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Table 2: NIRS 7 —# @4, ¢ B

[RETE i EFE| AR R AEF KR | EF A T, B, R&
t=0- 5 0.53 0.57 0.57 0.60 0.57 0.60
=1+'6 0.50 0.50 0.53 0.50 0.50 0.47
t=2~ 7 0.67 0.47 0.40 0.53 0.37 0.63
t=3- 8 0.57 0.40 0.43 0.57 0.43 0.53
t=4~ 9 0.43 0.57 0.53 0.57 0.43 0.47
t=>5- 10 0.43 0.57 .33 0.40 0.47 0.53
Table 1: NIRS 7—# M5, #5575 A
TGl el I S S T R g, | R, KA | R, IRE
t=0- 5 0.33 0.57 0.5 0.37 0.50 0.53
t=1- 6 0.50 0.43 0.40 0.57 0.53 0.60
t=2- 7 0.50 0.67 0.47 0.53 0.27 0.67
t=3- 8 0.40 0.53 0.57 0.43 0.53 0.47
t=4- 9 0.50 0.43 0.50 0.40 0.37 0.63
t=5- 10 0.50 0.57 0.57 0.53 0.37 0.60
Table 3: EEG 7 —# ¢)|3]
s | GF | EF || 2 | k& | B
1 0.03 | 0.30 | 0.23 | 0.59 | 0.29
2 0.17 | 0.68 | 0.43 | 0.47 | 0.43
3 0.40 | 0.37 | 0.47 | 0.83 | 0.52
4 023 | 043 | 0.20 | 0.74 | 0.40
5 033 | 0.33 | 0.53 | 0.86 | 0.51
V)1 0.26 | 0.46 | 0.40 | 0.66 | 0.45
23k

(1] #HIFD, T A v~ oA ¥ 7 o — AR, TEMES, 2007
[2] WAIED>, “Training-Free BMI 3 27 AT X % EBENHEFFF D H BhEGE”,
2Ry ke AB ba=7 AEEHE 2010, 1A1-E29 in CD, 2010.

[3] HHED, “MHIC K D HifR 1 D B BHREHEEBLO 720 D 2 DDA,

ST B BYEIE R 5 SCEE, VOL. 44, No. 12, pp. 1006-1008, 2008.

[4] HFARIEZAD, IS 5 D RFEORIN & B8 2 K D SR,

o5l T 7YV 4 VAT LY RY T A, 1BI-03 in CD, 2009.

(5] WAITD, "H#EFTIBMI > AT LD B & R+ H B2 2 7 O,
%27 mle ARy MEarpiniEs, 2L2-06, 2009.

(6] Ji, MMdooHXImE, &kt 2004

(7] FAR, "D~ T o Z A & B R HE A~ O,
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4.7 Automatic surface investigation by micro robot with micro indenter.
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1. Background

Regarding to our last years research, the first prototype of micro hardness machine was constructed.
It was described that the simple mechanical structure of parallel leaf spring mechanism and small
voice coil actuator can generate force in micro newton range. The force machine can give the best
resolution of generated force at 50 pN per step with good linearity, less vibration and less
hysteresis up to maximum range 20 mN. The micro robot stage carrying can provide the benefit of
easy control with higher positioning resolution. In the experimental results has shown ability
of machine that it can investigate the elastic behavior of several material by the indentation
load—depth curve. Even though this machine has a good performance on surface analysis, but the
overall construction still bigger to put inside SEM chamber or set up on micro robot as our main
propose. The most problem is depth measuring device (the KEYENCE laser displacement sensor is
used as depth measuring sensor) it has dimensioned about 82mm length, 76mm width and 33mm depth.

Due to tiny size of micro force machine, it is possible to set up on micro robot, but we need
another depth measuring device that small enough to put on micro robot. In this year we would
like to propose research topic on “Automatic surface investigation by micro robot with micro
indenter”

2.0bjectives

We would like to approve depth measuring device of micro force machine, to make it smallest as
it can. By using linear variable differential transformer technique (LVDT), the dimension size
should be reduced but still remain good resolution up to 0.01 pm and best accuracy at 0.05 um.

Then after finished on depth sensing part, the overall measurement systems will be implementing
on micro robot. Finally we will get micro robot hardness testing system, that small and flexible
in application use. This robot should be provide generated force from range 50 pN up to 20 mN

with 50 puN resolution and 0.5% accuracy. The controller program can be controlled its position



and indicated force and depth value during whole operation time. After finished this robot, it
will be use in BIO cell application such as BIO cell micro surface analysis

3.Micro force Generator Machine

A. Design and concept

As shown in Fig. 1, the micro displacement generator machine consists of two L—-bars and two parallel
leaf springs and these are assembled as a frame. There is a solenoid coil on the top side of the
frame and permanent magnet on the down side. This layout is well known as the “voice coil actuator
(VCA)” . Tt is used as the displacement actuator in this machine. The magnetic fields are produced
by electric current, which electric current carrying conductor in a magnetic field will be produces
a force perpendicular to the direction of the electric current and the magnetic field. The magnitude
of force depends on length of the conductor in the magnetic field and electric current supply.
In this mechanism, the solenoid coil fabricated from copper wire with 0. 2mm diameter in 200 turns
wired, that can generate force enough to activate the parallel spring with the smallest size.
The magnetic field sources are essentially dipolar in nature, having a north and south magnetic
pole. In this machine, the action between permanent magnet and solenoid coil is repelling (North
Pole to North Pole, South Pole to South Pole). It is possible to control the magnetic force produced
by changing the amount of the electric current applied to the coil. Programmable power supply
(HP-6632A) is used as a current control source. The electric current supplied was limited in 0. BA,
due to temperature product from high current supply that may cause significant effect to another
sensing part. Its magnetic field will push the coil (and the attached VCM arm) outward if the north
and south poles of the two magnetic fields are lined up together (north to north, and south to
south), or pull the voice coil inward if they are lined up oppositely (north to south, and south
to north). The phosphor bronze 50 um thin plate is used as leaf springs. This simple parallel leaf
spring mechanism can produce rectilinear displacement of the platform. Even though the rotation
of cantilever and bending moment of platform effect the position of the generated displace, this
error can be compensated by limit displacement of moving arm. As the movements are very small

displacements, we could neglect this problem [1]
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Fig.1 Structure of micro displacement generator.
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Fig. 2 Experiment results with the displacement of the paralleled spring
driven by VCA.

Fig. 4 Force sensing element attached on leaf spring.

B. Displacement generated performances test

In the experiment, when DC current was supplied to the coil at 0. 5mA per step, the VCA has response

to current at 1.5mA step. Then current step input was limited at 1.5mA per step as the smallest



current supplied that can move L-bar arm or best resolution of this machine. This performance
test was supplied DC current 1. 5mA per step increase from OA until 0. 5A after that decrease 1. 5mA
per step down to OA. The behavior of moving L-bar arm as a consequence of current supplied was
investigated by laser displacement sensor (Keyence LK-G3000V).Then resolution, linearity and
operation range of micro displacement generator machine was checked precisely as shown in Fig.
2 and Fig. 3. From the experiment, it is clear that this machine can generate displacement up
to 280um with 0. 5A current supply. The resolution result shows displacement lum can be given with
1. 5mA step current supply. The linearity graph shows the completely same behaviour for increase
and decrease of generated displacement. And it is found that it can provide good linearity and
repeatability with the range of displacement
4, MICRO FORCE GENERATOR MACHINE

A. Force sensing element
In Fig. 4, shows the sensing part that composed of the force sensing element, which is attached
on the leaf spring, attached to the actuator part. The full bridge four strain gauges (model:
KSPH-4-2K-F4) has been bonded on both sides of parallel leaf spring, the bending action of parallel
leaf springs can be monitored. Resistance change of sensing part due to bending action of leaf
spring was magnified 200 times by bridge amplifier (KYOWA DA-710A). Then voltage output from the
amplifier circuit is measured by six and a half digits multi meter (Agilent 34411A). The force
sensor element work as a feed back signals, the force value can be generated from displacement
change of L-bar arm of force generator machine. The expected force can be measured and controlled
by the force sensing feed back signal. After the strain gauge force sensors are attached, and
then the displacement generated performance can be checked by using a laser displacement sensor.
Meanwhile, the generated force can be measured simultaneously by using 50mN standard load cell.
Hence the machine calibration and adjustment were done in this section. The experiment results
on Fig. 8 shows the generated force in the both ways (increase and decrease direction) have a
good linearity with less hysteresis at the maximum current supply at 0.5 A.
The experiment results on Fig. 5 shows the generated force in both ways (increase and decrease
direction) have good linearity with less hysteresis at maximum current supply at 0.5 A. In this
case output from force sensing element is the voltage was compared with milli—-Newton force value
from load cell. From Fig. 6, it is clear that the resolution of generated force is approximately
50puN and has a good repeatability with 20mA step current supply over the range. And also there

is a very little noise signal of generated force, even at one resolution (50pN).
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Fig. 6 Experiment results with the resolution of the generated force.

Fig. 8 Fabricated of the prototype micro hardness machine.



This means the micro force machine has shown a good ability to generate soft load controlled without
any shock or impulse attack. Thus the force generating mechanism is possible to be employed for

the force generator in micro hardness and stiffness testing

B. Micro Hardness Machine
Now, the machine can be implemented into a micro hardness machine. In Fig. 7 and 8, shows the
layout and the fabricated of the prototype micro hardness measurement machine. Regarding martens
hardness [2], it is measured under applied test force, which defined for pyramidal indenter and
not defined for the Knoop indenter or ball indenter. But in case of this mechanism, due to small
size and light weight of the surface roughness stylus tip (cone angle 60°, tip radius 2pm), it
is attached at the top of pressure plate as the indenter of hardness machine. The linear variable
differential transformer (LVDT) displacement sensor is used as a depth measuring device. This
prototype version of micro hardness machine can be generated force by voice coil actuator up to
20mN and control generated force set point by using feedback signhal from strain gauge on tandem
leaf spring. The LVDT displacement sensor can be monitored the indentation depth during whole

dwell time. The control sequence of this system is managed by PC with LabView.

C. Analysing contact stress using Heartzian theory.
Because of our machine operation have the contact area under the load deform between indenter
tip and surface under test, to verify the performance of this machine the Heartzian contact stress
is required. In our research the type of contact point is sphere and plane, so the Heartz equations
to analysing the stress in contact point as equation (1). Sphere in contact with a plane (&2 * )

by a force F such that their point of contact expands into a circular area of radius &, given

as:
3FR)?
C. a=|——
4E
Where: -1
R = i+i
Rl RZ
£ _ 1-v2 1-v2)
El E2
6FE™ )"
P = R

v,, V,= poissos’ s ratio

Vdiamond — 0.2, Veold — 0.44

E,, E,= elastic modulus



Egiamond = 1. 22GPa, (1. 22X10° N/m?)

E — 70Mn-. /(70v1iNn9 A1 /NZ)
gold 3

Fig. 10 Indentations 3D profile on hardness block surface by 5mN, 10mN 15mN and 20mN testing force.



14

‘ —Oo— Calculation —®— Measure(dl) —— Measure(d2) ‘

12

10 /
8

Diameter (um)

0 5 10 15 20 25

Force (mN)

Fig. 11 Comparison results between Heartzian contact calculation and dimension of the indentations

by machine.

d;, d,= diameter
dgimond = 2um (0. 000002m)

dyor = oo m (plane surface)

F = applied force (5, 10, 15, 20 mN)

P,.,=maximum contact stress

Then: %
.| __3Fx0.000001m m)
_ =
4x1.25435x10 A]z
3x10° xF )?
a=|——""_| (m)
5.01741x10

In order to verify the indentation performance or this machine, the indentation operation test
were done on 30HV hardness block by b5mN, 10mN, 15mN and 20mN testing force. Then each testing
force indentation was measured by the 3D measurement microscope, as shown in Fig. 10. The
calculation results at each testing force and the dimension of indentations of each force as shown

in table 1 and Fig. 11.

Table I. Heartzian contact stress calculation results and the measurement results on indentations.

Force(mN) Hertzian contact | Measurement result Error
diameter, 2a (um)[ d1 (um) [ d2 (um) [ di@wm) [ d2@um) | di%) [ d2 (%)
5 2.881 3.142 4.377 0.261 ! 1.496 9 ! 52
10 3.630 4.818 6.426 1.188 1 2.796 33 ! 77
15 4.155 5.725 8.847 1570 | 4.692 38 | 113
20 4.574 7.19 12.292 2616 ' 7.718 57 ! 169




From the comparison result has shown that, the calculation values from Heartzian theory and the
measurement results of machine operation have an extreme deviation about 7 um or 170%. The tandem
mechanical can provide good repeatability and good linearity of movement, but the angle of
indentation action made astigmatic indentation occurred. Due to the rotation of cantilever and

bending angle of platform affect to the indentation position, this error described on next section.

D. Effect of displacement between indenter tip and surface under test to Indentation shape.
The rotation of cantilever of the tandem structure affect to the indentation shape due to the
bending angle of platform made changes to the distance of cantilever. In case of a single spring
cantilever structure, it can be calculated the displacement change due to rotation angle by simple
trigonometry theory. But, in our case, the machine structure is very complicated to describe by
normal way. So, the Solid work, which is well-known finite element analysis (FEA) software, is
used to describe effect of moving part. By made a drawing the machine structure with same size

and put in the same material parameters, then made the simulation process in the motion term.
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Fig. 12 Indentation on 30HV block with various indentation levels.



[e—Sm ® 5mN  10mN —x 15mN

25

15
1 /././-\.’/.
0.5 1

0 20 40 60 80 100 120

Concentric error (um)

Indenter gap (um)

Fig. 13 Concentric error of indentations due to cantilever range change

The gap between indenter tip and surface under test was separated into 10 sections, starting at
10pm up to 100pm each gap is 10 pm. Meanwhile, the experimental by machine was done with the same
procedure of the simulation process. Except in case of simulation process the smallest force
that can move the cantilever is 1IN but for the experimental by machine the testing forces are
5mN, 10mN and 15mN respectively. After the indentation process finishing, the indentation is
measured by the 3D microscope as shown in Fig. 12.

From the experiment results in Fig. 13. It shows that, the testing force IN in the simulation
software made the concentric error of the indentation rising from zero up to the maximum error
at the level 100pm is less than 0.5pm. And for the experimental results by machine, the error
is growing up related with the testing force. At 5mN testing force the error started from 0. 2pum
up to 0.8um at the 100um indenter gap.

At 10mN testing force the error started from 0.4um up to 1.45 pm. The worse case is belonging
to 15mN testing force, the error rising from 0. 7um up to 2.6pm. From the simulation results and
the operation of machine, it can conclude that, the rotation of a cantilever affect to the
indentation shape. To reduce this effect, the gap between the indenter and surface under test

should be less than 40pm.

E. Experiment on certified hardness blocks
After find the limitation and the performance of this machine out, the experiment of indentation
is carried out on certified hardness block. In the experimental, 30HV and 100HV certified hardness
block product from Yamamoto scientific tool laboratory is used as unit under test. These two
hardness blocks were certified by lowest force at 10gf (testing forces were lkgf, 0.1lkgf and
0. 01kgf). By making an indentation with three levels of testing force (5mN, 10mN and 15mN) on
the surfaces of both hardness blocks, the elasticity of blocks were investigated by the indentation
load—depth curves. The testing cycle in this experiment, as time for control force application
and force removal is 30 s. and holding time at maximum force is 30 s. The experiment results on

Fig. 14 and Fig. 15 shows the indentation load—depth curves on 30HV and 100HV respectively. By using



3D colour laser interference microscope (Keyence model VK-8510), the indentation 3D profiles were
investigated as shown in Fig. 16.

Diameter of each indentation on each force was measured and compared with the maximum depth from
the load—depth curve as shown in table 2. From 3D profile of indentation on 100HV with 10mN testing
force shows the elliptic print dimension, which limited performance by machine performance.
Because of this tiny machine uses 50um phosphor bronze sheet as the leaf—springs supports all
structure together, this leaf-springs might be cause of the problem. The main structure cannot
withstand 10mN reaction force from the harder surface. Then the geometric of indentations is
changed due to the rotation of the cantilever when the indenter cannot penetrate in harder surface.
So, from this issued we make a decision to limit the operation range of this machine at 10mN test
force on the surface that softer than 30HV, to avoid damaging of the moving part of this machine.
Because of using non—standard indenter, testing cycle and testing force; even certified hardness

blocks were used as reference material, but the results can not compare the load-—

Indentation load-depth curve of 30HV block
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Fig. 14 Indentation load—depth curve of 30HV certified block at bmN, 10mN and 15mN testing force.
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Fig. 15 Indentation load—depth curve of 100HV certified block at 5mN, 10mN and 15mN testing force.



Fig. 16 Indentation 3D profile of 30HV compare with 100HV.

Table II. Diameter of indentation compare with maximum depth from load-depth curve.

Test force 100HV block 30HV block
(mN) di(um) ;| d2(um) Depth(um)| di(um) ; d2(um) Depth(um)
5 324 ' 359 ' 050 418 ' 463 ' 090
10 349 | 453 | 1.20 480 , 556 , 150
15 385 1 583 1 2.00 649 1 783 1 3.00

—depth curve directly with load—depth curve that come from standard machine

Regarding to research on the effect of indenter shape by N. Chollacoop, M.Dao and S.Suresh[3],
the 60° cone indenter and Berkovish indenter were used to compare load—depth curve. Their results
have shown 0. 25pm maximum depth from load—depth curve of Berkivish indenter and 0.37pm from 60°
cone indenter at hardness about 100HV by 10mN test force. For 60° cone micro indenter as conform
to standard, it should have tip radius less than 0.3 pm. This is very sharp when compare with
our stylus tip indenter (2 pm tip radius). This evident has shown that our machine should get
the maximum depth on 100HV at 10mN test force lower than 0.3 pm. But from our results on table
2 shows result at 10mN test force on 100HV block has a maximum depth at 2 pm, which five fold
deeper than a commercial machine.

However, our tiny machine is capable to evaluate the degree of hardness that clearly shows in
the results of 30HV and 100HVs standard blocks, although the load-depth curve from our machine

is different from the results of standard machine

F. Micro hardness and stiffness testing robot.
The unique small robot driven by the piezo elements is capable of work even in the vacuum SEM
chamber with the length of micro meter positioning resolution. It is developed by Fuchiwaki o.
and Aoyama H. in 2000 [4]. On Fig. 20 shows the prototype of micro hardness and stiffness testing

robot. The micro robot has dimension 30 mm wide 100 mm long and 80 mm height. It is composed of



two piezo elements and four electro magnetic legs can be provided the accurate inch-worm locomotion.
This micro robot can control step movement by supply AC voltage to piezo element simultaneously
with magnetic legs coil current control. For xxVAC/xxHz voltage suppled to piezo element; the
locomotion movement has step response about lum per step for forward directions and about 3.5
um per step for reverse directions. It has a good repeatability although for movements without
guidance or feed back control. The repeatability of movement of a robot depends on ground surface
and carrying weight. Regarding to effect of cantilever arm range, the robot should have a mechanism
that can adjust the displacement between indenter tip and surface under test. So, the adjustable
z—stage must be used in the measurement system. The design of this robot as shown in Fig. 17,
it has a hanging part that can adjust the elevation angle of the whole measurement part. A micro
robot which has a flexible joint between front and rear legs, when the hanging part which attached
with the whole measurement part was set up on a robot, weight of these parts may be causing the

flexible joint fall down.

Fig. 17. The prototype of micro hardness robot
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Fig. 18. Control block diagram of The micro hardness robot




Fig 19. Left side is the experiment area on strain gauge that bonded on hard metal plate. Right

side picture is zoom in series of indentations
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The main propose of this design is the adjusting the angle of elevation of the measurement part
to be the perfect position.

The control system of this machine as shown in Fig. 18. The data acquisition (DAQ, ni—pci 6259)
card and computer are used for a robot controlling. At the first, a computer will send the controller
signal to robot driver. Which this robot driver amplifier can control the piezo actuators and
the magnetic legs simultaneously. The input signals is analog signal from DAQ card, then it is
changed into current output to control the magnetic legs and high AC voltage output to control
piezo elements. After a robot moved to the measurement area, then the gap between indenter tip
and surface under test have to decrease within 40pm by adjusting the z—stage that carries the
sample under test. Now a robot is ready to make an indentation on surface of a sample under test

The voice coil actuator is controlled by programmable power supply (HP3055), will push the sensing
part which is attached with an indenter goes down to the sample. During the indentation process
which controls the testing cycle, the behaviour of the indenter, including testing force and
indentation depth is observed by force sensing part and LVDT pass trough DAQ and computer. When
the indentation process has finished, computer will show a load-depth characteristic of the
measurement point automatically, then the robot will move to another position manually.

5. Experiment on sevarial samples.

A. Indentation on composite material.



After confirmed that this machine can show a reasonable indentation load-depth curve from the
experiments on certified hardness block, then will make an experimental on another samples. At
the first a strain gauge that bonded on hard metal plate was used as unit under test as shown
in Fig. 19. Due to the strain gauge is composed of many layers of polyimide and copper, assume
that this strain gauge sheet is a composite material. By A zone does not have the copper inside
and B-zone has the copper inside, then seven indentations were done with 10 mN testing force on
both non metal area together with metal area. The micro robot can give precise distance between
the indentations as shown in Fig. 19. And the experiment results load—depth characteristic of
each measurement area as shown in Fig. 20

The elasticity of the composite material with such polymer and copper metal were checked in this
experiment and then the several load —depth curves can be given. It is clear that the distribution
of surface elasticity can be detected and it can be given us the potential performance to
investigate the surface micro characteristics of the sample including the micro inside defect

identification.

B. Experiment on human nails
As mentioned on the experimental on certified hardness block, require the appropriate sample which
softer than 30HV. So, the biomaterials seem to meet our requirements. In 1971, J.R.K. Robson and

H.D. EL-Tahawi had investigated hardness on human nails by using Knoop hardness [5].

Fig. 21 Finger nail sample were clipped by 2X2 mm size, and place on plastic plate by epoxy glue

on micro robot.

Indentation load-depth curve of human nail

Force (mN)

Depth (um)

Fig. 22 Average value indentation load-depth curve of three groups of human finger nails.



Fig. 23 Example of indentation 3D profile of

human finger nails.

Their results have shown harder nails and more hardness distribution range on the malnourished
group. So, from their ideas, the first sample bio—material of our experimental is fingernails
were collected from three age’ s human sources. The first was a group of five children lower than
five years old. The second was a group of adults 20-40 years old. And the last was a group of
people over 60 years old

Free edge finger nail clippings at least 2mm X 2mm and fixed on a plastic plate by epoxy glue
as shown in Fig, 21. These nail samples have not done the polishing process; due to it hardly
to control polish surfaces within 3pm indentation depth. Twenty indentations by 10mN testing force
were done on each sample. The average value of indentation load—depths on each group as shown
in Fig. 22. Here the nail samples are transported with the accurate interval distance with the
small inchworm robot. Then the multiple indentations were applied along the robot path as shown
in Fig. 23.

The 3D profile of the nail indentation shows very rough surface, some of the indentation was
indented on crack or hole and some of them indented on pile up surface. These bumpy surfaces have
effect to distribution of load—depth curve stiffness value. Some of the strange load-depth curve
was deleted before doing average section. The nail is actually similar in structure to the hair
which made of keratin, which is a tough protein. So, the growth rate of human nail not only depended
on age, but it is depends on many factors, such as nutritional status, the season and activities
[6]. From load-depth curve results as shown in Fig. 22, we might be able to say that the group
of 5 years old child has high stiffness of nail rather than another group. It may because of the
kids have nail repairing process or nail growing rate faster than adult and older people. So,
their nail surfaces have less scratch and minor pore when compare with another group.

The lowest stiffness of nail is belonging to group of older people who have age over than 60
years. From the surface scan by the 3D microscope found that nails surface of older people have
many scratches due to, they use fingers for many actions in their everyday life. Moreover, the
nail repairing process or growth rate of older people seems too behindhand than other groups [6].
On the other hand, the load-depth curves show that babies’ (or children) nails are harder than
adults and older people nails. This data is amazing, as we know that infant nail is the most soften
when compare with teenager or young man, but these experiment results are only surface indentation,

the indentation depth is not over than 5um. The load—depths show high stiffness on babies’ nails



means, the indenter cannot penetrate in to nail surface due to it is very high—density surface.
Moreover, for low stiffness and the soften load—depth curve of older people nail means, the rough
and less density surface is very easy to indent. By the way, it is obviously shows that human
nail has hardness level lower than 30HV when compare load—depth curve with last experiment results
on the certified hardness block. From this experiment, the elasticity of human nails was checked
and then the several load—depth curves can be given. It is clearly that the distribution of surface
elasticity can be detected, and it can give us the potential performance to investigate the surface

micro characteristics of the sample, including the micro inside defect identification.

Japancse rice uncooked Sticky rice uncooked Thai rice uncooked

Japanese rioe cooked Sucky nee cooked Thar rice cooked

Fig. 24 white rice sample under test on measurement area

Jupunese rice uncooked Sticky ree uncooked Than nce uncooked

[hai rice cookad

Fig. 25 Rice grain surface 3D scanned image
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Fig. 26 Load—depth characteristics of rice grain, here the letter R is the representative of “raw

or uncooked” , the letter C means “cooked”

C. Experiment on rice grains
The rough rice consists of an outer protective covering, hull, bran (pericarp, seed—coat and
nucellus), aleurone layer and the endosperm. After removing the outer husks of the grain by rice
huller, it becomes to a brown rice if continue milling process to removing the bran, thereby
creating a white rice
In this experiment three types of white rice grain are used as a sample; the Japanese rice that
has short grain rice, the Thai rice and the sticky rice, which is medium and long grain rice
respectively. Each kind of rice is divided into two categories, cooked and uncooked state. The
Japanese rice and Thai rice were cooked by boiling process, but for sticky rice was cooked by
steamer. Then the stiffness of rice grain is determined by series of indentation up on a rice
grain surface with 10mN test force. The rice grain was fixed on a plastic plate by epoxy dry
fast glue as shown in Fig. 24. All measurement process must be finished within one hour after glue
dried, because of humidity inside the seed also desiccated to depend on time. By using laser
interference micro scope, the 3D profile surface of each grain is illustrated as shown in Fig.
25.
The surface of rice grain before and after cooked fairly different, especially sticky rice surface
before cooked its surface very smooth but after cooked it became to very rough surface. The series
of indentations on each grain produce series of indentation load-depths which the load—depth
results in Fig. 26 shows the average value
From load-depth results on Fig. 26, shows that the uncooked sticky rice is harder than another
type. The stiffness on each uncooked rice not to different, Thai rice and Japanese rice seem similar
stiffness behaviour except the sticky rice, it looks harder than the other. However, obviously
noticed that, after cooked all of them become softer and the most soften cooked rice is Thai rice.

These experiment results were done only on the surface of rice grain; the indentation depth is



not deeper than bpm for uncooked rice and 18um for cooked rice. That means only the aleurone layer
was investigated not the endosperm layer. The stiffness and hardness value of rice depends on
many factors such as effect of moisture content, milling process or environment effect. So, these
results just present an idea that the ability of this machine can be estimated stiffness of

biomaterial in degree of hardness or stiffness value

6. CONCLUSIONS

The first prototype of micro hardness testing robot has been constructed and described that the
simple mechanical structure of parallel leaf spring mechanism and small voice coil actuator can
generate force in micro Newton range. This machine can give the best resolution of generated force
at 50 puN per step with good linearity, less vibration and less hysteresis up to maximum range
20mN. The micro robot stage carrying can provide the benefit of easy control with higher positioning
resolution. In the experimental results, it has been shown the ability of this machine that it
can show reasonable hardness result when compare between 30HV and 100HV. In the experimental
results has shown ability of this robot, that it can investigate the elastic behaviours of composite
material by the indentation load—depth curve has been showed different results between two area.
And also investigate of rice grains and human nails elastic behaviour by the indentation load—depth
curve show logical results. However, the operation range of this machine was bound by its little
structure. The experimental has shown that main structure can not endure for material that harder
than 30HV. In the future, first of all improving the hardness measurement performance of machine
to be complying or realize with world wide standard or well known commercial type machine. The
robot path control automatic mapping surface investigation might be possible to apply in the robot
control system. Then improving the other performance test such as the stiffness application for

another bio—cell will be our next goal
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Technology transfer from higher education institutions (HEIS) to industry in China

Hong Liu® and Yunzhong® Jiang (2001)

2 China Business Centre, Manchester Business School, Booth Street West, Manchester, UK

P Office of International Co-operation and Exchange, Tsinghua University, Beijing, China

Main Points:

1.

2.

3.

Technology development and transfer and the economic system
° Technology development and transfer and the government
° Technology development and transfer and constraints
e  Obstacles from an enterprise perspective
1. Lack of strategic perspectives
2. Lack of R&D capabilities
3. Lack of financial resources
4.  Lack of effective communication with HEIs
Impetus to technology transfer
eRecognition and non-financial rewards
eFinancial rewards
e Networking

Methods of technology transfer at Tsinghua University:

Establishment of the University—Industry Co-operation Committee of Tsinghua University (UICCTU)

e Technology transfer through collaboration with local governments
e Establishment of high technology companies in partnership with enterprises
e Building-up a Science and Technology Co-operation Network of Chinese Universities (UNITECH)

e Collaboration with enterprises

China’s New Development Strategy: Environment and Energy Security

Khan, Haider (2008)

Main Points:

1. Oneaspect of China's development strategy focuses on both global and regional approaches to solving problems
of energy security and ecological imbalance.

2. PRC’s growing energy dependence has become a major concern for both economic and national security
policymakers in China. The ambitious goal of modernization of the economy along the lines of the other newly
industrialized economies (NIEs) of Asia has succeeded only too well, and it is difficult to reorient economic priorities.
3. China seems to be firmly committed to the creation of a largely self-sustaining innovation system as part of a

knowledge-based economy of the future. Such innovation systems, called positive feedback loop innovation systems
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or POLIS have been created by advanced countries, and NIEs such as South Korea and Taiwan are proceeding to
create these as well.

4. Time is of the essence and the stakes are very high. A strategic engagement with the alternative strategy begun
within the next five years may well be too late.

5. The preliminary results of some recent studies showed that achieving the twin goals of energy security and
ecological balance are challenging but not impossible for China.

6.  The goal of regional cooperation is also achievable if patient negotiations in good faith can start in earnest. In
particular, cooperation with other Asian economies, particularly Japan, Indonesia, Viet Nam and India will be crucial.
The complexities of cooperation and conflict between China and Japan are to be taken seriously.

(http://mpra.ub.uni-muenchen.de)

Seminar 2
Changes in the US: how to succeed in perceiving the
American society and Communicating with the Americans
November 11, 2010

Abstract

The component of this seminar asks students to examine the recent changes in the US in the
various aspects in the society: trends in demography, language shift, economy, finance, immigration,
technology, and science. The second component highlights the characteristics of communication
styles of Americans in general and at workplaces. Finally, the students will discuss the connection
between the changes in the US and globally and the changes in  the communication strategies of the
Americans with the rest of the world.

1 Impacts of the Financial Crisis: The U.S. Is Becoming an Impoverished
Nation
by Richard C. Cook, Center for Research for Globalization

Main Points:

1. Efforts of the US government trying to save the self-destructing US financial system are “locking
the barn door after the horse”.

2. The real causes for the financial crisis are not subprime mortgage lending and not the lax

regulation.



3. The FD’s (Federal Reserve) putting more “liquidity” into the system causes more treasury debt and
covers up the bankruptcy of the entire US economy.

4. The so-called “Wall Street”, i.e. financial institutions such as Fannie Mae, Freddie Mac, Bear
Stearns, Lehman Brothers, Merrill Lynch, Morgan Stanley, Washington Mutual, AIG, is either
partially gone or in deep trouble along with the banks who are the next to go. 97% of funding by
investment banks is credit self-created by the banks themselves.

5. Part of the US federal budget, e.g. interest on the national debt, is around $500 billion a year and
growing which is not enough to stopgap the bailouts. This is not socialism where government owns
the means of production. This is the debt-based monetary system.

6. The real problem: the debt pyramid in the tens of trillions of dollars coupled with the dysfunctional
societal purchasing power due to outsourcing. Ordinary people are being blamed for living beyond
their means, but they may not have other choices. Keeping borrowing until the loans dry up
(happening now). The US is becoming an increasingly impoverished nation, bringing its people
with it.

Il Wouldn’t It Be Great If...
By Jacob Young from Reader's Digest January 2004

The RD’s version of what the Americans could get fast actions on if they put their backs to it:

Main Points:

1. “Ask not what your country can do for you...”

Whether you’re a liberal or a conservative, a Republican or a Democrat, there’s one thing we can all agree on —each of us
owes it a great debt. At some point between the ages of 18 and 25, everyone should give up to a year to America. Join the
military or ROTC, teach in a poor school, suit up with a disaster relief team, work in the forests or national parks, help
elderly shut-ins or the handicapped. About four million people turn 18 every year. Think of everything they could

accomplish. In return they’d get a stipend for living expenses and a college-tuition credit.

Obviously this isn’t a new idea; JFK’s “Ask what you can do for your country” speech was over 40 years ago. And more
than 80 million Americans already do volunteer work. Civil libertarians would likely sue to overturn any mandatory service
requirement. Fiscal conservatives would complain about the cost, which could certainly run to $20 billion or more a year.
And as one critic puts it, “Involuntary voluntarism is like hot snow.” Sure, but... An analysis of AmeriCorps, a volunteer

program with a broad spectrum of political support, estimated that every dollar invested returned $1.66 in benefits.

2. Stop the Lawsuit Insanity
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Unprovable pain and suffering awards that medical malpractice juries hand out cost society billions in the long run, and
often reward lawyers more than the victims. Adding insult to injury, the awards drive huge premiums for malpractice
insurance, contributing to the spiral of health care costs. In some high litigation states, such as Illinois and Pennsylvania,

doctors are moving elsewhere, or simply quitting.

Much of this would go away if the states all put caps on pain and suffering awards. California has had a $250,000 cap since
1975 — and stable malpractice insurance rates. The point is to set limits on the noneconomic losses due to medical injury or

malpractice.

After all, it’s a few bad doctors who make things worse for everyone. In New York, for instance, 68 percent of malpractice

payouts are attributable to a mere 7 percent of the state’s physicians.

3. Reverse a Shameful Trend
It’s one of the most stupid problems we have — drunk driving is actually on the rise. Each year it kills 17,000 people, and

is the No. 2 cause of accidental death.

The nine states that haven’t done so should adopt Administrative License Revocation (ALR) statutes. If you’re arrested for
drunk driving — or refuse to take a sobriety test — your permanent license gets confiscated. At the police station you’ll be
issued a temporary, limited driving permit. If you’re found guilty at an administrative hearing, you could lose your license

for up to a year.

4.  Get ‘Em While They’re Still Young

Want to know why Johnny and Susie can’t read, don’t graduate and wind up losers? In part it’s because 34 percent of
children enter kindergarten without knowing their letters, and 42 percent can’t count to 20. States and the federal
government spend about $10 billion annually on early education, but the average U.S. preschool doesn’t even get a “good”
rating on a scale used by teachers worldwide. “It’s not at a level that’s detrimental to children — their brains aren’t melting
— but it doesn’t assure kids are cared for in an optimal way,” says Amy Wilkins, executive director of the nonpartisan

Trust for Early Education.

We’ve got to do better than that, and make quality preschool available to every family who wants it. A study at a top
Chicago program for at-risk children showed its graduates were 40 percent less likely to fail a grade, had a 33 percent lower
juvenile arrest rate and were 29 percent more likely to graduate from high school by age 20. How to replicate this
nationwide? For starters, fix Head Start. Each year the groundbreaking program serves 900,000 children ages 3 to 5, but it

needs a new academic focus and national performance standards.

5. Leave the Car at Home — and Shake Loose Our Oil Dependence



Despite the lessons of the Arab oil embargo of the *70s, we still import 58 percent of our oil. And given the pace of

industrialization, especially in China and India, supplies are likely to get tighter and tighter.

There are 130 million drivers on the road in the United States. A typical person drives 32 miles in a day, getting 22 MPG.
Just one gallon from each of us would add up to 6.7 million barrels of crude oil — more than we import from Kuwait in a

month.

6. Strike a McTreaty With Fast Food

Here’s the problem. We’ve heard so often that two-thirds of Americans are overweight or obese that those once shocking
stats now seem almost normal. While it’s true that the food industry hasn’t done us any favors, what with giant portions and
monstrous calorie counts, we’re the ones who bought the food and ate it. All of it. “The restaurants are good at what they do,
and they’ll give us what they know we’ll buy,” says Penn State nutritionist Barbara Rolls. “If they put healthy foods out

there and the consumer doesn’t buy them, then they’ll say, ‘I told you so.”

We’d like to see both sides wise up and reach a peace — a McTreaty, if you will. The food industry should make good on
its promises to serve healthier food. At the very least the chains should put calorie counts where we can see them, not
hidden on a website, or in teeny type on a poster by the restroom. Consumers have responsibilities too. If restaurants serve
food that’s better for us, we have to order the good stuff, not the triple burger and fries. That’s the only way to stop the cycle,

and finally begin to drop those fast-food pounds.

Seminar 3
“Galapagosed Japan?”
How to succeed in strategizing Japanese economy
December 2, 2010

Abstract

This seminar first asks students to creatively define the term of “Galapagos Phenomenon” and
challenges students to argue for or against the viewpoint that Japan is being “Galapagosed” with valid
evidences. Debating skills will be introduced to support students’ arguments along with selected
English language expressions. After the debate, students will work in small groups and analyze the
possible aspects of Japanese economy with emphasis on the development of technology that may be



moving towards a Galapagosed direction. Finally, students will strategize policies, systems, and tactics
to redirect and lead Japanese economy to a more favorable direction.
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2. Asus breaks into PC makers' Top 5
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by Erica Ogg Read more: http://news.cnet.com/8301-31021 3-20010590-260.html#ixzz1FA986UCF

The maker of the tiny Eee PC Netbook has joined the giants of computing.

For the second quarter of 2010, Asus shipped 4.3 million PCs, good enough for 5.3 percent of the
worldwide market, according to IDC. The Taiwanese manufacturer's PC shipments grew 84 percent
during the quarter, allowing it to pull into a dead-even tie with Toshiba for the very first time: the
two are tied, that is, for fifth-most PC sales during the quarter behind usual suspects Hewlett-Packard,
Dell, Acer, and Lenovo.

CONCLUSION
of Global Leadership Training Short Program (GLTSP)

The main purposes of the short training program, Global Leadership Training Program (GLTP), are
threefold. First, the seminars aimed to provide students with thought-provoking facts, statistics and
arguments of the selected topics that students are usually not concerned with in their usual study and
research; Secondly, the seminars aimed to involve students to actively in critical evaluation of the
present contribution that Japan and Japanese people make to the world in various aspects such as
economy, politics, intercultural communication and other international affairs; Thirdly, the seminars
aimed to foster an international vision and perspectives in students so that they could lead their
research and/or companies successfully in international competition, i.e. “H Tl T2 - F5EHY
ST D HARD AM & E T DH", as the title of the program says. Finally, the lecturer argued
that following shifts need to be made in Japan for stronger competitiveness.

. From cutting-edge to competitive edge

. From convergence to integration

. From institutional change to individual change

. From domestic view to Asian and international view
. And from crisis to chances
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7.2 aRAy TV AFa—

7.2.1 A%3E

RoboCup Rescue Robot League (Z 27 > NOWIEENZIML, HKXOKFBL TOLAF a2 —mRy MT
KD KERIEE DAL — REEMISEZH D O TH D, BEXEERFHANLE - HPFEE, KT
PatseE oA RF— 24 [SHINOBI) 1% 2010 42, HAT{TH4172 RoboCup Japan Open &, # A THiffE S
M7= Thailand Rescue Robot Championship 2010 (TRRC2010) ~&M L7=. ZiL 5D RKE~D BN & LA
TIRT.
7.2.2 B LInRy hVAT A

SHINOBI Ti3, #EREEREFEM Ry MM Ry F2@E L2 AT L2058 L, REFZICH 2Ry b
DR x DB AT ZATH Z & TRRNRRBRIGE 21T o7, SFEEORS~OBIIHTZY, #HFERIEN e R >
h “KOHGA3” (Fig. 1 %) Ti, #EM A TEBORTZWHEL T 2B GEE S 2T LAOME LT/, H
R E ARy b “HIED (Fig. 1 £) T, HBWERKEE DM L, #EEERT LT ZLOHREITo 7.
7.2.3 RoboCup Japan Open

RoboCup Japan Open 2010 1%, KK THEKFT201045H 2 H~4 HO B TR Sz, 5 KRE1E, ¥
A, ATPoH 1 F—LBBML, LULOEWEERE L -7, SHINOBI [RERE#IFER R > o
KOHGA3, Hf#t# oAy Fo HIELI OFF 2 5owARy MTHIMLE.  Biidde 13 F—ATTEZITV, 4
F—ALTHRBEZITO HANThHo7-. SHINOBI (X, Ti 1 (2 TREFICEL L7722y, BB TIE N7 7
PHUERITHE L. LL, ENOEWEEERR Yy M AT L&FR%E Lo 2 &3l S v, FHA B il
REEZHT L LR TER. RHAOEAEE Fig21Z, T#f R4 Tablel (2R

iy

Fig.1 Developed robots Fig.2 Commendation ceremony

7.2.4 Thailand Rescue Robot Championship 2010

Thailand Rescue Robot Championship 2010 i%, &% -3 =22 T 20104 12 H 14 H~17 H ® H 2 THilf#
SN7-. F—2A SHINOBI iZHMER 2R > N HIEI TRANL7Z. BiHiE, ZAEANOTE (70 F—208500)
EREHIRNTZ 8 F— oL, WEIMAFF 4 F— L DF 12 F— A THibiLZ, 4RO TERE 2 FORBRITHOIT
7%, SHINOBI i34t #@E L <, BFEETREoaRy e L TIRBEEE DR REN L <, 1Bk L7z #iX
DOFE L @M 7o, ZORMFHE S 4, Best Autonomous Award (REH ARAETH) 2#%ETHI &N T
= 7=(Fig. 3).



Table 1 Score of the qualifying round of RoboCup Japan Open 2010

Team name 1st 2nd 3rd Result

SAKURANA 20 27 22 49
FrHESHIT 14 20 23 43
A A Kk LAFa1— 0 0 0 0
Chukyo—Rescue 0 0 0 0
NIIT-BLUE 6 37 0 43
SHINOBI 27 96 212 308
Nexis—R 0 54 40 94
RMF Rescue 0 0 0 0
G-TAN 27 0 0 27
CIT-Pelican 25 75 90 165
US.RF 0 0 0 0
BART LAB Rescue 142 128 78 270

| Thailand
HgecUe Rooot

Best
Autonomous Award

-

Fig. 3 Best Autonomous Award

7.2.5 LD LABROPHE

JapanOpen2010, TRRC2010 & 12, AR Ry hZ A LT —DIMF—L0H o720, ZROE
REZRKATE DX, Fx OF—24 SHINOBI OALTH Y, FHAIHBHEYSE, Best Autonomous
Award ZZEHTHZ LN TE . Fo, BiA@ U A 2BBEARNENOCERY, SBOUBOLEN L
ZOBRDHTEHIEAT 2MAE/D T ENTE ., 4%1F, B Ry MZOWTE, #if - BERAREOR
M7 CORBEITIV AT LZRAB LIV EB X TS, EREBEFEe R Y Mo, ARIZS D
N TN REEDIL, ~— Rl COREENENNER ST, SRIZZORIERL, 70— hOKE
RAT T AMEZE LIERAEZIT>THNELNEEZTND



7.3 DNEF v Ly 2010 (RWRC2010: Real World Robot Challenge 2010) ~®DZHN

7.3.1 L EFF v L UHE

SOLEF Y LoV, BOBEXITET 2Ry AR Ry MY, EEICANEET HHEO
HC [LZEPOMEICEIC] X BETENT Yy Lo POEITETHD. 2007 FNDIGE D AF
TAMEBOREL e o7z, S <ITHRO X RERESCHOTHR - B2, HIRERO ANy 77 v 7
&0, Hls— k& oo o KB R v R v R OFGEEBRBIMTONL TN D, KE~OBM#E % LLTIC
R

7.3.2 OLIEF ¥ LY 2010 KENE L HIEFLH

DOLNEF ¥ LY 2010 TIE, FATRESR « T A TIVET - KETED, TASL 11 A F TIZE 10
EIRREEATT 2N B 5. O THA BEXUBE R PRI E, H P50 R AR IS
FLORRIFT—LELTEDI B EIOETEICSM LT, 2010 FFED a3 —A1E, Fig. 1ITRT XD
ICAROWEAELITEN 2 G e 2R 1. 1kn] Da—2TH 5. ETEDIZD O BREHLCRE OWNZE
ZHR/NRIZL TN DT80, —ROBIT ADBFAET 280, BSR4 BIFEEL PS 77— 23 EF<
B CERWERRENSHDH. TOLIRER THo THOARTLERICHMEIZERT L LR Ry
MZEREND. AHRBEIT L08Ry FOFESF— 3 UZiEE < OF — LT a—A EOEEDEH®
(TR Al L BRBEN A FE L, ZOMMICESWCETT 5. Lo L, ETREICIAD
WITS WV REIRSC IS DRI S EE WIS TRE T 508, S DI EMDERE LTl 2 &R EEL V.
ZD XD I fERBR IR CIIBEIHEZ K L L CETIREELELOND. £ THalL, #EHK
EEE LB oAy SOHLERHEIZET 25 2] 21T o TRV, ZORIIFEGEEROS L LT
KFEF ¥ LU PICBMLTE . BT, BANCOIIEERICITHT BIRSCE RO AINLETH DT
W, ZORBIZBINT HEHZRITRE .

7.3.3 RESRREHCR, E A

Fx iz o< EF ¥ LY 2010 12BN HI2H720, Fig 2 1T HAEBEIo R v FEBR L. Bx
DOF—2iF, RAERIT 3 HESML, TR NT7A T VETICHRAT. TEITH 240m]Oa—2%H
BTRETLIHLDOThHoTz. FRIZ6 S IOMTRIA TV EEET DI ENTE. EITOKT%
Fig. 319, FADAKETTIE, VAT LD T 70 TI00mIBEETLMEATa—RAT T~ e
o TLEST. L, FHIORESSTIRORHEERFNCBI T HIAEREITH 2 LN TE,
fERR7e P IR E A2 & LR e —a v a2 7)) 2N T MRE LT L 1 [kn] &
T D2 LIXTERDN TN, BEOHDIOIIF ¥ L IBINTH-T-.

7.3.4 k%

< BB 1L I A BRI S S AT LA T 7 L—3 3 PSS (S12010) 6 FE 2 14 (3] [4]

« The 16th International Symposium on Artificial Life and Robotics(AROB2011) 3&% 1 #4-[5]
s OKEF ¥ LY 2010 BIBERRS Y VARV T ARA Y —8 v 3 SR 1 1E(6]
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[1]2<IEF ¥ LR —Ah— : http://www. ntf. or. jp/challenge/

[2] 2, AR, I EF: “HWEROEKALZE L-AEEEI e ANy SOITERENE , HARRy M PR
2k vol. 28, no. 8, 2010

(314, Pei, do-fJl, IR, Vel IA%7, AT, o, AR B & Bt R S L 7o Bhm R » B A RTC O
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AT DA VT 7 L— 3 TS, 2A3-4, 2010

(4] LA, AR, 285 “BABFEBEI 0 R v FOFEFEERIZBIT 2 LZERICONT” , 5§ 11 [FEE
WABHEFER S AT A T 7 b— 3 UETEES, 302-2, 2010

[5]T.H.Kim, K.Goto, H.Igarashi, K.Kon, N.Sato, F.Matsuno: “Path planning of an autonomous

mobile robot considering region with velocity constraint in real environment” , The 16th
Tnernational Symposium on Artificial Life and Robotics, GS13-6, 2011 (Young Author Award
2 H)
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7.4 SIGGRAPH 2010
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AR P INE B HORERH ST-RNA X — v g T &L 1 FEORLEEN” A development
environment for designing interactive characters with sensorimotor models” &9 % A KL TH
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HEF: 20104 7H25H (H) ~7H 29 H (K) (SIGGRAPH2010)
24 + Los Angeles Convention Center, Los Angeles, California, USA

BHE URL :  http://www. siggraph. org/s2010/
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1) Zhaoxian Xie, Manabu Yamashiro, Hisashi Yamaguchi, Aiguo Ming and Makoto Shimojo:
Development of A Mobile Manipulator System With RFID-Based Sensor Fusion For Home
Service : A Case Study on Mobile Manipulation of Chairs, International Journal of
Information Acquisition, Vol. 7, No.1, pp.1-13(2010.6).

2) DREREZ, R, REFSCHE, WERIRERE BEE L BRBE 0 AR Y b OITEE

AATRy F5EEE vol. 28, no.8, pp.930-937 (2010)

3) 1) Shu Hosokawa, Kazushi Nakano, Kazunori Sakurama: A consideration of human immunity
— based reinforcement learning with continuousstates, Artificial Life and Robotics,
Vol 15, No.4, 560-564 (2010)

4) fy W, KT, AR AET ARITE Ry hy I al—s L E
7~ﬂ/a>ﬁ%?ﬁ H AHERR 20 4 (C 7). Vol. 76, No. 762, pp. 361-370. Feb. 2010.
[E S
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