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What is Micro Nano Robotics?
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Micro Nano Scales
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Micro/Nano Tasks
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Physical property in M/N environment

Scale effect:
 surface/volume comes to larger.
 {friction, viscosity, surface force, &)
. ~ . w T
electrostatic force appear dominantly. W
Ex.) lum? copper .| foree
-gravity: 8.7 X 10-2 pN
gravity
-van del Waals force: 2.1 X 10 pN . [ ] . [ ]
10

» Higher resonance frequency.
* Smaller heat capacity.

« Smaller Reynolds number.
UL
(! p)
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Re = (U :velocity, L : distance, 4 : viscosity. o : density)
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Advantages and disadvantages

*Micro objects will stick to everything. 6
= Manipulation problem. g e
*Much friction in rubbing motions. : '

= No rotational motion. no revolute joint.
Inertia has no effect in under-liquid propelling.
*High speed in motion, heat response.
L ow energy consumption.
*Small Reynolds number.

= Stable laminar flow i micro channel.
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Current micro nano robotics

MEMS & Nano-Technology
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M/N robotics in bio applications
Sensing and manipulations for single cell are current major
issuesl  actuATIO &

.,.'-——
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Topic 1: Dexterous micro manipulation

Motivations

2. Designing and prototyping
two-finger hand

Sensors and controls
Demonstrations

—_—

B

16 International Symposium on Artificial Life and Robotics, Oita, JAPAN, January 28, 2011

MICRO NANO ROBOTICS, Tatsuo ARAI, OSAKA University

Our micro hand developments in 20 years

Hand with punched &'bent
\_ 3 DOF translational modules_/ -.g_heet metals J

Tw_o-fingered micro hand
\with 6 DOF PM modules
4 1998 A 2 2006 N[ 2009 | 2007 m“

_"."':g-

Simple & compact . | Al i : i1 ARR
module with P-R-B Two-fingered with Simple setting & ||Multi serial modules
\__structure J \ symmetric structure ) \__multi scale use ) \for large motion rangg
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2006 Model

Symmetric and straight configurations aiming at

compactness and large workspace.
piezo actuator

nmod g

MERE 0z g

CAD model forR=10mm, r=3.5mm, ® =35

Xmin -370.92 pm Xmax 370.83 pm
Ymin -330.49 pm Ymax 330.42 pm
Zmin =20 pm Zmax 20 ym
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2009 Model

Combination of large, fine motion stages, adjuster and parallel

mechanism yields multi-scalability and simple set up
procedure, and is capable of manipulating 100um & 20um in

the same scene.
_a3:dof E;:ljus_ter
3 dof pa'lr,amll

mechanism

3 det large
motion stage

10um and 100um objects can be
manipulated in the same scene.
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Micro manipulation system

Two-fingered micro hand

o |

Low level control
- Tele-operation p
- Force control

- Auto focusing
- All in focusing

- 3D auto tracking »
- Auto calibration

- Auto capturing »

Sensing devices

- Optical microscope

- All in focus imaging »
- AFM cantilever p

- Fine force sensor »

Other tools & devices A

-User interfaces including oy stick
Omni-Device joystick »

- Micro drop dispenser

& micro gluing >
- 6DOF fine motion stage

High level control
- Task understanding
- Skill application

- Task planning

OMNI device

L 4 |
F
b e

Achieved applications
Assembling micro structures - Stiffness measurement of

-Extracting nucleus in cloning yeast & human blood cell
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Topic2: Automated Cell Manipulation and Cloning

& o
»Background \, = QG o}

»Objectives o
»Developed devices 0-“0
*micro vision sensors Ho
*cell supply & loading module
ecutting module rﬁ
*separation module

!

*solution replacing module _E" o
scoupling module '
*fusion module
»All-in-one chip ]
» Cultivation
. . ()
& embryological evaluations -
»summary

16t International Symposium on Artificial Life and Robotics, Oita, JAPAN, January 28, 2011

©ISAROB 2011 29



The Sixteenth International Symposium on Artificial Life and Robotics 2011 (AROB 16th *11),
B-Con Plaza, Beppu,Oita, Japan, January 27-29, 2011

MICRO NANO ROBOTICS, Tatsuo ARAI, OSAKA University

Learning from factory

Cells may be conveyed in micro channels.
» Every process is achieved in channels.
» Automation may be achieved similarly to
factory assembly line system.

1 l donor
oocyte cell

—_—

processed

-S6" 6&F

Micro channels and process devices are fabricated on PDMS chip.
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Objectives

Removing .
zona pelicida New cloning protocol

’ 9 — o processed

i
e - se aration ; embryo
é@ b| section o el - fusion

micro channels on chip “wabolition

Conspyalomng Cutng  SEUEIS,  como  fusen ool
——
? Module
developments

N\o”

PDMS chips Vision sensors

donor ceII

b —

& evaluations Embryology

i
Supply module Cuttina module 2 |%..;d%'lmnlﬂf(30uﬂllﬂq module Fusion module

Target specification:

-total processing time of 100 cells/3h(tentative).

-total success rate of 30% more.

16" Internationa mposium on Artificia e and Robotics, Oita, JAPAN, January 28, 2011

©ISAROB 2011 30



The Sixteenth International Symposium on Artificial Life and Robotics 2011 (AROB 16th *11),
B-Con Plaza, Beppu,Oita, Japan, January 27-29, 2011

MICRO NANO ROBOTICS, Tatsuo ARAI, OSAKA University

Desktop bio-plant system for cloning

The system includes fabricated one-chip device, various sensors,
pumps. The experiments verifies cloning capability using bovine
oocyte and fibroblast.
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