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J2!.8) The Remote Manipulator System (RMS)
for the American Space Shuttle
(SPAR, Canada, 1980)
@15m long articulated arm;
@end effector ensuring that prehension is
achieved by cable tightening on
® docking part on the satellite being handled;
@ camera mounted on the end effector

93t} A 2E Remote Manipulator System(RMS)
o] AUk @A NASAJAN AYsx ge +F
AAZY Mg AgAM 1 28 2 BF $4
& Telerobot System & 71, o] 48 F33
Atk

T 1]

El’- old} A]»OJ()"o %_g.

2422 N2ge o AQdE $4HT
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MA23 & A% #Yel S4H7IE At W=y .
MBA 3jrto M e 4EH o2 §3 94%% Vehi-
deg 7Ngsiglon, Zapao RAM AZoAde
Ag B AH837] ¥ Advanced Robot &
dT7Fl Ut

2. i

rot
ot

FHAE R B T HAFYITANE $F,
42, AF F9 FT A H_E F e
AH2Z 7)o BF ATE 371 AQAA A
3 Y3 Ao o .
1 EFY Aol NASA(WZF #§F$F2)oA
#3833 e Space Station (2E 9) A=
#4dE 4AzFAAY Mg AYoltt Space Sta-
tion ¢ Telerobot 8] 8T FFHU FFHY,

CBFY VAL w7l AF Aol o] A7

T8 SR A g% 94323719 JH %
Z&9 Mdoz HH Telerobot, & €74 227)9
23, 22 EH &Y Leveld Aojgte Mfdoz
4427 7S AN A% Aol F=
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E.1) Laboratory Demonstration Sequence of NASA Space Telerobot

1987 - Simple Spacecraft Servicing

Performs Known Simple Tasks on Coop

S/C Using Hand, Power Tools »

% Dual Cooperative Arms

Robot Fixed Relative to Spacecraft
Interactive Perception Monitoring

Automatic Visual Frame Acquisition, Tracking
Preplanned Command Sequences

Handles Flexible Materials

* ¥ K X ¥

1993 - Space’ Servicing, Assembly

Performs Known Moderately Complex
Servicing~and Assembly Tasks with
Multiple Elements

Task-level Commands

Automatic Planning with Verification
Real-time Spatial Work Modelling

CAD Data Base

Automatic Task-level Execution Monitoring
Replanning for Error Conditions

% K X ¥ X K ¥

Object Recognition

2000 - Cooperative Space Servicing, Repair

1990 - Simple Spacecraft Servicing, Retrieval

Performs Known Simple Tasks on Cooperative  '.{
S/C. Interactively Acquires Tumbling S/C
% Multiple Cooperating Arms
Robot Mobile Relative to Spacecraft
Depth Mapping, Spatial Modelling
Automatic Object Acquisition, Tracking

Tactile Perception

Automatic Sequence Planning

X %K K X X ¥ ¥

Dexterous, Limber Manipulation

1996 - Space Servicing, Assembly Repair

Inspects, Tests, and Repairs Damaged
Elements Involving Disassembly,
Cutting Fabrication

Task Level Commands R 33
Interactive Planning ' i "
Recognition of Distorted Objects oo
Flexible Mounting Platform Control L
Multilevel Expectation Prediction g
Self-protection Reflexes ’

* XK ¥ K X *

% Task Level Commands
* Multiple Agent Reasoning
* Automatic Error Recovery

Cooperating Telerobots Perform Complex and Permanent Repairs of
Damaged Elements Using Auxiliary Supports, Guides, Clamps and Power Tools

* Detailed Automatic Planning
% Automatic Inspection, Diagnosis
* Extensive CAD Data Base.

S$ETZREE 93 J1£AY EUdE FIHIe
Rolt},
Telerobot 7H2e] HZF ZFRE 1P 1094 Be

68

A7} 2. Mobile Servicing Center(MSC) ¢ Freight
Telerobotic Services(FTS)¢] 7Ado] Q1o ¥l
g AT7AYo|x, H2E AF BobE T

B HE 18 121989 7)



BRI R

Center
Element ARC GSFC o JPL JsC LaRC MSFC
Sensing & o Optical EE o Computer vision | © Laser3-D Sensing | ° Laser3-D Sensing
Perception Processors .- .} .. o .
AR o Sensor Fusion ° Smart Sensors
Task Planning = Yo CAD for Robots | ° Automated B R
& Reasoning Spatial Planning | Planning g
o Error Diagnosis d
© Workstation o Full DOF ° Redundant Work. | ) ° Human-machine
Design Teleoperations Station MGMT. VF Requirements
a‘:::g?; -1 ¢3-D Displays  Supervisory 2} o Teleoperations
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Language
° Flexible 1 UCCS osMulti-arm Dyna- " | ° Manipulator
Manipulator mic Control Control
-} Control Control
Execution © Multi-arm o End- effector o Flight-qualifiable
A Cooperation Design Manipulator
i o Generic Smart
End Effector
=1 | o Taskboards 'oRun Time Hier | o Flight o Teleoperations :
Archical Control Experiments 7-DOF Control
System'
Architecture # - . tio Traded Control | ° Performance
& Integration N Evaluation
: R : © Integrated '
AT AN vl B Sensing / Control

LRRdR:s R
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B EANHE) o DAIAAENE 71e9 dFag ;
2744 FANUC | ggRgn 7 '
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AR 4 slzolxd - | B EE Ve N
Robot JHAEER . | BPFYE Manipulator v i SR
AAANT] | P9 System eh g e e
‘ o aAnRA A A Actuator
AL fowp2Ag AE AR AN
A B} DA A ~Wheel& o8-8 n&olF7l& - N
Robot H - e fif#% Manipulator < O D R
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AF7# ¢ dFy ot

AR ALde 19843 18] A 2L 24 @
Az 7450 AYd I¥FY 2HE Ve @
T 2% (Advanced Robot Technology Research Asso-
cation) A B4 94 F471€99 WIFHA
“Zg A ZRETE FY32 Qith oA W
AA(RAY 2AdL), 2LgEY), Z&EGA)
59 A4A AA, By, 7Y 5 3] A%
Telerobot Al28 9] AF& AT A2 19839 F
19889 7HAE 84719 /e, 1986 FE 1990
A7iAe A2dE Add 33 d7E 3
et E3ES Z+E Telerobot System ol ¥
gAd A7 el

F89 ALl ZF27 FR7F HY FA
¥y 349 A7A48E 589 Teleroboto] #F
A7 FRHR k. AT olHla 7
ofd] @ AT AE FA A JYY AY
fd7t AgL B¢ FARA, 2HA, ZFA
olggolst Frhstx, CEA(ZZA 448 dy
AR)E FAo2 @ Advanced Mobile Robot
(AMR) /W& A 22 olggolrt Fo3e
MITHRA #A47} itk AMRS KE 2 € o
A4 1&0)E Roboto]™ MITHRAE Remote Ins-
pection ©]% Robot /1&& 3 Aoty 1gx
HAZYL B4 ZRE, A EEZY Robotol

70

agl10) Example of Telerobot.

#F HA= A& A7 ALHL Stk SYol
M€ DFVLR 914 1992 D-2 Missionol §A3tdd,
ZFA £ A 544 93 238 £ e
9474 237 48& 9% Robot Technology Experi-
ment (ROTEX)E 3 Fo Atk ¥4 BAE
M Columbus A8 d#oz MWmEE, HiEn
B4 Platform Manipulator System(PMS)ell o &
ATE ALy Qlch

V.29 A4 2 dgne 99
A |

oA 7led uiek 2ol zZ+E
$4¥ 4 3= Telerobot System 71&& oln)
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Manipulation % . Man-Machine
Navigation : Interface S FE

I«, A7 R AR = — 11| ?{ 4 2 3 I
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A He 294 A#E
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19878839 29 FA, W A E©IA
ZA}e} 7129, 182 Module 3 g A%
4 My 38 477 FYPHAAUS ¥ o1F F§
gAY F£EAAE WAA ZHL U2, %M%
oz HA FAE AH, AN AAIAS F

NE F2EY BAG HAELE 19869 ?'ﬂW ‘

50m7A- BF Hed £U FFAE WL
Ao EF3th KASTAME HIZHE

g 3359 A gAGAd doH, AdA
dFadE & H7NE HEE $F Telerobot
Hgo BF AFE FP3 Yot

Telerobot System(€7 A% ZRE A28
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