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Development the Interface System of Master—Slave Manipulator and

External Input Device on the Graphic Simulator
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Abstract

The Master-Slave manipulator is the generally used as remote handling device in
the hot cell, in which the high level radioactive materials such as spent fuels are
handled. To analyze the motion of remote handling device and to simulate the remote
handling operation task in the hot cell, the 3D graphic simulator which has been
installed the master-slave manipulator is established. Also the interface program of
external input device with 6 DOF(Degree of Freedom) is developed and connected to
graphic simulator with LLTI(Low Level Tele-operation Interface) which provides a
uniquely optimized, high speed, bidirectional, communication interface to one or more
of systems and processes.
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2. Master—Slave Manipulator
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Fig. 1. Picture of M-S Manipulator.

Table 1. Motion Characteristics and Value of Slave
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1% (Joint 1) Rotate +45°
2% (Joint 2) Rotate +90° T -30°
3% (Joint 3) Translate 1122 mm
4% (Joint 4) Rotate +164°
5% (Joint 5) Rotate Up : 40° / Down : 116°
6= (Joint 6) Rotate +180°
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Fig. 2. Motion Characteristics of M-S Manipulator.
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Fig. 3. Graphic Model and Kinematics of M-S Manipulator.
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Fig. 4. Workcell of Graphic Simulator.
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4.1 LLTI(Low Level Tele—operation Interface)
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Table 2. LLTI Data Structure

OPCODE DATA Parts
Code Contents Word Data
1 # of joints to be updated
100 Joint Value Info. 2 Joint 1 data
' (All) 3 Joint 2 data
4 Joint 3 data
200 Joint Value Info. 1 Joint # to update(1 dof)
' (Single) 2 Joint Data
. 1 Configuration
300 T6 Information 2-17 4x4(row X column) data
1 # of parts to be updated
400 Part transform 2-17 First 4x4 data
: Info. (All) 18-33 Second 4x4 data
Display Mode Index
- Invisible : 0.0
700 Device Display 1 - Wireframe : 1.0
: Mode Info. - Hidden Line : 2.0
- Flat Shading : 3.0
1 Length of CLI command set
1310 Multiple CLI including tildes(™)
‘ command 9 n CLI commands seperated
by tildes(™)
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- Max/Min Detectable Force : 72.04/0.045 Kg

- Spatial Resolution : 10 bits

- Max/Min Detectable Torque : ~2.4/0.045 Kg/in

- Interface : RS-232, 9 pin



Fig. 5. Spaceball 2003 Model
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Fig. 6. Interface System Between Graphic Simulator and External Input Device.



Fig. 7ol ¢} o] Spaceball] =elo|WE Opendtd Zelold] Hr7l H1, o] F &
SAQ uwe 6Zo e ol FSHAY. ®F LLTI 942 HA5d 6% o
ftol AEo® LLTI data structuree] w& AR wWEo] TCP/IP WEHAE &
B2 AlEolH 2 A4 5 Manipulatore] &dlo]B 7t &2 oA Hu}

& 1o

M

Spaceball Driver Info. LLTI (TCP/IP) Connection | <—

=l =
Spaceball Device IMarmation
Type Buttons DoF  Device Mame
In iE] 3 [Spaccbal zo03

Vershon ; [SpaceWare Driver - October 11, 2000

Firmware [HvFirmware version 2,13 created am 07-Apr1993)

T Bpaceball Event -
L i & LLTI Server G Berrer e
[Hﬁ“ﬂ-f\' Ewent Socket Open | Socket Close
Spacehall fxis Data
Tac l.—| o [7
e 2 Py f3a
Tz Iui Az [og
Carrent Status Event Type
SI_BUTTOM_EVENT-» S|_ZEROD_EVEMNT| |z

ER Dirfwer Ope 4 S8 Debver §Icn4 SR Dievice Inh|| Exit I

Serial 6 DOF Data |<+—
Port

-n
-
.o

Spcaeball

N (6 Dof)

Fig. 7. Spaceball & LLTI Interface Screen.

r

Fig. 8& 193 Algdolg oo LLTI 94 443 a4 44 5 A=HGA 9] @
o wE Felolrne wAdE HolEu LLTIZF 28 A& o 194 SRy }ﬂ% e

o] 1% QAEH)AE Xﬂ%é‘}E AA AA A o whE WSS BT
gy 65 9% 4= AR Spaceballe] #s 27} UH‘%%H]O] B o} Aolate], A
PARSPARI I RS Y glgo B2 =2 b vpAE Y 8383570 = ok & g
= Spaceballe 3709 3] d=(Rx, Ry, R2)¥} 3709 o5 =(Tx, Ty, Tz)o & T4 ¥ %t
iy EolH e 5709 I AFI 149 olsHo 2 FAEH Qo] 2749 FolAe w44
ol A5 NP HAGA o A B A A Alol] Z; o] A4

ANAEE THAD A4 ERS BAL Aew A2Aa,



LLTI Cann

1l
Address Izmz

Host Hame 4342, 1|'_|g|

ok | cancel |

Fig. 8. Graphic Simulator Connected to External Input Device with LLTI.
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