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Abstract

Manipulators play an important role in leading the automation
industry, and they allow more flexibility in work process in line with
the expansion of factory automation. They are also increasingly used
in a variety of areas.

However, there are limitations on the use of manipulators such as
that workers need to be aways present at the place where
manipulators are used, and have to be additionally stationed when a
new work process is begun, which hampers efficient management.
Dangerous situations can also arise as the works become more
difficult.

To solve these problems, active researches have been conducted
recently on Telerobotics, the concept of which is contralling
manipulator from remote places. In particular, there has been magjor
progress on this in the medical arena, under the theme of remote

operation. On the other hand, limits have been shown in applying



T elerobotics in the industrial sector such as processing and assembly
factories.

The biggest obstacle in utilizing Telerobotics is that an exclusive
line is necessary to connect the distant place and manipulator for the
purpose of remote control. Moreover, installment of an exclusive line
is limited to relatively short distance, as the installment entails more
difficulties with longer distance and increasing installment cost.

In this regard, this paper is to suggest a method of utilizing ISDN
and ADSL to control manipulators from remote places. As ISDN and
ADSL are aready widely used by the general public, using this
network does not require additional cost. While this method of
connecting to the Internet enables remote-control from any place
around the globe, there can be a problem of delay in time. Server
system controls the manipulator according to the content of the data
pack received from the client system, surveys each motor by using
DAQ cards, and stores data. At this point, the data collected and
ordered are compared, and if the gap is greater than the permissible
limit, then the data between that time and a certain time prior to that
is retrieved from the client server and sent to the user. The user can
then determine the state of the far-off manipulator. As such,
LabVIEW Server System can be used as a database.

The purpose of this paper is to suggest a methodology of factory
automation by using LabVIEW to control and monitor actuators,

which are the basis of controlling manipulators, from distant places.



Abstract

11
12
2
2.1
22 /
23
3
31
32
32.1 AC Servo Motor Driver
3.2.2 DAQ Card Interface Card
33
3.3.1 LabVIEW
3.3.2 Server

3.3.3 Client

11

11

13

17

21

21

24

26



27

36

v -



3-1
2-1
3-1
3-2
3-3

3-4

3-10
3-11
3-12
4-1
4-2
4-3
4-4

4-5

User Parameter

/

AC Servo Motor

AC Servo Motor Driver
PCI-MIO- 16E-4
PCI-MIO-16E-4 I/O
Interface Card

Front Panel

Block Diagram

Server

Client

NC

NC

16

11

14

16

17

19

20

22

23

24

26

28

29

29

31

32

32



1.1

[1112]

M anipulator



(Ds +
t = t, +
Vi
(1) 4
1 DI’

TCP/IP

Slotine
(wave variable)
t,
D),
7 tC 1 DS
y V)
/

(1-1)



CaGl

3

VRML (Virtual Reality Modelling Language)

[3114]

T elerobotics

JAVA 3D

T elerobotics

JAVA

(5]



1.2

NC
(accuracy)
NC :
NC
NC
DAQ(Data Acquisition) Card
, , . LabVIEW
Server/Client DAQ Card

AC Servo Motor
DAQ Card
NC
NC

LabVIEW GUI



Software LabVIEW

(1) AC Servo Motor Driver

(2) AC Servo Motor

(3)

Server System
Client System 3 Server System
GUI (Graphical User Interface)

Client System GUI



2.1

[611718]19]

1948
ANL (Argonne National Laboratory) . 1950
, T elepresence
, 1958

‘Head Mounted Man'

[10][11]

(stand alone)



2.2 /

==l ] o 5
=g Ij HOIH D Bl E
1] - ;;Ei————+ = &1
S

g L
Master Compuler Slave Computer

| iiEE T

2-1 /




LAN



2.3

60 ARPANET
TCP/IP E-mail, FTP, Telnet, USENET,
90
1992
(JPG, GIF)
, JAVA,

. TCP/IP



. UDP

- 10 -



3.1

NC

X-Y

AC Servo Motor Feedback

X-Y

NC

AC

| Iriven

|

Interface

Servol |
Motor +_®

X-Y-Z 3

PC

Card

L]

DA
Card

Server

Client

3-1

Internet

- 11 -



3-1 . PC
DAQ Card Pulse  Signal
DAQ Card AC Servo Motor Driver
Interface Card Servo Motor Driver
Servo Motor Feedback
Interface Card DAQ Card

PC

3-2 X-Y

3-2 X-Y

X-Y 90°

- 12 -



3.2

NC

DAQ Card PC

(1) AC Servo Motor

(2) AC Servo Motor Driver
(3) DAQ Card

(4) Interface Card

(5) Personal Computer

AC Servo Motor, AC Servo Motor Driver, DAQ CArd
AC Servo Motor Driver DAQ Card
Interface Card . Intel Pentium
800MHz, 256M Personal Computer
DAQ Card M otor Motion Card
M otor

DAQ Card

- 13 -



3-3

3-3

- 14 -



3.2.1 AC Servo Motor

Driver

AC Servo Motor Panasonic

M SM 082A 1, 750W, 2500P/r
Driver Panasonic M SDO083A 1V
Driver M otor
36
DAQ Card

AC Servo Motor Driver
PC

M otor

3-4 3-5
3-1

Parameter

PANATERM
Driver User Parameter,

PC

M otor Driver

User

3-4 AC Servo Motor

- 15 -



3-5 AC Servo Motor Driver

P t P t
Paanet|  parameter | .| Parameter | . | Parameter
No No
00 O D |Pulse 20 Loop Gain
01 LED 10 21 Feed Forward
02 12 22
03 Loop Gain 13 Gan| 2 3
04 Hoop 14 2 4
05 Filter 15 Offset 25
0 6 | Torque Limit 16 26
07 Torque Limit 17 Zero Clamp 27 Pulse
08 Nl 18 1| 28
Torque Pulsed r
09 1A Gain 29 M ode
0A DB 1B Torque > B Feed forward
Filter
0 B |Pulse 1 C |Torque Offset
0 C |pulse 1 D | Torque Filter

3-1 User Parameter

- 16 -




3.2.2 DAQ Card Interface Card

DAQ Card National Instruments
PCI-MI10- 16E-4, Digital I/O 8CH, Analog Input 16CH, Analog
Output 2CH 5V ,

3-6 DAQ Card

3-6 PCI-MIO- 16E-4

AC Servo Motor Driver
Digital I/O 8CH, Analog Input 10CH, Analog Output 2CH, 5V
Interface Card Driver

. Digital 1/0 4CH M otor

- 17 -



Pulse

5CH Driver

Pulse

+, CW

5V

Signal - : Analog Input
Servo Alarm, Servo Ready,
; , Torque
Servo Alarm Driver

Servo Ready Servo Alarm

AC Servo Motor M ode
ON
DAQ Card Pulse
. Torque AC Servo Motor
CCw

Interface Card IC

Pulse

- 18 -



3-7 PCI-MIO- 16E-4

ACHSE

ACH1

AlGND
ACHD
ACH3

AIGND

ACH4

AIGND
AUHTE

ACHS

A|GND
ACH1S
DACHOLIT!
DAC1OUT
EXTREF2
D10

DGND

(MI[a}!

Dioa

DEND

+5Y

DEHD

DGHD
PFIGTRIG
PFFITRIGE
DGEHD

+5 Y

DGND
FFIGIUPDATE"
PFIGAWFTRIG
DGEND
FFISGERCTRY GATE
GPRCTRC OUT
FREC_OUT

3-7 PCI-MIO- 16E-4

B8

32

G7

(]

4]

it
B3

G2

i1

0

25

58

24

el

5E

a7

22

]

21

35

20

54

19

B3
5

i

S B

Ch| i oo | @

wit | Pud| G2 | L= L

- 19 -

ACHO

AlGND

ACHE

ACHZ

AlGMD

ACH11

AISEMSE

ACHI1Z

ACHS

AlGMND

ACH14

ACHT

ANGEMND

ACGND

ACGMND

DiEMD

[0

DIoS

DGND

Dz

] [y

D3

SCANCLK
EXTSTROBE!
DiGEMD
PFIZ'CONVERT!
FFI3/GPCTR1_SCOURCE
PFI4GPCTR1 GATE
GRPCTR OUT
OGEMD
PFIT/STARTSCAN
PFI3/GPCTRO_SCOURCE
I

OGMD

I/O



3-8 Interface Card AC Servo Motor

Driver DAQ Card PC

Line

Driver Line Receiver IC

3-8 Interface Card

- 20 -



3.3

DAQ Card
Server Server

Client LabVIEW

3.3.1 LabVIEW

LabVIEW  Laboratory Virtual Instrument Engineering Workbench

C, Pascal, Basic

G M icrosoft
Windows PC, Mac OS, Sun SPARC , HP 9000/ 700
LabVIEW ,
Window s M acintosh

LabVIEW Data Acquisition ,
General Purpose Interface Board(GPIB, IEEE 488, HP-1B)
, , , Motion Control,

Fieldbus CAN , VXI/VME : :

- 21 -



LabVIEW Front Panel
Front Panel
3-9 Front Panel

, Block Diagram

Block Diagram

GUI

Sysiem L onhnds
Acquiaiion
i on Uptste Purlsd
il
Mialyils -s_ rw
H = il 1LE 2L
| empat adure Hungn
Low Limit  High Limit il Eu«mu
= 1 | wludiun
E {00
nf T kwy w Yiw| W
e e’ ol
awm -
W | -
3 £ 0 ; |
o o o Ao mo ofo w0
B =3 i
3-9 Front Panel
Block Diagram LabVIEW
. LabVIEW

- 22 .

Block Diagram




3-10

Block Diagram

LabVIEW

4T
[ Pnalyute Struchine|

o

3-10 Block Diagram

- 23 -

s



3.3.2 Server

Server System Interface Card Servo Motor Driver DAQ
Card . Server
, Servo Motor

, Feedback

Client

3-11

Server

CDOE

St J B

-

e ks rm il s

3-11 Server

- 24 -



Server
, Servo Ready, Servo Alarm,
Servo Motor

C-Mode

- 25 -



3.3.3 Client

Client GUI Server
IP Server , Server
Server
X-Y
Server
Client
Server Server
3-13 Client
el 17
CH400E Pl |
L L
1

LR

B-FDY

]

A ®

2 Herar F
i SLTEZ T

b BRawd Mats

Fwd £ Ehp Fade nm s
— 1
3-12 Client

- 26 -



Server
PC
Server
Servo Motor Driver DAQ Card
Pulse Train  Signal M otor
X, Y
AC Servo Motor Feedback
DAQ Card
Server
Servo Motor Driver
Servo Off
- 1 2mm
- Motor 10 1 - 10:1
- 05mm/s

- + 0.025mm

- 27 -



4-1

G- Code
4-2 Feedback
Server

4-3 Server Client

£ TS et DEE - i cModebOWIATA=TT NES =10 =
aHgiflle) WIAEN) HUOption) TEEHekn)

£90 g92 x50, v5. 200} -

1 el ¥5.!
e ;
wedl : ¥
#ltir-5 ph.rh.; \
£01z=10, §
£02E-5 95,6, §

gllgh. Y i
e03r-30.r15. ; \_,/

gllp=5.:
;:E?:—lﬂ,y-lu.r-lﬂi _|ﬂ o |

J e | M
o _jﬂzaaﬁﬁna&n%||mﬂ%]

R0 TIEY. 2092816 she Db 0 0020413 2E 4T

4-1 NC

- 28 -



Metd .
C-Mo0E Mok
Tl
1
A-CIR
GaRY
LM ;
%
i)
Aode Fes TR
Bl £ g i e
—_— dedy mm et
Finl}
LA Fiat |
+ B
A
Bel1A
&AL
ALM }3
il Bwrar
LR
Feal D
'- mive
Foaw my's
Brarl Jf Shop i ’
—— ol rem e
81 1T

4-3



95%

100% X, Y
Synch
AC Servo Motor User Parameter Loop Gan
Filter, , Loop Gain
1 2mm
Motor 10 1 - 10 :1
Imm/s
+ 0.025mm
Driver Parameter
Parameter

- 30 -



4-4, 4-5, 4-6

Parameter

1 2mm
Motor 10 1 - 10:1
Imm/s

+ 0.025mm

¥ NCTAES E4 BUE - EWReMadedWRSIINES

EHgiEdey BRUEAN  S=iDotdon) T&R(HaIR

=0l =

[Ta0.0; -
TH.0:

ff-40,0;

240, 0;

G17 G E40.0 V40,0 140.0,
G01 ¥30.0:

T-10.06

G0 ¥-20.0 Y&0.0 J&0.0:
G0l i —1

iﬂ
E=-140.0:
T-100.0; |
- ]

4] | & i

bt _|J|:u=.u. ae|l aanz | [ Ane |
A1 TIESEY 1763059 sh 0 bt 0 20020413 R BOF

4-4 NC

- 31 -




Ty

e ¢ ap

-

CON

4-6

mm

Lt

]

Lt

MRS

32 -

+lm

Floi I
Fid |

A"




Windows 2000 Server System

Server

DAQ Card

NT 0S

Windows 98

- 33 -

DAQ Card

oS



NC

DAQ Card LabVIEW,

PC

AS

LabVIEW DAQ Card NC

- 34 -



X-Y

NC

- 35 -

NC



(1

(2]

(3]

[4]

[5]

(6]

[7]

D. Drascic, P. Milgram, A. Rastogi, "T elerobotic Control with
Stereoscopic Augmented Realith”, SPIE vol. 26530, San Jose,

1996, pp. 135- 146

, . , “Web

” Proc. of the 14" KACC, October 1999.

2000, pp. 21- 26.

G. Niemeyer and J. Soltine, “Towards Force-reflecting
teleoperation over the internet”, Internet Robotics Workshop

notebook of IEEE int. conf. Robotics and automation, 1999.

“
1 1

” Proc. of the 13" KACC, October 1998.

Michael D. Cooper "Design Considerations in Instrumenting and
Monitoring Web-Based Information Retrieval Systems", Journal
of the American Society for Information Science, Vol. 49, No. 10,

Aug 1998.

Klaus Schilling, Hubert Roth, Robert Lieb, "T eleoperations of

- 36 -



Rovers-From Mars to Education", Proc. of the IEEE
International Symposium on Industrial Electronics, Vol. 1, pp.

257- 262, July 1997.

[8] Magrabi F, Lovell NH, Celler BG "A web-based approach for

electrocardiogram monitoring in the home", International Journal

og Medical Informatics, Vol. 54, No. 2, pp. 145- 153, Mar 1999.

[9] Tse Min Chen and Ren C.Luo, "Remote Supervisory Control of an

[10]

[11]

[12]

[13]

[14]

Autonomous Mobile Robot Via World Wide Web", Proc. of the

Symposium on Industrial Electronics, Vol. 1, July 1997.

BJ. Nelsom and PK Khosla, "Intergrating Force and Vision
Feedback Within Virtual Environment for T elerobotic System”,
Proc. of IEEE Int. Conf. on Robotics and Automation, pp.

1588- 1593, Oct. 1997.

M. MITSUISHI and T. HORI and T. NAGAO, "Predictive,
Augmented and Transformed Information Display for Time
Delay Compensation in T elehandling/Machining”, Proc. of IEEE

Int. Conf. on Robotics and Automation, pp. 45-52, 1995.

o ”, ( )ADC Sysem, 1998.

, “LabVIEW 7, , 1998.

, “LabVIEW Solution”, Ohm



[15]

[16]

2002.

“
1 1

Proc. of the 14" KACC, October 1999.

“
1 1 1

” Proc, of the 12" KACC, October 1997.

- 38 -






	표지
	초록 
	목차 
	1. 서론 
	1.1 연구배경 
	1.2 연구목적 및 내용 

	2. 원격제어 시스템 및 관련기술 
	2.1 원격제어 시스템 
	2.2 마스터/슬레이브 시스템 
	2.3 인터넷의 활용 

	3. 시스템의 구성 
	3.1 전체 시스템의 개요 
	3.2 하드웨어 구성 
	3.3 소프트웨어 구성 

	4. 실험 및 결과 
	5. 결론 
	참고문헌 

