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Why snake?

It acts as
leg,hand,and
trunk

In spite of its
simple shape,
snake has
versatile function.
|
Snake is ideal
source of
inspiration for the
design of
new type of
versatile robots!

Leg

Hand
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Snake-like robots can be:

Active Rope Active Endoscope

Snake-like robots can be:

Active hose

Off- the- road Vehicle

Active hose

Similarity of snake locomotion ACM Il ACM R1
and ice- skating

Object grasping terrain adaptive motion of

ACM Il using multiple tactile sensors

S-S S S+48
8
-2 )

T

P(S) :pressure

_.i.

Lateral Inhibition Control

00000o0o0Do0o0oOoooooo | 23



ACM-R3

D.O.F.:20
Length:1755[mm]
Width:110 [mm]
Height:110 [mm]
Weight :12.1[kg]

A cross section

O 3D mobile Active Cord Mechanism
O Wide application for disaster relief

O Platform of 3D mobile snake-like robot For TITech/COE Super Mechano-
Systems project and all snake-like robot researchers

O Wheels wrap the body overall
-Units have frictional characteristics as snake skin
-Units can move narrow space
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Exhibition in Aichi Expo June 2005

Active Endo-scope

Snake robot designed for rescue operation

oooooooooooooooo | 25
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F 000 Spider
o

0000 00O Spider with long legs

gobogoobooobooobooobbooobooobooobooobooobooon
goooboobooboboobooboobobooboooboobobobobooDbo

About half of the land on earth is said to be inaccessible by normal wheeled vehicle.
Walking machine will greatly enlarge the area of human activities.

O000o00O00oo0oDOooboOoooooog
Oo0OoOopooooooo

Walking construction machine will move
around on rugged terrain.

gbooobooooboobgoooo
gboooboooboboobgooobo

Retractable ladder vehicle with
articulatedoutrigger
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Ooddodododdno
Optimum Leg Number of Walking Vehicle

e 100D0O0DOODODODODOO
Mechanism should be simple and lightweight
0o0o0o0D0DOo0oooooon
Smaller the Better
e 10000IDOODODODOODODODOODO
Capable of statically stable walk
ooooood
More than Four

KumMond |

nogboogbogbuoooouooooodgobogon

Thickness of the leg decreases in proportion to the size

00 force O L2
OO00Omass O L3
O00/00 0 mass/forced O L
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Quadruped Walking Robot for the Construction Operation on Steep Slope

0000000000oo000OOoDOooOoooo
Adaptive Suspension Vehicle Ohio State
University 1983

000021200 TITAN XI TAQT Carrier
Weight 7 ton

Developed in cooperation with
Takaoka Manufacturing Co. Ltd.

The robots developed as the reaction of JCO ccident (2001) Leg crawler hybrid robot

HELIOS O

Criticality Accident at the Uranium Conversion Facility
occurred on September 30,1999 in JCO Co. Ltd. Mitsubishi
Heavy Industry designed manufactured MARS,where two of
my patents used for the HELIOS were licensed.

0000000000000 00O00O0bOO00O0bO0ObOO00bOOOHIBot Topy Crawler
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Hostile Conditions of the mine field

! Three Levels of Demining Operation
®

S

m Level 1 Survey
OooooDoooooooooooooooooood
Archive, Hearing of the inhabitant, Survey from the air

m Level 2 Survey
ododooooooooooog
Survey by Metal detector, Mine dog
0o0do0bodoodo203000noagooooo
Detonation by frail, cultivator and so on (20 to 30% are left)

m Level 3 Survey

gboobobboboobooboboobooboobobooboobooboobo
gbooobobooouxouooooooogoo

Visual inspection by taking off the soil just side of an object detected by metal
detectors and/ or mine dogs.

ooooboooobogouxoogoooooooobooooboboo

As a final operation, detonator is placed side of the mine or UXO and blow them up in
regular interval.

m Level 2 Survey m Level 3 Survey
FLAILS (DO OOO Manual Sensing and Prodding

Operation (afghanistan July, 2002)

Early Flail

Enhanced Tele-Operated
ARD\_/A_‘RK . Ordinance Disposal System
Demining Flail  (ETOD)-Bosnian

00000o0o0Do0o0oOoooooo | 29
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Crucial Operations in Demining

Most of the Land (e.g.Cambodia)
800 of operation time is used for this task
Very dangerous

Deminer should work just beside the mine.
Delicate and boring task (Only 1 out of 1000)
Very dangerous

The first paper in Japan to discuss about the possibility to apply robotic technology for
humanitarian demining

goboobgooooboobgoooboobooboobobbo obooboboobo
01400000000000000000 0 pp.305-30601 19960

ooo goooooooooooo goooooooooo

ooooooooon
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Support of Afghanistan Reconstruction

gdooboooouooooooad
Tokyo Convention Jan.2002

goboboooobbooooobobod

0 JST Project)

Mine in Afghanistan-State of the art No

National Survey

[0 1500 300 Victims/Month

0 50 %UXO's

Mine Field in Thailand at the border of Cambodia (March, 2002)

Metal objects buried in the mine Training of Mine Dog in

field of Thailand

Thailand

Calibration of Metal Detector
before task (Thailand)
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From Islamabad (Pakistan) to Kabul Kabul Airport

(Afghanistan) July 13,2002 Many destroyed airplanes are observed.
A marketplace in Kabul Campaign to go to school

Damage of

back hoe after

the blast of

anti- personnel

mine Campaign to go to school
Bagram
(North of
Kabul)
Damaged
shield shown
at the HALO

BLU cluster trust

munitions site Afghanistan
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We decided to use off- the- shelf
product as much as possible

Buggy Vehicles
YAMAHA KODIAK(¥ 0.7 million)
Walking Robot(¥ 100 million ??)

O CEIA MIL-D1 Rrs-232cooooooooood 654,000

O MinelabF1A4 Rrs-232cooooooooood 429,000

CEIA is most widely used among the deminers of the
Afghanistan
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Experiment in Kagawa Prefecture

34 |oooooooooooooooo

Croatia Bankovac 2006.2
Croatian Mine Action Center-Center for
Testing, Development and Training

Cambodia Siem Reap
CMAC mine test site visit
Nov. 18- 23, 2006
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Robotics is objective attainment study.
0oo0000o0O0bO0O000bOO0bOOo0DOoDOooDo
00oo00oO0obOo0obOOobOoooOooOoDoooon

odooooooooooooon
oodooooooofoooooooooon

1 obooobobuobuobgoooonod

s JO0000oonog
goobobooobboooobobooon -

googo

s JO0000o0og
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Tetsu Nakamura
He is the doctor working in Afghanistan, but
since he found that the shortage of the water
causes most of the diseases, he studied civil
engineering and started to make canals for the
Afghanistan people.
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Did the project produced any
practical applications?

Not Yet. It is used only for
entertainment
not for real application
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Humanoid shape is suitable if we want to introduce the

robot in human society.

(Staircase is introduced to adopt biped walking.)

(From psychological viewpoint,human figure looks
more reliable than machine-like machine.)
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Humanoid study helps to understand ourself.
(Analysis by synthesis )
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When humanoid developed, all the machines are also developed and robot will
not use old- fashioned machines or devices.

!
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All the machines will be evolved into* robots” and“ ubiquitous robot era” will
emerge in future robotic society.

Which car sells better, the car with
humanoid driver or intelligent car
without driver?
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