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ロボット（機械）の知能化，自律化
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ソニー“AIBO”

オムロン “ネコロ”

NEC “パペロ”

パナソニック “Tama”“Furby”

ペットロボット

三菱重工業
AIST “Seal”(産総研)

C.A.I “Ga-go”
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不特定機器

・コミュニケーション相手の認識

不特定フォーマット

・言葉の理解

不特定情報

・コミュニケーション相手の環境の認識
・不特定情報の推定，補間

機械（ロボット）間，機械と人のコミュニケーション

高度な知能の必要性
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バイオ発想ロボットバイオ発想ロボット
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二足歩行二足歩行

E. Muybridge
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二足歩行二足歩行

QRIO

H7

WABIAN

HRP-2

ASIMO

Passive Dynamic Walker
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四足歩行四足歩行

E. Muybridge
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四足歩行ロボット四足歩行ロボット

TAITAN IV

PV-II

Quadruped

BANRYU
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枝渡り：枝渡り：BrachiationBrachiation
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枝渡りロボット：枝渡りロボット：BrachiationBrachiation RobotRobot

Brachiator II Brachiator IIIBrachiator I
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霊長類：霊長類：PrimatesPrimates

Biped

Quadruped

Suspensory
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マルチロコモーションロボット：マルチロコモーションロボット：
MultiMulti--locomotion Robotlocomotion Robot
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ゴリラゴリラ:Gorilla, Gorilla, Gorilla:Gorilla, Gorilla, Gorilla

Western Lowland Gorilla
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ゴリラロボットプロトタイプ：ゴリラロボットプロトタイプ：
Prototype of Gorilla RobotPrototype of Gorilla Robot

Gorilla Robot I
(2000)

Gorilla Robot II
(2001)

Gorilla Robot III
(2002)
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実験：実験：Lateral MotionLateral Motion
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実験実験: : SagittalSagittal MotionMotion
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実験実験: Brachiation: Brachiation

Bar Interval:0.40[m] Bar Interval:0.45[m]

Bar Interval:0.30[m] Bar Interval:0.35[m]
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実験実験: Trot Gait: Trot Gait

0.05[m/s]

0.10[m/s]
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立ち上がり：立ち上がり：StandStand--up Motionup Motion

Quadruped
Walking

Biped Walking

Stand-up
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実験実験:Experimental Result:Experimental Result

(A)→(B) : 1.0[s] (B) →(C):1.0[s] (C)→(D) : 1.0[s]
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動作学習：動作学習：Motion LearningMotion Learning

Before learning

After learning
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インテリジェント制御：インテリジェント制御：
Intelligent ControlIntelligent Control
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マイクロロボット：

Micro-bio Mechatronics
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Synchronized Laser Micromanipulation: SLM

Nagoya Univ.Nagoya Univ.

ICRA2003 Video Proceedings
6 Dancing Yeast Cells
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Drain Port

Extraction
Port

Sample 
ChamberInput Port

φ 40 mm

Separation Chip

Nagoya Univ.Nagoya Univ.
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150 µm

40 µm

PDMS
Glass

Glass

Tube

800 µm

1 mm

Purge port

Sample solution
Reagent, dyes,
growth media etc.

ITO electrode
(200 µm x 15 µm)

16 mm

(a) Top view

(b) Side view

150 µm

40 µm

PDMS
Glass

Glass

Tube

800 µm

1 mm

Purge port

Sample solution
Reagent, dyes,
growth media etc.

ITO electrode
(200 µm x 15 µm)

16 mm

(a) Top view

(b) Side view

On-chip Separation and Reaction Using Thermal Gelation

Nagoya Univ.Nagoya Univ.

US$5.00-
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http://www.berkeley.edu/news/media/releases/2000/07/27_nano.html
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xy z

Unit 1 
(X-Y-θ)

Unit 2 
(Xf-Yf-Zc-Zf)

1cm

Nanorobotic Manipulations

DOFs: Total: 16-DOFs
Unit1: 3-DOF (coarse), Unit2: 1-DOF 
(coarse), 3-DOF (fine), Unit3: 6-DOF 
(ultrafine), Unit 4: 3-DOF(fine)

Actuators:  4 PicomotorsTM (Units 1& 2), 
9 PZTs (Unit 2& 3), 7 NanomotorsTM

(Unit 2 & 4)

Endeffectors: 3-4 AFM cantilevers 

Working space:
18mmx18mmx12mmx360º (coarse, fine), 
26µmx22µmx35µm (ultrfine)

Positioning resolution: 30nm(coarse), 
2mrad (coarse), 2nm(fine), sub-nm 
(ultra fine)

Sensing system: FESEM and AFM 
cantilever

Unit 3 
(6-DOF)

NanoroboticNanorobotic
ManipulatorsManipulators

X

YZ
1cm

Unit 4 
(α-β-Z)
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NanoNano LaboratoryLaboratory

Intermolecular 
Force 
Controller
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Flexural Rigidity Measurement by Buckling an MWNTFlexural Rigidity Measurement by Buckling an MWNT

5µm

L.X. Dong, F. Arai, and T. Fukuda, 3D Nanorobotic Manipulations of Multi-Walled 
Carbon Nanotubes, Proc. of IEEE Int’l Conf. on Robotics and Automation (ICRA2001), 
pp.632-637 (2001).

A single MWNT 
with estimated 
dimensions of 
∼φ30nm ×6.9µm 
was bent with an 
AFM cantilever 
(k=0.03N/m). 
Flexural rigidity 
is obtained:

2-20 Nm108.641×=zEI
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By destructing undesired parts, desired By destructing undesired parts, desired 
shape can be constructed. shape can be constructed. 

Destructive FabricationDestructive Fabrication

or

or …

sharpened opened

MWNT

opened opened

NanofabricationsNanofabrications
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Right Side
Left Side

Substrate

MWNT

Destructive Pulling a PreDestructive Pulling a Pre--stressed CNT stressed CNT 
Claming on a SurfaceClaming on a Surface
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MWNT IMWNT I--Junction Junction 

Joining CNTs with EBIDJoining CNTs with EBID

Single MWNT (φ20nm)

Single MWNT 
(φ30nm). 

EBID
Deposit

Bundle of 
MWNTs 
(φ30nm). 

100nm

MWNT YMWNT Y--Junction Junction 

100nm

Single MWNT 
(φ30nm×3µm)

Bundle of  
MWNTs 
(φ82nm
×5µm)

Bundle of  
MWNTs 
(φ80nm×2µm)

EBID
Deposit

EBID
Deposit

Nanoassembly
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MWNT BearingMWNT Bearing
Inner layers

Outer layers

Nanowire
Movement 
Indicator

Deformation 
Indicator

Probe EBID EBID Probe

Multi-walled Nanotube (Open via 
Destructive Fabrication)

Probe EBID EBID Probe

Multi-walled Nanotube (Open via 
Destructive Fabrication)



Fukuda Lab., Nagoya University

NEMS 
Exponential
Assembler

Future Future 
GrowthGrowth

PC=Property 
Characterization, 
NA=Nano Assembly, 
ND=Nano Device, 
NF=Nano Fabrication

Nano LabNano Lab

3D NRM 
of CNTs
Pick/Place
Bend/Buckle
Pull/Push
…

In situ PC 
of CNTs
EI/E

Elasticity/Plasticity
Conductivity

…

NF 
of CNTs

Destructive Fab.
Kinky

Shape Modif.
…

NF 
with CNTs

EBID
CNT Emitter
Parallel EBID

…

ND 
with CNTs
Mass Flow Sensor

Bearing
Scissors
…

NA 
of CNTs
vdW
EBID

Mechanochem.
…

3D NRM 
of CNTs
inside 
HRTEM

In situ
Inter-/Intra-
Molecule PC 
of CNTs

Controlled
Preparation
of Dangling
Bonds

Single
Molecule
Deposition
by Multi-
Electron

Controlled 
Bond

Formation
Inside CNTs

CNT NEMS
Pure C NEs

Automatic
NRM

Molecule 
Identification

Deposit
Atoms with
Dangling
Bonds

Directed
Self-
Assembly

NEMS
Manipulator
with Multi-
CNT Probes
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知能ロボット

学習（Learning）： 環境や条件，動作や行動を学習し，

適応（Adaptation）： 環境や仕事に対して適応し，

進化（Evolution）： システム構造や能力を進化させる
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接触センサ

画像認識
音声認識

人工知能

認知・意識・心

エネルギー

直動モータ

システムインテグレーション技術

柔軟構造

多自由度系制御 通信
コミュニケーション

夢のロボット実現には
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ご清聴ありがとうございましたご清聴ありがとうございました
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