phuc vu hiéu qua nhiéu cho con
ngudi nhu: tay may phiu thudt tir xa trong y té
[3], cénh tay do tim chat nd trong quéc phong,
tay mdy trén cc tau tham hiém, chinh phuc
khong gian [4], tay may gip chit ddt hat nhan
trong céng nghiép dién nguyén tir, tay mdy trén
ciic tau 1an nghién ciru day bién [5], v.v...

Dé thyc thi diéu khién TM ciing nhu kha
ning gidm st va dap tmg thoi gian thuc, mot sé

nghién ctru lién quan dén thudt toan va mé hinh
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diéu khién hé théng dugc trinh bay nhu: diéu
khién thich nghi s dung thuat toan diéu khién
trugt dugc trinh bay boi Platon [6], k¥ thuat
giam thoi gian truyén qua mang trong diéu
khién TM duoc dé nghj boi Lee [7], Sano dé
xudt ky thudt bu thoi gian ué trong diéu khién
TM (8], Towhidkhah véi mé hinh hod va diéu
khién tuyén doan [9], va diéu khién tro véi su
tré ngdu nhién cua thoi gian duge dé xuat boi
Prokopiou [10], v.v...

Trong pham vi gidi han cua bai bao, thudt
toan tu thay déi hé thong diéu khién PID theo
huéng tinh todn cua mang thin kinh nhin tao
duoc dé xudt dé diéu khién tay may 3 béc ty do
théng qua mang LAN. Két qua dat duge tir mo
hinh hé théng Tele-Manipulator va thyc thi diéu
khién s& dugc trinh bay thong qua thuc nghi¢m
diéu khién hé thong.

2. XAY DUNG MO HINHII HE THONG
Hé théng diéu khién tong quan duoc trinh

bay trén hinh 1. H¢ théng bao gém tay mdy

y e LS | =k
- GIEN [, p— | CliEN

\‘ Hinh 1. So dd nguyén 1y hé thong

master dugc diéu khién boi con nguoi va tay
may slave thuc thi cic chuyén déng bt chudc
theo tay may master. Cac théng s6 vé chuyén
dong cla tay may master dugc ghi nhén bdi cac
encoder (Omron E6C-CWZ1C 1000R/P) va guri
dén may tinh 1 (Pentum IV 2.4 Ghz) thong qua
céc mach vi xir 1y hd trg (DSPIC-2010). May
tinh 1 truyén cac théng tin ndy qua mang LAN
dén mdy tinh 2 (Pentum IV 2.4 Ghz). Sau dé
mdy tinh 2 thuc hién cac giai thut diéu khién
cin thiét dé diéu khién hanh vi cla tay may
slave sir dung dong co DC (Hitachi DC Motor
24VDC, hdp giam tbe 15 lan, dia xung
100xung/vong) sao cho dap Umg ding véi céc
yéu cdu tir tay mdy master. Cac mach dién hd
tro va diéu khién duoc thuc hién va sir dung vi
diéu khién DSPIC-2010. Phan mém diéu khién
v truyén théng qua mang LAN dugc thuc hign
trén nén phdn mém Visual Basic. So d6 khéi

cua hé lhéng dugc trinh bay wén hinh 2.

Trang 6



TAP CHi PRAT TRIEN KH&CN, TAP 13, S0 K5 - 2010

Cdc gid tri doc tircdc encoder ca
tay may master duge truyén tir PC1
sang PC2 qua mang LAN dung
chuong trinh winsock trén VB

i = -

Mdy tink I(slave) Mdy tink 2(master)
Cdc gida tri encoder Céc gia tri dugc g
dugc g dén PCl dén mach céng subt -
qua céng RS232 qua céng RS232 . »

Mackh doc encoder Mack cong sudt

Céac gia tri encoder Pidu khidn tay méay
duoc doc bdi mach slave theo cdc gid tri
doc encoder nhan dugc.

Tay mdy master Tay mdy slave

Hinh 2. So d6 khi hé thong

Thuc hién quay s6

ket néi bén may Qua trinh nhén dir liéu Xir 1y 13i va théng
client Qua trinh nay duoc thuc hién * bao
l trong su kién di¥ liéu dén l

Thuc hién ché két

Ngit két ndi hién

ndi bén server . hanh va cho mét
¢ Thyc hién truyén dir liéu qua két ndi khic )

mang. O day dir liéu duoc

Chip nhin mét truyén 1a chudi dvoc thuc

v

yéu cau két néi tir hién tai duv kién gia tri cia
client chudi thay déi .

Hinh 3. Qui trinh truyén nhén va két ndi giita 2PC
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3. PIEU KHIEN HE THONG

3.1. Nghi thirc giao tiép truyén nhin qua
mang LAN

Phin mém diéu khién va truyén nhan qua
mang LAN dugc xdy dung trén nén Visual
Basic. Dé truyén nhin qua mang LAN,
Winsock Control dugce di kém véi Visual Basic
dung dé pht trién cac (mg dung cho phép truy
xudt céc chirc nang TCP/IP. Winsock 1a mot
chuén di dugc trién khai boi Microsoft dya trén
mét tap tin thu tuc truyén dir liéu trén TCP/IP.
Céc thi tuc ndy nim trong cdc thu vién lién két

dong (DLL) va chay trén Windows. Chung ta s&

Encoderx

tao ra hai chuong trinh mét ¢ client va mét o
server, hai chuong trinh nay sé tuong tac voi
nhau dé truyén di liéu qua lai. Client s& géi yéu
céu 1én server, server s& ldy.di liéu tir Database
va tra dit lidu vé cho client. D& két ndi va truyén
dir liéu qua mang LAN, truéc tién phai déu
chinh céc théng sb ciia windows va dit hai may
tinh cing mdt workgroup, diéu chinh IP tinh
cho hai méy, sau khi kiém tra hai may da két
ndi, tién hanh chay chuong trinh. Qui trinh
truyén nhin, két ndi gitta 2PC dugc trinh bay
trén hinh 3.

Chi¢u quay

xung dém
Chin RBx x4c dinh chidu
d ChanINTx d€m xung

»

"‘

A 4

Khéng
Ngdt IN'T:-:>——
cs

b 4
é{ el

Dl

Pulse_counm ++ Fulse_countx --

Hinh 4. Lwu dd giai thuit doc encoder
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—

Cédp nhit
Fulse_count

-

Mgdt

Khéng l

Truyén dif ligu
lén médy tnh

.

Hinh 5. Luu d6 giai thudt truyén nhin dir lidu tir vi diéu khién 1én may tinh tha nhét

3.2. Lwu db giai thuit diéu khién

Sau khi da két ndi thanh cong 2 mady tinh,
chuong trinh thue hién qua trinh diéu khién nhu
sau:

e Mach doc encoder thuc hién doc gié tri
vi tri cdc géc clia tay may master. Luu db giai
thuit doc encoder dugc trinh bay trén hinh 4

e Thuc hién giri gid tri encoder vé miy
tinh thir nhét théng qua chuin giao tiép RS232
va lwu db truyén nhén dwoc trinh bay trén hinh
5,

e M4y tinh thir nhét thuc hién gui gid tri
encoder cho may tinh thir 2

e Mdy tinh th 2 thuc hién gui gia fri

encoder xudng vi diéu khién PIC dé diéu khién

tay may slave. Quy trinh tuong tu nhu giri/nhdn
dit lidu tir vi diéu khién vé& may tinh th 1.

e PIC thyuc hién tinh todn gidi thut diéu
khién PID theo huéng tinh todn ctia mang thin
kinh nhdn tao va xudt gia tri diéu khién theo
dang PWM dé diéu khién dong co. Lwu d6 giai
thuat diéu khién dong co cia tay mdy slave
duoc trinh bay trén hinh 6.

e Cap nhit gia trj goc tay may slave va gui
vé may tinh thir 2

e May tinh thar 2 gui vi tri tay may slave

cho may tinh sb 1 va hién thi 1én do thi
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C :;m; D

IMNMHAP DI LIEU
T MAY TINH

A

VI TRI BIRU
KHISN

CAPMNHAT PWIM
DUTY CYCLE

3
(_mgrmms 3

Hinh 6. Luu dé giai thujt diéu khién déng co ding PIC

3.3. Thuit toén didu khién déng co’ (D). Phuong trinh vi phdn cia b6 diéu khién

Nhimng nim gin diy, su phat trién manh MR
mé cua 1y thuyét diéu khién hién dai nhu diéu u(t)=K e(t) + K, J-e O+K, de(t)
khién thich nghi (Adaptive Control), diéu khién d(t)
mo (Fuzzy Logic Control), mang noron nhan (1)

tao (Artifical Neural Network), di mang dén
nhimg giai phap tdt hon cho céc bai toan thiét
ké trong thuc t&. Tuy nhién, PID vin 1a b diéu
khién duoc sir dung réng rai (nht Ia trong cong
nghiép, PID co thé dap img tuong ddi tét vai
cac yéu cau didu khién cua cic hé théng khéng
qua nghiép), boi gia thanh cua nd re va don gian
trong thiét ké.

Vé mit 1y thuyét diéu khién, PID 1a su két

hop cua ba khau: ti 1& (P), tich phén (I), vi phan

u(f)1a tin hiéu diéu khién (ngd ra cia
PID).

e(t)1a sai so gita tin hiéu tham chiéu va
tin hiéu thuc.

K ,1a h¢ s6 khuéch dai ti 1, K, 1a hé s6
khuéch dai cua khdu vi phan, K12 hé )
khuéch dai ctia khu tich phan nhim triét tiéu
sai s6 & ché d6 xac lap.

So d6 khdi bo didu khién PID dwoc trinh
bay trén hinh 7
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s P er{f) '
Setpoint;@E or | ¢ K‘J:e(l)d(d
. %, de(t)
dt

Output
Process =

Hinh 7. So dd khéi cua bd diéu khién PID

Ngay nay, mang noron dugc chimg minh 1a
mot phuong phap hita hen dé giai quyét vin dé
diéu khién phi tuyén phic tap. Vi vy, ta két
hop mang noron voi didu khién PID. B diéu
khién nay s& két hop tinh don giin cua diéu
khién PID va kha nang hoc, kha nang thich
nghi, va kha nang giai quyét sy phi tuyén cia
mang noron.

Ciu tric cua thuat toan diéu khién PID phi
tuyén dua trén mang noron dugc thé hién ¢ hinh
8. Day la mét thudt toan didu khién méi va cé
nhitng dac tinh nhur 13 cdu tric don gian va thai
gian tinh toan it. B6 diéu khién PID két hop vai
mang noron c6 thé giai quyét duge nhimg vin

dé cua hé thdng, d6 1a sur phi tuyén cua né. Tin

hiéu vao diéu khién u co thé thu duge tir

phuong trinh nhu sau:
u(x) = f(x)
Trong d6 xla tin hiéu vao cua ham

sigmoid /f'(x)

(2)

=t
’ 3)
O day, Y o 1a thong s6 xdc dinh hinh dang

cua ham sigmoid. Hinh 9 trinh bay hinh dang
ham sigmoid v&i bién Y, . Nhu da winh bay

trong (3), ham sigmoid /f(x) tr¢ thanh ham

tuyén tinh khi Y, tro thanh 0.

> )

+7/-
(k) .
- BS diéu
i€m ;

P R 5! (k‘}_\ AT ei(k) khi€n

— % . M — » PID phi
chign [+ pr ok, | B T )

si¥ dyng

mang

1—2z"1 eq(k) | noron.

ol AT “ /

Hinh 8. Ciu tric cua bd diéu khién PID phi luyén sir dung mang noron
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Gian d6 khéi cua mang noron dugc thé
hién trong hinh 4.
O day, KP,K,.,Kd,ep,ej,ed 1a do loi ty

18, tich phén, vi phén, sai s gitra tin hiéu tham

chiéu va tin hiéu thuc, tich phin cia sai so hé

thdng va vi phén cua sai s hé théng.

(k) —(}if@—»@——. f) a2

eatk) ——( ) Ka@®)

Hinh 10.‘80 dd khoi cua mang noron.

Ching ta ¢6 2 16p noron phi tuyén, mot 16p
vao va mot lop Xudt. Mang noron duoc huén
luyén béi thudt toan lan truyén nguge dé toi
thiéu sai s6 hé théng gitra tin hi¢u thuc va tin
hiéu tham chiéu.

Trong hinh 10, tin hiéu vao cua ham

Sigmoid trong 16p xudt, x tro thanh :

x(k) = Kp(k) ep(k) + Ki(k) ei(k) + Kd(k)
ed(k) @

Vi

e,(k)=0,(k)-0 (k)

e (k)= i e,(nAT
=l (%)
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e (k)(1-z7")
ed ( k) — _’i__—
AT

AT: thoi gian 1y mau.; & : bude thir k.

6,(k),0 (k) 1a gid ui tham chiéu cia
tin hiéu ra va tin hiéu ra thuc. Dé chinh nhiing
d6 loi cua bd didu khién PID, su dung phuong
phap giam ddc nhat, ta ¢6 :

~  0E(k)
K,(k+1)=K,(k)-n, K
CE (k)
K (k+1)=K,(k)-n,~
oK, %
OE(k)

K,(k+1)=K,(k)-n,

oK,

Véinp, ni, nd la toe d6 hoc, va E(k) la sai

s6 duge dinh nghia boi phuong trinh sau:

E(k)=— (9 (k)—6(k) )
(7)
Tur (6). st dung quy tic chudi, ching ta

dugc phurong trinh sau:

BE(k) _ OE(k) 66(k) bu(k) ox(k)
oK 00 ou or oK,

P

OE(k) _ OE(k) 06(k) du(k) ox(k)
oK, 00 ou o K,

I

(®)

ou(k)

s =/ (x®)

6x(lc)=

. ~7®

&)

ax(k)

ok, «()

ox(k)

oK, e, (k)

Va nhiing biéu thirc theo sau c¢6 thé tim

thﬁy duoc tir nhimg phwong trinh (8), (9).

OE(k) _ OE(k) 00(k) du(k) éx(k)
oK, 00 ou ox 0K,

P

aﬁ(k)

e,(k)——f (x(k))e, (k)

69(") 99 £ (x(k))e, (k)2 (k)

OE(k) _ BE(k) 86(k) du(k) ax(k)
oK, 00 ou ox oK,

(k)@@ (x(k)) e, (k)
(10)

__69(k) .
=~ f (x(h))e, (R)e, k)

OE(k) _ E(k) 06(k) du(k) ox(k)

BE(K) _ DE(k) 36(K) du(k) ax(k) oK; 08 v o 9K,
oK, 00 ou |or 0K, (k)aa(k) T
Nhitng phuong trinh sau dugc suy ra tir
nhiing phuong trinh (2), (4), (7) _99Q) £ (x(k))e, ke, ()
P
BE(K) _ i
- —(6,(6) - 0(k)) = e, (k)
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-x.Yg
[ sde——s
Va (e
ook) _ I
Dé thuan loi, ta gia su cu Sau do,
cong thire (6) duge viét lai nhu sau:
—v.1g

K, e+ =K,y m,e, (e, ()

—v.Yg
(k+D) =K (k)+ne, (ke k) ——=
K( ) |( )+TL€]:(C)EJ( )(l_l_e—\'.}g)? (12)
-x.Yg
K, (k+) =K, (k)+n,e (/f)ci,-(k)m

Két qua diéu khién trong phan tiép theo s&

minh hoa cho thuét toan diéu khién dé xuat.

4. KET QUA THU'C NGHIEM

Két qua thuc nghiém dugc xem xét trén
nhiéu diéu kién khac nhau. Hinh 11 va hinh 12
trinh bay két qua thyc nghiém lin lugt voi diéu
kién tay may khong tai va tay mdy mang tai 1
kg. Két qua thuc nghiém va sai sé duoc chi &
lan luot trong bang 1 va bang 2.

Chuong trinh 14y ngdu nhién 10 diém dé
kiém tra sai 1&ch didu khién va trung binh sai
léch diéu khién vao khoang 0.2° trong trudng
hop khéng tai va 0.3° trong trudng hop ¢d tai.
Ngoai ra, sai s6 16n nhat wong truong hop
khéng tai nho hon 0.5° va 1" ddi véi truong hop

¢6 tai. Két qua tir hinh 10 va hinh 11 cho thdy

hiéu qua dap (mg cua bé diéu khién va tay may
slave hoat déng vdi dap ung khéng c6 do tré 16n
trong diéu khién qua mang LAN.

Két qua thuc nghiém minh ching kha nang
ciia hé théng diéu khién dé xudt va giai thuat
diéu khién tinh toan theo huéng mang thn kinh
nhan tao, dic biét 1a trong diéu kién diéu khién
ma gia tri dau vao - quy dao lam viéc khong
duge cho trude va tay mau hoat dong trong cac

diéu kién tai bén ngoai khac nhau.

5.KET LUAN

Bii bdo d¢é xudt md hinh diéu khién tay
méy 3 bic tu do qua mang LAN va giai thuat
diéu khién tay may dugc @& xuit tinh toan theo
hudng két hop bé diéu khién PID va su thich
nghi cua mang than kinh nhan tao.

Vi hé théng diéu khién ma gia tri dau vio
- quy dao 1am viéc khong duge bidt trude, bd
diéu khién dé xuit cho thiy sy thich img cuia
tay may trong cic diéu kién lam viée khéc
nhau, va sai sb thap.

Két qua thuc nghiém minh chimg cho kha
ning tmg dung v phat trién hé théng nay trong
trong cac ing dung thuc té ma khéng doi hoi
do chinh xdc qua cao nhu cac thir nghiém vé
hod chit, cic méi truong cé nhiét dd cao, doc
hai va nguy hiém cho con ngudi.

Nhimg nghién ciru nang cao dg chinh xac
trong diéu khién dbi véi cée tay may b s6 bac

tr do cao hon 1a hudng nghién ctru tiép theo.
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DO THI BIEU DIEN DAP UNG CUA BA KHOP

——— SLAVE

"§i8B50d | Boiiifg| soEEELE

T | N P R BN S ONE ST ] b

Hinh 11.Két qua thuc nghiém khong tai
BT T e T R S NS i B T PSS R T T TAN SN DTSN . i 1 N

l DO THI BIEU DIEN DAP UNG CUA BA KHOP

|54 xuag

ity

CE08880% | GEEEREd | 2850 ET

Hinh 11. Két qua thue nghiém c¢6 tai 1kg
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BANG 1. KHONG TAI

Bang so sainh Master - Slave

Khép 1 Si xung 8o xung Sai léch Quy dbi ra géc
Master Slave xung [l

1 950 942 8 0.15

2 2553 2570 17 0.31

3 13 0 13 0.24

4 2700 2698 2 0.04

5 2100 2100 0 0

6 675 634 9 0.16

7 2488 2500 12 0.22

8 1087 | 1093 6 0.1

g 507 502 5 0.09

10 927 937 10 0.18

Bang so sanh Master - Slave

Khép2 | S6xung 86 xung Sai léch Quy déi ra géc
Master Slave xung [

1 2997 3003 6 0.11

2 [ 3205 3205 0 0

3 3925 3933 8 0.15

4 4325 4317 8 0.15

5 3998 4011 13 0.24

6 3097 3076 21 0.4

7 2995 | 3008 13 0.24

8 4011 4000 11 0.20

9 | 2203 2219 16 0.30

10 4125 | 4129 ‘ 4 0.07

Bing so sainh Master - Slave

Khép3 | Séxung | Séxung Sai léch Quy doi ra géc
Master Slave Xung £

1 3625 3623 2 0.04

2 3176 3163 13 0.24

3 2979 2995 16 0.3

4 2891 2879 12 0.22

5 2100 2100 0 0

6 1993 1982 11 0.20
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Khép 3 |

Bang so sinh Master - Slave

§6 xung 86 xung Sai léch Quy déi ra géc
Master Slave xung

7 3885 3900 15 0.27

8 ! 3420 3420 0 0

9 | 3985 3973 12 0.22

10 | 2907 2899 8 0.15

BANG 2. COTAI IKG
Bang so sanh Master - Slave

Khap 1 86 xung Sé xung Sai l¢ch Quy doi ra géc
Master Slave xung [l

1 0 3 5 0.09

) 2533 2560 27 0.5

3 1600 1612 12 022

4 ' 1320 1331 11 0.20

5 | 2178 2200 22 0.40

6 3885 3900 s 027

7 | 2488 2500 12 0.22

8 | 1081 1093 12 0.22

9 450 468 18 0.33

10 | 327 347 20 0.37

i Bang so sinh Master - Slave
Khop X v, s 12 Zs
2 86 xung So xung Sai léch Quy doi ra

Master Slave xung goc [']

1 0 27 | 27 0.5

2 2500 2450 50 0.92

3 £ 4000 4000 0 0

4 3980 4000 20 0.37

5 1600 1612 12 0.22

6 2425 2450 25 0.46

7 1320 1331 11 0.20

8 825 837 12 0.22

9 457 469 12 0.22

10 1023 1023 0 0

Trang 17
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Bang so sanh Master - Slave

Khop P : 1 :

3 S0 xung 8o xung Sai léch Quy doira |

Master Slave xung goc[’]

1 1675 1650 25 0.46
2 | 3525 3450 25 0.46 i
3 4215 4223 8 0.15 !
4 |42 | 4233 12 0.22 |
54032 4025 7 0.13 |
6 13976 3992 16 103
7 13102 3102 0 |
8 | 2921 2925 0.07 1
9 2103 2100 1 0.05
10 2931 | 2912 19 1035

CONTROL TELE-MANIPULATOR

Tu Diep Cong Thanh
University of Technology, VNU-HCM

ABSTRACT: Most interactive problems between humans and the environment such as

Handeling of toxic materials, working in infectious or sterile environment can be solved by robot

technology. In particular, one feasible and stable solution is Tele-Manipulator Technology. By using the

master arm to record the movements and behavior of the driver in a safe environment, then transmils

these parameters over a LAN to the slave arm which is operated in the toxic hazardous or sterile

environment. The operation of the slave arm is strictly compatible with behaviour of the operator.

Keywords: Tele-Manipulator, LAN, control.
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