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Localization of an Autonomous Mobile
Robot by Fusing Active RFID and Ranging

Laser Scanner

Hung-Hsing Lin, Ching-Chih Tsai

Abstract

The purpose of this paper aims at developing a global pose localization method for an
autonomous mobile robot ( AMR ) in indoor environments by fusing measurements
including an active radio frequency identification device (RFID) , one odometric device,
and a ranging laser scanner.

First, to explore the distance from transpose of signal intensity between receive and
transmit from selected tags of a reader. Use a real-time least-square method to estimate the
unknown position and orientation when the mobile robot start-up. Last, use fuzzy extended
information filtering ( FEIF ) scheme of RFID with real-time least-sequence method fuse
laser scanner to estimate global pose of a mobile robot moving in any circumstance.
Experimental results are provided to show the effectiveness and merits of the proposed

localization systems.

Keywords : Extended Information Filter, Laser Scanner, Localization, RFID, Sensor Fusion.

Hung-Hsing Lin, Associate Professor, Department of Electrical Engineering, HIT.
Ching-Chih Tsai, Professor, Department of Electrical Engineering, National Chung Hsing University.
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Finite Deformation of 2-D Thin Circular

Curved Laminated Beams

Chiu-Wen Lin

Abstract

An analytical method is derived for obtaining the finite deformation of 2-D thin curved
laminated beams. The general solutions are expressed by fundamental geometric quantities.
As the radius of curvature is given, the fundamental geometric quantities can be calculated
to obtain the closed form solutions of the axial force, shear force, bending moment, rotation
angle, and deformed or un-deformed displacement fields. The closed-form solutions of the
circular curved laminated beams under pure bending moment case are presented. It shows

the consistency of the results of present study with those by ANSYS.

Keywords : Finite deformation, Curved laminated beams, Variable curvatures, Analytical

solutions, Non-linear behavior.

Chiu-Wen Lin, Lecturer, Department of General Education Center, HIT.
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1. Introduction

The rod theory is one of the most
developed parts of the elasticity theory. The
finite deformation of rods in space, are
always related nonlinear geometric
behavior. There are two approaches which
are very common. One is three dimensional
rods theory. The rod is treated as a three
dimensional elastic body to which the
methods of three dimensional elasticity

theory are applied (Green and Naghdi

[1]) . The other is one dimensional director
theory. The rod is treated as a curve
(Green and Naghdi [2]) . Naghdi [3], Green
[4] showed the nonlinear behavior of rods
in both ways. Green [5] showed some
relationship between two approaches.

Due to the

mathematical models, most studies have to

complexity  of

adopt some kind of simplification, such as
small displacement, small shearing strain,
small rotation or small shearing effect. By
using finite element method, Li. [6,7]
derived a finite deformation theory based
on total Lagrangian description for 2-D and
3-D beams of zero Poisson’s ratio without
all the simplifications. Some studied the
finite deformation under dynamic loading.
Oguibe [8]
study of the elastic plastic response of

investigated the numerical

multilayer aluminum cantilever beams

subjected to an impulse loading. The

numerical results were compared with the
experimental results. Attard [9] studied
finite strain of an isotropic hyper-elastic
Hookean beam. He used an appropriate
strain energy density. The shear effect was
included. The solution was also applied to
stability behavior design of a helical spring.
Mauget [10]

coordinates  to

applied  Lagrangian

derive an isotropic
constitutive law for a large displacement
formulation of woods. Toi [11] used total
Lagrangian approach for the super-elastic
large deformation analysis of a shape
memory alloy helical springs.

Most studies focus on straight rods.
Only few investigate rods.
Atanackovic [12]

deformation of a circular ring under

curve
analyzed the finite
uniform pressure. Brush [13] derived a
finite deformation stability equation for
circular ring under various pressures. He
also investigated the stability of nonlinear
equilibrium equations for fluid pressure
loading. Due to the complexity of
mathematical models, analytical solutions
are very limited. Timoshenko [14] showed
the large deformation of an Elastica. It also
showed the stability of a straight beam of
large deformation. In this paper, we apply
the tangent slope coordinate theory by Lin
[15, 16, 17, 18] and lamination theory by
Herakovich [19] to study finite deformation

2-D of curved laminated beams with
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circular curvature.

Y
A
+
\
R
Yy \
{ !
v - i
/g{/dS
| 1
: z
‘ ! _
X u X

Fig. 1. Deformation of length element

2. Fundamental Equations

2.1 Displacement Field and

Kinematics Relationship

Consider an elastic curved laminated
beam with variable curvature whose axis
lies on a 2-D plane. Assume the rod is
made of elastic material such that the stress
is linear to the strain even for finite
deformation of the beam. Since the strain is
finite, the displacement of a point, the
extension of the axis and the rotation angle
of any cross section are not necessarily
small. To simplify the analysis, assume
cross sections do not change the shape and
size and the cross section is always
orthogonal to the axis in the deformed
state.

To describe the laminated curve beam

on a 2-D reference configuration, the

un-deformed length element dS after
deformation become the deformed length
element ds. The coordinate of end point

(X,Y ) in the un-deformed state deforms to
(x,y ) shown as Fig. 1. At the un-deformed
(XY) is
denoted by «. At the deformed state, the

state, the tangent slope angle at
tangent slope at (x,y ) is denoted by .

The deformation at (X,Y) is denoted by

( uyyv ) where u is the horizontal
displacement, and v is the vertical
displacement. Hence

x=X+u, y=Y+v. (1)

The rotation angle ¢ can be found by
p=0-a.. (2)
Since the strain at the centroid axis is
defined by e= (ds-dS ) /dS, or
ds = (1+ £)ds. (3)
As in the case of in-extensional curved
beam, ¢=0. For any length element dS,
there is a corresponding radius of curvature
R, such that
dS = Rda. (4)
Here the radius of curvature R does not
have to be a constant. Most well known
curves can be determined by specifying the
radius of curvature, such as circle, ellipse,
parabola, cycloid, hyperbola, centenary,
spiral curves, etc.

For the deformed length element ds,
the corresponding radius of curvature is

denoted by 7, i.e.
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ds =rd®. (5)
At a distance z from centroid axis, the

un-deformed length element is denoted by

ds. =(R+z)da - (6)
And the deformed length element is
ds, = (r + z)dH . (7)
The strain at a distance of z defined by
do
E+z——
s a5 ®
z 1+ —
R

Equation (8) can be simplified to

_eis%0
g=etio 9)

Here assume z<<R so that z/R<</ can
be neglected. In other words, the curved
beam is slender in the sense that dimension
of cross section is much less than the

dimension of radius of curvature.

2.2 Constitutive Relationship

Consider a thin curved laminated
beam composed of layers. The layers are
arranged on the centroid plane even the
fiber can be in different direction. Here the
effect of shear deformation is neglected.
The stress-strain relationship for a layer
along axis direction is
c=0,¢.- (10)
Where ¢ is the normal stress component

along tangent direction and Q; is the
elastic stiffness coefficient of the laminated

material. The coefficient Q;; is expressed

E,
1-v,v,,

0, = (11>

Where E; is the longitudinal Young’s

modulus along fiber direction, v 1 is the
longitudinal Poisson’s ratio, and v 2 is the

transverse Poisson’s ratio. For a n-layers of

laminated beam, the stress-strain

relationship of K, layer due to rotation

transformation
[o], =101 Le]; - (12)
Where
Ql =0, cos’ 7+t

2(0,, +204) cos’ y sin® 7+0,, sin* ( 13 )
With
le = VIZEZ

1- ViaVa
- (14)
Op =G> 0, = 2
1- ViaVa

In the expression, E, is the transverse
Young’s modulus perpendicular to fiber
direction, G, is longitudinal shear modulus,
and » is the angle between tangential
direction and fiber direction, respectively.
The coefficients Q;; Q)2 Ogs Q22 are also
the elastic stiftness coefficients.

Assume that the width of the cross
section is b and the total thickness is h=nt
( Fig. 2. ) . Ateach cross section there are
n-layers from bottom to the top. At the
bottom it is the first layer and at the top it is
n-th layer.
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At any cross section, the resultant force
and moment are obtained by integrating the
stress in each layer through the thickness.
Here the bending moment is positive if it
intends to decrease the radius of curvature

of the centroid axis. The notation and sign

distributed tangential force ¢, and radial
force grare shown in Fig. 3.

The axial force N and moment of the
laminate are obtained by integration of

stresses in each layer through the thickness,

ol (15)
convention of axial force N, moment M M| |B, D¢
together with shear force @, external
~— b
z, nth
i'[
Y
-+ =g — - —
Zo 1.\'/‘
Fig. 2. Layers of laminated curved beam
Where convenient to used same thickness.

A, =ibj.:A [Ql]kdm
k=1 T

Dy, =kZil:bLil[Ql]kzzdzv (16)

B, =zbfk [Ql]kZdZ ’
k=1 k=t
The varible o' denotes dp/ds , the Ay

represents the in-plane stiffness, the By,
defines the bending-stretching coupling and
the D;; is the bending stiffness. Since in
engineering  application, most used
materials are carbon fiber and glass fiber.
The thickness of carbon fiber is almost the
Therefore

same. in application it is

However even if different thicknesses are
used as the curved laminated beam, the
equations of Eq. (16 ) are still valid. In the
case of symmetric laminated, the integral
B;;=0. Then the strain and curvature
change will be decoupled, i.e.

(17)

Here it is noted that if the longitudinal

N=4,& M:DMDI‘

Young’s modulus and the transverse

Young’s modulus are equal in each layer,
that implies Oy = O» =E’/(1—v2), then in

the laminate A;=F£'4/(1-v*), Bi; = 0, Dy
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= E'/(1-v?) =EI. Hence the anisotropic
material will reduce to be an isotropic

material.

M

M
S i

Q**++§+%**Q
qr

\j

Fig. 3. Sign convention of forces

and moment

2.3 Kinetics

To demonstrate the force balance,
there are several ways, such as in X-Y plane
and expressing all quantities in terms of
X-Y components. The other choice is to
express all quantities in terms of reference
configuration, expressing all quantities in
axial and shear components or tangent and
normal components. Another choice is in
terms of spatial configuration or deformed
configuration.

The force balance in the reference

configuration can be expressed by

dN N d

7+2:_qa’ _7+7Q:_qR’

dS R R dS (18)
a _,

ds '

The three equations show the balance
of forces along tangential direction, radial
direction and moment. The equilibrium
equations can be obtained by taking free
body of a curved element. These equations
are the same as the force balance equation
in small deformation [15], since the effect
of finite deformation does not effect
equilibrium equation in the reference
configuration.

The equilibrium equations can also be

expressed by deformed configuration,

dﬂ+g—_q7a
ds r l+¢’
N, 4O g dM _ Q
rods  l+e’ ds  l+e
dx=(1+¢)cos@dS, dy=(1+¢)sinads; (19)
N:A11€+B“(1+8)@9

ds

M:B“£+D“(l+g)?'
AY

There are three configurations to
describe the balance equations. Later it will
show that to solve the system equations,
some configuration are needed to combined
and solved. The complicated term arises
from /+ sterm. This term is retained due
to the conservative field of external loads.
However this term also induces a nonlinear
effect. Note that, from Eq. (19c¢) , there is
no stability term. Axial induced moment is
not included. Hence the system equation
should promote no buckling mode. It shows

the finite deformation.
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Here assume the external distributed
loads ¢, gr change direction but not in
magnitude. There are several ways to
describe equilibrium equations. So far there

are five equations three forces Egs.

(19a,b,¢c) and two constitutive equations
Egs. (19f, g) for N, O, M, and &, ¢. To
complete the analysis of finite deformation,
the displacements and  Constitutive
Relationships are included. Once taking the
integrals of Eqs. (19d, ¢) , from Eq. (1),

the displacements u, v can be found.

3. Applications

3.1 Pure Bending Solutions

Here to demonstrate the analytical
solution of a finite deformation of angle-ply
curved laminated beam, consider a curved
beam symmetric with respect to Y axis, and
a=f. The

un-deformed radius of curvature may be

extending from oa=-f to

different. Hence this curved beam can be
many kinds of curved beams. A couple of
concentrated moments are applied at both

ends. Assume that the origin (un-deformed
state ) is located at a=0 (Fig.3a) .

Here the deformed configuration is

used. In the absence of distributed loads ¢,,

grin Egs. (19a,b)
aN O _, _N 40 _,, (20)
ds r rods

am

PR
ézcose, Q:sine;
ds ds

N= A115+B“(1+g)?,
A

M =B“g+DH(1+g)‘:7¢
AY

By using changing of variable Eqs.(20a, b )
can be induced to
diN-l-Q:O’ —N+d£=0'
do do

Taking derivative of Eq. ( 2la ) ,

(21)

combining with Eq. (21b) and eliminating
the variable Q, the equation yields,
d*N

The solution of N is
N =A4,cos0+ A,sinf. (23)

Where A4;, A, are two constants to be
determine by suitable boundary conditions.
Taking derivative of Eq.(23 ), with the help

of Eq. (21a) , the variable Q is

O = A, sinf—A,cos0 . (24)
At the un-deformed ends a=f, N (+

£ ) =0 (£ &) =0. At the deformed ends,

O=0s=5+p (L), N (Gt (£))

=0 (F+y¢ (L)) =0,or

N = 4 cos(B+ p(B))+ 4,sin(B + p(B)) = 0

0 - 4 co5(p + p(6))- Ausin(pr () -0 2

Where ¢ () is the deformed rotation

angle at a=p. It is still an unknown and
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needed to find. The solution of Egs.(25) is

A =4,=0.

Hence

N=0=0. (26)

With the help of Eq. (26) , integrate Egs.
(20c) , once to obtain

M=4,. (27)

Where 4; 1is a constant.

At the free end, the boundary condition is

M(B+o(B))=M,- (28)
Hence the solution of M is
M=-M,. (29)

Therefore Eqs. (20f,g) yield

A“g+B”(1+e)%=0»

J (30)
Be+D,(1+6) L =M,
ds

The solution of & and (I+ & ) dp/dsis

c= _M()Bll .
- 2
AllDll_Bll (31)
(1+e)20 - Moy
ds AllDll_Bll

The solution Eq. (31 ) show that even

under pure bending moment, the strain at
the centroid line is still deformed. This is
caused by material properties. For a
symmetric curved laminated beam,B;; =0
ande =0.

Then there is no deformation along centroid
line. It becomes inextensible. Since the
coefficients of A;;, B;; and Dj;; are all

positive, and denominator A uD-BiP s

normally positive, &£1is then negative. In

other words, the curved laminated beam
becomes longer under the positive pure
bending case. Eq. (31b)

terms of un-deformed state for the sake of

is expression in

integration. Integrating Eq. (31b) once to

obtain

“ 4,.M,
= [ —20 _Rda+g, -
Y '[) A11D11 -B ’ “

11

(32)

Where @ is a constants, determined by
boundary conditions. Here the deformation
angle is expressed in term of reference

configuration. Due to symmetric, a=0, @

(0) =0. Hence @ ,=0.

The Eq. (32) implies
AIIMO
p=—— TS 33
A11D11_3112 ( )

The deformed angle can be expressed in the
reference configuration. Furthermore the
deformed shape can be evaluated by the
deformed coordinates x, y. The integral of
Egs. (20d,¢) ,

o M,B AM
x:jﬂ [1—%}%5[0{ +%S]R(a)da,
AHD!I _Bn AHDII _Bn

(34)

a M,B AM
y:_[ 1-——1 sin| g +——1—"—§ |R(a)da.
’ A11D117Bll AHDIliBH’

The integration constants are vanished due
to the symmetric conditions of a=0, x=0,
y=0. There is no deformation at the origin.
The integrals Eq. (4) depend on the
form in the integral. Since the arc length is
calculated based on the given curvature.
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Once the radius of curvature is assigned,
the arc can be evaluated. Then the integrals
of Eq. (34) can be found. However, only
some given radius of curvature can be

carried out to explicit form (instead of

integral form ) , due to the difficulty of

integral. In this analysis, the results show at

least some curves can be calculate
explicitly, some are still not, even all curves
can be evaluated by numerical techniques.
angle-ply
laminated beam, B;;=0, ¢ =0.

The deformed coordinated Eq. (34)

For an symmetric  curved

can be simplified to

xX= I: R(a)cos(a +Z‘:dea ’

y= LQR(“)Si“(MM"SJda (35)

h
Here the procedures show that no need to
calculate the deformations u, v but directly
evaluate the deformed coordinates x, y.

angle-ply
symmetric curved laminated beam with

Consider a cantilever
variable curvature. The curve starts from
fixed end a=0 to free end a=p shown as
Fig. 3a. The origin is located at a=0. A
concentrated moment M, is applied at the
end of a=p. It is equivalent to a free curved
beam which is symmetric with respect to
y-axis. The curved beam starts from free
end a=-f, to a=f. A pairs of concentrated
moment M, are applied at both ends shown
as Fig. 3b. Due to symmetry, only the

portion from a=0 to a=p is needed to be

considered. Due to fixed end or symmetry,

at a=0 the boundary conditions are

0=0, u=0, v=0, (36)

6=0, x=0, y=0.

At the free end (a=p ), the axial force,

shear force and moment are

N(B)=0, O(B)=0, M(B)=M,- (37)
Substituting Eqs. (37) into Egs. (23,

24) , the constants can be found 4;=4,=0,

A3=M,. Substituting Eq. (37a) into Egs.

(34a, b) , the deformed angle of slope

becomes

0=a+AS, 2=, (38)
11

The Eq. (35) can be expression by

X = I: Rcos(a + AS)da,

. (39)
y= L Rsin(a + XS)da.

In Egs. (39) , the constants from
integrating vanish because at a=0, x=y=0.
Once the radius of curvature of the curve
beam is specified, the deformed coordinates

can be found. The displacements u, v with
the help of Eq. (1)

u:J.QZRsin a+l/”tS sin 1/1S da,
0 2 2

1s then

| 1 (40)
V= r 2Rsin(l§jcos(0{ + ﬂdea.
0 2 2
Note that the radius of curvature r
after deformation can be calculated by

taking derivatives of Egs. (39) . It can be
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simplified to

R
r= .
1+ AR

(41)

It is seen that if the curve is a circle, or

R is a constant, then 7 is a constant as well

y

Fig. 3a. A cantilever curved beam under a
concentrated moment M.

However for a curve of variable
curvature, R is not a constant. The
deformed radius of curvature changes to
another function by 1/ (1+ AR ). Therefore

the curve changes type as it is deformed.

3.2 Finite deformation of circular
laminate curve beam under

pure bending moments

For an angle-ply circular laminated

beam, choose the radius as the
characteristic radius, i.e.

R=1. (42)
It is equivalent to X=sina, Y=I-cosa in
form. The

displacements u, v in Eq. (40)

parametric solution  of
can be

integrated to yield

and only changes magnitude. The

magnitude factoris 1/ (I+ AR ) .

Fig. 3b. Simple curved beams under a pair

of moment M,.

Y= sin(l+ A)a

—sina,
1+4

(43)

_COS(Z
1+1°

——Cosx
1+4
The deformed coordinates from Eqs. (39)

are

.
x= msm(l +A)a,

| (44)
y= m[l —cos(1+A)a]-

The coordinates of Eqs. (44) are a circle
in parametric form. The radius of curvature

is 1/ (1+A ) . In other words as the moment

M, increases, the radius of curvature

decreases by the scale of I/ (I1+A ) . Since

the strain at the centroid axis is zero, the
circumference can be calculated to close
the circular curve. The required moment to

close the circle is
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30
D,
o = (==D).
Ry B
Or, the required A to close the circle is
T
/10[03'6 = E_l (45)

For instance to close a quadrant

symmetric ~ curve  laminated  beam
(from —/4 to w/4) , the required moment is
Aciose=3. The deformed curves of a quarter
circular at various closed moments are

shown in Fig. 4.

JN INETTNSN NSRRI ANERNENRT) NUTE)

Fig. 4. Symmetric angle-ply circular curved
laminated beams from —n/4 to /4
under a couple of moment M.

The final angle versus close moment

of angle-ply laminates are shown in Fig. 5.

— - — [45/-45/-45/45]
[0/-0/-0/0]

e [37.5(-37.5/-37.5(37.5]
= [30/-30/-30430]

+  [22.5(-22.5(-22.5(22.5]
s [15/-15/-15/15]

= [7.5/-7.5¢-7.5(7.5]

Fig. 5. The final angle versus close moment

of various 4-layers  stacking
sequences.
Consider a cantilever angle-ply

symmetric circular curved laminated beam

subjected to a pure bending moment
My=D;/R,, the curve starts from fixed end
a=m/2.
cross-section consist with 2 layers of
carbon fiber T300/5208 [- £, £] Material
properties are FE;=132Gpa, E,=10.8Gpa
and v =024, GI12=565Gpa, M=
1.867572156N - m each layer thickness
h=I1mm, the width is b=20mm.

The fiber orientation angles versus

o=0 to free end Beams

equivalent 4., of different stacking numbers
are shown in Fig. 6. And the fiber
orientation angles versus bending stiffness
of different stacking numbers are shown in
Fig. 7.

-
—_— .

Plp angle

Fig. 6. The fiber orientation angles versus
equivalent A, of different stacking
numbers ( =0 to y=7/2)

Figure 6, shows the cantilever angle-ply
symmetric circular curved laminated beam
under same apply moment. The different
fiber orientation angles stacking sequences
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from 0 to 7 /2, it can be seen the equivalent
A of curved laminated beam will increases
to the tip at 7 /4. Fig. 7, shows the
cantilever angle-ply symmetric circular

curved laminated beam.

=, .t
44N ./
\ J
12 ‘\ /
10 \ 'I
.\ 7
* Fd
~ . — [-6/8]
D84 N BRI E:CTA
= N\ o~ || — - e,
64 \ / — - [B8]
s
N L~
4 N~

] 0.5 1 1.5
Ply angle

Fig. 7. The fiber orientation angle
versus bending stiffness of
different layer numbers (=0
toy=m/2)

The different fiber orientation angles
and layer numbers from 0 to 7/2, it can be
of curved

seen the bending stiffness

laminated beam, D;; exhibit minima at )
=n/4. With the helps of Eq. (13) , the
bending stiffness D;; can be expressed in
terms of the fiber orientation angles and
layer numbers » using Eq. (46) ,
b-h’—

D :(TQMJ- (46)

Noted that, laminate consisting of an
equal number of equal-thickness layers at

+0 and —0 fiber orientations are called
angle-ply laminates, such laminates are
specially  orthotropic.  Because such
laminate do not exhibit coupling between
in-plane extensional and shear response.
For a symmetric curved laminated beam,
Bj; =0. The deformation determine by D;;.

The deformations of different stacking

sequences are shown in Fig. 8.

15
_——7— ——
- — T
<7l NN
//." .'."'.‘N’\\-\
e 05 \\
. RN | =y
v ] \ . —_— 15715
\ } ) — - [2529]
04 FI — - [35/35]
'_, ;/ . e s [45/45]
' 17
0.2 ;7/

Fig. 8. The deformation shapes of
different stacking sequences

Figure 9, shows the free end deformed
with
various A from 0 to /0. As A increases to 7,

x-coordinates and y-coordinates
15,.... The cantilever angle-ply symmetric
circular curved laminated beam will always
spinto fixedend (x,y) = (0,0) .
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Fig. 9. The free end deformed coordinate of
cantilever circular curved beam
(from 0 to n/4)

The deformation shapes shown as Fig.
10.

3.3 ANSYS results

Consider a angle-ply

symmetric circular curved laminated beam

cantilever

subjected to a pure bending moment
My=D;/R,, the curve starts from fixed end
o=m/2.
cross-section consist with 2n layers of
carbon fiber T300/5208 [0,,], Material are

o=0 to free end Beams

[+ =« he0 —— =7 — - 15

Fig. 10. The deformation of circular curved
beam (from 0 to n/4) under
various A .

E;=132Gpa, E;=10.8Gpa and v,,=0.24,

G12=5.65Gpa, layer thickness
t=1mm, the total thickness is A=2nt and the
width is 6=20mm. Using ANSYS large
deformation static analysis, the various R/

each

versus deformed displacements u is shown
in Table 1.

Table 1. The various R/h versus deformed displacements u.

R/h 2500 1250 1000 500 200 100 10
u 0.999737 0.999987 0.999987 0.999751 0.999751 0.999751 0.999751
Error (%) 0.0263% 0.0013% 0.0013% 0.0249% 0.0249% 0.0249% 0.0249%

Where h/b =1/10.
It shows the consistency of the results
of present study with those by ANSYS.
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4. Conclusions

This paper has presented an analytical
method for obtaining the finite deformation
of 2-D circular curved laminated beam. The
rod axis is either inextensible or extensible.
The curved beam is slender in the sense
that dimension of cross section is much less
than the dimension of radius of curvature.
To derive the analytical method for the
general solutions, one can introduce the
coordinate system defined by the radius of
centroidal axis and the angle of tangent
slope.

The general solutions expressed by
fundamental geometric quantities form a
set of equations having seven unknown
constants. The seven constants can be
directly determined by suitable boundary
conditions. As the radius in terms of the

tangent slope angle is given, the
fundamental geometric quantities can be
calculated to obtain the closed form
solutions of the axial force, shear force,
bending moment, rotation angle, and
displacement fields at any cross-section of
circular curved laminated beams. These
results of the applications indicate that the
closed-form general solutions derived by
the analytical method would be valid for
in-plane thin angle-ply circular curved
Thus the analytical

method would be useful to engineers

laminated beams.

attempting to obtain the exact expressions
for thin angle-ply circular curved laminated
beams in engineering applications.
Especially, helical spring and clockwork

spring production and process.
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On the Variance of Sum of Independent
Bernoulli Random Variables and Shannon

Entropy

Shao-Chang Miao, Chih-Sheng Chen, Chia-Yee Liu

Abstract

There are n students in a class. The ith student is evaluated and assigned a constant p,
(0<p,<1) reflecting the student’s probability of being admitted to an ideal high school.
Let X, (1<i<n ) be independent Bernoulli random variables with parameters p,. Then
S=X +X,+---+X, isthe number of the students in the class who will be admitted to

an ideal high school. Assuming that p, + p, +---+ p, is a fixed constant, the maximum

and minimum values of Var[S] are obtained using two different methods. The notions of
majorization and Shannon entropy relevant the problem are defined and discussed. The
relationships between the extremal values of

Var[S] and Shannon entropy are also established.

Keywords : Majorization, Schur-Convexity, Shannon Entropy, Convex polygonal Region.
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Design of Pneumatic Robotic Arm and
Dynamic Model of Pneumatic Cylinder

Actuators

Ming-Chiuan Shiu, Chien-Ming Chen, Fang-Jr Liou

Abstract

A robotic arm is developed to act as a part of physical treatment of rehabilitation to
restore and maintain functional ability for injured upper extremities. By combination of
relay circuit, DSP, the pneumatic cylinders and the electromagnetic valves, the pneumatic
controlled robotic arm is proposed in this paper. Via a proper decision of rehabilitation
profile of robotic arm, computer program can be compiled first offline. After downloading
the profile into DSP, DSP can drive the robotic arm acting as the desired rehabilitation
profile by the relay circuit, the pneumatic cylinders and the electromagnetic valves. This
paper first develops an exact model of a pneumatic system consisting of a double-acting
single-rod pneumatic cylinder and an electromagnetic valve, with the goal of providing an
insight into the design and control requirements for pneumatically actuated systems. Use the
model to derive the group equations representing the dynamic behavior of the pneumatic
cylinder. In addition, the pressure sensors are used to detect the force of patients when the
pneumatic robotic arm is action. These pressure sensors can provide the appropriate action
for the system. Some basic experiments of rehabilitation poses are demonstrated the

performance of the pneumatic robotic arm.

Keywords : rehabilitation, robotic arm, pneumatic control.

Ming-Chiuan Shiu, Instructor, Department of Electrical Engineering, HIT.
Chien-Ming Chen, Student, Graduate Institute of Electrical Engineering, HIT.
Fang-Jr Liou, Student, Graduate Institute of Electrical Engineering, HIT.
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Nonlinear rupture theory of a thin
micropolar liquid film on a cylinder under a

magnetic field

Hung Ming Sung, Chung-Ting Hsu

Abstract

This paper studies the nonlinear rupture process of the thin micropolar liquid film on a
cylinder under the influence of the uniform magnetic field. The long-wave perturbation
method is employed to derive the generalized kinematic equations with free film surface
conditions. The generalized nonlinear evolution equation is solved numerically. The effects
of magnetic field, the van der Waals potential, the surface tension, the micropolar parameter,
K, and the radius of the cylinder on the rupture behavior are extensively investigated. The
results show that the film rupture time will be delayed by increasing the associated
parameters including the Hartmann number, the micropolar parameter, and the radius of the

cylinder, or to decrease the initial disturbance.

Keywords : micropolar, magnetic field, rupture, thin film, surface tension, van der Waals

potential.
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1. Introduction

The hydrodynamic stability of a thin
film flow is a subject of great importance
needed in

commonly biomedical,

mechanical, and chemical engineering
industries. The liquid film will become

unstable when the film is thinner than

1000 4 [1]. The instability is associated
with a new term, called van der Waals
potential, which results in the rupture of the
film. The rupture of liquid films occurs in
many industrials applications involving
disperse and colloid systems and in
biological phenomena [2]. It is known that
the macroscopic rupture process will
influence the film flow significantly. It is
thus highly desirable to understand the
underlying film flow characteristics and the
associated time-dependent properties so
that suitable conditions for homogeneous
film growth can be developed for different
industrial applications.

Ruckenstein and Jain [3] studied the
spontaneous rupture of a liquid film on a
planar solid wall. They modeled the liquid
film as a Navier-Stokes continuum with an
extra body force due to the van der Waals
attractions and  used  quasi-steady
lubrication approximation to obtain the
results of linear dynamic instability. From
can obtain

their results, one rough

estimates for the rupture time. Williams

and Davis [4] examined the nonlinear
evolution equation and numerically treated
it as an initial value problem with periodic
boundary conditions. The results indicated
that the nonlinearities of the system would
accelerate the rupture process. Hwang and
Chang [5] analyzed the

problem of a power-law non-Newtonian

film rupture

fluid. The results revealed that the rupture
time of the film decreases with the
decreasing magnitude of the power-law
exponent, n. However, the mode of the
most unstable disturbance would not be
changed by the value of the index n.
Prokopiou and Cheng [6], Alekseenko et al.
[7] and Hwang et al. [8] applied the
integral technique with a specified velocity
profile to obtain a system of nonlinear
evolution equations. These equations were
used to simulate the nonlinear rupture
processes. The numerical analysis results
model  was

obtained from the

systematically compared with those
obtained by using long-wave model. Chen
and Hwang [9]

rupture theory of a thin liquid film on a

studied the nonlinear

cylinder. They showed that the decrease of
a cylindric radius will accelerate the
rupture process.

The vast majority of studies on
thin-film flow problems were devoted to
Newtonian fluids. The film flow of

non-Newtonian fluids has attracted only
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modest attention. Apparently, most of the
above studies were addressed on the
Newtonian fluid model. However, the
rhelogical behavior of the fluid during the
manufacturing process or the glue in
biological chemistry cannot be completely
described by the Newtonian fluid. In recent
years, the general research interest on
stability problems has been directed toward
the microstructure of fluid flows. A
subclass of these fluids was named
micropolar fluids by Eringen [10] who first
proposed the theory of micropolar fluids.
fluids  exhibit

microscopic effects arising from the local

Micropolar certain
structure and micromotion of the fluid
element. In application, the micropolar
fluids

man-made fluids, such as the polymeric

may be used to model some
fluids, animal blood, fluids with additives,
and liquid crystals, etc. The extension of
the theory of micropolar fluids to cover the
thermal effect was developed by Eringen
[11]. Liu [12] studied the instability of
He found that the

initiation of instability is delayed due to the

micropolar fluids.

presence of particles in the fluid. Hung et al.

[13] employed the methods of nonlinear
analysis to study the stability of the thin
micropolar liquid film flowing down along
a vertical plate. Their studies indicated
that the micropolar parameter K plays an

important role in stabilizing a film flow.

They also showed that the micropolar
A=h" 1) and
A(=y/ iJ), have very little effect on the

coefficients,

stability of the micropolar film. Hung and
Tsai [14] studied the rupture of a thin
liquid film. The
displayed that the rupture time of the film

micropolar results

increases as the vortex viscosity of
micropolar fluid increases. Cheng et al. [15]
studied the nonlinear stability analysis of
the thin micropolar liquid film flowing
down on a vertical cylinder. They found
that the film flow can become relatively
stable by

micropolar parameter K or the radius of

more increasing either the
the cylinder.

Hsieh [16] studied the linear stability
problem of fluid flowing down an inclined
plane with a transversely applied magnetic
field. It is found that the presence of the
magnetic field tends to stabilize the system.
Renardy and Sun [17] investigated the
linear stability of a viscous fluid film
flowing down an inclined plane under the
effects of gravity and the tangential
magnetic field. The results indicated that
the presence of the magnetic field has
stabilizing effects on both the film surface
and the shear modes. That results in a
relatively more stable film flow condition.
[18] studied the nonlinear

hydromagnetic stability of a condensation

Tsai et al.
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film flowing down a vertical plate. They
showed that the magnetic field can stabilize
the film flow. Hung and Tsai [19] analyzed
the film rupture problem under the
magnetic field. They showed that the
enhancement of the magnetic effect can
delay the rupture time. Coons et al. [20]
made the predictions from the bounding
scaling equations and it is shown that the
retarted Hamaker constants derived from
approximate Lifshitz theory underestimate
the critical thickness of foam and emulsion
films.

Detailed film flow analysis is, indeed,
of great importance for the development of
rupture theory in characterizing various
film flow conditions. The rupture analysis
of film flow, however, is very essential for
both theoretical development and practical
applications in disperse, colloid, and
biological systems. To our best knowledge,
the rupture of the thin micropolar liquid
film on a cylinder under the influence of
field has not

comprehensively investigated so far. Since

the magnetic been
the types of film rupture problems are so
important in many practical applications
that the behavior of the rupture of thin
micropolar liquid films on a cylinder under
the magnetic field should be more carefully
studied. This study employs the newly
developed advanced numerical schema to

investigate the onset of the film rupture and

also the influence factors of the applied
magnetic field, the micropolar parameter,
the initial disturbance, and the radius of the
cylinder. In an attempt to verify
computational results and to illustrate the
effectiveness of the proposed modeling
approach, several numerical examples are

presented.

2. Analysis

2.1 Basic electromagnetic concepts

It is notable that an electrical conductor
moving in a magnetic field generates an
electromotive force that is proportional to
the speed of motion and the strength of the
field. The field of
magnetohydrodynamics is  complicate,

magnetic

since it involves the solutions of both the
Navier-Stokes equations for fluid flows and
the Maxwell’s equations for a magnetic
field. In
Maxwell’s equations are
[21]

magneto  fluid mechanics,

presented as

V-B=0 (1)

V-D=0 (2)

VxH=J, (3)
OB

VXE——E (4)

The magnetic flux B and dielectric
displacement field D are expressed by

B=uH, (5)
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D=¢FE, (6) are assumed to be constant. The magnetic

where J, is the current density, g, is

the magnetic permeability and H is the
magnetic fields. By Ohm’s law, the total
current flow can be defined as

J,=0,(E+UxB), (7)

where U is the velocity vector and o,

is the electrical conductivity. By combining

the above equations, the magnetic

induction equation can be expressed as

a—B=V><(U><B)+
ot

V’B. (8)
O .M,

In momentum equation, the
electromagnetic force must be included and

can be expressed as
F =J,xB=0c,(UxB)xB. (9)

2.2 Generalized kinematic equation

Figure 1 shows the configuration of
the thin micropolar liquid film on a vertical
cylinder. A uniform magnetic field with
constant strength B, is applied normal to

the liquid film. Both the

double-layer and the Marangoni effect are

electrical

neglected. The film thickness is assumed to
be thin enough to neglect the gravity effect,
while it is still under the influence of van
der Waals attraction. The perturbation of
film flow is assumed to be axisymmetrical
so that the azimuthal component of the
flow is neglected. All physical properties

Reynolds number is assumed to be small so
that the induced magnetic field can be
neglected as compared to the applied
field. Based on the

above-mentioned assumptions, the

magnetic

principles of mass, momentum and angular
momentum conservation for an

axisymmetic isothermal incompressible
micropolar fluid leads one to a set of
system governing equations. Let # and
w™ be the velocity components in7" and
z  directions, respectively, and N is the
angular microrotation momentum. The
governing equations for the film flow

generally can be expressed in terms of

cylindrical coordinates (r°, z') as

1 o(r'u™) ow

: —+—=0, 10
r or 0z (10)
ou" L ou' L ou"
* u * *
PG Y )
0  +
= — " —+
. (p +9) .
+( +k)(82u* +i ou_
H or? tor
ou u ON"
+———)—k ,
0z r*z) oz
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*

(aw ey ow' ' 8w*)
AP PP

6‘; 0 +4)

(12)
w1 ow
Utk (—r+—=—+
(u )(8r2 r or
2 * * *
N YA L
Oz or r
ON° .ON  .ON’
J(——+u —+W —
pICGTTu =)
O’N" 10N ©&’N’
*: +_* * + *:
or? r or 0z
8u* _Gw* —2N*)
0z Or

where pis the density of a fixed-value, u

*

=7( (13)

—isz)—i-K'(

is the molecule fluid viscosity, x is the
vortex viscosity, y is the spin-gradient
viscosity, p" is the flow pressure, ¢ is
the van der Waals potential, B, is the
strength of magnetic field, and J 1is the

micro-inertial density.

The fluid motion is presumably

affected by (i) viscous action, which is
measured by u, (ii) the effect of couple
stresses, measured by y, and (iii) the

direct coupling of the microstructure to the
Stokes [22]
showed that each of the constants u, y

velocity, measured by x .

and x, can have value greater than, or

equal to, zero, so that the ratios »/u and

k/u , measured respectively by the

relative strengths of the couple stress to the

viscous effect and the microstructure
coupling to the viscous effect, can have any
value greater than, or equal to, zero.
Kolpashchikov et al. [23] determined the
viscosity coefficients of the micropolar
fluid on the basic of viscometric and
order of

thermal measurements. The

magnitude of the micro-inertial density, J,
is comparable to />, where [ is a
material length depending on the size of
microstructure. For most suspensions, the
order of magnitude of / is about 10~ to
10°cm  (Eringen [24]) .

The boundary conditions for the film
flow system at the cylinder surface of

* *
r =R canbe expressed as

u =0 (14)
w' =0, (15)
. 1 o o'
N =— - 16
2 0z ﬁr*) (16)

The boundary conditions for the film flow

at free surface of #" = R" +h" canbe
given as
2 &2
0 4 wa ) oh’" am
u 2
(82 or Ul (GZ )l

*
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[(auﬁal*)a_h* u:pho " W:pho ‘L
0z Or Oz u U
6‘w ah ] 8 h ay "
o P_phg (P-pr); k=5,
Gh* _ 1 8h _ « yZi U
H=—=)T"? ==+ ()T} =D,
oz r oz h*z S oh
(18) A="0 . §= Py :
. . J 3u’
Oh oh . x
—+—w —u =0, (19) 5 s
51‘ 82 ¢ p (; * : N — p 0 N* :
N =0, (20) # H
where p. is the ambient pressure, A :ﬁ S h= Z* : (21)
S" is the surface tension, and %" is the 0
local film thickness. The wvariables W'here ‘ A, K , and A are the
associated with the superscript “ *  stand dimensionless micropolar parameters, and

for dimensional quantities. The boundary
(17) and
are the balance of tangential and

(Edwards et al. [25]) .

is the kinematic equation

conditions at the interface, Egs.

(18),
normal stresses
Equation (19)
at free surface. The boundary conditions for

the angular microrotation momentum N~
at solid wall and at free surface, as shown
(16) and (20) ,
discussed extensively in Datta and Sastry
[26] and Ahmadi[27].

In order to simplify the analysis

in Egs. were also

procedure, it is customary to define

dimensionless variables as

h, is the film thickness of local base flow.

By so doing, the non-dimensional

governing equations and  associated

boundary conditions can now be presented

as
ig[(a+§)u]§+wz=0, (22)
u,+uu, +wu, =-p,

1
+(1+K){a+§[(a+é“)u;]¢ (23)
+uzz _Lz} _KNZ’

(a+¢)
W, +Uuw, +ww, =—(p.+4.)

1
HU K)ol O, (24)

+w_.} +K(N, + N Y—m’w,
a+
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Nt+uN¢+wNZ=A{a_|l_§[(a
FON 4N ——N (25)
N (29

+KA(u, —w, —=2N).

The associated boundary conditions on the

cylinder surface ( ¢ =0 ) can be given as

u=0 ; w=0 (26)

Nzé(uz—wg). (27)

The boundary conditions at free surface of
the film flow (¢ =h ) can also be given

as
2(u, —w,)h,

28
o twi-h=0, Y
p+2(1+ k) [(u, +w,)h,

3
—wh?—u J+3S(+h7) 2[h,  (29)

—L(th)]:o,
a+h

(30)
(31)

where u and w are the dimensionless

N=0,

h, +wh_ =u,

velocity components in r and z directions,
respectively, p is the dimensionless
pressure, N is the dimensionless angular

microrotation momentum,

m= (creBOZh;2 /w)'"? is the Hartmann

p=Ah> [4] is  the

number.

non-dimensional van der Waals potential in
which A= A" /(6zh,pv*), and A is the
It is

noted that this potential is independent of r,

dimensionless Hamaker constant.

and greater than zero. The r-coordinate is

scaled as r =a+ ¢, where a is given by
R"/h,. In case of K =0, the vortex

effect
micropolar fluid is neglected. The fluid

viscosity of particles in the
flow thus becomes a typical classical
Newtonian film flow.

Since the wavelengths of unstable
disturbances are much longer than the film
thickness [3], one can simplify the above
equations by wusing the long wave
perturbation method. By choosing « as
the perturbation parameter for variable

expansion, the new scaled variables can be

defined as
2= 4=t (32)
a a

The order of the parameters are also

presumed as

4=0() 1S=0(~) u=0()
a (04
w=0() ;: p=0(1):
a

s=0t) ; a=o0ly, (33)
a (04

The variables, u, w, p, N,and ¢
can now be expanded as follows

u=alu, +ou, +0(a’)], (34)
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w=w, +aw, +O0(a’), (35)
p=—lp, +ap, + 0@, (36)
N=N, +aN, +O(a?), (37)
b=ty (38)

By plugging the above equations into
Egs. (22) - (31) , the system governing
equations can now be collected and solved
order by order. Hung et al. [13,14] showed
that the micropolar parameter A(=y/ uJ)
has little effect on the stability of the
micropolar film. By neglecting the A
term in Eq. (25) , one can obtain the

equations of the zeroth-order as

u,, +w,, =0, (39)
Po, =0, (40)
Py, +¢05 :(1+K)W0§§
2 (a1)
+KN, —m™w,,
¢
KA(w, +2N,)=0; (42)

and the boundary conditions at { =0, are

given as

u,=w, =0, (43)
1

NO :_EW% (44)

also,at { =1,

W, =0, (45)

Dy =—3Sh,; +3Sa(a-h), (46)

N, =0, (47)

h, +woh. =u, . (48)

Since the higher-order solutions are of little
influence on the system [4], they can be
neglected. By solving Egs. (39) - (42)
simultaneously ~ with  the associated

boundary conditions, the zeroth-order
solutions of the film flow velocity can now

be given as
3
Wy =——5 (Shy,; + Sa_zh‘f
m

+A4h™"h,)[cosh fm{

—(tanh Bmh)(sinh Bmc) —1],

3
Uy = W(Shéééé

(49)

+Sa‘2h5§ + Ah“‘hﬁ

CAARh? sinh fm¢
s )(—ﬂ

cosh pmé —¢

+tanh,8mh)+iz(Sh
pm m

e
+Ah’4h§)[(1 —cosh fm¢ )h, sec h* Bmh]
(50)

_tanh Bmh
m

)
+ Sa hg

2
K+2

above equations into Eq.

where f = Substituting the

(48 ) and

rewriting the equation in terms of the
original variables, the evolution equation

can be expressed as

-3
4 [ (2 -t By gy,
m (51)

+Sa*I’h.+ Ah7'h)]. =0.
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The parameters S and 4 in Eq.(51 )can

also be removed by rescaling. By

redefining the following new variables
A5 A3 A
Z=(>)z ;R=(>)a ;T=(—), (52)
( S) z ( S) a ( S)

the nonlinear evolution equation can be

obtained as

h~ tanh Bmh

3.
hy +[— (W - Yh'h,,,
m

(53)
+R7Ih, +h'hy)], =0.

In the cases of K =0 and a — o, the
above equation can be reduced to the same
result as given in Hung and Tsai [19]. In
the case of m=0, the electromagnetic
force cab be neglected in momentum
equation. The nonlinear evolution equation

can be derived as

h+2

s (SIh_ +Sa’h, + Ah™'h.), =0
+

(54)

The variation of film thickness in the

base flow is found to be very small, so it is

reasonable to assume that the local
dimensionless film thickness is equal to

one. The dimensionless film thickness as

expressed in perturbed state can be
presented as
WZ,T)=1+n(Z,T), (55)

where 7 is a perturbed quantity of

stationary film thickness. By inserting the
above equation into Eq. (53 ) , the

linearized equation can be obtained and

expressed as

3 _
ir +?(UZZZZ +R 27722 +7722) =0 (56)

The normal mode analysis is performed by

assuming that
(57)

where “c.c.” is used to denote the complex

n=H,exp(oT +iqZ)+c.c.,

conjugate, the characteristic equation can

thus be obtained as

3 i
w=;(q2+R2q2—q4), (58)

where @ is the growth rate of the
disturbance and ¢ is the wave number.
The wave number of the maximum growth

rate of the disturbance ¢, is given as

dow/dgq =0 and can be expressed as

113
=(—+ 2.
=GR
The nonlinear partial differential Eq.
(53)

finite-difference

(59)

is solved numerically by using the
method. Central
differences are employed in space, and the
midpoint rule is wused for time. The
Newton-Raphson method is introduced to
solve the resulting system of difference

equations. The convergent tolerance is set

to be 107, It is treated as an initial-value
problem with spatially periodic boundary
within the fixed
0<Z<2r/q, . In this paper, we use the

conditions interval

spatial grid points of n=40 and a time step
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of AT =0.001 in each case, and the H,=02, and K =0.3 with various

initial condition [9] is given as
hZ,0)=1.0+Hcos(q,Z)

(60)
0<Z<2rxlq,

where FH |, is the initial disturbance.

3. Results and discussion

A numerical example is presented here
of the
proposed modeling approach. To deal with

to 1illustrate the effectiveness
the nonlinear rupture problem, a thin
micropolar liquid film, attached on a
cylinder and subjected to a magnetic field
normal to the film, is carefully studied. The
effects of the Hartmann number, m, the
micropolar parameter, K , the initial

disturbance, f,, and the radius of the

cylinder, a, on the rupture behavior are

extensively investigated. Physical
parameters that are selected for study
include (i)

number for m =0, 0.2, and 0.5, (ii) the

the values of the Hartmann

values of micropolar parameter for K = 0,
0.3, and 0.6, (iii) the values of the initial

disturbance for H, =0.1, 0.2, and 0.3, (iv)
the values of the dimensionless radius of
the cylinder for a =50, 100, and 200, (v)
the values of parameters S and A4 are

0.1 and 107*[4].
Figure 2 shows the minimum film

thickness /4, versus time for a =100,

values of m . The results indicate that the
rupture time for the micropolar film flow in
the absence of the magnetic field (m=0)
is shorter than that of the film under the
influence of the magnetic field, and the
rupture time is delayed as the value of m
increases. This is because the large value of
m can result in a large induced magnetic
force and stabilize the film flow. Figure 3

shows the film profiles for a =100 ,
H,=02, and K =03 at the rupture

time of m =0. The results indicate that
the micropolar film flow is ruptured in the

absence of the magnetic field (m=0)

while the film are not ruptured at m = 0.2
and m = 0.5. The minimum film thickness

h_., versus time for a =100, H,=0.2,

and m =0.2 with various values of K
is presented in Fig. 4. The figure indicates
that when the film flow is under the
influence of the magnetic field, the rupture
time for the Newtonian fluid ( K =0) is

shorter than those of the micropolar fluids
(K =0.3 and 0.6 ) , and the rupture time

is delayed as the value of K increases.
This is because the large value of K can
result in a large vortex viscosity so that the
convective motion of the fluid is reduced.
This causes the smaller unstable factor and
makes the liquid film rupture slowly. The




Nonlinear rupture theory of a thin micropolar liquid film on a cylinder under a magnetic field :

Hung Ming Sung, Chung-Ting Hsu

75

film profiles for a =100, H, =0.2, and

m =0.2 at the rupture time of K =0 is
shown in Fig. 5. The results indicate that
when the film flow is affected by the
magnetic field, the Newtonian fluid film
(K=0)

micropolar fluid films are still all right.

can be ruptured while the

The minimum film thickness 74 .
versus time for m=0.2, K=03, and

H;=0.2 with various values of a is

shown in Fig. 6. The figure indicates that
the rupture time is delayed as the radius of
the cylinder increases while the micropolar
film flow is under the influence of the
magnetic field. It is noted that the cylinder
with a smaller radius makes the flow
relatively more unstable [15]. This is due to
the surface tension introduced by lateral
curvature. The effect of lateral capillary
force will increase as the radius of cylinder
decreases. Therefore, it introduces a
destabilizing effect into the system. This
destabilizing effect occurs since the radius
of the trough of waves have a smaller value
than that at the crest of the waves, and the
surface tension will produce large capillary
pressure at a smaller radius of curvature.
This induces the capillary pressure and
forces the fluid from trough to move
upward to the crest. Thus, the amplitude of
the wave is increased. The film profiles for

m=02, K=03, and H,=0.2 at the

rupture time of a =50 is shown in Fig. 7.
The results indicate that as the micropolar
film flow is under the influence of the
magnetic field, the liquid film with a =50
is ruptured, however, the rupture does not
occur at @ =100 and a =200. Figure 8
shows the minimum film thickness /4,
versus time for a=100, m=0.2, and
K =03 with various values of H, .
The results reveal that as the micropolar
film flow is under the influence of the
magnetic field, the rupture time is delayed

as the initial disturbance, H,, decreases.

The smaller value of H, makes the liquid

film system more stable. Figure 9 shows
the film profiles for a =100, m=0.2,
and K =0.3
H,=0.3. The results reveal that as the

at the rupture time of

micropolar film flow is under the influence
of the magnetic field, the liquid film with
H,=03 is ruptured, however, the
rupture does not occur at H, =0.1 and

H,=02.

4. Conclusion

theory of the thin

micropolar liquid film on a cylinder under

The rupture

the influence of the magnetic field is
studied in this paper by using the method of
perturbation.

long  wave Eringen’s

micropolar fluids model is employed to
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formulate the governing equations with
fluid. The

generalized nonlinear evolution equations

microstructures in  the

is derived and numerically estimated to
investigate the fields of film flow rupture
associated with different value of the
Hartmann number, m, the dimensionless
micropolar parameter, K , the radius of
cylinder, a, and initial disturbance, H,,
respectively. The results show that the film
rupture time will be delayed by increasing
the associated parameters including the
Hartmann number, m , the micropolar
K , and the radius of the

cylinder, a,

parameter,

or to decrease the initial

disturbance, H,.
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Fig. 1 The physical model of the system Fig. 3 Film profiles for ¢ =100, K =0.3,
and H,=0.2 atthe rupture time of

m=0.

8 8
Fig. 2 The minimum film thickness #,_. Fig. 4 The minimum film thickness #4_.
versus time for a =100, K =0.3, versus time for a =100, m=0.2,
and H,=0.2 with various values and H,=0.2 with various values

of m. of K.
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Fig. 5 Film profiles for a =100, m=0.2,
and H,=0.2 at the rupture time
of K=0.

0 5T 5 8
T

Fig. 6 The minimum film thickness #_,
versus time for K =03, m=0.2, and
H, =0.2 with various values of a.

Fig. 7 Film profiles for K =0.3, m=0.2,
and H,=0.2 at the rupture time

of a=50.
1.2
- — -, =01
H,=0.2
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= ~
\
\
\
|
|
|
|
I
12 16

Fig. 8 The minimum film thickness 4,
versus time for K =03, m=0.2, and

a =100 with various values of H,,.
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Fig. 9 Film profiles for K =03, m=0.2,
and a =100 at the rupture time of
H,=03.
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The Study on Female Consumer Stereotypes
towards Bank's Loan Business: Take Miaoli

County as Research Sample

Hung-Yu Chen

Abstract

In our daily life, there are all kinds of stereotypes. In regard to all walks of life,
occupations, Stereotypes may imply a preconceived impression.

Similarly, we may also have stereotyped ideas about the banking industry, system, or
the attitude of the staff in banks because of universal cognition, previous impressions,
experiences from others, etc.

This study aims to explore whether female consumers have stereotyped ideas about

marketing staff in bank's loan business and what lead them to do this?

Keywords : Female Consumer, Stereotypes, Bank's Loan Business.

Hung-Yu Chen, Part time Lecturer, Chung Hua University, YU DA University.
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Distributed Hashing Mechanisms for
On-demand Routing Protocol in Wireless Ad
Hoc Networks

Chao-Tsun Chang

Abstract

In wireless ad hoc network, on-demand routing protocols are proposed for discovering
and establishing a route only when a source host originates a data packet addressed to the
destination host. In the DSR-based study [1][2][5][8][9], route discovery usually raises a
large number of request packets for exploring the current state of the network, but it also
performs the collection of useful information for the future routing decisions, such as the
computations for the shortest path. However, large routing caches in devices will increase
the spatial and routing complexities. This paper presents a novel distributed hashing routing
protocol (DHRP) by applying the hashing cache scheme to reduce the cache size of the
hosts and the routing complexity. Performance results reveal that the proposed protocol
significantly reduces the required size of cache storage, increases routing complexity and

reduces the control packet overhead for rerouting and the average route length.

Keywords : hash, hash-based routing, on-demand routing, ad hoc network.

Chao-Tsun Chang, Assistant Professor, Department of Information Management Technology, HIT.
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G LERGEIR - IRAEERR O (C (k,2))
Lt host; Je ki 53 AR T | R EATARB
B E - T AR ARERRA N TR ERAT
HIEH R 2 APRAY (Bounded ) » 5 HRHUHY
BURANRy v RUBREUA /N PR 5 R

5C (ki,2) »r> HEH kAR EEEEE

B (Random Walk) J73UR ER T ERIE
AT - INIEL - ASRsCArR e RS
HbRF PT A SOR  REUF TR 22 ~ PR
BTG K257 DSR RSBz
TATERTREAGEE -

s SCHIHERA LI A5 6
> B R T A R =T SR R
st MR SR =R R e R
& (DHRP) HYZEEIFAET > SE0UR
IR ERE e E Al N A g IR SN2 S
& DHRP HYEBRELERE G - Bk — i
FRA R

B SRR SR

DSR Sk AHRH 2o £ 2R
FIEHEFTEN LA PR ok DAL B £
ILABFIPESERAS > DR AR AR S
FRER © 2RI HRERH B AR N 2=
ATRE ARG 2 (E AR AT 5 B [E Y 22
SRR AT AER T - Yi-Chun Hu Jz

DavID B. Johnson[2]¥}/A DSR AREVE T
S EREUA EIEET - FERAT R R
{EOAAR ~ BUSEHE B - KRR L
BITHEHEERR - P HREH TGS - T~
HUAEE ~ R DREG R SR =R e T
KESEE DSR AU I FEVE R AE

Iﬁ&y|“b¢‘§d§efghi

HFx(y)| 12 5 23 {17 6 31 23 23 10

y —p %ﬁ_}%‘? — HF (y)=17
y: HHER
x : BIFEEM

HF(y) : Effx HEVRERE
(a) HMERELHE: (v) BIHTA

T x gL (i fiTE)

pre|suc]0|1].../]5]|6/...[10{11|12]...|17(18|...|23|...|31
a|c|0|0[..|1{0[.[0[0]|0f.[1[{0]...[0][...]0
f|c¢]0/0]..l0{0[...[0[0|Of..Q2({0]...[1]...]0
f|a]0|0]..00{0..[2({0|1|..]21({0]...[0][...|]0
c|al]0]|0f..]0[0]..]0 1|.../0]0]...[0]...| O
a| £f]0|0(.]0[0[.[0[1]|0[...[0[0]...[0]...|1
c| £]0]|0(.]0[1[..[0[0]|O0[...]0[0]...[0]...|1

(b) Fb% x HHERHIGS R
1~ Rz er e = R

TEPREGERETTTH > BEZNVEASEREL (Link
Cache ) [2]/VEETHRESTEEL (Path Cache )
(15 Hi#sE = 5 (Link Sharing and
Learning ) (I{ERES - ffiHR My N HRERZE ]
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JNAJTEIRERASUEE » 28T > PRAJEESEEREH.
{EF#AER E S =EEDE (A0 Dijkstra’s
B RERNER ) - RS R A E R
il e 5381 > [2HEBEHSTES T - PRAEEST
i3 (Static Timeout ) EAZH#E=1E (Adaptive
Timeout ) WIAEEZ » S 275 HABHES -
EEARNIAGHE - RIBHRTHERGRE L ErREe
7= ORGSR > EREITTEN S DSR 5%
STHRZEAHE B -

KSR DHRP g » ki
SRS A R (FERED) B
BRI B AGHY S R AG (P HUE T EE TR
st o BUN - JlF i RS
PREAEET
— DR R A

AR SR - e x A
RREQ EFEITEAE=H T HAY T y AR
1€ & RS - FiedE Oz
ERENTR  EE - AEARE AR
H 2 3 T S RTaZ R I B A E AR A A
—{E T A RE RN RREQ £E(H
PR EHAYER v o I > MR EGE R
PRHMSHE x ke y - H x ForEHECH
ID > [ y ZonHHVFEH D - ez HF

() FrESHAHIE - FERE AR E SR
RREQ EfELERAEEHMEMHARAY 4% - 2251

=ooAE 1 (a) R ST x WE—(E
RREQ £f8] - MAEHE e Frsiey B89 5
d > RIS HF, (d) HYER ARG Ry 17 -
It M x [ERE BRI 208 1 (D)
FIR - B REGINES 17 it » FaAL
TCE=1 A OAE R RREQ LA
IR suc SRNFRTEERAAT A% a F ¢
ik BEZAITTES0 » RIFRTAE suc fPNFTS
FERT AT A A B 71 o T AR %
PREP A T AT B RS Y
Thee - ATEHN A RE RIS RN, - A
R AUEE S & BB Rl SR e B
BHVETE - B ARERN R EH

Y °
a b c ; . »
g n
'\.u\g
(a) WAFRESTE an Sz co
Tk g HFEER
pre|suc|...| HF, | ... | HF, | ... | HF, | ...

(u) (¢) (o)
clulo| 1 0] o o]l 1 ]o0
ulelo]l oo 1 o] 0o

(b) & (a) TEEE co £ g NHIEREED

2 SRR E Y
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= RERPH

JEZE— - AELH (HC)

LLHCZFoRE | B DHRP f eIz
SRERCENES o IME RN | YRR
H - MR RAUE R PR IFTRERS - HE
—PREGIE E = (EM i &AL © UL
1#% (Previous ) i ~ & F4% (Successive ) Hi
FRERELN  SSHOHFIE SRS = - AR
Fr%E R » FTRA  E0% x AT A% (LA pre
RF) Kt At (B sue 203 » Mih sk
BERWAILLHF, () EEGAFORHHERL
‘E (Slot) 11y index {H °

£ DHRP i35 - FE S ER At R
BEPEIA » L N A S RAm AT HEACHEZE TR
HUtases T (EEH x HRESIUERF RREQ £f
EEHFEERHEAD TR - & 2 (o) For
A ¢ HYHEUN E STk RA FRIFE SLERAS
an °  abciwpn KK co
c-g-u—o e ML » 4% c &5 RREQ Ef
BT LA HY R w - ¥ ¢
M= RHRE A E S RALE RREQ EFELX{HAH
FEM T~ g~ b TPHAREE M - T4 ¢ WA
By N — M EAE e EZ AL H i+
1% > DIBEZICOISR - B « FEAE b A]E]
FETM a o TEEEME ¢ PRI EM u S B
o FELEFME i ATEIEM w- Tt p S FEHn -

PUR R SRR I H R AL E R
FA AR PRI T2 RS E
aHECERHER TR -

(a) —EREELErs S # A

pathan:a-b-c-1
pathst:s-c-g-u-k-p
pathtd:f-v-c-d
pathco:.c-g-u-o
pathyt:y-g-w-t

(b) [ (a) HErR4EREZEE{SHLA
3~ SRR SR E

~
<
S
N

W& 2 (a) HIPEE co TEHERTRHARY
st PERE SRS IORAE SR E 2 (b)
NA B LLHF, (y) Tt g
R TN R S A% y BTt 5=
T » HAvE pre flly ¢ B suc Hilly u 51
H HF, (u) (1R HF, (o) fiIENYEE
By 1 HITRERE T o TR o K
F1% o - FEFERRIANEIRNVERCER S A&
afl IR T4 u 2 A o0 g AL T4 o 7
HREATEEE TR ¢ Bl pre i Fs u H suc il 5 c
5t HF, (c) {EFERy 1 » HERSIRANITE
Rk 0 0
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=~ HeEEREEE T A AR E

==

£
Ry TR R R 2 LR B B R TR
HUE sl E » DU NG T ER AR
SR FHAASE -

BB MERAIIERT ) (Nxy )
PAN,, SR R RER RN E Ry
HF, (y) =B NATHIrEERS | -

JEE=  RpERIIIEE  (SVpslil )

LLSV, /IR > pre HEALE p
H. suc WAL Ey s BYHRHGIG > LB RS j AL
TCHILESE

JEZT - FEEZATFEB  (psVi )

PL Vi Zom R | NHEEZRAT—{EHEL
FINFRATES | FIERS S » B uVie
HC;» H
pVEHEF; (v) |SVu[HF: (v) =1 VERE Y

s - psVi #EE  (Collision )

A% | R R AT EEATE
Fx Ky BIFESRBESEE AR
PEGSARELEZRS [ - T A% ]
T x ey HIFESR BE &R NSRRI - JTR]
pVi€ HCp> Ny e M€ Vi & x2y H NiemM, 0
RIRE Vi A Ni 52 My, 382 ERifAE -

W EZER > FExdE 1 (a) THY HE,
(») B pre Ry x H suc fi#lRy y FIEIL
BZRS AIHF, (d) =17 > KL 17, TR
PR FPHEERAYSE 17 (BrEZS | - FE
1 (b) 1V HTERGES Ky -
WV FHF (v) | SV[HF, (v) Fl,veli a d}}
 BURRA V=100 » 124 > 170 3307 © 1
psVx THEEER 23,0~ 23,0 K2 23 BT HIETRZ
RN 23 NTHYRERE Ry 1 iBFoRZIR
HB IR NS B - T sEieg
T et R o - [FI - (EEsE 2 ()
1 HE, (u) =12 ~ HF, (0) =25 }& HF, (c)
=6 » RIFESERAE co £ g HIRAIEIERENS]
FER BRI ale > ulVeeHC: ~ H
V120 2500} S ueVF6uct
F ERAVRER RN S BRI R
ST © DU R SRR R A s i
B> (k08 3 (@)~ (b) RS 4B FHAGESR
PEUAECERHVEE - 20E 4 (a)~(b) PR
HA SRR > WE Ny, EREE(E - £
4 (a) > PTG IR PREANEA TR
Fola * oVs? gVer wVor Vs wVer pVio
oV FEER AR wV o FoER 1 a 15
TRFATEZE T o TGN - WIRTZER0Y - B
A > DHRP {7 S PEZE RIS K B
IS SRR - (B > A EER
AR HEZ{E A 2= EEERIALT -
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ki A5 i EREAR TR H TR/ VR |Set | Elements of Set
Vo 112 23007 542 1840 274, 3un
r > ¢ pre Kz suc fNRYRTA FIREIE S - . ’ L
ach 4bc > 9171' ’ 16bw ’ 15bp > 25bn
BT (B A IR AV IR B Ok [ 13,
2) » FREIE B HIU MR e |1y 1800205, 17,
5C (ki »2) xr=Xk+ (k-1) 2]+r P L
bch 1701' ’ lzm‘ ’ 7cp > 1901
B BB EEER I AE [, |4 s,
IR (H - e |11 184 T
Ny S(:Vs 3sc ’ 153g i 25511 ’ 31sk ’ losp ’ 215[
N M % @%&Emnﬂﬁ‘[‘g{ﬁﬂ oo 112007 170 7 320
A > MBS T v 123,50 29,0 8,
ASHRAE (1) FyESgrh 2 ek - P
cw’ i w ’ ip > in
{E2st x £y RREQ EHEHAIFMEN T ID i 1e 21, 030,
iy B EHTEHEID : P |y 2 2
'V/ 14wi > 28wc > 29w > 2Owa
HF, (y) =ymod A[x mod f] (1) - 2
goVu 21uo
og”u ug uc
Alil<Alj] Vi,j 0=ig=¢tI> Ve 1240 23,0 3L,
ot A[0)F, A1y ISR IEEEES IRy el e B D
- - o wVe |04, > 26
B/ N R R TS AR TR Vg 2? “
wlg 4l
BRI ERH R Ve |150 7 195 7 Ly 2 5q, 2 2640 17,,
Shf: (A 0]+A[t—] ) /2 ° uch 6gc > 30gx
4,0 1
S BHTR/ N - BB R AR - el
Vk 12@’23@’311@’71@
Set |Elements of Set | Set Elements of Set 7, |29,
HCo |aVa HC, V> oV Wy |22 10,0 21,0 0 4,0 16,
HCh ath ’ cth HCu goVu ’ ngVu ’ ngu ? kgVu W'lVrU 23!7’1
HC Ve Ve wVe [HC Ve Ve Ve uVe] by Plp 1850 2T 26 O
ich ? chL tht 17rw ’ 9tg ’ 18ry
e, |7 HG Vo oV 128, > 3040 14, > 9, > 19, > 23,
HCo ouVo Hcp kIV;) ? IAI/;) ? anp > rerp ann 5np : 2nw ’ 27111' : 3]m : lsnb : 7m
e, |7, e, o (b) (a) &— cache row 4Hj%
(LR /AR HC Lol 41 [ 3 (b) NEESSHVFEZEEER

(a) 8 3 fr7ifFk path $HEAVHERREL

e
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PRAREERA SR RIS TS > —RlE
St N ZEATE S [EEAYAHRARTE - 5E
MERFHAVHER SR HF (v) =y mod Sy
JREN - 2Ly BEAFRER B2 TR
x PASHHIZE - Wt - R SEREE
P x BRI HAYER ¢ e RAGERREET
Ry B HF (1) =HF () BIREREN -
SRR S H Y L% ¢ /Y RREQ £S5
BEEE ¢ e SRR - N Rk B T
SLETHIEIERES | NIRRT - eI

s PSSR AEEREER P 5 (C (K 2) =

Si ) o ke R P AR A
8 By AR AR 2R AT
Cafams HF: (y) » BIFaE 2 e e E
il R x ARG ID 49 BRI 2
ik DUSRGE FINECER R EE T y 1Y
HF, (y) {EMHER R - iR H Y
T ¢ 7Y RREQ EMUzREF|FH%  Hyiessk
PR 0 o [EEd A HESRGEE § (#
ARG - RIHERIERER

Perr= (C (k>2) x8/)) (2)

o JEHAR i {E AR RS A SR AR IR AR S P
7T » BHEASEE P oo A RHEHIREE By 1 B0
Sie H. S XABSERS k-

EAR o BEAE i<3 DAPEHEE ARy
R RIVEARERER] Sy 8 - B

PEBEEOGRHERSERIIERA ] - (2
AMERFREA NGO - B H ez ERY
Ee > R ERPREO N2 IR
&k DHRP HREUAY NRAAY(EEHE > FAELIET
FHPRABHY RN R E B A Y A[0]
B WBHEHEEAY ¢ {H

i k S Py
2 5 200 2.5%10°
2 5 300 1.1¥10°

5 200 125%10*
3 5 300 3.7%10°
3 6 300 2.46*10”

5 ¢ g (R A SR e
2 - DHRP {3 ERYEF

DHRP FL 7K b2 £ HU 2 &5 IR f&
(link-state ) JTHARFEFEICHYZECERN -
AEF A P AT T 5 B B S A (7 B
BEPHEWIEFT T2 359 DHRP HZE S
L > K LAEL 3 Rl 4 sTER RS > 5

W EH I EIR B R Z REdRsT
— ~ DHRP HyEHIRIRE Rz (s
S
DHRP & {5 ] =AY 2l B LA
TR ER A + 4% RREQ (Route
Request ) ~ RREP (Route Reply ) ~ &z RERR
(Route Error ) » E 1 RREQ ~ RREP FjjA%%
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&= » RERR FIJREEARZECRER « (E {3
EMEHF - RREQ ‘2 Al{SHEERE T =#
i » RREP Jz RERR Fll#E] Al {EHEHY B R EH
A&7 (unicast) {FEEEE -

RREQ EHufgz(Ry (& ID, A
ID, HINFHID, FABEED) - BEE ID
AN AHT RREQ EAERHEX R
b > ERBSE % ID f#5¢ RREQ FME—
WA - AT ID R HAYER ID A
sC#k RREQ HEIFTEH 2N 1%
Je I EREAL - i A FH DA
RREQ EEREEFRIAY DHiE

& RREQ HFEHIRFHAYFi%% - HNY
A% LI RREP £ 0] f 82 RREQ HE]
FTEd: > 18845 - RREP B0k (B
#HID, ZCJE A% ID, ZKREE) o RERS ID
AR ID f&RE RREQ MYIE—HRlE&
Al I e CAE R » A LA A e e 2
Ot & T ID &R SESEN » B
FPCHE T Ry 1l 200 > AR A
SEREEESEER T -

» DHRP {2

REFHFLARE 3 ~ [& 4 #5f - 5578 DHRP
AEHEE S REFANATE T - LA 3 (a)
A% b AR BRI B A% ¢ FIES
& > 4Pl DHRP Z(Eivam R A= - H

RREQ EFUZEAEASRIAE 6 (a) For > 1
H RREP BB REE 66 )R-

[DHRP ZE5HE (KL% EEA
/Algorithm for the source host
/Wisited (Bip,x) is a Boolean function to test
//whether host x had received the RREQ packet
//Bp
yassume the destination host is the host d
1. compute N=d mod A[s mod t] ;
2. compute T={p | Ny ep,V,, Vk};
3. if T=Cthen set T={ p | p € neighbor (s) };
(assume T={p;, p>, ..., pn})
4. fori=1to |T|
send a RREQ packet (Byp, s, d, heoun) 10 hoSEpD; ;

[DHRP #5465 (o) FEEA
/Algorithm for relay hosts

/Wisited (Byp, x) is a Boolean function to test whether
host x had received the RREQ packet B;p
/fassume the destination host is the host d
Lhost y receives a RREQ packet (Byp, S, d, heoun) from
hostr;
2.ify=d then {reply a RREP packet ( By, s, d) to track
the routed path from host s to host d by Bjp and
s return, }
3. if heoun =1 then drop packet and exit ;
4. if visited (Byp, y) then drop packet and exit ;
5. compute N=d mod Aly mod t] ;
6. compute T={p | N,y eV, » Vk};
7. if T=Cthen set T={ p | p € neighbor (y) -{r}};
(assume T={p;, p>, ..., pn})
8. fori=11to|T|
send a RREQ packet (Bip, $,d, heyu~1) 1o hostp; ;

BRI AR
ST ([E) HEDE - 83 - 8
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4 VUREFIEEE - 0T e PR 6 2 T4
Glsle) » B ¢ FE% RREQ 4T
g MPEE T g FUPER 6 2 THEE R,
w} o HFER g EfEiX RREQ HEAGTHE u
JeF R w o [AHE - Fiks PR 6 2 T Fyze
EE BT8R 7 BB 8 LIERE =8
% RREQ EMEAAHTN T ¢ - B X e il
= %% RREQ £ A[H visited (Bpp, x) I
BEREHRTC A R T AEEE » BUANE 6

(a) FUACAEEREE Y RREQ £HH
AR DASRASROR A - & % (ERREQ
I - AR 2 EIRCAREIHAV TR - #
HRFEH AR ¢ (R Za T D BT 4% D Fivf
[l RREQ HyME—&aH - (8%t RREP
EHUsE T w DURREROR Y & T
T ID ERESEESEA - BEEPRR TS
1 - H RREP EEIEIZE#EIERA0E 6 (b)
Ao - [E 6 (a) HRZESHEE ([B17E) HE
SEEEER T EHA SR A S
& HUSpc T d~i~h~n-m~o Ry

(a) DHRP #J RREQ HfHIZE{ i

(b) DHRP Yy RREP EfHHYIH[A A
6 ~ DHRP HZEE R ami{]

DHRP 7Epa#f RREQ EFCUEIE =
B> AEFEE DSR EFEZEERE - RREQ
BHEWVH— BRI HHER A EAE
P RREP S nlAZEh - JRE[> & RREQ
NI UNERe > o Eallp=c Sl il -7
FYLAkr - DHRP {2 P i 22
bpdeia (A BN (BRI EIR S
A EFREHAY A - FERAER A LI
ZEIFA DSR e FHERESHIAE - [
IR 5 DHRP HhiffER S AhfEndisy e
FRAE R RTE Y 4% - AR
AHEEEH] ] LAHETER] RREQ #eaR(H
AR - —({H3830 RREQ #eR{H > ALY
B3 B ME TS O R RE{HIE RREQ
HE - EASHEE NS - EEEEr
RREQ HEi A HE I > DL niades
B
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(b) DSR 2 RREP EHufy[ol&#fE
7 : DSR Uiy

— ~ DSR EEe e Ll feahiin

By T AR KGR > AR SORF (2]
rRFTERA L Dijkstra’s g RS R A Bkl
B s EC =\ DSR f7E £ G_DSR - 411
[ERELAE 3 (a) FHVPEEE R b At
T T ¢ BIpEEE > HI] DSR fihE 2 RREQ
FH B OEAEAE 7(a )P iE: RREP
HHfCEERRRAE 7 (b) B - BfES
DL G_DSR {7 » HIE RREQ £E12E
TR 8 (a) B » (i RREP HEIH[H]
FEFEEAE 8 (b) AR o

(b) G_DSR 7 RREP £fHIf reply #3572

8 ~ G_DSR 1Y route discovery #if3l

HAEE TR HPAAER IR
AR » st e B r R A E AN E]
FISRESEDRE - FHER b ZESCHIEE ¢ - 1
G_DSR fE N ATHIFHEEAR an Je st BES &R
STEG T ¢ BIEMK ¢ (UREREE
c-i-w-p-t ° [fFIH] DSR fihE R &S Eaes
& Fs c-g-u-k-p-t - Z5F1F] DHRP fiiEAllEs:
FPE Ry c-g-w-t « N3 > FEBIMR B LAEREA
DHRP fi7E—EE15FItk G_DSR fiE 550
FIRRTE - S5 EE G_DSR e AR
IR Y > (R Fs G_DSR T AT F%
c $REA BT ¢ RIS c-gu-kp-t >
HIFHFA SRR c-i-wp-n BLEAHAE
R¥#p £ H ci-wp PEEER c-g-u-kp K>
Al G_DSR et e A s S E E R AR
HFL » 8] DHRP i RIZALEE SHES 1K
c-g-u-k-p-t> S5FRE 1% ¢ IMEE TSRS
& y-g-w-t ABETR ¢ AHEENECS
T AEEARSEEIER HEL G DSR
A EREREEE RN B
TR ER R R -
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DSR Route

- history route

(a) DSR {7 B R R A BT

DHRP Route

- fjstory roufe

(b) DHRP i BRI CHVIRIE
9 : DHRP {77 B S e 5]

£ DHRP fghiE - RREQ . — 2 2%
72 H By A% 1017 RREP B Cushf Eofch
sols(s o iff DHRP 2§k ([a/) HEEA
TH PP 4 BURH S eV, 2R
Fie ' RREQ BIEIEEE S S ER AT
IF - FEasE P RUHEERE ID SR 4% ID B
B AR REA R EEO =UnT AUt
B BESEER > SRR RS - EE
HYFFEL (15 DHRP fi e At e s i
FIEETRE S B R4S R - 4
9 (a) A7 DSR fi e B s 1< b
5 Mk 9 (b) RIZR DHRP {7 8e=e
FLESTEAYIEIE -

SERITE = E P
Y ~ B B

FE[2] PR ARSI T 2 B A

PUE P ATE RS R R S O&E - It
TR ESRE 2 DRIANfELEE DSR 177
TERIERS

(1) 3% RS SRR R = -

(2) B BeOHaiEat - alfe G Em!

PR BRI AL s TT
# o
DHRP {F 318 7 5 J B2 T I E%
&t FTH NAIRHHER R

(1) 3= AR EUAEERYEREG -
AU EEE RS R FELARRKEE
ERETE - WIEl 3 FefE 4 Fhaps (s st K co -
TAYREE] oV g NFERT 150 ~ FBHEEIIN
uVe N 64 P2 -

(2) 238 2]FPIE &SRS
SRS A AR - DAEZAIR R T
HEF P TR B W DA AR SRR A > ThiE T
R BARSSCEEERIIAE - AiE
8 (a) AT » G_DSR fi#%ERY RREQ (U
AW ¢ 1& - (HFa[fRFE S 2 &
Dijkstra’s & A RIS H AR 1Y
RS ot * c-ibwp-t o THHERTE ot J7247
G R S B EERARS A an A c-i-wp R B
BEGRTE st BY p-t 7 ESEENITIREA RS
& - TigniE 6 (a) A - DHRP JREEEE]S
—{GRHTERAR bt © b-c-g-w-t o [EREA bt ThEdT
SEIFPE S AR an #Y b-c REEE

=13
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afl E{E st 1Y o-g 7 ECERRBETE v 1Y g-w-t
J BB TS - A3 > (RS EH Ry
B EAHE: DSR K2 G_DSR » DHRP HYEREY
R/NHEE TR - FEERERIRHELE > DSR
AT CHIERERE ST > 1 G_DSR HIIEE
DHRP {EEASHRAVE TR Dijkstra’s
Bk DI RRG R B SR S

% -
£ « MHEAAFR 5

T JFILLUEMET R 53T DSR
B SOREL ARSI TR hashing FH -
FEZESE AR 775 b RECRT R
ERASEHRE ~ SRR RN =5 H
BERERE T RIFR 4ESRS] (List) ~ [P

(Graph) 5% (hashing) HURANFIERY
SER

W 1 R ERIEEREG T B
NS PRAUR R HRE R] AR B TR
RREH RS - Horh e BESRN ZR g R
IIE- o Sy SRR S & P AR E
FZERFORBIEE - DSR AHRAME LA
RGP TE S o G Pl e S S E
FOKTRE > T ERE T S 2 AT A PR e
PR EHERER - TREEE (Cache
Density ) FYRHEG I FomfER RS
GELRAL » EEARPHANZRATE © (1) HoR

LMT R AL MEE LMt R
R - (2) MR LLUes &N
(Overlap) o » ILEARERNHER TSR
W5 -
R R TR R R = Y ey [ 4R T
i > A DHRP SREVREAG e /e ThR
BB AR A= PR
R IRFREAE IR I - BEAT > BB S
PREL PR LR M5 A PR AT RE A 284
R o TR 2]AFEHE RREQ EfE%]
ZE TN B DL Dijkstra’s SERS{COERNAGT
FRHBIGHEER » R EA R
B Ry O (n”) » HEASH2) sy
ESTCRTEANR AT > A E TR
(R TS H AR H RS -

7 1 ¢ DSR J57A R DGR 2
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Effects of annealing temperature of TiO; thin
films for application in dye-sensitized solar

cells
Ming-Cheng Kao

Abstract

TiO, thin films have been deposited on FTO-coated glass substrates using sol-gel technology
for application as the work electrode for the dye-sensitized solar cells (DSSC) . The effects of
annealing temperature  (400~700 °C) on the microstructure, morphology and optical properties
of TiO, thin films were studied. The electrode of DSSC fabricated with TiO, thin films were
characterized by X-ray diffraction (XRD) , scanning electron microscopic (SEM) and
Brunauer-Emmett-Teller (BET) analysis. Based on the results, the TiO, films annealed at 700
°C shows better crystallization, higher porosity and surface area than those of TiO, films annealed
at lower temperature. The higher efficiency (1) of 1.57 % with Jand V. of 5.6 mA/cm® and
0.65 'V, respectively, was obtained by the TiO, film annealed at 700 °C.

Keywords : TiO,, sol-gel, dye-sensitized solar cells, short-circuit current, open-circuit voltage.

Ming-Cheng Kao, Associate Professor, Department of Electronic Engineering, HIT.
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1. Introduction

Recently, nanocrystalline titanium oxide
(TiO, ) is well known as a metal oxide
semiconductor, has been extensively studied in
many applications. For example, it is used for

photo-electrodes, photocatalysts and

dye-sensitized solar cells ( DSSC )
applications with high performance due to its
fine physical, chemical and optical properties
[1-3]. The DSSC consist of sensitizing dye,
nanoporous metal oxide film, electrolyte and
opposite electrode. The metal oxide film plays
a key role in the enhancement of photoelectric
conversion efficiency of DSSC, many studies
focus on the relation between film structure and
photocatalytic activity as well as the power
conversion efficiency of DSSC [4-10]. A high
incident photon to current conversion
efficiency can be expected for TiO, films with
better crystalline and higher specific surface
area. Therefore, the control of the film structure
is very important for applications of TiO» films.
In this paper, we report the preparation of
high-quality TiO, nanocrystalline thin films
with high quality on ITO-coated glass

substrates, using the sol-gel method. The

properties of TiO, thin films are much
influenced by not only the growth processes
but also the heat treatment parameters.
Therefore, it is necessary to investigate the
effect of annealing process on the
microstructure, transparent properties, and
morphology of TiO, films. The synthesis
conditions and characteristics of the TiO, thin
films are examined through the thermal
analysis ( DTA/TGA ) , X-ray diffraction
( XRD ) , scanning electron microscopy
( SEM ) and Brunauer-emmett- Teller
(BET) analysis to clarify and report on the
effect of the deposition parameters. The
photoelectric performance of DSSC were
studied by I-V curve, the influence of annealing
temperature of TiO, thin films on the

performance of DSSC was also discussed.

2. Experiment

Fig. 1 shows the sol-gel process for
preparing the precursor solutions of TiO, with a
formula.  Titanium

general  chemical

diisoprop-oxide bis  ( 2,4-pentanedionate )
(TIAA ), Ti(OC3H; ), (CH;COCHCOCH;)
» (Alfa, 99.9%+ purity ) = was used as

precursors and 2-methoxyethanol, C;HgO,
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(Fluka, 99.9%+ purity ) was used as solvent.
The gravimetrically assayed Ti ( OCsH;) »

( CH;COCHCOCH; ) , reagents were

dissolved in a mixture of 2-methoxyethanol
solution at room temperature. The mixture was
refluxed at 120 °C for 1 h under ambient
atmosphere and then cooled to 80 °C for 2 h to
promote its homogeneity, and then a stock
solution of ~IM concentration with a golden

color was obtained.

A Titanium diisoprop-oxide )
<bis( 2.4-Dentanedi0nate)> < B: 2methoxyethanol>

Molar ratio
A:B=1:1

i

Reflux at 120 “C for 1 h

!

‘ Cool to 80 °C, , reflux 4 h

!

Stock solution

!

Spin coating
l Repeat
coating
Pyrolyzed at 300 °C

Annealing process at
400~700 °C by RTA

!

< TiQ, thin films )

Fig. 1. Flow diagram of the preparation of TiO»
films.

The stock solutions were spin-coated on

ITO-coated glass substrates (2 cm x 2.5 cm)
at a spin rate of 3000 rpm for 30 s using a
commercial photoresist spinner. The precursor
solutions were deposited onto the substrates via
a 0.2 um syring filter, thus avoiding particulate
contamination. After each coating step, the gel
films were pyrolyzed on the hot plate at 300°C
for 2 min before final annealing. The average
thickness of a single-coated as-fired layer,
measured by an o-step surface profiler, was
found to be about 0.1 um. The desired film
thickness of approximately 2 pm was achieved
by repeating the spin-coating and heating
cycles. After multi-coating, TiO, thin films
were annealed at 400 °C, 500 °C, 600 °C and
700 °C for 2 min by the RTA in the oxygen
atmosphere. The film-deposition process is also
shown in Fig. 1.

Thermal analysis of precursor gels using
differential thermal analysis (DTA ) and thermo
gravimetric analysis (TGA ) was carried out to
identify the major evaporation, decomposition
and phase crystallization steps during pyrolysis.
The gels were pre-dried at 100°C for 10 h, and
then analysed under a heating rate of 5°C /min.
The thickness of TiO, film obtained was

measured by an o-step surface profiler. The
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crystallization and microstructures of thin films
were analysed by XRD, SEM and BET
analysis, respectively. In order to sensitize TiO,
film, the TiO, electrodes were immersed in a
3x10* M solution of RuL, (NCS ), ( Solaronix,
N3 dye ) in ethanol for 24 h at room
temperature. The electrolyte was composed of
0.5M lithium iodide (Lil ) /0.05M iodine (I,)
in acetonitrile. The short-circuit photocurrent
(Js ) and open-circuit voltage ( V,.) were
measured using a Keithley Model 2400 source
measure unit under an illumination of 100
mW/cm? (AM 1.5 simulated light radiation )

from a 1000 W xenon lamp.

3. Results and Discussion

The thermolysis behavior of TiO, gel
predried at 100 °C is shown in Fig. 2. In TGA
analysis, the gel exhibited approximately 50%
weight loss at temperatures ranging from 100
°C to 300 °C. This result is due to the
elimination of adsorbed water, solvent and the
decomposition of organic by-products. The
DTA data indicate that two of exothermic peaks
are associated with the former weight loss at
temperatures between 100°C and 300 °C. The

final peak which appeared at about 500 °C is

associated with a weight loss that is probably
due to crystallization of TiO,. This indicates
that the TiO, gel decomposes and crystallizes at

temperature as low as 500°C.

Weight Loss(%)

Endoe—— ——Exo

100 200 300 400 500 600 700 800

Temperature(°C)

Fig. 2. Thermo gravimetric analysis( TGA )and
the corresponding DTA for gel of TiO,.

(101) * # ITO

*

(d)700°C

%
(200)

W
M
W

! L ! 1 1 1 1

20 25 30 35 40 45 50 55 60

Intensity (a.u.)

2 Theta (degree)

Fig. 3. XRD results as a function of annealing
temperature for TiO, films.




130

BYeER £+ 8 RE-OO0F=A

Figure 3 shows the XRD patterns of TiO,
thin films annealed grown on ITO-coated glass
substrates at different heating temperatures, 400,
500, 600 and 700 °C for 2 min, respectively.
TiO, films show a anatase structure with
preferred (101 ) orientation. As the annealing
temperature was increased, the peaks of the

(101) -plane for samples became sharper and
the full-width at half-maximum (FWHM )
decreased indicating better crystallinity and an
increase in grain size with increasing annealing
temperature. The (101 )peaks obtained for TiO,
films indicated a strong (101 ) -axis orientation
to the substrate surface. These results
demonstrate that the structure of TiO, films is

improved when annealed at higher temperatures.

Fig. 4. Surface microstructures of TiO, films
annealed at various temperatures; (a )
400 °C, (b) 500°C, (c) 600°C and
(d) 700°C. (bar=100nm)

The evolution of surface microstructure of
the TiO, thin films at annealing temperatures
from 400 to 700°C for 2 min are shown in Fig.
4. According to the SEM results, the mean
sizes of the TiO, crystallites were estimated to
be 8, 12, 15, and 21 nm for Figs. 4 (a) — (d) ,
respectively. These results demonstrate that the
grain size of TiO, thin films increases as the
increased heating temperature. In addition, the
surface micrograph of TiO, thin film exhibits
structure

nanocrystalline and nanoporous

which is composed of interconnected

nanoparticles.

Table 1. The specific surface area and porosity
of TiO, films obtained from BET

measurements.
Annealing BET Surfacearea ~ Porosity
temperature (°C) (m/g) (%)
400 25 12
500 34 18
600 44 24
700 56 35

The Brunauer-emmett- Teller ( BET )
analysis of thin film is an important factor
because it will affect the absorption of dye
molecules onto the TiO, film. The surface area
and porosity of the TiO, thin films annealed at

various annealing temperature are shown in
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Table 1. It is obvious that both surface area and
porosity of films increase with the increase of

annealing temperature. This phenomenon

appears to be the results of the increased
surface mobility of the atoms and molecules
absorbed on the substrate at higher substrate
temperature. In addition, with an increase of the
annealing temperature, a crystalline phase starts
to appear and leads to an appearance of the
grains. Therefore, the surface area thus
increases and the film becomes relatively
coarse. The maximum surface area and the

porosity of 56 m*/g and 35 %, respectively, was
obtained by the TiO, film annealed at 700 °C.

100
90 -
80 -
70 -
60 -
50
40 -
30
20
10 -

Transmission (%)

0
300 400 500 600 700 800

Wavelength (nm)

Fig. 5. Optical transmittance spectra of TiO,
films annealed at 400 °C, 500 °C, 600
°C and 700 °C

Figs. 5 shows the UV-visible optical

transmittance spectra of the TiO, films between
300 and 800 nm in wavelength. It can be seen
that all films have high transmittance and the
absorption edge is at about 300 nm. The
average transmittance of the films annealed at
400 °C, 500 °C, 600 °C and 700 °C in the
visible range was about 85%, 80%, 75% and
60%, respectively. From the results, the TiO,
film annealed at 700 °C has highest
transmittance spectra, and it can enhance the
incident  light

intensity to obtain larger

photocurrent of DSSC.

Table 2. The performances of DSSC fabricated
with TiO, thin films annealed at

various temperatures.
Annealing J Ve Fill  Efficiency
temperature  (mA/eom  (V  factor (n%)
°C) ) ) (%)
400 2.6 0.59 32 0.51
500 4.5 061 33 0.92
600 5.1 062 41 1.23
700 5.6 0.65 43 1.57

Table 2 shows the various parameters of
DSSC with TiO, thin films annealed at various
temperatures. From the results, the values of J,
and V. of DSSC increased with the increase of
annealing temperature. It indicates that the
higher surface area and porosity of the TiO,
thin films can absorb easily the dye. Therefore,
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the light incident on the ITO/TiO»/Rul, (NCS )
»electrodes generates electrons by exciting dye
molecules absorbed onto the TiO, film. A high
incident photon to current conversion
efficiency can be expected under illumination
through TiO, film in the application of DSSC.
In addition, the /-J curve for DSSC with TiO,
film annealed at 700 °C is shown in Fig. 6. The
higher efficiency (1) of 1.57 % with J.and V.
of 5.6 mA/cm” and 0.65 V, respectively, was

obtained by the TiO, film annealed at 700 °C.

5t IV curve of TiO, DSSC

Current density (mA/sz)

1 L 1

L Il L 1 L "
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

O n Il n Il

Vlotage (V)

Fig. 6. I-V curve for DSSC with TiO, thin film
annealed at 700 °C.

4. Conclusions

The influence of annealing temperature

(400~700°C ) on the performance of DSSC

with TiO, films was studied. With increasing

the annealing temperature, the intensities of

(101 ) peaks of TiO, thin films gradually
increased. From the results of BET analysis, the
increase in surface area and porosity of TiO,
films crystallized at the higher temperature of
700 °C contributed to the improvement on the
short-circuit photocurrent (Jy. ) , open-circuit

voltage (V,.) and efficiency (1) of DSSC.
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Intelligent Safety Vehicle Anti-collision
System

Yi-Ting Mai, Jeng-Yueng Chen, I-Shen Chen,
Da-Wei Yang, Zi-Yuan Gao, Jia-We1 Chi

Abstract

Vehicle-to-vehicle (V2V ) communications are enabling technologies for vehicles to
cooperative driving for enhanced traffic safety and efficiency. V2V communications refer to
communications between road vehicles (cars, trucks, motorcycles, etc. ) without involving a
central control unit. Early warning is crucial for safety-related V2V applications. To achieve
safety driving, the Intelligent Safety Vehicle Anti-collision System (ISVAS ) is proposed. Our
proposed intelligent system will send the warning message immediately after there are car
accidents occurring. According to V2V communications, the other cars could have enough time
to avoid car accident and make an appropriate decision such as slow down, stop, and detour
after receiving the warning messages. To achieve our proposed ISVAS system, the robot
vehicles have been designed to simulate vehicles on the road. Besides, vehicles also apply
ZigBee wireless interface to communicate with each other. The experiment has demonstrated
our proposed intelligent system can provide safety driving for vehicles when cars accident

occurred.
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SEET light {EfE 0 50k 2 541 981 —=58
o —SREE ) o
R EELTT

' {$STAMP BS2}
' {SPBASIC 2.5}

FREQOUT 4, 2000, 3000
RXPINO

TXPIN 2

light VAR Word

HIGH TX
DO{

IF (IN5=1) AND (IN8=1)
THEN
{
LOW 14
PAUSE 10
light=0
GOSUB Forward Pulse
}ELSE{
GOSUB Stop_Stop
light =2
HIGH 14
PAUSE 10

}
ENDIF

SEROUT TX,84, [DEC
light,CR,CR]
PAUSE 10

'LOOP

Forward Pulse :
PULSOUT 12,650
PULSOUT 13,850
PAUSE 20
RETURN

Stop_Stop -
PULSOUT 12,750
PULSOUT 13,750
PAUSE 20
RETURN

PRS2 98 -

RSB SR LA A
—HREERIEE{TAE » #5H XBEE AL -
EHEITHER 0 3¢ 2> BAE] 0 RFRIEHTTE
P2 %0 2 ANRER | SRR 2 9%
B TR T [ B I 2 T 1
S > FHEE( TRITTIA » [FIF LED f&sedk

TNEEHTTA » BT

' {$STAMP BS2} '
' {$PBASIC 2.5} '
timeleft VAR Word
timeright VAR Word
pulseCount VAR Byte
Re :
DO

LOW 4

LOW 2

IF (IN9=0) OR (INI1=0)
THEN
DO
PULSOUT 3,5
PULSIN 3, 1, timeleft
PULSOUT 2,5
PULSIN 2, 1, timeright
IF (timeleft<500) AND
(timeright<500) T
HEN
HIGH 4
HIGH 2
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GOSUB Back Up
GOSUB Turn_Left
GOSUB Re
ELSEIF (timeleft <500 )
THEN
HIGH 4
GOSUB Back Up
GOSUB Turn_Right
GOSUB Re
ELSEIF  (timeright <500 )
THEN
HIGH 2
GOSUB Back Up
GOSUB Turn_Left
GOSUB Re
ELSE
LOW 4
LOW 2
GOSUB Forward Pulse
ENDIF
LOOP
ELSE
LOW4
LOW 2
GOSUB Forward Pulse
ENDIF
LOOP

————— subprogram:
Forward Pulse : 'Send a single
forward pulse.

PULSOUT 13,850

PULSOUT 12,650

PAUSE 20

RETURN

Turn_Left © 'Left turn, about
90-degrees.

FOR pulseCount =0 TO 20
PULSOUT 13, 650

PULSOUT 12, 650

PAUSE 20

NEXT

RETURN

Turn_Right :

FOR pulseCount =0 TO 20 ' Right
turn, about 90-degrees.
PULSOUT 13, 850
PULSOUT 12, 850
PAUSE 20

NEXT

RETURN

Back Up @ 'Backup.
FOR pulseCount = 0 TO 40
PULSOUT 13, 650
PULSOUT 12, 850
PAUSE 20

NEXT

RETURN

PRERE 3 5T

AR AR aHY &R A
—HREERIERETTAE » A XBEE HYRRYY -
{HIEIHEE 0 54 2 FaE] 0 (RRIERTTE
PEZE 2 QIR 1 SRR E R 3 5%
B BFIETE - [FF LED (5% - Bioi
THELIT -

' {$STAMP BS2}
"{$PBASIC 2.5}

RXPIN O

TXPIN 2

a VAR Byte

light VAR Byte

counter VAR Byte

a=0

HIGH TX

DO

SERIN RX, 84, [DEC light]
DEBUG DEC light, CR
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IF (light=3) THEN
PULSOUT 13, 750
PULSOUT 12, 750
ELSEIF (light=2) AND (a=0)
THEN

FOR counter=1 TO 20
PULSOUT 12,850
PULSOUT 13,850
PAUSE 20

NEXT

FOR counter=1 TO 45
PULSOUT 13,850
PULSOUT 12,650
PAUSE 20

NEXT

FOR counter=1 TO 20
PULSOUT 12,650
PULSOUT 13,650
PAUSE 20

NEXT

a=1
ELSEIF (light=1) AND (a=0)
THEN

FOR counter=1 TO 20
PULSOUT 12,650
PULSOUT 13,650
PAUSE 20

NEXT

FOR counter=1 TO 45
PULSOUT 13,850
PULSOUT 12,650
PAUSE 20

NEXT

PEsEE 4 5%
AR R G R BUOIEs 45
VBT RIS B 2 A B A i
FreEihgk » FErHRHIEHIEMEE
%iﬂ%ﬁﬁ%?ﬁ?\_ﬁ%ﬂih THEEEE ]
(E [Ty =V i (I

{$STAMP BS2}
' ISPBASIC 2.5}

Time VAR Word

DO
PULSOUT 15,5
PULSIN 15, 1, time

'DEBUG HOME, " time = ",DEC5
time

IF time <300 THEN
PULSOUT 13,750
PULSOUT 12,750
PAUSE 10

ELSEIF time < 650 THEN
PULSOUT 13,770
PULSOUT 12,730
PAUSE 10

ELSEIF time < 1000 THEN
PULSOUT 13,780
PULSOUT 12,720
PAUSE 10

ELSEIF time < 1200 THEN
PULSOUT 13,790
PULSOUT 12,710
PAUSE 10

ELSE
PULSOUT 13,850
PULSOUT 12,650
PAUSE 10

ENDIF

LOOP
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Synthesis and Characterization of
One-Dimensional Indium Zinc Oxide

Structure by Chemical Vapor Deposition

Chih-Jung Chen

Abstract

In this study, we report the fabrication of one-dimensional Indium Zinc Oxide (IZO) on an
ITO glass substrate by chemical vapor deposition at low temperature via vapor-liquid-solid
(VLS ) mechanism. The morphologies and structural properties of the IZO nanowire were
characterized by field emission scanning electron microscopy (FE-SEM ) , X-ray diffraction
(XRD) and energy dispersive spectrometer (EDS ) . The IZO nanowires optimal experimental
parameters are growth pressure is 1 Torr, argon gas flow of 50 sccm and oxygen flow of 10 sccm.
In this condition, the idea temperatures are 700 “C for indium (In) particles and 550 °C for zinc
(Zn) particles. The SEM images reveal that IZO nanowires have uniform diameters of
approximately 100 nm to 150 nm, and their lengths are up to 5 um
The XRD results demonstrate that the nanowires are crystalline with highly preferential
orientation. And our EDS analysis also proves that the composition ratio and this material are [ZO

Nanowires.

Keywords : chemical vapor deposition, [ZO, nanowires.

Chih-Jung Chen, Lecturer, Department of Electronic Engineering, HIT.
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Innovation dynamics - decision making in

changeable spaces based on habitual domains

Yen-Chu Chen

Abstract

Human behaviors involve dynamic, evolving, interactive, adaptive processes. Important
decision making, as a part of human behaviors, is usually dynamic and involves changeable
parameters. These parameters can interact with each other and vary with time, the situation, and
changes in the psychological states of the decision makers involved. According to the habitual
domains theory, decision making can reach a steady state and exhibit habitual patterns as time
passes. As a consequence, people may unwittingly assume that the decision parameters have fixed
known dimensions and ranges. However, in real life, the parameters might or might not be noticed.
Even when they are noticed, their dimensions and ranges cannot be predetermined. Decision
making with this kind of feature, is called “decision making in changeable spaces”. Corporate
innovation problems are of this type.

Innovation itself is a dynamic process, which includes transforming competence sets for
innovation, producing products or services to release the pains and frustrations of target groups,
and creating and distributing value. In the field of innovation studies, no framework has
systematically described these processes in the past. This research is the first attempt to integrate
these components into a single system.

Business innovation itself involves decision making problems in changeable space, including
transforming competence set for innovation, producing products or services to release the pain
and frustration of target groups, creating values, and distributing values. Based on habitual
domains theory and its related competence set analysis, this article introduces the concepts of
habitual domains and decision makings in changeable spaces as to describe the dynamics of
human behavior and the changing nature of decision making problems. It explores the expansion
of competence sets and creation of value, and proposes an integrated framework, Innovation
Dynamics. Two corporate cases are discussed to verify the framework. By examining the
operations of each link in innovation dynamics, corporations can understand if each and all links
are properly developed, so that they can continually upgrade their products/services and create
maximal value by releasing the pains and frustrations in potential domains of customers.

Keywords : Habitual Domain, Decision Making in Changeable Space, Competence Set Analysis,
Innovation Dynamics.

Yen-Chu Chen, Dept. of Information Management, Hsiuping Institute of Technology.
ke 3 2 991116 2T HHA © 991203
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I. INTRODUCTION

Human behaviors involve dynamic,
evolving, interactive and adaptive processes.
Important decision makings, as part of human
behaviors, usually are dynamic and involving
changeable parameters, too. Each decision
problem may be characterized by various
dimensions of parameters. It involves a number
of elements such as decision alternatives,
decision criteria, decision outcomes, decision
preference, and decision information inputs. It
also involves with the following four
environmental facets : decisions as a part of
the behavior mechanism, stages of the decision
process, players involved, and unknowns in
decision making. These parameters can interact
with each other and vary with time, the
situation, and changes in the psychological
states of the decision makers involved.
Although dynamic in nature, decision making,
as a part of human behaviors, may reach a
steady state and exhibit habitual patterns as
time goes by As

a consequence, in

mathematical programming or ordinary

decision-making  problems, we  may

unwittingly —assume that the decision

parameters (or variables ) have fixed known
dimensions and ranges. However, in real life,
the parameters might or might not be noticed.
Even when they are noticed, their dimensions
and ranges cannot be predetermined. Decision
making with these features is called “decision
making in changeable spaces” [14-16].

Corporation innovation itself, which
involves setting corporate goals, evaluating
states, understanding customers’ needs,
producing and providing products and services,
and creating value for targeted customers and
themselves, is of the type of challenging
decision-making problems in changeable
spaces. If corporate decision makers are not
aware of the existence and changing nature of
the relevant parameters in decision making,
they may fall into decision blinds and traps [14,
17] and make serious mistakes.

In the last two decades, the researches
about innovation have covered a wide range of
concepts, methodologies and application areas
which lead to an abundant literature [2-8].
However, those related studies on innovation
seldom explored the key factor of successful
innovation from the perspective of “satisfying

or releasing potential needs, pains, and
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frustration”. Innovation itself is a dynamic

process which includes transforming a
competence set for innovation, producing
products or services to release the pains and
frustrations of target groups, and creating and
distributing values. In the field of innovation
studies, there previously was no framework
that systematically described these processes.
This prompts us to study business innovation
from the viewpoints of habitual domain and
decision making in changeable spaces.

The rest of this article is organized as
follows. In section II, the idea of decision
making in changeable spaces is discussed. The
concepts of habitual domain and competence
set are introduced in section Il and IV
respectively. Decision blinds and traps are also
discussed. In section V, the framework of
Innovation Dynamics is proposed, and its
section VI.

verification is provided in

Conclusion and further researches are

summarized in section VIIL.

I1I. DECISION MAKING IN
CHANGEABLE SPACES

To facilitate the presentation, let us use

the following example to illustrate how the

challenge problems are solved by looking
into the possible changes of the relevant
parameters.

A. Examplel - The 1984 Olympics in Los
Angeles

The 1984 Summer Olympics, officially
known as the Games of the XXIII Olympiad,
were held in 1984 in Los Angeles, California,
United States. Following the news of the
massive financial losses of the 1976 Summer
Olympics in Montreal, Canada, and that of
1980°s Game in Moscow, USSR, few cities
wished to host the Olympics. Los Angeles was
selected as the host city without voting because
it was the only city to bid to host the 1984
Summer Olympics.

Due to the huge financial losses of the
Montreal and that of the Moscow, the Los
Angeles government refused to offer any
financial support to the 1984 Games. It was
then the first Olympic Games that were fully
financed by the private sector in the history.
The organizers of the Los Angeles Olympics,
Chief Executive Officer Peter Ueberroth and
Chief Operating Officer Harry Usher, decided
to operate the Games like a commercial

product. They raised fund from corporations
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and a great diversity of activities (such as the
torch relay ) and products ( for example, “Sam
the Eagle”, the symbol and mascot of the
Game) , and cut operating cost by utilizing
volunteers. In the end, the 1984 Olympic
Games produced a profit of over $220 million.

In the above example, new players, all the
potential customers to the Olympic Games
besides the athletes, were brought into the
decision problems. When the organizers of the
Los Angeles Olympics decided to focus on
introducing more potential players into the
decision problems and making good use of
their competence, the old solution and
alternatives, such as asking financial support
from the government, were dropped, and the
decision problems began to move in more
effective and stable direction.

Example 1 shows us that in reality, the
players, criteria, alternatives, perception of
rules of games, and outcomes ( part of decision
parameters ) are not fixed. The parameters,
including their dimensions, are dynamically
changed depending on how deep, how far and
how broad we look into the potentiality (or

potential domains as to be introduced shortly ) .

The fact that the parameters can themselves be

the control or decision variables is a main
feature of decision making in changeable

spaces (of parameters ) .

B.  Dynamic Changes of Decision
Parameters
Mathematically, decision making in

changeable spaces can be described as follows

Assume that changeable decision
parameters involve the following decision
elements ( extension to include other
parameters can be done similarly ) :

(1) the alternative set at time ¢, denoted by X;;
(i) the criteria at time ¢, denoted by F7;

(i) the outcome measured in terms of the

criteria at time ¢, denoted by F;

(iv) the preference of decision maker at time ¢,
denoted by D,; and

(v) the information inputs at time ¢, denoted
by /.

Each decision element is a set which can
vary with time, situation, and the decision
maker’s perception to the decision problems.
The alternative set at time #Af can be denoted
by
Xon=G (X, F, %, D, I, HD;) (1)

where HD,, consisting of actual domains

(AD;) , reachable domains (RD;) , potential
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domains ( PD, ) and activation probability
(AP,) ,is the habitual domain at time ¢ as to
be described in section III. Asin (1) , Xjx, not
only depends on X, but also on the other
decision elements, F;, F, D, I, as well as HD,.
Note that X; and X4, can be set functions,
and the difference between X; and X, would
describe the changes due to time and situation.
Also note that X; and X, can have different
dimensionality.
Similarly, we can write the dynamic change of

other parameters as follows :

Fin=H (X, F, D, 1, HD,) (2)
Funi=J (X, Fy, F Dy, I, HD,) (3)
Dyn=K (X, F, %, D, 1, HD,) (4)
Lun=L (X, F, D, I, HD,) (5)

Note, (1) — (5) describe the fact that the
decision elements (or parameters) not only
vary with time, but also mutually interact with

each other through time. For further discussion

see Ch 7-8 of [11, 12].

IHHI.HABITUAL DOMAINS

The collection of ideas and operators
( including ways of perceiving, thinking,
responding, acting, and memory ) in our brain,

together with their formation and dynamics, is

called our habitual domains (HDs ). Over time,
unless extraordinary events occur or purposeful
effort is exerted, our HDs will become
stabilized within a certain domain. This
phenomenon can be mathematically proved [1,
9].

Being aware of the habitual ways of our
decision making is important for us to make
better decisions and avoid costly mistakes. To
better understand the concept of HD, let us
briefly introduce the elements of HD, which
are important parameters in the human
behavioral systems.

HD at time ¢, HD,, include the following
four sub-concepts :

(1) Potential domain, designated by PD,, is
the collection of all ideas and operators
which can be potentially activated with
respect to specific events or problems by
one person or by one organization at time
t. In general, the larger the PD,, the more
likely that a larger set of ideas and
operators will be activated, holding all
other things equal.

(i1) Actual domain, designated by AD,, is the

collection of ideas and operators which

are actually activated in our minds at time




Innovation dynamics : decision making in changeable spaces based on habitual domains -

Yen-Chu Chen

169

t. Note that not all the ideas and operators
in the potential domain can be actually
activated. Also note that the AD, is a
subset of the PD,, that is AD, = PD..

(iil) Activation probability, designated by AP,,
is defined for each subset of PD; and is
the probability that a subset of PD; is
actually activated or is in AD, For
example, people who emphasize profit
may be more likely to activate the idea of
money, while people who study

mathematics may be more likely to
generate equations.

(iv) Reachable domain, designated by RD,, is
the collection of ideas and operators
which can be generated from a given set
in an AD,. In general, the larger the idea
set and/or operator set in AD, the larger
the RD..

At any point in time, without specification,

HD; is the collection of the above four subsets.

That is,

HD,= {PD,, AD,, AP,, RD/}
When there is no confusion, the subscript

“” may be dropped as to simplify the

presentation. In general, the AD is only a small

portion of the RD, while the RD is only a small

portion of the PD, and only a small portion of
the AD is observable. This makes it very
difficult for us to observe other people's HDs

and/or even our own HDs. For more details,

see [11-13].
IV.COMPETENCE SETS
AND DECISION BLINDS

The study on competence set analysis
began with Yu [10], as a derivative of HD
theory. The competence set (CS) for a given
decision problem is defined as a collection of
ideas, knowledge, skills and resources for its
effective solution. Such a set, like HD,
implicitly contains PD, AD, RD, and AP as
discussed in section III. When the decision
maker thinks he/she has already acquired and
mastered the CS as perceived, he/she would
feel comfortable making the decision and/or
undertaking the challenge. Anything or anyone,
including a product or service that can release
the pain, frustration and charge, has
competence. Everyone, and every corporation,
has its competence sets.

To analyze the competence sets of

individuals or corporations, we can decompose

the CS as follow :
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CS= (CS/,CS% CS;,...,CS!) (6)
where CS/‘, denotes the kth item of the CS at
time 7. Note that CS will be dynamically
changed as time (7) goes by.

Because of HDs and being unaware of the
decision parameters and their changing nature,
people would easily have decision blinds or
even get into decision traps. Let us denote the
truly needed CS for solving problem FE
successfully by CS, (E ) at time ¢, and its
perception by decision makers, by CS; (E ).
Then CS, (E)\CS,” (E ) would be the decision
blinds, the set of all the competences required
but not seen by the decision makers at time ¢.
See the illustration of Figure 1. Note that the

larger the decision blind is, the more likely

decision makers might make dangerous
mistakes.
CS(E)
Decision Blinds
CS(ENCS(E)
C8(E

Figure 1. Decision blinds

Usually, CS, (E) and CS,” (E) can be
changed with time. Suppose that CS,” (E) is

fixed or trapped in a certain domain and CS;

(E) \CS,” (E) is large, then we tend to make
mistake in decision and we are in a decision
trap. Decision trap (ie. CS," (E) is fixed,
independent of ) can lead to dangerous
mistake, especially when CS, (E) changes
rapidly with time and CS, (E) \CS, (E)
becomes very large.

By changing our actual domains (ADs ) ,
we can change and expand our reachable
domains( RDs ). We can reduce decision blinds
and/or avoid decision traps by systematically
changing the ADs. For illustration, assume that

CS (E) and RDs are given, as depicted in
Figure 2. Then as we move the AD from 4 to B,

then to C, our decision blind reduces
progressively from CS (E) \RD (4 )to CS(E)
| (RD (A) URD (B)) thenCS (E) | (RD
(4) URD (B) URD (C)) .

Figure 2. Decision blind reduces as we move
our AD from A to B then to C




Innovation dynamics : decision making in changeable spaces based on habitual domains -

Yen-Chu Chen

171

For challenging decision problem, we can
treat the decision parameters as different points
for ADs. Systematically moving over the
parameters and pondering their possible RDs
can expand our RDs for dealing with the
challenging problems. As a consequence, CS"

(E) is expanded and our decision blinds, CS

(E) \CS" (E) , reduced. In additions, the HD
tools [11-13] can work with the individual
decision parameters as to reduce the decision
blinds and avoid decision traps. They can
expand and enrich our ADs and RDs and look
into the depth of the PDs, they can also expand
and enrich our perception on the decision

problem and its related parameters.

V. INNOVATION
DYNAIMICS

According to the HD theory and CS
analysis, all humans and things can release
pains and frustrations for certain group of
people at certain situations and time. Thus, all
humans and things carry the competence (in
broad sense, including skills, resources,
functionalities, even attitudes ) . If we regard all
humans and things as a set of different CSs,

then producing new products or services can be

regarded as a transformation of the existent CS
to a new form of CS. Based on this, we could
depict a comprehensive and integrated
framework, called the Innovation Dynamics
(see Figure 3) , to help people understand
corporate innovation and creation of maximal
values for the targeted customers and
themselves.
The dynamics can be interpreted
clock-wise, according to the indices of Figure 3,

as follows :
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(1)
S\
CS transformation ann relieve/ release
products /
(C) services (B)
(1) ()
Intemnal Chargd (iv) @
create or release charges . .
Bl individual / pain/frustration of
Charge (D) organizations targeted customers
(A)
reinvestiment (E)
(vi) +®
value distribution
create value v)
participants: employees,
stakeholders, suppliers,
society...
Figure 3. Innovation Dynamics
(i) According to HD Theory, when there presented in visible or invisible ways,

(i)

exists unfavorable discrepancies between
the current states and the ideal goals of
individuals or organizations ( for instance,
the corporations are losing money instead
of making money, or they are
technologically behind, instead of ahead of
the competitors ) , it will create charges
which can prompt the individuals or
corporations to work harder to reach their

ideal goals.

The transformation of CSs will be

(iv) Besides

which results in a new set of the products

or services produced by the corporations.

(iii) The products or services produced by

corporations must carry the capability to
relieve / release the pain and frustration of
targeted customers. Note that there are
actual domains, reachable domains, and
potential domains for the targeted
customers, and for their pains, frustrations,
and problems.

discharge, corporations  or
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organizations can create charges to the

targeted customers by means of marketing,

advertisement or promotion, and vice
versa.

(v) The targeted customers will experience the
change of charges. When their pains and
frustrations are relieved, the customers
become happy. By their buying the
products or services, the products and
services create their value.

(vi) The value will be distributed to the
participants  such  as  employees,

stakeholders, suppliers, society, etc. In

addition, to gain the competitive edge,

products and services have to be
continuously upgraded and improved. The
reinvestment therefore is needed in order to
develop and produce new products and
services.

In contrast to the clockwise cycle, the
Innovation Dynamics can be interpreted
counter-clockwise, according to the indexing of
Figure 3, as follows :

(A) To create values, the corporations must
consider who will be the targeted

customers, and what kind of pain and

frustration they have, both in actual and

potential domains.

(B) In order to ease the pains and frustrations
for the targeted customers, what products
or services, in actual and potential domains,
are needed? Competitiveness becomes an
important issue in the final selection of the
products and services to produce.

(C) How do the corporations transform their
internal and external competence and
resource to develop or provide the selected
products and services effectively and
efficiently?

(D) When the transformation of CSs succeeds,
the corporation’s internal and external
charge will be released, at least partially.

(E) New goals as to create new values can be
reestablished. The innovation cycle : (A)
2 (B)>(C)> (D)2 (E)> (A)
will go round and round.

The concept of Innovation Dynamics
describes the dynamics of how to solve a set of
problems with our existent or acquired
competence (to relieve the pains or frustrations
of targeted customers or decision makers at
certain situations )  as to create value, and how
to distribute this created value so that we can

continuously expand and enrich the CS to solve
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more challenging problems and create more
value. Observe that each links, clockwise or
counterclockwise, in Figure 3 involves decision

makings in changeable spaces.

VI. VERIFICATION

Let us consider the following two cases to

verify the framework of Innovation Dynamics.

A. Casel - YouTube

At the end of 2006, a 1.5 year-old video
sharing company, YouTube, was merged by
Google, the well-known search engine, at the
price of $1.65 billion. This high-profile event
was the biggest merger case for Google at that
time. It drew a great deal of discussion and
attention.

The three YouTube founders originally
intended to provide their product to eBay as a
way to introduce auction products, in addition
to pictures and text descriptions. The idea
appeared to meet a demand, but never
succeeded. They then extended their product to
the PDs of potential users, and found there are a
large number of people with a strong desire to
express themselves to online friends. These

desires in PDs were not discovered until

YouTube dropped their original idea and
explored the real need in the PDs of the
potential customers.

From the initial garage venture to a
website worth over US$1.6 billion, the growth
and development of YouTube is a process of
continuous integrating and transforming CSs.
In the process, they released people’s potential
pain and frustration by providing effective
product and service that others could not, or
would not. By doing so, they enhanced their
corporate competiveness and used it to create

value.

B. Casell - Wii

Nintendo started working in the game
console industry in the 1970s, when there were
not many design alternations for game consoles.
Players must operate the gamepad with two
hands, and they could only use their thumbs to
control movement. Until 2006, Satoru Iwata,
who had been the president of Nintendo for
less than five years, led Nintendo to break the
three-decade old design. Wii, with the simple
creativity of “operate with one hand”, was born.
The appearance of Wii has created a new
generation of games.

It brings a new
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entertainment experience, and the innovative
interface of game control has successfully
reduced the time needed for new players to
learn how to play a game. The remote control is
equipped with sound effects, vibrates and has
orientation functionality. It allows players to
simulate the behavior of real games and brings
users an unprecedented gaming experience.
Nintendo had lost its leading position in
the gaming industry before Wii entered into the
market, which caused the company market
share to fall behind. The Wii is Nintendo’s
innovation breakthrough. Its innovation is not
only in “subverting traditional design”, but
more importantly, it satisfied the desire of
people “wanting to experience realistic
gaming” in PDs. In the past, the game console
industry was always committed to pursuing
exquisite graphics, sound and light effects,
attempting to satisfy the desire of player.
However, luxurious graphics, sound and light
effects are the needs in the ADs for gamers
( desires of audio and visual aspects ) .
Allowing body movements and feeling the
speed, direction or even power with the game

are the strong needs hidden in the players’ PDs.

By satisfying the needs in PDs, Wii recreated

the interaction between gamers and games,
which not only creates value for Nintendo, but
also allows the company to regain its

competitive advantage.

VII. CONCLUDING
REMARKS

In this article, the concepts of decision
making in changeable spaces, HDs, CS
analysis and Innovation Dynamics and its
verification are introduced. The activities over
each link of the Innovation Dynamics involve
decision making in changeable spaces. By
examining the operations of each link in
Innovation Dynamics, corporations can
understand if each and all links are properly
developed, so that they can continuously
upgrade their products or services and
maximally create value by releasing pains and
frustrations for the customers in the PDs. The
Innovation Dynamics can help them to be as
successful and competitive as YouTube and
Nintendo.

Many research problems remain open. For
instances, how to systematically analyze the

invisible potential domains as to find effective

method to acquire, adjust and allocate resources
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in potential domains; and how to effectively
transform the hidden resources in potential
domains into products/services to effectively
release the pains and frustrations of the people
concerned. Mathematical analysis for specific
cases would be of great interest to study. These
would bring value to practical business

mnovation and to academic research as well.
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