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Synthesis, Characterization and Application of
Carbon Nanotubes

Han C. Shih

Institute of Materials Science and Nanotechnology, Chinese Culture University
Abstract

The birth of carbon nanotubes is an important result after the discovery of C60 which is a
new structure of carbon atoms arranged in a rolled carbon sheet with various chiralities which is
so different from other nanostructured materials. Multi-wall carbon nanotubes were discovered in
1991 and later single wall carbon nanotubes with a diameter of ~1 nm in 1993. Carbon nanotubes
exhibit therefore so unique properties of electricity, mechanical strength, and thermal
conductivity that make them so useful in composite materials, scanning probes, flat panel
displays, electrodic materials, catalyst supports, hydrogen storage, gas sensors, and other high
tech materials. Carbon nanotubes have been successfully fabricated by arc discharge, chemical
vapor deposition, laser evaporation, plasma enhanced chemical vapor deposition, etc. For a wide
variety of carbon nanotubes, metal catalysts are often required which is particularly true for the
single wall carbon nanotubes. From the basic sciences to the industrial applications carbon
nanotubes are consistently the most important issue in nanotechnology which has been constantly
emphasized throughout the scientific world, thus leading to significant progresses and major
breakthroughs in research and development in recent years.

Key words: carbon nanotubes, template, electron field emission, composite, catalyst
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2 7
Emitter E(V/um: 00ImA/em) et A

Mo tips [58] 50-100

Si tips [58] 50-100

Diamond [59] 24 40

Diamond B doped [59] 16 30

Diamond Cs coated [59] 10 28

Diamond N doped [59] 1.5 >>8

Graphite powder(<1 pm) [58] 17

Amorphous carbon [59] 4 ~50

Nanostructured diamond [60] 1-2 ~3 5

Carbon nanotubes :

de Heer, arc, aligned [61,62] 4 6.5

Wang, arc, O, plasma [63] 0.8 3

Bonard, arc [59] 2.6 4.6

Chen, HFCVD, aligned nanofiber, 50-100 nm [64] 2.7 >>6.5

Bonard, arc, single-walled [65] 2.8 5.2

Dai, CVD, aligned, 16 nm [59] 0.8-1.2 2.7-3.3 4.8-5.3

Xu, CVD, 20 nm [66] 4.7 5.8 6.5

MER Corp., arc, 7-12 nm [67] 24

ta-C coated [67] 1.5

Xu, CVD, aligned, 10-30 nm [68] 32 4.6

Zhu, laser, single-walled [69] 4-7

Nanofiber, MPECVD, 40-60 nm [70] 1.7 3

Aligned nanotube, MPECVD, ~90 nm [71] 1.9 2.95 ~4.4

Shih, CVD, single-walled, ~1.5 nm [27] ~0.01 ~0.1
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Wi: Hy-uptake capacity (wt% H,); Vi: H, density (g/liter).

s :T\jE Tabsorb Pabsorb HZ’L r@ HZEI' ;'FF@
T ' (K) (atm) \ \V kWh/Kg  kWhiliter
CNT 298-773 1 0.4 32 0.133 0.106
Li-doped
CNT 473~673 1 20.0 180 6.66 6.0
Graphite 473~673 1 14.0 280 4.66 9.32
K-doped

CNT <313 1 14 12.6 4.66 4.2

Graphite <313 1 5 60 1.66 2.0

FeTi-H >263 25 <2 96 0.58 3.18

NiMg-H >523 25 <4 81 1.05 2.69

Cryoadsorption ~77 20 ~5 ~20 1.66 0.67

Isooctane/gasoline >233 | 17.3 117 12.7 8.76

Wi: Hy-uptake capacity (wt% H,); V;: H, density (g/liter).
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Abstract

The CrFeCoNiCuAly multi-component alloys (x = 0.5, 1 and 2) were prepared by
arc-melting method, followed by corrosion test. The results indicated that the corrosion
resistances of these three CrFeCoNiCuAly alloys were better than that of commercial 304
stainless steel after immerging in HCI 50% or H,SO4 50%; but the corrosion resistances of these
three CrFeCoNiCuAly alloys were worse than that of commercial 304 stainless steel after
immerging in HNOs; 50%. Moreover, CrFeCoNiCuAlys alloy had best corrosion resistance
among these three CrFeCoNiCuAly alloys, because it had only one FCC phase and thus small
segregation.
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The Effects on the Precipitates and Hardness of
Adding Sc into Al-Ti-Zr Rapidly Solidified Ribbons

C.H. Tsau’, and C. C. Lee
Institute of Materials Science and Nanotechnology, Chinese Culture University

Abstract

Finding the stable Al;(Ti, Zr, Sc) precipitates to enhance high-temperature applications of
Al alloys is the goal of this study. The rapidly solidified technology is used in this study to get the
Al-Ti-Zr-Sc ribbons with different compositions. Some of the specimens are vacuum sealed in
quartz tubes and annealed at 425°C for a long period of time. The coarsening phenomenon and
phase transformation of L1,-structured Als(Ti, Zr, Sc) precipitates are investigated by TEM
observation. Moreover, the hardness of these alloys are examined. All of these would help us to
further understand the potential of high-temperature application of these Al-Ti-Zr-Sc alloys.
Keywords: Al-Ti-Zr-Sc alloy, Rapid-solidification, Hardness, Precipitate, Coarsening,
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The Analysis of Polishing and Anodization Etching
on the Porous Silicon Thin Films by Scanning
Electron Microscope and Atomic Force Microscope

J. C. Lin', and Y. H. Chen?

'Department of Electronic Engineering, St. John’s University
? Institute of Materials Science and Nanotechnology, Chinese Culture University

Abstract

The anodization electrochemistry etching is studied on the silicon based substrates by
SEM and AFM. Porous silicon structure is fabricated in Teflon container with HF and alcohol
mixture solutions. By SEM and AFM, the top view and cross section view can be observed and
compared. It is found that the higher HF concentration would cause a deeper porous silicon film.
In addition, the higher anodization current density would result in a rough surface. Besides, the
hydrogen bubble influences the formations of porous thin film and its film quality. Its related
properties are discussed in the paper.
Keyword: Anodization electrochemistry etching - porous silicon ~ SEM - AFM
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Studies on CoTMPP/C as Non-Noble Cathode
Catalyst for DMFC
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! Institute of Materials Science and Nanotechnology, Chinese Culture University,
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Abstract

The methanol crossover, which methanol diffuses from anode to cathode, is the major
hurdles that prevent direct methanol fuel cell (DMFC) from becoming a commercial product.
The methanol crossover degrades the fuel efficiency and reduces the performance of cathode
catalyst. Therefore, the approach is to develop a catalyst which catalyzes the oxygen reduction
reaction (ORR) but insensitive to the presence of methanol.

In this study, we used carbon (XC-72) supported cobalt tetra- methoxyphenyporphyrin
(CoTMPP/C) as the cathode catalyst. The electrochemical behavior of CoTMPP/C that
investigated by polarization of the rotating disk electrode (RDE) was similar to that of Pt/C. The
CoTMPP/C, which including 20 wt.% and 163 pg/cm® of CoTMPP, prepared by heat treatment
at 700°C shows the best ORR performance and methanol tolerance. For investigating the
enhanced behavior, XPS, FTIR, and TG-DTA were employed to characterize COTMPP/C. The
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formation of Co-Ni-C, and B-Co were observed from above characterizations. We believed that

this is the reason that resulting in the increase of ORR performance, but suppressing the

methanol oxidation reaction.

Key words: CoTMPP, ORR, non-noble metal catalyst, methanol-tolerance
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Discussion of High Force Polyethylene Compound
Fabric MoistureAbsorption Ability

K. C. Lee', W. Y. Chang?, and P. J. Young®

! Chinese Culture University Institute of Textile Engineering,
2 Chinese Culture University Institute of Material Science and Nonotechnology

Abstract

This research for high force polyethylene fiber after cotton and kapok encystation
discussion its hydroscopic property.The general service-type fabric mostly uses nylon and the
cotton and kapok blend fabric, but along with technical and weapon fast development, therefore
then develops the high force polyethylene (UHMWPE) substitution nylon and the cotton and
kapok blend fabric, but is bad because of the high force polyethylene hygroscopicity, but causes
the fabric comfort to be insufficient, therefore this experiment discusses in view of this flaw, not
only anticipates the PE/C encystation fabric to be possible to substitute for the N/C fabric in the
force, also may promote the fabric to the human body comfort.

Keyword: UHMWRPE, Absorbing water tests , Fast ability test ~ Grading of water diffusion
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Studies on Recombinant Protein Expression in
Methylotrophic Yeast Pichia pastoris

Jyh-Ming Wu
Department of Chemical Engineering, Chinese Culture University

Abstract

In recent years, there has been an increasing focus on the methylotrophic yeast, Pichia
pastoris, a host cell for the recombinant proteins expression. P. pastoris is easier to genetically
manipulate and culture than mammalian cells, and high cell density cultivations can be easily
achieved in the flasks or in the fermentors. P. pastoris is also a eukaryote, and thereby provides
the potential for producing soluble, correctly folded recombinant proteins that have undergone all
the post-translational modifications. The linearized foreign DNA can be inserted into its
chromosomes via homologous recombination to generate stable cell lines. Furthermore, P.
pastoris has strong AOX and GAP promoters to drive the recombinant expressions, therefore,
production of high level target protein can be easily achieved. This article is to introduce the P.
pastoris protein expression system.

Keywords: Pichia pastoris, recombinant protein expression, promoter, high cell density
fermentation
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disadvantages of

currently used expression system [1]

Migroorganism

Advantages

Disadvantages

Escherichia coli

Classic model system for genetic
engineering
Rapid growth in liquid cultures

Potential pathogen
Potential source of pyrogens
Proteins not excreted in the medium

High expression level of heterologous  Proteins expressed in large quantities tend

protein o accmulate in cytoplasm under an
insoluble denaturated and inactive form
No glycosylation
Bacillus subtilis AGRAS organism Low yield of heterologous proteins
Good secretor High level of proteinases (intra- and
Extensive fermentation experience extracellular)
No glyeosylation
Saccharomyces AGRAS organism Low levels expression of heterologous
cerevisioe Genetics and molecular biology are  proteins in most cases
well studied Tendency to hyperglycosylate
Glycosylation and  posttranslational ~ Secretion of heterologous proteins in the
modifications oceur medium is sometimes disappointing

Secretion in  the medium of
heterologous proteins occurs
Large-scale fermentation on cheap and
simple medium

Filamentous fungi  Secrete large quantities of homologous
proteins

Glycosylation and  posttranslational
modifications occur

Industrial technology for growth and
downstream processing 1s available

Low levels of heterologous proteins
Producer of proteolytic enzymes

Baculovirus system A death-ending system
No sialylation occur

Expensive medium

Secretion of heterologous proteins
Glycosylation and  posttranslational
modifications oceur

Animal cells Secretion of heterologous proteins
Comect  glyeosylation  and  post-

| modifications

Expensive medium
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Figure 1. Diversity of outlets involving yeast
biotechnology
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The Study of Adhesion Strength between
Polyester Fabrics and the Micro Structure by
Oxygen Argon Plasma Treatment

F. W. Chang', W. H. Hsing? and J. J. Shiu®
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Abstract

The research was PET fabric as reinforcement of conveyer belt. Use different
plasma energy to handle PET fabric. It can produce dents upon the fabric surface to
increase the absorption, and further strengthen the combination of PET fabric and rubber.
PET/Nylon fabric was used, because Nylon is ecpensive. The research was PET fabric as
reinforcemen and the adhesion strength can be increased.

Keywords : PET fabric ~ surface treatment ~ adhesion strength ~ plasma treatment
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Direct Growth of CNTs Applied in Direct Methanol
Fuel Cell

C.H.Wang', H. Y. Tsai®, Y. T. Tsai®, H. Y. Du?, H. C. Hsu?, L. C. Chen®, K. H. Chen'?,
and H. C. Shih®™
! Institute of Atomic and Molecular Sciences, Academic Sinica, Taipei, Taiwan
Znstitute of Materials Science and Nano Technology, Chinese Culture University, Taipei, Taiwan
® Center for Condensed Matter Sciences, National Taiwan University, Taipei, Taiwan
“E-mail: hcshih@mx.nthu.edu.tw

Abstract

Carbon nanotubes (CNTSs) were directly grown on a carbon cloth (DGCNTS) as catalyst
supports applied in a direct methanol fuel cell (DMFC). The iron nanoparticles were deposited
on a carbon cloth as the assisted catalysts for the CNT growth. The DGCNTSs were synthesized
by the microwave plasma-enhanced chemical vapor deposition in the gaseous precursors of
H2/CH4/N2. The diameter of DGCNT was ca. 10 — 20 nm and the structure was bamboo-like.
Subsequently, Pt and Ru nanoparticles were deposited on DGCNTs (Pt-Ru/DGCNT) by the
sputtering method. The formation of Pt-Ru nanoparticles were the high-degree alloy and the
particle size were ca. 3.54 nm. For the membrane-electrode-assembly (MEA) fabrication, the 0.2
mg-cm-2 metal-loading of Pt-Ru/DGCNT and the 4.0 mg-cm-2 of Pt blacks were employed as
the anode and cathode, respectively, which the Nafion 117 as the membrane was sandwiched in
between two electrodes. The polarization curve of MEA was examined by feeding 1 M methanol
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1 PSR P s

and purity oxygen to anode and cathode, respectively, which the maximum power density was
1.52 W-Pt-mg-1 at 60°C. The low amount of precious metal loaded on DGCNTSs applied in a
MEA shows a high performance, which is suitable for a DMFC.

Keywords: carbon nanotube, direct methanol fuel cell, direct growth, methanol oxidation
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Dye Adsorption Characteristics of Woven Fabric
Dipped with Chitosan

R. J. Chang', C. W. Wang ?, and C. P. Chang®
!Institute of Materials Science and Nanotechnology, Chinese Culture University
Department of Textile Engineering, Chinese Culture University

Abstract

The present study investigates the inherent adsorption property of woven fabrics after
various degrees of de-acetylation with regard to chitosan, focusing on reactive and acidic dyes. A
search of literature shows that the percentage of amino groups in a chitosan will directly affect its
adsorption. We attempted to increase various degrees of amino groups of chitosan in acetic acid
through caustic soda (NaOH), and the resulting chitosans were subsequently used to treat woven
fabrics. The chitosan-nonwoven fabric material was then examined for their ability to adsorb
reactive (CI Black 5 and Cl Red 3) and acidic (CI Pink 50 and Cl Orange 10) dyes. We
discovered that degree of de-acetylation of chitosan significantly enhanced the adsorption of
woven fabric in both types of dyes. The adsorptive effect of chitosan on acidic dye follows a
sigmoidal trend. The chitosan-woven fabric after 98% de-acetylation achieved 98% and 95% dye
adsorption in reactive dyes; and achieved 93% and 92% dye adsorption in reactive dyes in eight
days. The higher the degree of de-acetylation, the better the dye adsorption.

Keywords: deacetylation, chitosan, dye adsorption
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The Study of the Magnetic Domain Structure of
Nanostructured Semiconductor Materials

W. Y. Chou?, Y. Liou? and H. C. Shih!

!Institute of Materials Science and Nanotechnology, Chinese Culture University
%Institute of Physics, Academia Sinica

Abstract

In this study, magnetic domain structures of the semiconductor nanostructures (Ge, Si)
were studied by magnetic force microscope (MFM). The distinct differences on the domain
structures in MFM images were observed due to the non-traditional ferromagnetic nature of the
semiconductor nanostructures. From previous experimental results, it was shown that the soft
magnetism of semiconductor nanostructures was heavily affected by the measurement procedure.
By using different (hard and soft) magnetic tips and applying parallel fields to the sample, we
have tried to obtain the exact domain structures and avoid the noise originating from
measurement and magnetic tip. With hard magnetic tips, magnetic domains were widened after
sometime. However, wide domain structures were always observed with partial atomic force
contributions by using soft magnetic tips. By varying the external magnetic fields, the back and
forth moved domain patterns were observed. We have also compared with different samples in
order to find the true magnetic domain structures.

Key words: AFM, magnetic fields
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The Simulation of the DDoS Attack for VVolP

C.H.Liu',and C. L. L0
! Department of Computer Science, Chinese Culture University
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Abstract

This study is focus on SIP of VolIP, and simulated and analysised by NS2. In addition,
because of the security issues are the main factor to affect its popularization, and the DDOS
attack has become one of the most serious issues in the VVolIP network security. Therefore this
research carries on the simulation analysis to various types attack by NS2, and further discusses
under the DDoS attack between each kind of Queue regarding the attack comparison of bearing
capacity.

Key words: VolP, Security, NS2, SIP, DDoS, Queue
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Surface Reconstruction and Mold Flow Analysis for
a Shaped Plastic Part

J. Y. Chang, and D. Y. Chang
Department of Mechanical Engineering, Chinese Culture University

Abstract

Surface reconstruction of a shaped part requires a high precision scanner and professional
CAD software to build up the 3-D model. To overcome the shortcomings of precision in laser
measurement and the high expense of the professional software, this paper develops a modeling
methodology by means of an image coordinate measurement machine (CMM) and a general 3-D
CAD. Contact measurement by a TTP probe is used to derive the point data of the characteristic
curve for constructing the main surfaces of the model, and image measurement is used to obtain
the details of the engineering features. Base on the geometric data derived, the 3-D model is built
by forward design method. In addition, the CAD model is fabricated by rapid prototyping
machine (FDM) for model examination. Moldflow is a proper validated software for plastic mold
simulation. This study establishes a finite element model based on the 3-D model built to
examine the effects of pouring gate, sprue, runner, and enterance dimensions of the mold cavity
on flow filling problem. A joke stick is used to prove our study.
Key words: Reverse engineering (RE), Surface reconstruction, Coordinate measurement

machine (CMM), Moldflow analysis
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Design and Implementation of Two-Wheeled
Intelligent Robot

K. H. Su,and T. Y. Chiang
Graduate Institute of Digital Mechatronic Technology, Chinese Culture University

Abstract

A novel intelligently controlled two-autonomously-driven-wheeled robot is developed in
this paper. In the control scheme, the fuzzy inference is designated as a main controller and the
neural network is designated as auxiliary part. Consider the parametric variation, external load
disturbance, nonlinear friction, unpredicted and unstructured uncertainties for the practical drive
system, the transient and unmodelled uncertainty will be occurred and can be accumulated as the
lumped uncertainty. The neuron uncertainty observers are added in the balance, speed fuzzy
controllers and synchronous robust controllers to decrease the number of gyroscope, reduce the
accumulated estimated error and ascend the stability. To reduce the chattering phenomena, the
translation width is embedded into fuzzy controller. Additionally, to reduce the circumgyrating
radius and ascend the steering capability on a bumpy road under same specifications of motor
and tire, two wheels are driven independently. The hardware of whole system includes a
microcontroller, FPFGA&RAM Card, RF receiver, gyroscope, infrared sensors, motor encoders,
driving circuits and two autonomous controlled motors. The controllers calculate two
independent motor driving currents according to the detected angle of tilt, the angle rate of
gyroscope, speed error, speed error rate of motors and observed lumped uncertainty.

Key words: Intelligent controller, Neuron uncertainty observer, Fuzzy controller, Lumped
uncertainty
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1. Introduction

Recently, there has been an ever-increasing
demand for robotic system. The two-foot robot needs
high cost and advanced manufacture technology,
while the four-wheeled mobile robot owns some
drawbacks, e.g., large volume and circumgyrating
radius etc.. In contrast, the two-wheeled mobile robot
possesses the merits of low cost, slight volume, small
If the

bottlenecks of balance and stability can be tackled,

circumgyrating radius and easy to carry etc..

the development space of two-wheeled mobile robot
will be infinite. Although the Omniwheel or
Transwheel can be utilized, the new problems of cost
and capability will be produced. On the other hand,
the SEGWAY has been as a personal transporter, but
it needs 5 gyrospic sensors, large tire radius and
human controlling, so it cannot be a vehicle with
remote or unmanned capability. Looking over the
IEL dissertations about two-wheeled mobile robot in
recent five years, the design of controller is seldom
and the conventional linear feedback, sliding mode
or decoupled adaptive controllers were utilized
mostly [1-7]. Although the intelligent controller has
been adopted in other literatures, some drawbacks
exist widely, such as difficult to steer on a bumpy
road, large circumgyrating radius, needing more
gyroscopes, chattering phenomena and increasing
accumulated estimated error, etc. [8-14]. So it is a
stringent topic to research a new two-wheeled mobile
robot with high performance to overcome above
drawbacks under same specifications of motor and

tire.
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The object of this study is to develop a novel

architecture  for  remotely  controlled  two
-autonomously-driven-wheeled robot. In the control
scheme, the fuzzy inference is designated as a main
controller and the neural network is designated as
auxiliary part. To present the whole achievement of
this development, the researching contents include
the derivations of control equations, design of fuzzy
and neuron controllers, simulation and debug under
MATLAB, design and fabrication of the controller
board as well as the chassis, writing the
microcontroller program and dynamical tests, etc..
Finally, the simulated and experimental data will be
provided and the results will be presented in
comparison with existing two-wheeled vehicle. In
the paper, both the theory derivations and some

simulation will be obtained.

2. Design of Intelligent Controller

Utilizing Lagrange’s approach, the planar

motion equation of two-wheeled-vehicle can be

represented as [15]

0 1 0 0

0
;70 liTkTrlZ!(McD(r—D)—Ic) @ Oi Rik;ra(chrMcD(D r)
g._g 2krke 07 MczogDﬂ ! Q+ 2q 0 :
Rrrza(rﬂ McD) v 0|0 W(MCD 7)
D
where
a:lcﬂ+2MCD2(MW+'r—V2V); ﬂ:ZMW+2|‘;V2A° XS

the forward distance from origin; ¢ is the angle
between the central line and vehicle direction. The
nonlinear dynamical inverted pendulum system is
utilized to derive the balancing controller of

two-wheeled-vehicle and it can be represented as
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(}7 (M, +M,,)gsin(¢) — M Lsin(¢) cos(¢5)q32 +cos(4) u wd
B L[5 (M, +M,,) ~ Mcos?(¢)]

. AMLg’sin(g) + M, gsin(g)cos(p) 4
X= u-+d
+(M, +M,) —M,cos’(g) (M, +M,) - Mcos*(4)]

)

where g is the acceleration due to gravity; M.
is the mass of vehicle (mass of two wheels are
excluded); M, is the mass of two wheels; L is the
height of the vehicle; ¢ is the angle of the cant; x is
the forward distance from origin; d is the disturbance
and u is the control effort. The dynamic equation of
an electrical servo drive can be represented as [16]

Jor(t) +Ba () + T =T, (3)
where J is the moment of inertia; B is the damping
coefficient; @, is the rotor velocity; T, represents
the external load disturbance, nonlinear friction and
unpredicted  uncertainties; T,  denotes  the
electromagnetic torque. The total uncertainty, L(t), is
called the lumped uncertainty and the bound of the
lumped uncertainty is assumed to be given; that is,

ILO[<p )
where || represents the absolute value and p is a
positive constant. The overall scheme of the
proposed intelligently controlled two-autonomously
-driven-wheeled vehicle is depicted in Fig. 1.

To decrease the number of gyroscope, reduce
the accumulated estimated error and ascent the
stability, the neuron uncertainty observer is added to
balance, speed fuzzy controllers and synchronous
robust controller. To reduce the chattering
phenomena, the translation width is embedded into
Additionally, to

fuzzy controller. reduce the

circumgyrating radius and ascent the steering

capability on a bumpy road under same
specifications of motor and tire, two wheels are

driven independently.
2-1 Balance and Speed Fuzzy Controller

A special fuzzy total sliding surface controller
is designed via a special fuzzy controller to mimic
the good behaviors of total sliding-mode controller.

Forward —— — Xy
Backward— - \yjreless Wireless Decode and — 6

Right—{ P " N N W,
Left—— T ransmission Receiver Transformation Equation — Wd1

Usy + + U

+ Right Motor 0|
- Speed Controller I

Waz | + Up
N Left Motor Usz +
Speed Controller

Usby
¥
Mode Y |synchronous| 4 Usy -
lor2 Controller [ ~
? st

Balance
Controller

O

Fig. 1. Overall scheme of proposed

two-autonomously-driven-wheeled vehicle

In the proposed controller, the total sliding-mode and
a translation width are embedded into the fuzzy
controller. The total sliding-mode controller, in
which no reaching phase exists, is utilized to
eliminate the influence of uncertainties and to reduce
the number of fuzzy control rules. The translation
width is utilized to reduce the chattering phenomena.
By using the center average defuzzifier, the output of
the controller can be expressed as
isme (1) = I%v'w. / I%wl 5)

where m is the number of rules, y' is the center of
the I'th fuzzy set and w; is the firing strength of the
corresponding rule. In this research, (2n+1)
equal-span triangular membership functions are
adopted for input linguistic variable and (2n+1)
singleton membership functions are used for output
linguistic variable. The associated fuzzy sets for

s(t) and uggnc(t) are expressed as follows:

s): Sy Spq.. S, 20, By, -, By, By
Utsme (t)
DEp , DEyq, -, DE;, NOM , INy, -, INy_1 , INp,
where s(t) is the total sliding surface and is
designed as
H ={E[s(t) =0} (6)
s(t):C(E)—C(EO)—féa?E—CTAE dr  (7)
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(a) Input fuzzy sets.
DE, DE, , DE;  NOM IN, N, IN,

Utne(t)
|

Upon® = U= (1=D)F Upgp =T Vo) Upgn ()T Uy +(1=D)F  Upgp(®) 417

(b) Output fuzzy sets.

Fig. 2. The membership functions of 1/O fuzzy

sets

inwhich C(E) satisfies 6C/6E" =[0 B,'] and
E, isthe initial state of E . Itis obvious that
s(0)=0 and

oc E_ ocC

$(t) =
® oET oET

AE =0 (8)

To tackle the disturbance, a 3-layer neural
network is added to observe the lumped uncertainty.
The output of neural network is:

o, = f(net,) =net, (k=1) 9)

where

5

J:

The block diagram of the balance controller is
depicted in Fig. 3.

2-1 Synchronous Robust Controller

When the robot is operated in Mode 1 or 2, the
synchronous controller must be activated to keep the
running speed of left motor is same as that of right
motor. The block diagram of the synchronous
controller is depicted in Fig. 4.

Neuron Uncertainty Observer for
Balance Controller e

1| Fuzzy Rule Base

Error Function| |BPN Learning
(Se =¢€+7e) Algorithm

N

- R ———1
, -l cel [
[ s(t, Uy
e\ Sliding Surface| ()Fuzzifier Fuzzylnfgrence Defuzzifier|
4 Mechanism
+
fo Al

Unom
A—
0—  Nominal Model
Controller

Fig. 3. The block diagram of the balance

controller

Neuron Uncertainty Observer for
_______________ S Y[‘P.*‘.EQ[‘?E’_SE‘![‘EEQ'_'?_V________Qi___é_r______,_

i Error Function L BPN Learning _./61/'

(Se =¢+72e) Algorithm %’ J
W
+ & 2 s
w, S Usy
- \ Robust Controller 1/2
7
@y 2 I
Unom
A—f
0 —{ Nominal Model
Controller

Fig. 4. The block diagram of the synchronous

controller

3. Implementation and Numerical
Simulation

The hardware of whole system includes a
microcontroller, FPFGA&RAM Card, RF receiver,
gyroscope, infrared sensors, motor encoders, driving
circuits, two autonomous controlled motors and
mechanical chassis. The ET44210 (containing RISC
CPU, AD channels and PWM outputs) is utilized as
the control center of the system. The programmed
controllers calculates the necessary driving currents
of two motors according to detected angle of the tilt,
angle rate of the gyroscope of the chassis, speed error,
speed error rate of motors and observed lumped
uncertainty. The hardware of the system is shown in
Fig. 5; Fig. 6 shows part of the program flowcharts.

Gyroscope i
Integral Circuit Ur;!
(S8l
\nfrared AID l PWMO l —»{ Drive CircuitHRight Motor‘
— | Converter
Sensors Right Encoder,
CPU PWM1 Drive Circuit > Left Motor
}‘i. . '.1" ET44210 Left Encoder
Be— 2 = —t— =3
U—*--[_.
RAM Card L=

(e

Fig. 5. The hardware of whole system
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The simulation results of speed controller are
shown in Fig. 7. The control law of the proposed
intelligent controller is represented in (5), (9) and
(10). To demonstrate the compactness of fuzzy
control rules base, minimum number of membership
functions are used for input and output linguistic
variable in both simulation and experimentation such
that only three fuzzy rules are involved in the fuzzy
system (n=1,m=3). The simulation condition
including external load disturbance and parameter
variationsare addressed as follows : J=3xJ ,
B=3xB , T, =2.0xcos(t—5.5)Nm occurring at
5.5s and
T, =2.0xcos(t—14.0)Nm occurring at 14.0s and
removing after 17.0s

refererice
model 27 fad

=
- 3

4)
orad roror\ _ ) e
al

Tposition dd remove
2xcos(t-5.5Nm  2xcos(t-5.5)Nm

removing after 8.5s,

acd Temove
start 2xcos(f-14)Nm : 2xcos(t:14)Nm

1 control effort 2s
2A i
start
b
I 0.5 rad fracking error .2_5.
PRSI [ B
OradTV \,ﬂf*'*-\_ﬂ‘ v
start
c
refererice ]
model 27 fad 2s

o = WA WA (\

AT AN B A

T position d emo
start 2xcos(t-5.5Nm  2xcos(t-5.5)Nm
d

add remove
2xcos(t-14)Nm : 2xcos(t-14)Nm

I control effort 2s
[ AV
1 i [N Nt
N B A
start
e
I 0.5 rad tracking error T

) n
AR B o S ARV

f

T start

Fig. 7. The simulation results of speed controller

4. Conclusion

In this study, a novel architecture for remotely
controlled two-autonomously-driven-wheeled robot
is developed. In the control scheme, the fuzzy
inference is designated as a main controller and the
neural network is designated as auxiliary part. In this
paper, both the theory derivations and hardware
implementation is presented. To decrease the number
of gyroscope, reduce the accumulated estimated error
and ascent the stability, the neuron uncertainty
observer is added to balance, speed fuzzy controllers
and synchronous robust controller. To reduce the
chattering phenomena, the translation width is
embedded into fuzzy controller. Additionally, to
reduce the circumgyrating radius and ascent the
steering capability on a bumpy road under same
specifications of motor and tire, two wheels are
driven independently. The hardware of whole
FPGA&RAM
Card, RF receiver, gyroscope, infrared sensors,

systemincludes a microcontroller,

motor encoders, driving circuits, two autonomous
controlled motors and mechanical chassis. The
ET44210 (containing RISC CPU, AD channels and
PWM outputs) is utilized as the control center of the
system. The programmed controllers calculates the
necessary driving currents of two motors according
to detected angle of the tilt, angle rate of the tilt,
angle rate of the gyroscope of the chassis, speed error,
speed error rate of motors and observed lumped
uncertainty.
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Abstract

In this study, the fabrication process, structure analysis of porous silicon and its
applications are investigated. The iron coil and PVC materials are used to form a HF electrolyte
container. Optical microscopy and reflectance are measured on the porous silicon. Also, the
Photo-response of UV light excitation are researched. The electrical characteristics of the porous
silicon with metal contacts are analyzed. In addition, the photolumin properties method of
different porous silicon structures are proposed. Excellent experiment results are obtained. Such,
a new type of Si-based heterostructure is obtained by electrochemical oxidation of
monocrystalline silicon in concentrated hydrofluoric acid solutions. The different porous silicon
structure can be obtained with properly variations of etching parameters such as current density,
concentration of etching solvent and light illumination during etching process. In addition, it is
found that the ITO coating would blue-shift the photolumin
Key words: Etching, Photoluminescence, Porous silicon, Reflectance, SEM
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The Comparisons of Using the Histogram Method
and Neural Network to Detect Human Skin with
Various Color Ratios

L.S. Pon', C. W. Lee?, M. L. Chang? and C. C. Weng'
" Department of Electrical Engineering, Chinese Culture University, Taipei, Taiwan
? Institute of Digital Mechtronic Technology, Chinese Culture University, Taipei, Taiwan

Abstract

In this article, it makes the analysis discussion of the human skin detection. It detects the
main characteristics of skin between non-skin both using RGB colors and chroma components
(CbCr) ratios. By selecting a identification criterion, it can distinguish the skin pixels and
non-skin pixels in a color image. At the beginning, the detection process will obtain a training
image and it manually differentiates into two parts: skin and non-skin pixels. This discrimination
process is called as global knowledge. After that different color ratios of these separated skin and
non-skin pixels are calculated and their relationships between two parts are analyzed. The first
method is using statistical histogram method to detect skin part in a color image. The histograms
of different color ratios are derived from the new given image. By selecting proper thresholds,
one can makes a best decision to determine whether one pixel is skin or not. The second method
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The Comparisons of Using the Histogram Method and Neural Network to Detect Human Skin

with Various Color Ratios
is using Backpropagation Neural Network (BPNN) to detect skin. A network is trained by using

color ratios obtained above. Then the trained neural network is used to detect a new image and

directly classifies the skin and non-skin parts from the given data. Finally the experimental

results of two methods are shown and a comparison of two methods has been discussed. Both

detection methods are effectively detected the skin pixels in our experiments.
Key words: RGB, YCbCr, Ratio, Histogram, Thresholding, BPNN
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Development of a Power Monitoring System with
Direct Load Control Capabilities using ZigBee
Technology
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Abstract

This paper utilizes Zighee, DSP and Web Services technologies to develop a novel power
monitoring system (PMS) which is capable of detecting and handling power exceptions in real
time and performing associated direct load control. Specifically, we design a portable power
monitoring module that utilizes ZigBee for wireless communication and DSP (Digital Signal
Processing) for rapidly computing power parameters and detecting power quality anomalies.
Also, the Web Services technology is used to construct the communication infrastructure of the
system. Hence, users can easily access and use the powering-monitoring related functions
through networks. Finally, we construct a paradigm system for monitoring campus power
consumptions to evaluate and validate the effectiveness of the proposed PMS. The testing results
show that the functions of the proposed PMS can comply with the designed objectives. The
paradigm PMS also demonstrates that good performances in direct load control and warning
message transmission: the average time of from detecting a power abnormal event to completing
direct load control is about 62 ms, and the average time of from sending the warning message by
the server to receiving the message by the person in charge is about 10 s. This work possesses
novelty for first time integrating ZigBee, DSP, and Web Services technologies to develop PMS,
and can be a useful reference for future developments of PMS.

Key words: Pwer monitoring system, ZigBee, DSP, Web Services, Pwer quality anomaly
detection, Drect load control
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1. Introduction

In recent year, accompanying the technology
advancement and the economics growth, the power
demands in Taiwan are rapidly increased. The quality
of power supply and power demand frequently suffer
challenges. The more precise the manufacturing
equipment is, the higher power quality it requires.
Poor power quality not only affects the operations of

equipment but also influences the quality of products.

Thus,
competitiveness

power quality is closely linked to the

of an enterprise. A power

management system (PMS) can be used to
comprehend the internal power consumption statuses
of an enterprise so as to draw up an effective power
management policy for the purpose of eliminating
power consumption waste and handling power
abnormality.

Many power management systems have been
developed. For example, Qiu et al. [1] utilized JNI,
RMI, and EJB

technologies to develop an

Internet-based SCADA system for power monitoring.

Yao and Ku [2] designed a PC-based automated
monitoring and control platform for electric power
systems. This platform can simultaneously manage
multiple power monitoring instruments and send
commands to the  controlled
Lakshmikanth and Morcos [3]

DSP-based power quality monitoring system, which

equipment.
developed a

can show the real-time values of power parameters in
the graphical user interface of PC. Besides, many
DSP-based power quality abnormality detection
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methods were developed as well [4][4].

The existing power monitoring systems
usually possess the following shortcomings [6],
which will be tackled in this work. (1) The power
monitoring points are connected to the server by wire,
and hence they are difficult to be dynamically
installed on demand. (2) The extension to the
functions of the PMS should be easy, and the
processing of power anomalies should be prompt.
(3) The PMS lacks a mechanism to rapidly transmit
warning messages to the person in charge through
(4) The
interoperability between the PMS and other systems

Internet and mobile communication.

is poor.

ZigBee is a wireless networking standard that
is aimed at remote control and sensor applications
needing low data rates and low power consumption
and is suitable for operation in harsh radio
environments and in isolated locations [7][8]. Thus,
it is very suitable to be applied in many home and
industrial applications, including lighting control,
remote reading of electric meters, power monitoring,
HVAC

ventilating, and air-conditioning), medical sensing

wireless smoke detecting, (heating,
and monitoring, building automation, etc.

ZigBee [9] builds on IEEE standard 802.15.4
[10] which defines the physical and media access
(MAC)

throughput of ZigBee is low, only about 250kbps.

control layers. The amount of data
However, this data rates is more than enough for
many applications, including power monitoring and

control.
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Aregular ZigBee defines two types of devices:
Full Function Device (FFD) and Reduced Function
Device (RFD). ZigBee FFD plays the role of either
coordinator or router. ZigBee coordinator forms the
root of the network tree and might bridge to other
networks. There is exactly one ZigBee coordinator in
each network. It is responsible to build a network
and start related processes, including choosing a
radio-frequency channel, a unique network identifier,
and a set of operational parameters. The ZigBee
coordinator can also store information about the
network, including serving as the storage for security
keys. A ZigBee router can pass data from other
devices. Unlike ZigBee FFD, ZigBee RFD is an end
device that can collect a variety of information from
various sensors and switches. A ZigBee RFD
contains just enough functionality to talk to its parent
node (either the coordinator or a router). But, it
cannot relay data from other ZigBee end devices.
Each ZigBee network can have up to 65535 device
nodes. The distance between ZigBee device nodes
can be up to 50 meters, and each node can relay data
to the next. This will possibly make a very big
network, covering significant distances.
distributed
system integration technology-Web Services [11]

Currently, the new-generation
applies XML (eXtensible Markup Language) [12] as
its data format such that it’s easy to process the data
exchange and integration among distributed and
cross-platform systems. Also, Web Services applies
SOAP (Simple Object Access Protocol) [13] as the
communication  protocol

among  application

programs. By using HTTP (Hypertext Transfer
Protocol) as the transfer protocol, the messages of
Web Services can easily penetrate firewalls so that
the  interoperability =~ problem  among the
cross-platforms and distributed systems is solved.
Moreover, Web Services can conveniently capture
information and services from Web sites, perform
integration in customized formats, and then transmit
the result to any devices. This type of information

integration can break the barrier among Internet,

operating systems, application programs, and various
types of computing devices. In addition, clients can
use the information provided by the Web Services at
anytime, from anywhere, and on any device.

In this paper, a novel ZigBee-based power
monitoring system (PMS) with direct load control
capabilities is proposed. In addition to the system
architecture design, a type of power monitoring
module (PMM) that uses ZigBee for wireless
communication and DSP (Digital Signal Processing)
for real-time power parameters computation is
developed. The PMM can operate stand-alone and
wirelessly communicate with outside systems, which
make the deployment of the monitoring points quite
easy. Besides, a remote monitoring and control
server (RMCS) with database is created to contain
the major software components of the PMS. Through
the collaboration of PMM and RMCS, the proposed
PMS can detect power abnormalities in real time and
directly turn on/off the monitored power facility for
load control. Also, the Web Services technology is
adopted to wrap the system’s functions. With the
characteristic that Web Services can achieve
interoperability among distributed systems across
networks, users or applications on Intranet and
Internet are able to easily access the functions of the
PMS. A warning message transmission mechanism
through mobile phone short message Web service is
designed as well.

2. ZigBee-based Power Monitoring
System Architecture Design

The following functional requirements are
drawn up for developing the proposed power
monitoring system architecture: (1) A portable power
monitoring module should be developed and
exploited to make sure that the installation of the
power monitoring points is easy and convenient; (2)
PMS needs to possess functions of remotely
monitoring power and handling power anomalies in
real time. Also, new functions can be added in the
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system without changing existing hardware; (3) The
monitoring distance of the PMS can be flexibly
extended through network; (4) As long as a power
anomaly is detected, PMS should possess direct load
control capabilities to unload the assigned power
facilities; (5) PMS must possess a message-delivery
mechanism through e-mails and mobile phones so
that the warning and hazard power consumption
statuses can be promptly sent to the person in charge;
and (6) Web Services should be adopted to establish
the communication infrastructure and construct
power monitoring functions.

The architecture of the proposed ZigBee-based
power monitoring system (PMS) with direct load
control capabilities is designed as shown in Fig. 1.,
which is mainly based on satisfying the above
mentioned functional requirements. As shown in Fig.
1, the architecture of the proposed PMS is divided
into three parts: equipment side, server side, and
client side. The equipment side comprises power
monitoring areas and direct load control areas. In
power monitoring areas, power consumption from
diverse facilities, such as substation and switchboard,
is monitored by the PMS. On the other hand,
facilities with large power consumption, such as
central air-conditioners, can be turned on/off by the
PMS in direct load control areas. On the server side,
a remote monitoring and control server (RMCS) with

database is created to contain the major software
components of the PMS. A ZigBee coordinator is
connected to RMCS through RS-232 interface for
receiving messages from and sending commands to
ZigBee devices on the equipment side. On the client
side, users can use any Web browser on PC or
notebook to remotely operate the PMS.

To satisfy Requirements 1 and 2, we design a
type of portable power monitoring module (PMM) to

be installed in the power monitoring area of
equipment side. PMM consists of a signal
transformation circuit (STC), a digital signal

STC
is responsible for gathering power information that is

processing (DSP) board, and a ZigBee device.

then passed on to DSP to calculate various power
parameters and detect power exceptions in real time.
PMM can transmit related power information and
messages to the server side via the ZigBee device.
Notably, new power computing functions can be
easily added in the DSP board by just updating the
DSP program code without changing hardware.

As planned in Fig. 1, the communication
among a PMM, a monitored facility, and the RMCS
is based on ZigBee. Thus, the monitoring distance of
the PMS can be flexibly extended in a wireless
manner, which complies with Requirement 3. To
fulfill Requirement 4, a ZigBee device connected

with a relay is installed on each monitored power

l Equipment Side ] l Server Side ] Third-Party Clent Side
Company
Power Monitoring Area Short Message
. )) @ RMCS Web Services
S|gnal
Transformatlon DSP ZlgBee |
C|rCU|t RFD (A |
|
Power_ S — — — — — — — — — — Warning DLC
Station ) (( ) Message Scheduling
Direct Load Control Area RS ([ Transmission State Notebook
©°)802.15.4 Z'QBee 232 |
Relay A Coordinator
E = ZigBes U Remote Data ) S
~ I RFD (B Control Management Firewall @
AC1 (@
Relay
ZigBee Power Real-Time
RFD (C) Demand Power PC
AC2 ) Forecast Monitoring
.

J

Fig. 1. Architecture of the propsed ZigBee-based power monitoring system
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Fig. 2. Functional blocks of the designed power

monitoring module

facility in the direct load control area. By receiving
control commands from the ZigBee coordinator on
the server side, the ZigBee device can directly turn
on/off the monitored power facility for load control.

For Requirement 5, the Warning Message
Transmission component is constructed. When any
power abnormality is detected, this mechanism is
capable of disconnecting the power of the abnormal
appliance, saving the  abnormality-relevant
information into the database, and sending warning
and hazard messages to the person in charge through
e-mails and the mobile phone short message Web
Services, which are commercially provided on Web
by third-party companies.

Other major functional components of the
RMCS are briefly depicted as follows. The
Authentication and Authorization (AA) component is
used to verify the user’s identity and give appropriate
authority for safeguarding the security of system’s
operations. The Graphical User Interface (GUI)
component supplies various user-friendly graphical
Web interfaces for the users to manipulate the system
through general browsers. In addition to automatic
direct load control (DLC), users can manually
through the
component. The DLC Scheduling State component

perform DLC Remote  Control

can show the unloading and uploading statuses of the

monitored facilities. The Data Management

component is built to manage various data in the
system, such as wuser data, historical power
consumption data, power-monitoring-points related
information, etc. The Power Demand Forecast
component can predict an optimal contract capacity
based on historical power consumption data. Various
power monitoring functions are created in the

Real-Time Power Monitoring component.

To satisfy Requirement 6, all functions of
RMCS except GUI are constructed in the form of
Web methods. With the
characteristic that Web Services can achieve

Web Services, i.e.,

interoperability among distributed systems across
networks, users or applications on Intranet and
Internet are able to easily access these functions by
calling the related Web methods on the RMCS.
Finally, for enhancing the overall system security, a
Firewall is installed in front of the server side.

3. Power Monitoring Module
Design

In order to easily detect the power of
substations and power distribution boxes, we design
a portable power monitoring module (PMM) whose
functional blocks are shown in Fig. 2. Each PMM is
composed of a signal transformation circuit (STC), a
DSP board, and a ZigBee RFD. The design of each
functional block is described as follows.

3-1 Signal Transformation Circuit (STC)

The signal transformation circuit (STC) is
responsible to measure the working voltage and
current of the power facility and scale the power
signals to fit the input scope of the A/D converter of
DSP. STC comprises a voltage transformation unit
(VTU) and a current transformation unit (CTU).

The circuit design of VTU is shown in Fig. 3
(a). Since the input range of the A/D converter of
DSP is 0 to 3 V, and the input ac voltage v, is
assumed to be 220 or 110 V

'ms + Where rms

represents the root mean square value, v, needs to
be reduced and converted to a dc one before being
processed by DSP.

First, a 220V/12V step-down transformer is
used to transform v, into a lower ac voltage v, , i.e.
V, =200V, -

by a voltage regulator which consists of two

Next, v, is further reduced to v,

cascaded inverting operational amplifiers. The gain

of the first amplifier can be varied by adjusting
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the 20k variable resistor, while the second one has a
gain of -1, causing the voltage regulator to have a
positive gain. Here, the 20Kk variable resistor is

adjusted such that v,, =220V, will generate

v, =1 Vpeak * where peak refers to the peak value of

the voltage amplitude. For an ac voltage, 1 V,

is equal to /]/ﬁvpeak Thus, V, =aV,, , where

0‘:\/5420-

add 1.5 V to V, such that the output V

Finally, a dc-offset circuit is used to
is a
pulled-up version of the ac signal Vv, , ie,
V. =V,+15 V, and the average and the maximal

amplitude of v_. are 1.5 V and 1 V, respectively.

out

Consequently, the V_ . can fit the input range of the

out
A/D converter of DSP.

The circuit design of CTU is shown in Fig. 3
(b). First, a Tektronix A622 current probe whose gain
is 100mV/A is used for easily measuring the power
facility current through hooking the power wire. The
current probe output V, is an ac voltage signal, and

the relationship between V, and the input current
20kQ

in 22002 Vi 82K

I

» TLO74CN

n

. ~ v/ .
I, is v, =01 /Ax'in‘ Next, v, is further reduced
to v, by a voltage regulator with a positive gain
that can be adjusted by a 2KQ variable resistor.
Because the maximal input current is assumed to be

70A the 2KQvariable resistor is adjusted such

rms?

that i, =70A,, Wwill generate v =1 Voeak-
Thus, V, = i, , where =240 . Finally, a

dc-offset circuit is used to add 1.5 V to V, such
that the output Vv,
signal v, , i.e., V

is a pulled-up version of the ac
V,+1.5 V, and the average
are1.5Vand1
V, respectively. Consequently, the V

out
and the maximal amplitude of V,_,
can fit the
input range of the A/D converter of DSP.

Since the DSP adopts a 12-bit A/D converter

with an input range of 0-3 V, the resolution D, of

the A/D converter is %212_1) V . If B represents the

output value of the A/D converter, then the

corresponding input voltage V, and input current

I, can be computed as follows according to above

analyses:

9.1kQ  200kQ

out

Transformer

Voltage Regulator

| |
IDC-Offset Circuit!

Fig. 3 (a). The voltage transformation unit circuit

| |
2kQ 8.2kQ : :
| 12V |
| -l |
1kQ 8.2kQ TLO74CN : :
L o Vb | |
! ‘ r® 9.1kQ 200kQ | |
T | |
|
TLO74CN _|_ I !
Tektronix A622 : 1uF 1uF |
100mV/A | T T : :
: - @ f T
| | |
| L | |
| |

Current Probe

Voltage Regulator Stage

I DC Offset Circuit

Fig. 3 (b). The current transformation unit circuit
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B-D, —15

Vip =———— M
a

. B-D, -15

by =——— @
B

For example, if a current is measured and the

resulting B is equal to 2730, then I, =24.749 A,
while B =1365 implies i, =-24.749 A..

3-2 Digital Signal Processing (DSP)

Various power parameters can be computed in
real time using DSP, including: root-mean-square

voltagevrms, root-mean-square current | __, active

power P, reactive power Q, apparent power S,

power factor PF , etc. The adopted formulations for
power parameters computation are described below
[14].

Assume a voltage or current signal X(t) has a

sampled sequence {x(nT)} that has been sampled

at a regular time interval T , where n is the sample
number from n=0 to N —1. The Discrete Fourier
Transform of X(NT) is then defined as the

sequence of complex values
X (kw )} = X (0), X (W), .., XI(N =T)wg ] in

frequency domain, where , is the fundamental

frequency given by w, =27 /NT . According to

the decimation-in-time fast Fourier transform

algorithm, the DFT values X (K) at frequency kw,
are computed as follows:

N-1
X(K) =D x(mWy, k=01..,N-1 (3
n=0

2
J

where W' =g W is the twiddle factor.

Then, the root-mean-square values of voltage
sampled value v(n) and current sampled value
i(n) are as follows:

k=0

Vi =~ {N/Zl[ReV ]2+[|mV(k)]2} (4)

2

12 = {:Z;[Rel )] +[|m|(k)]2} (5)

The reactive power Q and the active power P

can be computed below:

{%Re[ )R [l(k)]ﬂm[vwﬂ'm['(k”} ?

{%kq k)Jim WM}%WWW@WW}(D

The apparent power S and the power factor
PF are calculated as follows:

S = Vrms I rms (8)
PE=" ©)
s

Besides, several power-abnormality-detection
algorithms [15] are designed in DSP to detect power
anomalies, such as voltage swell/sag, harmonic
distortion, voltage impulsive transient, and contract
capacity overload. Once any power anomaly is
detected, and the predefined DLC threshold is
achieved, DSP can transmit the related power
information and message to the ZbBee coordinator
on the server side via the ZigBee device. Then, the
ZigBee coordinator will send control messages to the
ZigBee devices located in the direct load control area.
By receiving control commands from the ZigBee
coordinator, the ZigBee device can then directly turn
on/off the monitored power facility for load control
according to the pre-defined DLC rules.

3-3 Design of
Mechanisms

Power Quality Detection

This section presents two power quality
detection mechanisms designed for detecting voltage
swell/voltage sag and voltage impulsive transient,
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respectively. According to power quality categories
[16] published by
detection mechanisms may be designed and included
in the futher.

IEEE, more power quality

A. Detection of Voltage Swell/Voltage Sag

By definition, voltage swell occurs when the

root-mean-square value, V of the working

rms !
voltage is within the range of 1.1 pu to 1.8 pu during
a period of time starting from half a period to one
minute, where pu is the ratio of the actual value to
the standard value. On the other hand, voltage sag
takes place when V, . is between 0.1 pu and 0.9 pu
during the same period of time. Using monitoring of
a 220 V switchboard as an example, three voltage
thresholds, V,, V.., and V,, for low voltage,
medium voltage, and high voltage, respectively, are
V|, =0.1x220=22V, Vm =0.9x220=198 V, and
V, =1.1x220=242 V.

The mechanism for detecting voltage swell and
sag is shown in Fig. 4, which is explained as follows.
Step (1): Compute V.

data for one period according to Eq. (4).
Steps (2) & (3): If V,, <V,, report the “Power
Interrupt” message to the ZigBee coordinator and

after gathering sampled

then end the mechanism. Otherwise, go to Step
(4).

Steps (4) & (5): If V, <V, report the “Power
Sag” message to the ZigBee coordinator and then
end the mechanism. Otherwise, go to Step (6).

Steps (6) & (7): If V
Swell” message to the ZigBee coordinator and

>V, , report the “Power

then end the mechanism. Otherwise, terminate
the mechanism.

(1)

Calculate V.

Report “Power |[(3)
Interrupt”
message to ZigBee
Coordinator

V, : low voltage threshold

Report “Voltage [{5)
Sag” message V..: medium voltage
to ZigBee threshold

Coordinator

Report Voltage |(7) v

Swell” message
N
Status
Message

to ZigBee
Fig. 4. Mechanism of detecting voltage swell and

V, : high voltage
threshold

Coordinator

voltage sag

B. Detection of Voltage Impulsive Transient

\oltage impulsive transient is a phenomenon
that the working voltage substantially moves up and
down in a very short time due to some reasons, such
as lightning strike, the switching of large capacitors,
and the starting of motors. For equipment that is
sensitive to voltage variation, voltage impulsive
transient may cause operational faults and even
damages the equipment. To effectively detect such an
abnormal phenomenon, the voltage difference V,
of two consecutive sampled voltage signals is
employed as a measure. For a normal voltage signal,
the curve of voltage difference V; is shown in Fig.
5, ie. |Vy|<0.05 V. If V,|>0.05V, then the
signal may be

regarded as voltage impulsive

transient. For increasing the error tolerance of
analyses, the threshold of voltage impulsive transient
is relaxed to 2|Vd | , L6, th =0.1 V. The mechanism
of detecting voltage impulsive transient is the same
as the mechanism of detecting voltage swell and
voltage sag, shown in Fig. 4, except the setting of

thresholds and the reporting messages.
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Fig. 5. Curve of voltage difference V, fora

normal voltage signal

3-4 ZigBee Device

To reduce the deployment cost and power
consumption, we adopt a ZigBee RFD module in
PMM to communicate with outside systems using
IEEE 802.15.4 protocol. The ZigBee RFD module
can transmit power monitoring messages to the
ZigBee coordinator. Also, it can receive control
messages from the ZigBee coordinator.

4. Development of Functional
Components of RMCS

Object-oriented technologies possess many

advantages, such as code reuse, scalability,

modularity, ease to maintain, ease to simulate

1. Detect the
power line  Power Monitoring Area

m __PMm | 2. Send the abnormality | -
—-l | Signal message
E-_; Transformation|| DSP ZigBee |
== || Circuit RFD (A)]|

PowerSub — — — — — — — — — — ER R frame

Station

Direct Load Control Area  802.15.4
e\

Relay Ay
igBee |
RFD (B,

3. Check message 9. Call

l ZigBee
Coordinator
6. Send the

abnormality
message

1 T
AC 5. Turn off | o "
— ya] 4. DLC Machine if "E
= RII:QD eg | char exists in frame
AC 2

\}} 7. Save the abnormality

messages & parameter

real-world objects, and reduction of development
cost and risk. Therefore, we adopt the object-oriented
approach to develop the functional components in
the remote monitoring and control server (RMCS).
The Unified Modeling Language (UML) is used as
the tool.
First,
functional

we conduct thorough analyses of
requirements for all of the system
components. Then, the use case diagrams for these
components can be drawn. Next, each use case in the
use case diagrams is further investigated to
subsequently generate the corresponding scenarios.
Then, based on these scenarios, the object-oriented
analysis and design (OOA and OOD) of system
UML  are

Consequently, the sequence diagrams, the class

components  using performed.
diagrams, and other useful diagrams can be obtained.
For the detailed descriptions of OOA and OOD of
the system components in RMCS, please refer to
[15].

Due to limited space, only designs of the
Real-Time Power Monitoring component and the
Warning Message Transmission component are
described below. For detailed design descriptions of
other functional components in RMCS, please refer

to [15].

Third-Party
Company

Short Message

Web Services

10. Send SOAP
messages

RMCS

11. Send messages
and deduct credits
from account

Warning
Message

| Transmission |

warning message

transmission method

A
1 Notebook
802.11g

(‘Real-Time
Power

P _Monitoring |

Firewall | =73

802.3
8. Get Manager's cell %

phone counter & PC
e-mail account

Fig. 6. Message flow of real-time power monitoring

143



ST = A 07 ZigBee pk PU= e

J. Y. Cheng et al.

: Development of a Power Monitoring System with

]g&ﬂ_ IER I/L Jﬁ'—ﬁl”
ﬁ|:])II'(-Z‘CII

Load Control Capabllltles using

ZigBee Technology

4-1 Design of Real-Time Power Monitoring
Component

The design of Real-Time Power Monitoring
(RTPM) component supports the scenario depicted in
Fig. 6, which is described in the following:

1) PMM measures power from a power substation,
computes the values of various power parameters,
and detects the power status according to the
designed power quality detection mechanisms.

2) ZigBee RFD (A) of PMM wirelessly transmits the
related power monitoring message, Wwhich
contains power parameters values and power
statuses, to ZigBee Coordinator.

3) ZigBee Coordinator checks the message frame
content. If DLC needs to be activated, steps 4 and
5 are performed. Otherwise, jump to steps 6 and
7.

4) and 5) ZigBee Coordinator sends an unloading
control command to ZigBee RFD (C) which can
then turn off the machine accordingly.

6) and 7) ZigBee Coordinator sends the power
monitoring message to the RTPM component via
RS232 interface. Then, the RTPM component
displays the related power information data and
saves them into database.

8)~11) When the RTPM component

it will send a

receives
abnormal power information,
warning message to the person in charge through
mobile phone short message and e-mail using the
designed transmission

warning  message

mechanism depicted below.

4-2  Design of Warning Message Transmission
Component

For promptly sending warning messages to the
person in charge, we design a message-delivery
mechanism through e-mail and the mobile phone
short service in

message Warning Message

Transmission (WMT) component.

System 1. Login K Web Services Apply Account and\
Developer | _ _ _ _, Home Page Purchase Credits

L& Add the Web reference

2. Look for the URL

4. Send SOAP mgssages
n

Warning |
Message
Trar

Mobile
Phone

5. Send messages and deduct credits from Account

\ASPonIine Web Services CenterJ

Fig. 7. Development of the message transmission
mechanism through mobile phone short

message Web Service

A. E-Mail:

When detecting a power abnormality, the
WMT component will send the person in charge an
e-mail that contains related power information. This
function is accomplished by using the Simple Mail
Transfer Protocol (SMTP) in the program.

B. Mobile Phone Short Message Service:

The WMT component can also deliver the
warning messages through the mobile phone short
message service, which enables the messages to be
sent to the persons in charge more quickly.
Consequently, they can promptly take necessary
measures to prevent the occurrence of possible
damage. Nowadays, many companies commercially
supply diverse Web Services with different functions
on Web. This positively changes the programming
paradigm. After making payment, developers can
easily find and incorporate proper off-the-shelf Web
Services in their programs to accomplish the desired
functions. In this research, we adopt the mobile
phone short message Web Service provided by the
ASPonline company[17] to design the message
transmission mechanism for mobile phones. The
development process of the message transmission
mechanism through the mobile phone short message
Web Service is shown in Fig. 7 and described as

follows:
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1) The system developer logins the Web Services
home page of ASPonline to apply an account and
purchase credits.

2) The system developer looks for the URL of the
short message Web Service.

3) By means of adding the Web reference, a proxy of
the short message Web Service is created in the
WMT
message-delivery  mechanism is

component. The program of the

completed
through utilizing the methods of the generated
proxy.

4) and 5) The WMT component can then send the
warning messages to the mobile phone of the
person in charge through the short message Web
Service. Each time the short message Web

Service is called, the Web Services center of

ASPonline will deduct credits from the associated

user account to get paid for the service.

5. Implementation of Paradigm
PMS and Integration Test Results

By referring to the architecture in Fig. 1, a
paradigm power monitoring system (PMS) is
constructed to demonstrate the effectiveness of the
proposed architecture. The following describes the
implementation and the integration test results of the

paradigm PMS.
5-1 Implementation of Paradigm PMS

For the system implementation, we use
Windows XP as the development platform and
Microsoft .NET CLR as the runtime environment.
The system programs are written in C#, ASP.NET,
and JavaScript, while Visual Studio .NET is the
programming tool. Besides, Microsoft SQL Server
2000 is used as the database. For DSP software, we
utilize TI Code composer Studio as the development
tool and use C language to program the desired
functions in DSP.

Regarding to the hardware requirement, a PC

is needed for constructing the RMCS, and a
notebook is used as the client computer. For the
PMM implementation, the VTU and CTU are
designed,; the  VP2812EVM board (Tl
TMS320F2812 Inside) [18] is adopted as the DSP
development system; and the current clamper of
Tektronix [19] is used as the current probe. In
particular, we use Chipcon 0 CC2420 ZigBee
development kit to be the ZigBee modules.

5-2 Integration Test of Paradigm PMS

Figure 8 shows the integration test of the
paradigm PMS. The figure depicts the graphical user
interfaces of several functional components in
RMCS, including Data Management, Real-Time
DLC

Scheduling State, and Power Demand Forecast. The

Power  Monitoring, Remote Control,
physical pictures of STC, DSP, and ZigBee modules
are also displayed.

We applied the developed PMS to monitor the
power consumption of our campus and conducted
experiments for validating the effectiveness and
evaluating the performance of the proposed PMS.
installed PMMs on

substations to gather voltage and current values and

Specifically, we power
incorporated several air-conditioners for direct load
control. Then, a variety of scenarios were developed
to test the paradigm PMS. These testing scenarios
include  “system “real-time

login”, power

monitoring”, “detecting power abnormalities”,
“automatic direct load control”, “warning messages
delivery”, “remote control”, “power demand
forecast”, “data management”, etc. The test results
show that the functions of the proposed PMS can

comply with the design objectives.

5-3 Performance Evaluation

In addition to functional tests, we also
experimented on Direct Load Control and Warning
Message Transmission to evaluate the performance

of the proposed PMS.

145



SR = A 7] ZigBee Bt o

J. Y. Cheng et al.

: Development of a Power Monitoring System with

5 PRS0 ‘/*L_ K REIES
ﬁIj)lrect

Load Control Capabllltles using

ZigBee Technology

A. Direct Load Control:

In this paper, ZigBee is in charge of direct load
control. To test the response time of direct load
control of the paradigm PMS, we create an abnormal
power event and measure the elapsed time from
power-abnormal event happening to load control
completion. Through 100 repetitive tests, the average
response time of direct load control is 61.71 ms.

To verify that the proposed ZigBee-based
solution is more efficient than the traditional way
that uses a server to do direct load control, we repeat
the above experiment but use the RMCS to do direct
load control instead. The average response time of
direct load control is 131.72 ms. Thus, it is quite
obvious that the proposed ZigBee-based approach
can achieve quicker real-time load control for better
power facilities protection.

B. Warning Message Transmission:

We also test the Warning Message
Transmission Time (WMTT) that is defined as the
elapsed time from sending a warning message by the
PMS to receiving of the warning message by the
assigned mobile phone. Through 10 repetitive tests,
the average time of WMTT is about 10 seconds,
which is rather

prompt for warning-message

notification. Thus, with the assistance of the
proposed PMS, the person in charge is capable of
rapidly receiving notifications and, then, takes
immediate actions to remedy the associated problems

when power abnormalities occur.

6. Summary and Conclusions

A novel power monitoring system (PMS)
DSP,
technologies is developed in this paper. Specifically,

based on ZigBee, and Web Services
the system architecture that satisfies the desired
functional requirements is designed first. Then, a
type of power monitoring module (PMM) that uses
ZigBee for wireless communication and DSP
(Digital Signal Processing) for real-time power
parameters computation is designed. Because PMM
can operate stand-alone and wirelessly communicate
with outside systems, the deployment of the
monitoring points using PMM is
addition, the
components of the PMS are constructed in a remote

easy and

convenient. In major  software
monitoring and control server (RMCS). Through the
collaboration of PMM and RMCS, the proposed
PMS can detect power abnormalities in real time,
promptly send warning messages to the person in
charge, and directly turn on/off the monitored power
facility for load control according to predefined

rules.
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Fig. 8. Integration test snap shot of the paradigm PMS

A variety of scenarios were developed to test
the paradigm PMS. The test results show that the
PMS’s functions can comply with the design
objectives. Besides, the short response times of
Load Control

Direct and Warning Message

Transmission  further demonstrate the good
performance of the proposed PMS. This research
first time integrates ZigBee, DSP, and Web Services
technologies to develop PMS. The developed results
possess novelty and can, thus, be a useful reference

for future developments of PMS.
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Consider Control Loop Sensor Uncertainty Effect in
Loop Design Control System

H. L. Fu, W. C. Chang, and C. Y. Huang
Graduate Institute of Digital Mechatronics Technology, Chinese Culture University, Taipei, Taiwan

Abstract

In the general control loop with main sensor feedback, in open loop without sensor will be
divergence the data output let system reliability down and then cannot work. Closed-loop with
the sensor feedback will stable the system finally.

This article is based on step motor to find optimization parameters for the subject. Using
Labview software to real-time control the motor speed and position, and installs the system on
the desktop computer and the industry computer does the comparison: The desktop computer
core is Pentium D 3.4G, the industry computer core is Pentium Core 2 T7400 2.16G, the OS is
Windows XP, then to find adaptive parameters to optimizing feedback system, and find the best
control model and the parameter hypothesis, and using the system real-time characteristic, may
reduce time delay, increases reliability and the stability in the system, to achieving hardware and
software synchronize, and chooses conserves energy and the time-saving way, seeks system's
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performance, meets the design need and conforms to the optimization, achieves the balance point
of potency and the cost, and using the effective system management, achieves decides the quality

goal.

Will use the micro controller in the future, hoped that may will achieve needs the quality
control, after causing the industrialization, will let its reliability promotion, and the cost will have

competitiveness.

Key words: Step motor, Real-time, Synchronize, Quality
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Spectrum with Mechatronic Infrastructure
Feasibility Analysis

H.L.Fu,and C. S. Lin
Graduate Institute of Digital Mechatronics Technology, Chinese Culture University, Taipei, Taiwan

Abstract

This paper used the similar technology as Earth Resources Satellite scanning by visible
and infrared light to achieve its basic functions for remote sensing technology using the circuit
design and NI ELVIS hardware. In the purpose of this article is to identify the material
characteristics, reduce the costs and demand for equipment.

The goal of this research was identifying the signal between infrared and ultraviolet light.
The output data of our circuit picked the same linear relationship with the frequency of visible
spectrum. By this we could speculate the frequency and wavelength of an unknown source. The
result confirmed that our design is feasible. Because the frequency sensibility is not easy to
control, the EMI is an important study class. In the future we will expand its work range and
improve the circuit design to achieve the goal of material identification.

Key words: Material identification, Visible spectrum, Linear, Earth resources satellite, NI
ELVIS, Virtual instrument control
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Smooth Switching Adaptive Model Reference
Control of Robots Using Neural Networks

J. T. Huang, and Y. D. Jeng
Institute of Digital Technology, Chinese Culture University, Taipei, Taiwan

Abstract

A hybrid controller for the tracking of a model reference of robots is presented. It consists
of four parts: a neural network (NN) controller for resembling the unknown nonlinearities of the
robot; an adaptive controller for compensating the resembled nonlinearities; a high-gain
controller which takes over temporarily once the former is approaching singularity; last, a robust
controller to counteract the degradation due to the approximation errors. Such an approach
preserves the advantages of adaptive control scheme while avoids running into singularity at the
same time by incorporating the temporary high-gain control. Moreover, the switching
mechanism is absolutely smooth and hence does not incur any chattering behavior. Simulation
results demonstrating the validity of the proposed design are given in the final.

Key words: Neural networks, Adaptive control, Manipulator
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Abstract

This research is devoted to development of LCM & CCD IP cores for Teasic’s DE-2
board. These IP core can be used some applications such as finger-print recognition, face
recognition. Within this paper, we briefly introduce Avalon bus of Altera Corp., then we analyze
some several implementations and trade-off with respect to some parameters. We also show
some fundamental image processing applications.
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The Investigation on the Location and Greening of
Long-Range Backup Data Center

A.Y.Chang, and C. J. Chen
Department of Computer Science, Chinese Culture University

Abstract

After 9/11 incident, the United States Securities and Exchange Commission (SEC)
issued a white paper to strengthen the financial system on the grounds of security for the
proposed financial institutions. It suggests that the primary and secondary data center of financial
systems should be kept from 200 to 300 miles (about 320 ~ 480 kilometers) away. Such
announcement aroused a good deal of discussion and feedback. Although the equipments in the
secondary data center are usually idle, the energy consumption cannot be avoided. It was off to
another recent discussion of the green data center problem. This study is divided into three main
issues, first of all, is the consideration of setting up the long-range backup data center, followed
by discussion of how to be coupled with the consideration of the greening computing without
sacrificing the stability of the original system, finally we discuss issue of reducing the disaster
recovery time.

Key words: data center, green computing
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Growth and Optical Property of AIN Nanowires

J. Y. Liang, and H. M. Wu
Department of Physics, Chinese Culture University, Taipei 111, Taiwan

Abstract

We have investigated the growth structure and their optical properties of Wurzite
AIN nanowires grown on sapphire (0002) substrates by chemical vapor deposition at
various temperatures. The morphology, and structure were characterized by scanning and
transmission electron microscopy, X-ray diffraction, and Raman analysis. Blue shift to
shorter wavelength was observed in Raman spectrum when reaction temperature was
increased. Emission characteristics were slightly altered by temperature effect due to
defects of impurities and vacancies introduced during chemical reactions. Band to band
excitonic feature at 6.12eV at room temperature was first reported in this study by the
methods of optical measurements of cathodoluminescence, and photoluminescence. Two
defect related transmissions around 2.95eV and 4.85eV were also observed as well, and a
band gap structure of AIN nanowires was suggested in this report.
Keyword: aluminum nitride nanowire, optical property, chemical vapor deposition.
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