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Development and evaluation of a human-interactive robot platform “RI-MAN”

Tadashi Odashima*', Masaki Onishi*!*2, Kenji Tahara*', Toshiharu Mukai*',
Shinya Hirano*!, Zhi Wei Luo*'*3 and Shigeyuki Hosoe*!

The ultimate goal of this research is to develop a robot that is able to perform physical tasks such as nursing
care skillfully and safely in complex environment of our home and/or hospitals. In order to realize such a robot, the
design criteria and approach should be different from that of traditional industrial robots. Specifically, considering
the physical interactions between the robot and human subjects, the safety, ease and affinity are more important in
addition to the robot’s high power, speed and accuracy. Towards this objective, “RI-MAN” is developed in RIKEN
BMC which demonstrated the high ability to carry up and hold a doll softly and safely. This paper first discusses the
problems on the design of a human-interactive robot, and proposes original key technologies and system integration
to solve the problems including the soft and whole body interaction. The details and basic performance of RI-MAN
are then introduced together with some experimental results. The further research subjects are also pointed.

Key Words: Nursing-care Robot, Whole Body Manipulation, Human-Robot Interaction, System Integration, De-

centralized System
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Fig.2 Improved joint for safety

Table 1 Relationships between safety devices and results on
each joint

Joint name | Devices | A | B | C |

Neck 6,70 [o |x
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Waist 10 |0 |o
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Fig.3 Shutter on waist joint

(d)
Fig.4 Mechanical shield on elbow joint
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Table 2 Specifications of RI-MAN
Sizel] Widthx DepthxHeight

830 x 800 x 1580 [mm]

Weight (Including battery) 120 [kg]
Actuator type DC Motor
Degrees of freedom 19
Power source NiMH 24 [V]
Max Speed 0.4 [m/s]

CCD camera x 2
Microphone x 2
(sound source detection)
Microphone
(voice recognition)
Tactile sensor x 5
Scent sensor x 2
IR sensor X 16
Ultra sonic sensor x 4

Sensors

May, 2007
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Fig.6 Output torque range
in coupled device

Fig.5 Coupled drive
in elbow joint
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Fig.8 Installed tactile sensor
sheets

Fig.7 Areal tactile sensor
sheet

Fig.9 Local controller “C-CHIP”
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Fig.13 Swing motion with elbow joint (exp. case2)
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Table 3 Specifications of the arm

Length Shoulder — Elbow 344.5 [mm]
Elbow — Wrist 398.5 [mm
Weigth Upper arm 8.8 [kg
Forearm 4.2 [kg]
Hand 0.9 [kg
Diameter Shoulder — Elbow 140 [mm
Elbow — Wrist $140 — 90 X 60 [mm)]

Desired
7 kg

Angle [deg]

Angle [deg]

o 10000 20000 30000 20000

10000 20000 30000 40000

Steps [ms] Steps [ms]

Desired
10 kg

Angle [deg]

Angle [deg]

o 10000 20000 30000 40000 o 10000 20000 30000 10000
Steps [ms] Steps [ms]

Fig.14 Resulted joint angle in exp. casel
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Fig.15 Resulted joint angle in exp. case2
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Fig.17 Experiment scene
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