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Demonstration Test of Precise Telerobotic System in Space
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K. MACHIDA

Y. TODA IKAAK

This paper presents the space test of the ARH (Advanced Robotic Hand System),
which is the world's first precise extravehicular robot aboard the satellite "Hikoboshi".
The telerobotic system has features of dexterity, autonomy and flexible operability,
using a three-finger multisensory hand at a work site in space and a computer graph-
ics-based desktop interface at an operation site on the ground. The concept of sensor-
fused telerobotics utilizing multisensory information is introduced, and the system is
implemented to perform high precision tasks under the barrier of inter-satellite space
communication. The robot system was launched into low earth orbit, and the capabil-
ity of sensor-fused telerobotics was demonstrated in precise in-orbit servicing.
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Fig.1 Structure of telerobotics (a: Sheridan's concept,
b: Proposed concept of sensor-fused telerobotics)
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Fig.2 Three-finger multisensory hand

Contact sensors

camera

measurement

External
monitor
camera

Global
monitoring

Proximity | Object
N >
range detection
sensors | Range — Z
measurement Noncontact-sensor-
Object vl
Hand-eye

based measurement/
. . Wrist
" Relative navigation
recognition n Disp|acement
Object

Contact-sensor-

based compensation

Stable grasping

Precise manipulation,

Force

monitoring Wrist FT

sensor
Force control

compliance

sensing sensor

i~ Contact point
sensing

| Grip force
control

Grip force
sensor
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Fig.5 Desktop operation device (Mouse-type master and
operation box)
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Fig.7 An example of computer graphic display (Solid model:

predictive display, Wireframe: Virtual camera)
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Fig.8 Flight model of the telerobotic system (Control computer, robot experiment unit including hand,
arm and taskboard, small task panel, and power unit, from left to right)
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Fig.11 View of robot in orbit ((a) Center: robot unit, Upper: Earth

(b) Hand and taskboard through monitor camera)
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Table 1 Results of local coordinate generation
using range sensors and image sensor

Coordinate element

Condition
x (mm) | z(mm) a(deg) | B(deg)
Albedo illumination
alinaon 380.78| 43442 1710 10473
Fluorescent lamp 389.25| 43533 17.10| 10457
(Ground)

lOOu||‘|..¢

000000000000000000000000
00000000000000O0000000000
000000000000000000000000
0000000000000000000000 30
000000000000000000000000
00000000O00O000Fg1400000000
00 AOBOCO OO (Lad6 bO6 ¢)OBO OO OO (Fb)Od
00000000000 @Xody)Doooooooo
0BOCOOOODODO0OODOOOOO0O0O0ODOOOO
BOCOOOOOOOOOOADODODOOOOOOOOO
000000BOCOOOOOO(® bd6 g0 O0O0ODO
000000000000000000000000
000000000000000000000000
000000000000000000000000
00MO00000000000000001mmO0O
0MO0O000000000000000000000
000000000000000000000000
00000000000 Figl50000000000
0000z0O0OO(F)0O0O0O0Mz)O 0000000
600000000000000000000000
1800 000000000000000000000
0000000 FRO0000O00000000000
0000000000 :0000000000000
000000000000000000000000
OM 0000000000000 000000000
000000000000000000000000
000000000000000000000000

Finger Position Contact

Contact  Grasp open# adjusthent L

Regrasp

- ]
( \dx( hm) i

80 S N S 1
| dY(mm) ]

60 i 0
—— o
[ 0 €l(deq) 1

40 = N 1t
L 0 (deg)\; i

20 il it 1 )
L - ]
Finge 1 - - N
I La(mm) ]

0 bt i B e !
0 20 40 60 80 100 120

Time (s)
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Fig.16 Operation scene of bolt mating task
by sensor-fused telerobotics
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Fig.18 Operation scene in remote teaching (Top left:
Taskboard view through hand-eye camera, Top right:
Hand and taskboard view through monitor camera,
Bottom left: Superimposed display of 3-D CG and
real video image, Bottom right: Operator console)
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Fig.19 Depth profile of sample cartridge measured by

proximity range sensor (after processing) Fig.20 Lock mechanism of sample
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Fig.21 Remote measurement of object position by grasp-sensing from the ground
(a: Initial grasping, b: 2nd grasp-sensing, c: Grasping after CG calibration)
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Fig.22 Operation scene in sample return
from "Orihime” to “Hikoboshi”
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Fig.23 Telemetry data in sample restore (Upper : Force and

position of arm, Lower : Range and grip force of hand)
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