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The Digital Archives of Traditional Puppet Plays

Dwen-Ren Tsai'", Wei-Yu Chen?
'Department of Computer Science, Chinese Culture University
’Department of Chemical and Material Engineering, Chinese Culture University

Abstract

In the early agriculture society of Taiwan, traditional puppet plays play roles of social
education and mental purification through entertainment they provided. However, while the
society shifted to industrial, TV programs were booming and many puppet troupes were forced
to stop playing shows for livelihood, traditional puppet plays are on the wane day after day.
Many precious scripts, skills and the performance records gradually vanished while puppet show
players passed away. In recent years, they are dying away in Taiwan. This paper shows the way
starts from executing digital archiving projects, aiming on the development of culture creative
industry, to give traditional puppet play industry a new life. There are 5 phases included: content
management, technology application, product design, arts authorization and branding. The
purpose of the project is to bring the living water to the declined traditional arts, and to give new
life and value for the old traditional puppet play industry.

Key words: digital archives, National Digital Archives Program, digital content, traditional
puppet plays, metadata.
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The Study of a Head-Controlled Human-Machine

Interface

Sea-Shuan Luo*
Department of Computer Science and Information Engineering, Ta Hwa Institute of Technology

*E-mail : etlss@thit.edu.tw

Abstract

The main purpose of this paper is to describe a head-controlled human-machine
interface system that can help people who cannot use their hands to manipulate a device.
Our study is to design a head-controlled human-machine interface system. Users can issue
four different commands with the tilt of their head forward, backward, leftward, or
rightward. We utilize a head-controlled controller designed by ourselves to control a
self-propelled vehicle to go forward, go backward, turn left, or turn right to verify the
feasibility of the head-controlled human-machine interface system. .

Keywords: Human-Machine Interface(HMI), Head-Controlled, 2-axis accelerator, ZigBee
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1. Introduction their machine. Under such circumstances, that

should be some other methods to solve this

Human and machine interface is an .
problem, and the head-controlled human-machine

important and critical component of any . . .
interface seems like to be a good choice.

system [1]. Sometimes, people can’t use their . .
y 4] peop A lot of configurations and methods for the

hands to move the mouse or use their fingers to o
head-controlled human-machine interface have been

touch the screen, but they still need to manipulate
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studied. Allison utilize magnetic field signal to
analyze head movements [2]. Goldstein calculates
the coordinates of head movement with one
headlight and two cameras [3]. Lin and Ho propose a
double-light source projector and a CCD camera to
capture the head movement [4]. Waber and Magee
use a camera to detect the tilt angle of the user’s
head[5]. However, in the previous research, there
were many restrictions both on head movements and
on the device being deployed. If a head-controlled
human machine interface system is used for
controller purpose, free movement of head is
unavoidable. Because sometimes people need to turn
their neck just for relax or just unconsciously. By the
way, the head-controlled system must allow the user
to turn their head around freely for safety purpose.
For example, if this system is used by a handicapped
person to manipulate his wheelchair, he needs to turn
around his head rightward or leftward for sighting
angle.

The main purpose of this study is to design a

head-controlled human-machine interface
that can help people who cannot use their hands to
manipulate a device. We will study the feasibility
of the head-controlled human-machine interface.
For this

head-controlled human-machine controller just

study purpose, we design a
like the picture depicted in Fig 1, and users can
issue four different commands with the tilt of their
head forward, backward, leftward, or rightward
with this controller as depicted in Figure 2. For
verifying the feasibility of our head-controlled
system, we utilize the controller designed by
ourselves to remotely control a self-propelled
vehicle to go forward, go backward, turn left, or
turn right.

In the remaining part of this paper, we
will describe our head-controlled

human-machine controller, implementation

result, and conclusion.

controller

Figure 2 Tilt of head

2. Head-controlled
controller

Since the head-controlled controller is used
for helping people to control or manipulate
devices, it should be mounted or worn on the head.
If the head-controlled controller needs to be used
in the real world, the mounted controller should be
used for a long time, either day or night, and both

inside or external a house.

Under such a circumstance, there are several
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important  issues should be taken into
consideration in the design of our head-controlled
system. At first, users should be allowed to turn
their heads for relax or sometimes unconsciously,
so free movement of user’s head is necessary.
Secondly, the head controller should be connected
to the controlled device wirelessly, and thirdly the
power used by the head controller should be very

efficiently to make the controller more useful.

For the situations described above, the user
of the head-controlled controller will issue
commands only when they tilt their head over a
certain angle. That means the user mounted with
our controller can freely turn around their head, or
even tilt their head slightly. Actually, the
head-controlled controller designed by us will
issue four different commands with the tilt of the
head forward, backward, leftward, or rightward.
With the different combinations and sequences of
these four commands, we can generate many
different more advanced commands to control the

device we want to control.

According to the description mentioned above,
we depict the overall structure of our

head-controlled controller in figure 3.

HIt | pp T
SENSOT transmitter transmitter
micro  the
controller control led

Figure 3 Head-controlled system

structure

For the detection of head tilting, we use the

dual axis acceleration sensor MX2125[9]. Fig 4

shows the look of the sensor MX2125. The MX2125

has a chamber of gas with a heating element in the
center and four temperature sensors around its edge.

If you tilt the sensor, the hot gas will be closer to one

or maybe two of the temperature sensors, so the tilt

angles, or the static acceleration, can be detected by

the temperature sensors.

MX2125 can be used to detect the tilt of the
head forward, backward, leftward, or rightward,
and we can pick up the tilt signal with a

microprocessor.

therometer

MX2125

Figure 4 The MX2125 sensor

For the purpose of the controlled signal
to be transmitted wirelessly and power usage
to be more efficiently, the ZigBee technology
will be used. ZigBee is for small size, low
cost, and low power usage. Actually, the
ZigBee specification[6][7] is based on the
wireless home area network standard
IEEE 802.15.4-2003. According to the
specification, ZigBee works on 2.4G Hz, and
since this band is a license free band, so it can
be used all over the world. This frequency
band has 16 channels, and the data
transmission speed can be up to 250 kilobits
per second. That means, user can choose an
appropriate channel as he likes, also the

transmission speed will suffice for a



R - AL RS [Ptk 28 (2011) 7-13
Sea-Shuan Luo / The Study of a Head-Controlled Human-Machine Interface 28 (2011) 7-13

head-controlled controller usage. Besides,
ZigBee also provides encryption capability in
the MAC layer, and it use 128 bits AES
encryption method for data safety purpose.
in our

The

So, we will use ZigBee module

head-controlled controller  system.
ZigBee module used in our design is the
XBee[8] module manufactured by the Digi

International Inc. as shown in Fig 5.

Figure 5 the XBee module

We connect MX2125 with a microprocessor as
depicted in Figure 6, and the microprocessor can
pick up the signal sent out by MX2125 to know
the tilt of the head. Then, the microprocessor will
send out the tilt command wireless with the XBee
module to the controlled device. After the
controlled device receives the signal with the
XBee module, it will decode the tilt command and

fulfill the issued command.

Mx2125

won AT 4|

A _Mm

MiCroprocessor|, ..
o

Figure 6 MX2125 connection

The microcontroller and the XBee module

10

are connected through the UART protocol. The
connection details and the connection protocol can
be found in the datasheet [8].

For the user convenient sake, the head
controller will be mounted on a hat, and the
user can wear the hat to control the controlled
device. Figure 7 is the picture of the head
controlled hat designed by us, and Figure 8 is

the hat mounted by a user.

N

Figure 7 The head-controlled controller hat

J

Figure 8 The head-controlled controller hat

To verify the feasibility of our design, we will
use the head-controlled controller to control a
self-propelled vehicle. The self-propelled vehicle
is a Boe-Bot Robot Kit manufactured by
Parallax[10] mounted with an XBee controller
expansion module manufactured from the Digi

International Inc. Figure 9 is the self-propelled
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vehicle mounted with an XBee controller

expansion module.

Figure 9 The self-propelled vehicle

3. Implementation Result

Upon implementation of our system, user
can wear the head-controlled controller hat to
issue four different commands with the
tilting of the head forward, backward,
leftward, or rightward, and the
commands issued by the head-controlled
controller are used to control the self-propelled
vehicle to go forwardly , go backwardly, or turn
right, turn left.

The head-controlled controller will issue
commands only when the tilt angle is over a
certain amount as described in section 2. The
threshold of the angle should not be too small,
because people will tilt their head unconsciously.
And the threshold should not be too large, because
there is a limitation of the maximum angle people
can tilt their head.

For the study of the suitable threshold angle
of recognizing as an issued command, we design
an experiment to better understand the range of the
tilt angle range of human head both in the azimuth
and elevation direction. We recorded the

maximum tilt angle of 20 persons both in the

azimuth and elevation direction. The results are

depicted in Figure 10.

maximum Lilt angle range for 20 different persons
100
a0
a0

70 =

Bl

a0

o YN TN a A A
20
10

] Person NO.
1234567 8 951011121314151617181920

——elevation

—+—azimuth

Maximum Tilt Angle Range{degree)
(=]

Figure 10 The maximum tilt angle range

In Figure 10, the horizontal axis is the
person NO., and the vertical axis is the maximum
tilt angle range. According to the experimental
result, the maximum tilt angle of the head will
vary from person to person, and actually some
person may have much smaller tilt angle because
of their age or neck problem. The other question is
people will tilt their head unconsciously or for
relax. For understanding the range of this kind of
tilt angle, we also design an experiment to record
the maximum tilt angle both of the azimuth and
elevation direction for 10 minutes to better
understand the small tilt of people head for
relaxing or just unconsciously. The result is

depicted in Fig 11.

the unconsciously tilt angle of head for
20 different persons

a

E e
|

—=-elevation

—e—azimuth

PersonNO.

the maximum tilt angle{degree)

Figure 11 the unconsciously tilt angle of
head
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In Figure 11, the horizontal axis is the
person NO., and the vertical axis is the maximum
tilt angle. According to the experimental result,
the standard deviation of the unconsciously tilt
angle in the elevation direction is about 0.24
degrees and in the azimuth direction is about 0.13
degrees. The experimental information will be
helpful in the determination the threshold angle.
But we should know that if this system is used in
the control of a wheel chair, the users should tilt
their head in order to check the ground condition,
so the tilt threshold angle should take this situation
into consideration, and the angle is about 5.0 to
7.0 degrees.

Since we just want to know the threshold
value, we can choose a threshold value achievable
by most people. From the experimental results, we
suggest the threshold angle for the elevation
direction should range from 8.0 degrees to 12.0
degrees, and the threshold angle for the azimuth
direction should range from 5.0 degrees to 8.0
degrees. It will be much better if the user of the
system can adjust the threshold angle according to
their personal condition.

Also, we want to know the maximum
distance between the head-controlled controller
and the controlled device, so we design an
experiment to find out the answer, and it is about
70 meters. Actually, if the head-controlled
controller and the controlled device are separated
or blocked by wall or some stuffs, the controlled
device is still under control, so the head-controlled
system is quite safe under the intruder interrupts.

The power of the head-controlled controller
used by our experiment is a 9V battery, and it can

last several days to several weeks.

12

4. Conclusion

In this article, we present our study of a
different human machine interface method - the
head-controlled human-machine interface. For the
study of the feasibility of head-controlled remote
controller, we designed a head-controlled
controller mounted on a hat, and users can wear
the hat to issue four different commands with the
tilting of their head forward, backward,
leftward, or rightward to control any device
mounted with the XBee controller module also.

After our detailed analysis and design, the
implementation can be fulfilled quite successfully.
User can use the head-controlled controller easily

and conveniently.

The major achievements in our research
consist of the followings: (1) A head-controlled
controller. (2) The whole system is easily
deployed. (3) The power consumption of the
controller is low, and battery power can last
several weeks. (4) The size of the system is
moderately small. (5) The overall cost is relatively
low.

User may doze off as he or she uses the
head-controlled controller, and under such a
condition, it could cause some kind of accident or
even disaster. Since the relationship between doze
off head

investigated[11][12], so the author wish further

and movements is  poorly
study of this relationship can be studied and the
dozing situation can be detected to let the
controller more useful.

Another important issue is whether the
head-controlled controller will do harm to the user
after long time usage, since the head-controlled
controller uses 2.4G Hz frequency radio wave, and
it is quite close to the user’s head. If the

head-controlled controller and the controlled
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device are not far away, maybe the power can be
tuned down, but further experiments should be

taken to better understand the actual result.

As a suggestion from the anonymous
reviewer, the head-controlled controller will be
more useful if the data was taken from 20

handicap persons chosen randomly in the

threshold angle experiments described in section 3.

This is a very good suggestion, and the author
wish he can conduct such an experiment in the

near future.

Advances in  human-machine interface
technologies will lead to greater convenience and
more enjoyment also. The study of our research is
also beneficial to new game controller or virtual

reality applications.
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Eye Location Using Elliptical Gabor Filters

Yu-Cheng Lin*, Chih-Jen Lee?’, Jenn-Dong Sun?, Chun-Jung Chen?, Tai-Ning Yang?,
Allen Y. Chang?

YInstitute of Digital Mechatronic Technology, Chinese Culture University
Department of Computer Science, Chinese Culture University

Abstract

In this paper, we propose an elliptical Gabor filter-based eye detection method. Based on
the size of the eyes, the parameters of elliptical Gabor filters are obtained and are applied to
detect eyes. Eyes are the most important features of human face. Therefore, a fast and accurate
eye location method is a very important step. To improve the execution time and accuracy, we
propose an elliptical Gabor filter-based approach to detect eyes. After analyzing the proportion
of eyes from the face database, we design a suitable elliptical Gabor filter to enable the center of
eye with high response. After testing with face database, we show that the proposed method can
accurately locate the eyes. To compare with other approaches, the proposed method needs fewer
steps and the results are more accurate.

Keywords: Gabor Filter, Eye Location, Elliptical Gabor Filter
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A Study of ISDC Service Management Model: The
Case of Government Organization

G.-H. Li*, J.-D. Sun**, C.-J. Lee'
! Information System Business Division, Tatung Company
? Department of Computer Science, Chinese Culture University

Abstract

The number of ministries and councils will be reduced from 37 to 29 at 2011
government reform. It will result in the adjustment and integration of IT departments of
related organizations. In order to mitigate the impacts from reorganization and follow the
global trend of saving energy and reducing carbon dioxide, RDEC (Research, Development
and Evaluation Commission of Executive Yuan) has set up an ISDC (Integrated and Shared
Data Center) for data centralization and sharing. ISDC is a service oriented IDC (integrated
data center) which is a large-scale facility providing data and Internet service for all
participated departments. However, the management and operation of ISDC is more
complicated than that of a private data center. Therefore, how an ISDC provides real-time
and secure services is an important issue. Based on ISO 20000 and ISO 27001, this study
proposes an integrated real-time operation and management model using automotive SOP
(standard operating procedure) control and overall resource distribution. Implementation of
this model can achieve the purpose of real-time service and resource integration. It also
eliminates the potential man-made security risk during ISDC operation process.

Key words: ISDC, ISMS, ITIL
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Design and Implementation of a Cloud
Computing-based Multi-player Game on

IPhone Devices

Chi-Huang Shih, Pei-Jung Lin*, Meng-Ting Tasi
Department of Computer Science and Information Engineering,
Hong Kuang University, Taichung, Taiwan

Abstract

With the wide network deployment, Cloud computing becomes emerging by utilizing the
distributed data storage and computing to achieve both lower cost and higher data processing
power. The purpose of this paper is to study a practical architecture for diverse cloud computing
applications based on Google App Engine (GAE). This studied architecture adopts the Java
development kit and standard API to launch GAE cloud computing applications on the iPhone
devices. In the GAE/iPhone system, the iPhone client transmits the control commands to GAE
through networks and presents the returning results, while the data access and computing are
done in the remote GAE platform. In this paper, a multi-player game is implemented based on
the proposed GAE/iPhone system to evaluate the system feasibility.
Keywords : Cloud Computing ~ Google App Engine (GAE) ~ Smart Phone ~ Multi-player
Game
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The Application of Small Coast Guard Vessel
Modeling by Using Neural Network

W.Y.Chang ~ K. W. Yu

Department of Marine Engineering, National Kaohsiung Marine University

Abstract

In this study, the neural model of small patrol boat is investigated. The model contains
three rotate motions, namely, roll, pitch and yaw, respectively. The dynamic data of those
patrol vessels are measured and arranged via time series under real situation in sea trail. The
reconstructed neural model can be used to represent the approximate dynamic by using ship
handling simulation. The original sea trial data and the trained neural model seem identical in
trend. Based on this research results, the trained neural model of patrol vessel used to be a
training tool for new seafarers.

Keywords : Artificial Neural Networks, time series, ship motions, make a new model.
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Femtocell Deployment Analysis and Methodology of
Using Covariance Adjustment Adaptive Array

Tsung-Ching Liu*
Department of Electrical Engineering, Chinese Culture University

Abstract

The Femtocell deployment in WCDMA system has addressed great attention
recently. The statistics shows that over 50% voice call and over 70% data traffics were
originated from indoors. This suggests installation a Base Station Router in house connected
to Macrocell by internet to share the loading of the Macrocell. Since current regulation,
Macrocell system operation is confined in a single carrier frequency, the deployment of
Femtocell will cause co-channel interference, especially when the mobile user is approaching
the Femtocell the near-far set-up of the CDMA system would tend to increase the
interference between Macrocell and Femtocell. This would cause Black zone around house
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that would prevent the mobile user handover to the Femtocell. To alleviate this problem,
Alcatel-Lucent had planned a system that would automatically adjust the Femtocell’s
transmitting power. The performance is adequate to allow the deployment of Femtocell under
the same carrier condition. Still, black zone appears in some part of the house when
Femtocell BSR is close to Macrocell base station. Smart antenna has the advantage to
intelligently adjust its beam so as to restrict the transmitting power of the Macrocell and
Femtocell in certain direction so SINR can be controlled. Therefore, both industrial side and
academic side had a great deal of research discussions toward this topic during the last few
years. In this paper, we had proposed a MCA adaptive array system applied to the Femtocell
deployment in an effort to solve the problem as suggested by Alcatel-Lucent. MCA adaptive
Array is a method proposed by author in 1991 to be used in a common CDMA system. It
would be adequate to impose such strategy to Femtocell deployment so as to eliminate the
black zone. The strategy and coverage simulation method will be described for use in
Alcatel-Lucent’s simulation set-up for future simulation purpose.

Keywords: Femtocell, WCDMA
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Abstract

Practical-considering techniques are special method to enhance the simulation speed. They
utilize customs of engineers (or software using circuit simulations). Incremental simulation is one
of practical-considering techniques. This paper proposes a new incremental simulation algorithm
called Incremental-pseudo Circuit Method (IPC-method), which is constructed in
Selective-tracing Waveform Relaxation (STWR) algorithm. The Interactive Simulation
Environment (ISE) has been proposed to cooperate with the incremental simulation for efficiency
considerations. Another practical-considering technique is called simulation-on-demand (SOD),

which is also proposed in this paper. Real experiments on the implemented program justify the
effectiveness of proposed methods.

Keywords: incremental circuit simulation, relaxation-based, WR algorithm
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I. INTRODUCTION

Circuit simulation is very important in IC
design community, since it provides detailed transient
response waveforms to show the most comprehensive
functions of the designed circuits. Classical
approaches to solve circuit simulation problem
including the “standard” simulators (such as SPICE)
or relaxation-based simulators (such as RELAX [1],
SPLICE [2], and their descendants). One of the major
advantages of relaxation-based algorithms is their
lower time complexities, which is helpful in dealing
with large-scale circuits. However, the speedup is not
significant. Other simulation technique using simpler
simulation models (such as piecewise-linear model or
switch model) can dramatically reduce the simulation
time, but they only provide course waveforms.
Obviously, the trade-off between the solution
accuracy and simulation speed firmly exists: the more
precise the obtained waveforms are the more
simulation resource we need to pay.

In this paper, we provide an alternative strategy
to break this trade-off. We wish to get precise
waveforms (like that of calculated by SPICE) but
only to use minute CPU time. Our strategy bases on
behaviors of design engineers (or circuit design
software). Circuit design is an iterative process, so the
circuit simulation is also invoked repeatedly. Each
simulation usually simulates the circuit only a little
different from that of the previous circuit. We try
exploiting efficient incremental simulation algorithms

[4] to save simulation time. Another characteristic of
Design

—(Beim)
Qutput
Request

O
Simulated
Circuit

Output ISE (MOSTIME +
Waveforms,)®— 1SE Monitor + )

The
Environment, ISE.

Figure 1. Interactive  Simulation

50

users’ behaviors is that only few waveforms rather
than all waveforms are required. We try exactly
bypassing “useless” calculations (while still provide
satisfactory simulation results) to save simulation
time. This technique is called simulation-on-demand
(SOD) in this paper.

We implement this alternate strategy in the
Interactive Simulation Environment (ISE), Fig. 1. ISE
owns incremental simulation algorithm and SOD,
which are called practical-considering techniques in
this paper. ISE, operating in interactive manner, is
different from usual batch-processing simulation
environment. Because of the practical-considering
characteristic of our goal, ISE is important in this
paper. Selective-tracing Waveform Relaxation
(STWR) [3] is used in ISE as the fundamental
algorithm.

There exist several strategies for incremental
simulation, such as Incremental-in-space,
Incremental-in-time [4], and Incremental-in-change
(IIC) [5]. Among them, IIC is most efficient, since it
only calculates subcircuits “disturbed” by design
changes (modifications on designs) [5]. However, in
IIC, the amount of saved CPU time is not as much as
that of subcircuit calculations. There exist overheads.
So, we proposed a brand new incremental simulation
technique called Incremental-Pseudo Circuit (IPC)
Method (IPC-method). We will show how to
implement IPC-method in STWR in following
sections.

STWR forwardly traverses subcircuits and
SOD needs to backwardly traverse subcircuits to
identify subcircuits’ contributions. To construct the
SOD in STWR incurs some problems. We will
propose a method in later sections to cope with this
problem.

The outline of this paper is as follows. In
section 2, we explain the fundamental numerical
methods, including STWR algorithm, as well as the

two practical-considering techniques. In section 3, we

illustrate the implementation of proposed methods, in
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which the pseudo codes for the STWR-based circuit
simulation, details of software implementations and
ISE are all clearly described. Section 4 demonstrates
some experimental results to show the effeteness of
proposed methods, which is then followed by

conclusion remarks in Section 5.

Il. USeED NUMERICAL METHODS

A. STWR Algorithm

The fundamental algorithm of our work is
STWR, which is relaxation-based. The two famous
algorithms are WR (Waveform Relaxation) and ITA
(Iterated Timing Analysis) [1] [2]. STWR is a more
complicated algorithm. In fact, it concentrates
advantages of them, and simulates large-scale circuits
more efficient as well as robust [3]. The simulated
circuit can be described as following time-varying

differential equation:
F(Y (.Y (®),)=0 (M

Where Y is the vector of circuit variables, t is the time,
F is

732

a continuous function and means
differentiation with respect to time. The simulated
circuit must be partitioned into subcircuits, and the ith

subcircuit is:
R (Y;(0),Y, (1), D, (1), Di(t),t) = 0 )

Or, a subcircuit, say a, can be expressed in the

abbreviate form:

f(y(t), y(t), w(t), w(t),t) = 0 3)

Where y (Y;, a sub-vector of Y) is the vector of circuit
variables in a, w (D;, the decoupling vector) is the
vector of circuit variables not in a, and f is a

continuous function. In this paper, a subcircuit

calculation means the computation efforts to solve (3)

for Y(th+1) (th+1 is current time point), which include
applying integral formula (such as Backward Euller

method or Trapezoidal Method) to (3), and solving

the derived nonlinear algebraic equations by
Newton-Raphson iteration.

STWR is a variance of WR, so we state the
basic structure of WR algorithm (for circuit
simulation) in Algorithm 1. We note that a subcircuit
(s) is “scheduled” (arranged for calculation) for
calculating for the entire simulation duration (see fl
in Algorithm 1) in WR. Then, STWR is represented
in Algorithm 2. It likes WR in undertaking a series of
waveform relaxation iterations (see f2 in Algorithm
2), but it uses a very different manner. One subcircuit
is only scheduled for calculation at a time point,
which is quite different from WR. We call this
property point-wise-scheduling. To do so, a priority
queue for subcircuits that sorts on subcircuit’s current
simulation time (t,+1) is used (see f3). The subcircuit
will be checked for whether it is ready (means that
subcircuit S’s fan-in waveforms all have been
calculated later than S.t,.;) to be entered into the
priority queue (see f4 and f5). At line f5, the
selective-tracing scheme of ITA algorithm is adopted.
If any subcircuit has been not converged for too many
time points (MAXD), one waveform relaxation is
ended.

Algorithm 1 (WR for Circuit
Simulation):

for(Waveform Relaxation iteration index K) {
// Perform kth waveform relaxation
for(subcircuits, say S) {
// Simulate subcircuit S
fl: for(all time steps, say tp+1) {
Use integration rule, such as BE or TR, to

discretize (3), and use Newton Iteration to
solve the obtained nonlinear equations;

Algorithm 2 (STWR for Circuit
Simulation):

for(Waveform Relaxation iteration index K) {
f2:  // Perform kth waveform relaxation
Reset all subcircuits’ t,+; to converged time points;
Clear PQ, add subcircuits that are ready into PQ;
while(PQ is not empty) { / PQ sorts on ty+1
Get a subcircuit, S, from PQ;
Simulate s (like that in Algorithm 1) at S.tn.q;
4: if(s is ready) Add s into PQ;
f5: Add fan-out subcircuits of s into PQ if  they
are ready;
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Wavefornm Comparison

.

f6: if(there is any subcircuit doesn’t converge for
MAXD time points) break;
}
¥
we (1. Subcircuit scheduling
STWR : ,
Subeircuit ) 2. Waveform updating

Manipulation ) 3. Subeircuit caleulation

Efforts i

Figure 2. Computation efforts for subcircuit
manipulations in STWR.

In order to precisely detect the “varying”
situations (whether one subcircuit acts just the same
as in previous simulation, i.e. generates the same
waveforms as in previous simulation) of subcircuits
in incremental simulation, we must utilize algorithms
like STWR that has the point-wise-scheduling
property. Other algorithms can be used as long as

they have such characteristic.

B. The IPC-Method Incremental Simulation

Now we discuss the practical-considering
techniques. At first we consider the incremental
simulation technique. In performing incremental
simulation, the waveforms of previous simulation are
kept to be referred for current simulation. In our
previous work, we have developed IIC [5] technique
for incremental simulation, and shown that this
method has better characteristics than previous works
(such

Incremental-in-time [4]). The major advantage of 1IC

as Incremental-in-space and
is that it clearly detects the “varying” situations of
subcircuits. Subcircuits are either in following-state
(subcircuits act just like previous simulation) or in
changing-state  (subcircuits  generate  different
waveforms). In [5], only changing-subcircuits are
calculated, while following-subcircuits’ solutions are
just copied from the previous waveform. STWR is
used to precisely detect the varying situations.
However, the method in [5] still induces
Fig. 2 the
computation efforts for subcircuit manipulation in

STWR. In [5], only the third term of these efforts is

unnecessary computations. shows

saved. To save more overheads, we propose a new
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model that is based on the Incremental-Pseudo
Circuit (IPC). An IPC of the simulated circuit ckt at

th+1 is described by following equation:

IPC(zr)

The general circuit

Active portion
i ("changing” subcircuits)

Latent portion
(“following™ subcircuits)

IPC(z2)

Figure 3. Example of IPCs at different time

points.

IPC(t,,,) ={s| s € subckt(ckt),s.state(t,,, ) ="changing"}
(4)

Where subckt is the set of all subcircuits, state is the

n+l

varying situation of a subcircuit, and t,+; is a time
point. IPC is a time-varying circuit whose size and
content (the changing-subcircuits) varies from time to
time. Fig. 3 shows examples of possible IPCs at
different time. The idea of the IPC-based incremental
simulation is to exactly simulate subcircuits in IPC,
i.e. the simulator can only see IPCs and simulate IPCs
exactly in simulation process. Following this rule, we
can save the efforts of term 1, 2, and 3 in Fig. 2
(while term 4 is still needed). We call the new
incremental simulation method IPC-method, which
has following requirements for implementation:
Definition 1 (Requirements for
Implementing IPC-method):

IPCs be identified correctly.
Only IPCs are simulated.

Generate correct waveforms for IPC.

=

Combine IPCs’ waveforms with those of
following-subcircuits (ckt - IPCs)

To implement IPC-method, we need a flexible
simulation algorithm. STWR is good enough to be
responsible for this requirement. The implementation

details will be discussed in Section 3.

C. The Simulation-on-demand in STWR
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As we explain earlier, SOD is to simulate as
few as possible and still to satisfy users’ requirements.
SOD is advantageous, for simulator users usually

need waveforms of only portions of circuit nodes.

Design__— M T Wanted
.(..1-""'2‘: Wanted Design m‘l“p-l.’_.[.
Output  Change
[ 1pC [ Contribution ]Jorl‘iun
Design |_—" —_Wanted
Change [

. _—" [Output

[ Portion to be simulated

Figure 4. The simulated portion is shrunk by
applying both incremental simulation and SOD.
Processed by relaxation-based algorithm, the
entire circuit has been partitioned into subcircuits that
can be viewed as a directed graph (in which
subcircuits are viewed as vertices, and affecting
relations are viewed as directed edges). We can
identify subcircuits having “contributions” to the
user-selected waveforms by graph traversals. The
method is to backwardly traverse the directed graph
of all

subcircuits traversed. In simulation, the unmarked

from waveforms interested, and mark
subcircuits are then bypassed. The edges should
include all possible affecting relations, least should
any contributing subcircuit be ignored.

The method mentioned above is static, i.e. the
identifying process doesn’t consider dynamic
situations of the simulated circuit. If there exist many
coupling relations among subcircuits (due to parasitic
elements or ground/power lines), the effects of the
“static”  SOD might be limited. Therefore the
“dynamic” SOD, to identify contributing subcircuits
dynamically according to circuit states, could be more
effective. There exists a specific algorithm that
(the

Backward-traversal Waveform Relaxation algorithm,

simulates circuits by backward traversals
BTWR). It is more convenient to implement dynamic
SOD on BTWR. This would be the future direction of

our research.
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We note that if the two practical-considering
techniques work together, we could further reduce the
calculation efforts. Fig. 4 shows this phenomenon, in
which the intersection of IPC and contribution zone

needs to be simulated only.

I11l. IMPLEMENTATION OF
PROPOSED METHODS

The proposed methods have been implemented
in the experimental circuit simulator MOSTIME
[3105].
algorithms, including WR, ITA, and STWR. This

program is coded in C language and runs in Windows

MOSTIME owns several relaxation-based

OS. In order to emphasize simulation algorithms’
effects, the simple analytic model for MOSFET is
used. Simulated circuits are partitioned automatically
according to coupling relations between circuit nodes.

Algorithm 3 of this
modified-STWR that embeds practical-considering

lists pseudo codes

techniques.

Algorithm 3 (STWR-based Circuit
Simulation with Practical-considering
Techniques):

Input: Simulated circuit partitioned into subcircuits,
primary inputs, and simulation time duration [Tpegin,
Tend]-
Output: Time waveforms of required circuit nodes.
/I t,: previous time point; t,+q: current solving time point
/I t;: converged time point
STWR() {
1: Reset all subcircuits’ t; to Tpegin; Clear PQ;
2: for(Teonvergence = Thegin: K= 15 Teonvergence != Tend 5 K++) {
// k is the relaxation index
3: for(all subcircuit X whose t; 1= Teng ) {
3a: if(a.state == “following™) continue;
4: Xther = Xt
5 Put x into PQ;
}
6: while(PQ is not empty) {
7: Delete the subcircuit a (with min. t,+;) from PQ;

11: Solve a, (3), at a.ty+q for a.y(ty+1);
12: if(The calculation is failed or a.y(tp+1) is
unacceptable) {

13: Shrink the time step of a, and add a into PQ;

14: continue;

15: if(a.y(ty+1) converges and a.t, == a.t;)
att=atwg

16: else Increase a’s divergent counts;

17: Store a.y(th+1);

17a: if(a become following-state) {

17b: a. state = “following”;

17c: a.te = Tengs
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17d: goto line 22;
}
18: Estimate a’s next time point and store to a.tp.1;
19: if(exact(a)) add a into PQ;
20: for(all fan-out subcircuit of a, say w) {
21: if(w is not in PQ && exact(w) &&
W.contribution) @dd W into PQ;
21a: if(w has been added) {
21b: w. state = “changing”;
21c: Reset W.t; to appropriate value;
}
}
22: if(k > 1 && a has been not converged
for MAXD time points) {
// MAXD adjusts window size
23: Teonvergence = the smallest t; of all subcircuits;
24: break;
}
¥
}
}

25:boolean exact(x) {

26:  te=min{ W.t, | W is fan-in subcircuits of X};
27:  if(x.the1r <t return(true);
28:  else return(false);

}

STWR uses selective-tracing scheme of ITA [2]
to schedule subcircuits (line 20, 21). The traced
subcircuit will not be calculated until it is ready, i.e. it
meets the exactness condition (all fan-in subcircuits
have been calculated at time points later than the
solving time point, coded in exact() at line 25-28).
Subcircuits are calculated at their own time steps, so
multi-rate behaviors can be utilized (local time steps
are estimated at line 18, and used at line 11). STWR,
likes WR, also exploits the windowing technique [1]
(at line 22, STWR decides the sizes of windows
according to subcircuits’ convergence situations, i.e.
that any subcircuit has been not converged for MAXD
time points will terminates a relaxation).

STWR is so flexible that we can implement
IPC-method in it. Any subcircuit needs to enter PQ to
itself  be We
following-subcircuits from entering PQ (line 3a and
17d). If a

following-subcircuit, it would be pretended as if it has

have calculated. just  limit

changing-subcircuit ~ become
completed all simulation (line 17a, b, and c). By these

two  manipulations, following-subcircuits  are
completely latent in simulation (meet Term 2 in
Definition 1). A following-subcircuit might be

awaken by its preceding subcircuits (line 21a, b, and
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¢), too (meet Term 1 in Definition 1). The relaxation
process is undertaken in solving changing-subcircuits,
so Term 3 of Definition 1 is satisfied. To meet Term
4 of Definition 1, we need a powerful data structure
for waveforms. Because a subcircuit might toggle

between “changing” and “following” states

SubCAnd)s
24O

Arithmetics

S B Logic

"
Y1 |
[ v

(b) Parallel Multiplier (at right-hand-side is a 4x4
multiplier)

Eout

Velk

Shift Register

Velk

(c) Shift Register cell

Vin Vout

(d) Synchronized Counter cell
Figure 5. Schematics of tested circuits.

repeatedly, the waveforms of a WR relaxation might
have several segments (a segment is composed of
continuous time points) of waveforms. The data
structure should overcome these situations. Such data
structure has been implemented and used.

Since the CPU time used for waveform
reading/writing is significant, we need to use ISE, Fig.
1. In ISE, the original simulated circuit and the
waveforms of previous simulation are kept (so the
waveform reading/writing time is saved). Users
interactively provide design changes and output
requests to the system, and ISE performs incremental

simulation with SOD to obtain output waveforms.
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V. EXPERIMENTAL RESULTS

In this section, we show some experimental
results to see the effects of proposed methods. Table
1 shows the specifications of all tested circuits, in
which design changes are also described. Schematics
are plotted in Fig. 5. At first, we compare the
performance of IPC-method and IIC and put the

TABLE |. SPECIFICATIONS OF TESTED CIRCUITS

Circuit Node# |MOS# |Subckt# |Design Changes

1: 100-staged

Inverter Chain 100 200 100 The 91st stage
Qi Toggle 12% of

2: 8-bitALU 400 800 224 Arithmetic/Logic input

3: 8x8 Parallel Toggle 20% of bit-0 of

Multiplier 1600 | 3200 | 448 multiplicand

4: 8-bit Shift 3 48 16 The last stage.

Register

5: 4-bit Binary One subcircuit in most

Counter 88 176 a4 significant bit

6: 500-staged

Inverter Chain 500 1000 5000 The 4915t stage

TABLE Il. COMPARISON FOR I1C AND

IPC-METHOD
Ckt. # Subcircuit Cal. # CPU Time*
STWR |IIC IPC [STWR |IIC IPC
1 673K 7577 5798 |14 0.56  0.172
6 860K [9.13K [7.87K [189 [6.36  [0.375

*: CPU time is in Pentium IV 1.4G second.

TABLE I1l. PERFORMANCE COMPARISON FOR THE

IPC-METHOD.
— —
ckt. #IWDR Subcircuit Cal.#_ CPU Time _
STWR [IPC Ratio |STWR|IPC |Ratio
1 10.9% [67.3K  |5.8K  [8.62% [1.4 0.172 [12.3%
2 9.3% [135K  [5.28K [3.91% [7.48 10.359 [4.8%
3 13.1% 116K [27K 23.3% (262 [8.16 [31.2%
4 2.3% [87.5K 457 5.22% [4.60 [0.062 [1.35%
5 2.7% [242K [1.36K [0.56% [14.7 [0.125 ]0.85%
3 13.1% 116K [1.82K [1.57% [26.2 [0.593 [2.25%

*; CPU time is in Pentium IV 1.4G second.
+: With SOD, only P0-P7 waveforms are required (see Fig. 6).
While in Ckt. 3, PO-P15 are all required.
result in Table 2 (the computation efforts are
represented by subcircuit calculation number and
used CPU time). Both methods calculate subcircuits
in IPC only (their subcircuit calculation numbers are
similar), but IIC involves more overheads (Term 1
and 2 of Fig. 2). The result is that [PC-method use
CPU time. in Ckt. 6,
IPC-method’s used CPU time is about 5% of that of

much less Especially

IIC (not to mention in comparing to STWR).
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Then, we compare IPC-method-based
incremental simulation with the general simulation
using STWR and record the results in Table 3. In this
table, the Waveform Differentiation Ratio (WDR),
which is the ratio of “changing” time points in
waveforms to the total time points, is stated. The ratio
of computation efforts of IPC-method to that of
STWR (Ratio) is also stated. We can compare these

two ratios to see whether IPC-method performs well.

Pl i =
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ra i = : Previous Jrnk ..'(—
Pl = < STWR JAWAYS

Pl & = : TPC .J(“'UJ'

Pl I: ‘rl'

P L 1 | AN | | | L

0.5ns ins  L.5ns ins  1.4ns 3ns  35ns 4ns 4 .5ns Sns

Figure 6. The waveforms (of previous simulation,
STWR and IPC-method respectively) of 8x8
Parallel Multiplier.

The first three circuits are so-called one-way circuits,
which don’t have feedback affecting relations
(directed or global feedback loop) among subcircuits.
We can find that the Ratios are very similar to WDR,
which means that IPC-method precisely calculates
IPCs in the simulation. The waveforms of Ckt. 3, 8x8
Parallel Multiplier, are shown in Fig. 6, in which
waveforms of STWR and IPC-method match each
other very well. Observing more carefully, we find
that Ratio is smaller than WDR in Ckt. 2 but is bigger
than WDR in Ckt. 3. Since we use STWR to calculate,
the final waveforms are obtained through
un-predictable numbers of WR iterations. The IPC of
incremental simulation might be easier or harder to
converge than in the general simulation, so Ratios
might be bigger or smaller than WDR.

The following Ckt. 4-5 are feedback circuits.
Correct waveforms are also obtained and Ratios are

proportional to WDR again. We note that in Ckt. 5,
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the IPC (which has fewer feedback loops due to the
smaller size) is much easier to converge than the
entire circuit (which has a lot of global feedback
loops), so the Ratios are much smaller than WDR.

The last test, Ckt. 3", combines incremental
simulation and SOD, in which only half of outputs,
P0-P7, are required. We compare the result with that
of Ckt. 3 to find that Ratios have been dramatically
reduced again. SOD is proven to be a powerful
practical-considering technique, too.

All these experimental results show that
proposed methods can dramatically reduce the
simulation time when WDR is small. However, we
also find that incremental simulation is not benefit
when the WDR becomes too big. We know that
IPC-method still pays the extra efforts for waveform
comparison (Term 4 of Fig. 2). So, it is absolutely
less efficient than the general simulation (by STWR)
when all waveforms are disturbed (e.g. caused by a
global design change). It’s appropriate to use the
general simulation rather than the incremental
simulation when there are too many disturbed
waveforms. To sum wup, we think the major
contribution of our method is to keep the ratio of
incremental simulation time (with respect to that of

general simulation) proportional to the WDR.

V. CONCLUSIONS

In this paper, we propose the ISE environment
to speedup the circuit simulation without trade the
accuracy of waveforms off. In ISE, we add the
so-called practical-considering techniques,
incremental simulation and simulation-on-demand, to
the flexible relaxation-based simulation algorithm,

STWR, to achieve our goal. A new incremental
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simulation method, called IPC-method, is firstly
proposed and used. Simulation results justify the
powerful effeteness of our methods. We have

accomplished our goal successfully.
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Coplanarity Evaluation for Micro-probe Module
Using Minimum Zone Criteria

D.Y Chang*, T.C. Wu, B.K. Tsao
Department of Mechanical Engineering, Chinese Culture University

Abstract

Wafer testing requires a probe card with micro-probe module as a contact media between the
test machine and weld pads to detect the electric signals from weld pads. Because the
complexity in IC design and the narrow pitch requirement, a virtual probing surface is
formed by the needle tips. Flatness of the probing surface affects the probing correctness
significant; that is ‘coplanarity’. To develop a non-contact measurement system for
coplanarity evaluation is important in micro-probe fabrication. This study applies 3-D optical
image microscope to catch needle tips image and develops evaluating program by the
minimum zone criteria to calculate the surface’s coplanarity. In order to achieve the goal of
using the least probe measuring probes to derive an reliably evaluation, this study uses the
‘data simplification’ process in ‘reverse engineering’ to determine the measuring probes.
Then, a global analysis and a local analyses are implemented. Experimental results showed
that the ‘span simplification’ has a better evaluating accuracy than the “factor simplification’,
and only one third of the total probes are required to obtain a objective coplanarity of the
probing surface. The measurement cost is reduced substantially.

Keywords: Micro-probe module, Optical image measurement, Coplanarity error,

Minimum zone criteria.
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Satellite Orbital Change Analysis with Parametric
Variation Study from Solar Cycle 24

Ho-Ling Fu, Ying-Chun Wang*, Ming-Kay Hu, and Hao-TianYang
Department of Digital Mechatronic Technology, Chinese Culture University

Abstract

This paper contains orbital trajectory analysis and basic simulate program with post-flight
satellite data. Atmospheric drag effects on a satellite is usually computed by including a drag
disturbing potential with the central body, other disturbing potentials, and integrating the
equations of motion else. We are interested only in the long term drag effects on the satellite’s
perigee and apogee with analytic study by calculating the effect of solar spots. A computer
program based on King-Hele’s most basic theory of a spherical, atmosphere with constant scale
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height and shuttle collect data have been included, and its results are compared with those from
different types of atmosphere model. Low-Earth-Orbiting Satellites most affected by the
atmospheric density, medium-orbit satellites affected by the Earth's gravity field and atmosphere
interactions affect with moon and the distant planet .But all are affected by the active solar flare
within the solar system. As the sunspots at Cycle24 will get new height activity in 2013, with the
influence of Earth's magnetic field each other, and the effect of Van Allen radiation belt the
satellite will affect satellite orbital every month. In 1977, Cycle21 made SKYLAB decay to
atmosphere unpredictably, so it is very important to simulate of where the environmental change
of the satellite. FORMOSAT-3 is running around the surface height of 700-800km. If the satellite
orbit miss-calculation a little, then the signals back to the ground is distorted because of orbital
elements changing, then the ground cannot receive signals. Once after a certain time, the satellite
will out of control and lost in space. Therefore, how to use and effective program(FUATMOS-2011)
with proper parameters to simulate the trajectory is very important. This analysis will contain in
this paper.

Keywords: Sunspot, FORMOSAT-3, Cycle24
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Use EEG Machine for the Study of Auxiliary
Telemedicine System

Chung-Hsin Liu®, Wen-Yen Tseng?
1Department of Computer Science, Chinese Culture University

2Department of Information Management, Chinese Culture University

Abstract

In this study, we simulated more than two patients receiving EEG machine signal at the
same time, by using DSDV (Destination-Sequenced Distance-Vector) routing protocol. The
purpose of this experiment is to know whether the wireless ad hoc network could provide stable
data transferring performance. In this experiment, we used 802.11g transfer protocol for wireless
networks. Every experimental environment sets a receiving node, simulating EEG machine. A
node for transmission is to simulate student to send signals. Then, we increase the number of
nodes one by one, analyzing the packet receiving rate, throughput and packet delay. The
simulation and experimental results of the wireless ad hoc network could provide stable data
transmission. The students using EEG machine for concentrating training, do not necessarily
need to stay in the hospital to receive treatment. The wireless telemedicine system will allow
concentrating training to take place everywhere. It will make students more comfortable and save
hospital costs.

Key words: Network service, Telemedicine System
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The Corrosion Behavior of the NiAlIFe(Cr,Nb)
Intermetallic Alloys

Hong-Bin Wang, Liang-Wei Chiou, Chun-Huei Tsau*
Institute of Nanomaterials,, Chinese Culture University

Abstract

The electrochemical properties of the NiAlFe based intermetallic alloys, including
the Ni47_5A|25F€27_5, (Ni47_5A|25F€27_5)ggcr1 and (Ni47_5A|25F€27_5)99Nb1 alloys, were studied
in this thesis. The 0.25M, 0.5M, 0.75M and 1M H,SO, solutions at different temperature
were also selected to test the corrosion behaviors of these alloys. The polarization curves
of three alloys under different conditions were all identified for comparing their corrosion
potentials, corrosion currents and corrosion rates. The results indicated that the corrosion
potentials and currents of these three alloys did not change significantly in the H,SO4
solution with different temperatures; but the currents of passive regions would gradually
increase when the temperatures and concentrations of H,SO,4 solutions increased. The
FCC interdendrites in these three alloys were the anode and would be etched during
electrochemical tests in the H,SO4 solutions.

Keywords: NiAlFe alloy, Polarization curve
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Study on Green Light Emission from Porous Silicon

J.C. Lin'", Y. C. Lai®

'Department of Electronic Engineering, St. John’s University
? Institute of Nanomaterials, Chinese Culture University

Abstract

In this study, the manufacture of electrochemical anodization for porous silicon and its
green light emission property were reported. The key point was the control of applied bias
parameters for finally etching nanostructure of PS membrane. The measurements of scanning
electro microscopy (SEM) and photoluminescence spectra were utilized to analyze.
Experimental results indicated that the decrease in PL property was observed while the
obtained PS membrane was exposed in atmospheric environment. Besides, a blue-shift on PL
property was also discovered with increase in exposing time.

Keyword : Electrochemical Anodization, Porous Silicon, Green Light Emission
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The Analysis of Absorbing Electromagnetic Waves
used by Swelling Method and Electroless Nickel
Plated Way on Polyester Fiber

K. C. Lee'", H. J. Chang*, H. J. Yu?, H.H. Huang®
'Department of Textile Engineering, Chinese Culture University
“Institute of Nanomaterials, Chinese Culture University

3TIS United Technologies Fiber Co., Ltd.

Abstract

The research is using Electroless nickel plating way to make Polyester Fiber’s surface
cover with metal. By use the different parts of temperature that it‘s at 40°C, 50°C, 60°C, and
70°C, and with the different parts of time to 5, 10, 15, 20, 25 minutes. Then observe how the
plating temperature and plating time effect on the absorption of electromagnetic wave. As the
increase of plating time and temperature, the nickel layers became more. The surface
resistance is relatively lower. At this experiment when the temperature is at 70°C, plating the
Polyester Fiber after 25 minutes, the absorption of electromagnetic wave could reach 33dB.
The electromagnetic wave absorption bandwidth rates can get up to 53%.

Keyword: electronless nickel plated, electromagnet wave absorbent, PET fabric
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Effect of Different Nanoparticles on Disperse Dyeing
and UV-cut of Polypropylene Fabrics

C. C. Wang*, C. C. Tsai, J. L. Chen, N. Y. Yang

Department of Textile Engineering, Chinese Culture University
ABSTRACT

The polypropylene knitted fabrics were dyed by disperse dyestuffs with different
nanoparticles under high temperature and high press dyeing system. The influence of various
nanoparticles and concentration on dyeability and dyeing fastness and UV-Cut were researched .
From experimental results show that the UPF values were increased with increasing amount of
nanoparticles in dyeing bath. Above all, the UV-Cut of treated fabrics were markedly enhanced
and the effect for different nanopartcles is ranked Ti02>ZnO>Si02. In addition, the lightness and
washing fastness of dyed polypropylene fabrics treated with nanoparticles were improved but the
colur yields of dyed fabrics decreased with increasing amount of nanoparticles.

Key word : Polypropylene,nano-particles, UV-Cut ,Disperse dyeing
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The Study of Compare Two Different Polyethylene

Plastic Pellets by Microcellular

K.C. Lee'", T. Y. She', H. J. YU?, Y. H. Chiu®
'Department of Textile Engineering, Chinese Culture University

%Institute of Nanomaterials, Chinese Culture University

® Tex-Ray Industrial Co., Ltd
ABSTRACT

In this study, we use the two different polyethylene pellets by the microcellular, to
compare foam aperture and appearance color in different temperature and pressure. The results
show LDPE’s molecule structure is fragile than HDPE’s, LDPE foam aperture is more large and
irregular, and it is appearance of the color is uneven.

Keywords: supercritical fluids, microcellular, polyethylene
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Conductive conical spiral copper composite Board
on the effect of electromagnetic wave absorption

1* 1 2 3
K.C. Lee ,C.H.Huang, H.J.Yu, H.H. Huang
'Department of Textile Engineering, Chinese Culture University
*Institute of Nanomaterials, Chinese Culture University
3TIS United Technologies Fiber Co.,Ltd.

Abstract

The main advantage of this study of unsaturated polyester resin as base material, the
conical spiral copper positive and negative, staggered, in unsaturated polyester resin, made from
a composite of electromagnetic wave absorber, last import current measurement of the
absorption effect. Copper Coils respectively 5, 15, 25, spacing of 1 and 2, 1.5 cm,, severally and
explore its electromagnetic wave absorption effect, when the number of turns is 25 laps, the
spacing is 1 and the number of turns 25 laps, importing current 20V its maximum absorption
value 44.1dB. As the number of conical spiral copper coils, timely the rise of the electromagnetic
wave incident wave in between conical spiral copper, interference resonance can be converted
into thermal energy loss of electromagnetic waves.

Key words: Conical spiral copper, composite materials, electromagnetic wave absorber
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Study on Reactivities of Amino-Modified Silica Fume
Solid Sorbents for CO, Capture

Jian-Lin Liu, Chih-Yi Chuang, Ren-Bin Lin"
Department of Chemical and Materials Engineering, Chinese Culture University

Abstract

In this work, the diisopropanolamine (DIPA) and 3-aminopropyltriethoxy silane (APTS)
were respectively supported on the hydrated silica fume particles by the impregnation method.
The influences of the sorbent preparation parameters on the structural property of sorbents
were investigated. The CO, capture capacities and the thermal stabilities of the prepared solid
sorbents were evaluated using the TGA reaction apparatus. The results showed that all the
sorbents exhibited a type 1V isotherm with a hysteresis loop of type H3. Due to the blocking
of micropores (<2 nm) and some mesopores (~10 nm), the specific surface areas of the
sorbents were significantly reduced after DIPA or APTS was supported. The CO, adsorption
reaction was very rapid in the initial period, but the conversion leveled off after about 20 min,
and the sorbent was incompletely converted for the reaction time as long as 1 hr. The
DIPA/silica fume sorbent prepared at a weight ratio of 1.0/1 had a maximum CO; capture
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capacity of 1.25 mmol/g sorbent at 30°C, while only 66.6% of the DIPA utilization was
achieved. The incomplete amino utilization could probably be explained by the limitations of
CO; mass transfer or absorption process. Furthermore, the multiple adsorption/desorption
cycling results indicated that the solid sorbents are regenerable and their CO, absorption

BT YA SR S TR [

process is fully reversible.

Keywords: carbon dioxide, silica fume, solid sorbents, alkanolamine, silane.
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Z.— Structural properties of the DIPA/silica

fume solid sorbents.

BET Pore volume (cm®/g)
. specific
DIPAfsilica fume surface  Micropore  Mesopore  Total pore
weigh ratio area

(mzlg) (<2 nm) (2~50 nm) (1.7~300nm)

0.0/1 2715 0.009 1.17 1.22

0.2/1 128.3 0 0.78 0.85

0.5/1 63.7 0 0.45 0.50

1.0/1 47.2 0 0.35 0.38

#.Z Structural properties of the APTS/silica
fume solid sorbents.

BEI_ Pore volume (cm®/g)

- specific

ATPS/silica fume surface  Micropore  Mesopore  Total pore

weigh ratio area
(m?/g) (<2 nm) (2~50 nm) (1.7~300nm)

0.0/1 2715 0.009 117 1.22
0.1/1 180.9 0 1.04 1.17
0.5/1 155.3 0 0.80 0.85
1.0/1 47.7 0 0.25 0.28
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#.Z The CO, capture capacity and amino utilization results of the DIPA/silica fume solid sorbents.

DIPA/silica fume

CO; capture capacity (m mole/g sorbent)

Utilization of amino (%)

weight ratio 30 50°C 70C 30 501C 70C
0.0/1 0.51 0.25 0.11 - - -
0.1/1 0.15 32 B 439 % %
0.2/1 0.32 0.14 32 51.1 214 ¢
0.5/1 0.95 0.77 0.41 75.9 615 328
1011 125 110 0.49 66.6 58.6 26.1

3¢ Due to the inherently higher evaporation rate of DIPA at the tested temperatures (50 and 70°C), the CO, capture capacities for some
DIPA/silica fume sorbents with lower DIPA content could not be obtained.

24 The CO, capture and amino utilization results of the APTS/silica fume solid sorbents.

APTS/silica fume

CO, capture capacity (m mole/g sorbent)

Utilization of amino (%)

weight ratio 30C 501 70C 30C 50 70°C
0.0/1 0.51 0.25 0.11 -- - --
0.1/1 0.36 0.26 0.17 167.8* 121.2* 79.3
0.2/1 0.57 0.32 0.28 139.6* 78.4 68.6
0.5/1 0.78 0.62 0.53 87.5 69.6 59.5
1.0/1 0.74 0.44 0.45 50.3 29.9 30.6
* Those amino utilizations higher than 100% could be explained by the CO, physical adsorption on the silica fumes.
104 SO e S IR S L M T AT
(a) DIPAVsilica fume (wt. ratio=0.5/1) sorbent e EE] 1 il L J - :l: £ FI
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Synthesis and properties of the tin-doped indium
oxide nanowires

Liang-Da Lin', Li-Wei Chang?, Han C. Shih'*
'Institute of Nanomaterials, Chinese Culture University
*Department of Materials science and Engineering, National Tsing-Hua University

Abstract

In this study, tin-doped indium oxide nanowires have been successfully synthesized by
thermal evaporation . Using field emission scanning electron microscope (FESEM) to
observe the surface morphology, and using transmission electron microscopy (TEM) and
x-ray diffraction (XRD) to analyze the crystal structure and growth direction ,we found that
the main structure of indium oxide hardly changed when slight tin was doped in. The use of
energy dispersive spectroscopy (EDS) and x-ray photoelectron spectroscopy (XPS) for the
materials identification, can prove that the indium oxide nanowires are within the tin doping
limit. Finally, the result of the current-voltage(I-V) measurement and analysis, yielding a
resistance value of the tin-doped indium oxide is 30.97 kQ.

Keywords: thermal evaporation , tin-doped indium oxide , nanowires
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Study on Low Temperature Reactive Dyeing and
Characterization of Polypropylene Fabrics Treated

by Plasma and Grafted with Acrylamide

C. C. Wang*, C. C. Tsai, C. Y. Chang, W. Z. Chou, S. P. Wu

Department of Textile Engineering, Chinese Culture University
Abstract

This study is to enhance the reactive dyeing properties of polypropylene fabrics. The effect
of different plasma conditions, cross-linking agent and AAm monomer concentration and UV
light exposure time on hydrophilicity and dyeability of polypropylene fabrics were researched.
The dye sites of polypropylene fibers (abbre.P.P.) grafted with acrylanide by UV-induced
polymerization were increased. In addition, both add-value and application of fabrics were
enhanced too. From results shown that the graft ratio of polypropylene fabrics increased with
increase of plasma power and treating. In addition, the K/S value was enhanced by inereasing
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AAm monomer concentration and UV irradiation time and adding of cross linking agent. The
hydrophilicity of P.P. was improved by plasma treatment and AAm modification. The mechanical
strength of P.P. fiber decreased with increasing plasma treating power and time, and increased by
graft modification. On the other hand, the low temperature reactive dyeing effect of P.P. fabrics
grafted with AAm substantially were obtained by the method.

Key words : Polypropylene, UV polymerization, Plasma, Acrylamide, Cross-linking agent
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Basis research on Production biomass ethanol by

cellulose
Yew-Chung Liu' ~ Huang-Kuei Lee*"

!Institute of Nanomaterials, Chinese Culture University

2 Department of Chemical and Materials Engineering, Chinese Culture University

Abstract

In this article, use alkaline pulp and cellulose powder to experiment. The first is adding the
fiber hydrolase and samples into the Erlenmeyer-flask for saccharification process for
seventy-two hours. In this process, should conduct brix-measurements every twenty-four
hours and activation of the yeast after the saccharification process. Then add yeast for sugar
into ethanol for the fermentation process for seventy-two hours. After seventy-two hours, put
the samples into centrifuge. Take samples after centrifugation at the top of the clear liquid to
test sugar content. First to ethanol were analyzed and to analyze out data as a Calibration
standard. Use standards of samples to analysis and calibration to judge by the samples of the
ethanol concentration.
keywords : Cellulose, Saccharification, Termentation, Biomass ethanol
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Research on the Preparation and Properties of

Polyvinyl Alcohol/Natural Starch Blends

Po-Lang Huang*, Meng-Bo Liou*, Huang-Kuei Lee**
!Institute of Nanomaterials, Chinese Culture University

Department of Chemical and Materials Engineering, Chinese Culture University

Abstract

The purpose of this study was individually plasticizing PVA and gelatinized corn starch, and
blended these materials together, respectively. Different amount of glycerol for plasticizing and
variable ratio of starch blending PVA, were also investigated in this study.On comparsing
different manufacturing processes, revealed starch gelatinizing time extended would cause
samples softer. FE-SEM (Field emission scanning electron mircoscope) pictures shows the clear
fracture, which can be perfectly obtained.On comparising different hybrid material forming ratio,
the results of tensile test showed amount of glycerol increasing would cause mechanical
properties decreasing. The maximum elongation at break appeared at glycerol amount arrived
8%. Tensile strength and Young’ s modulus were advanced by increasing the amount of starch.
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From TGA analysis, thermal stability was advanced by increasing starch content. Hardness will
increase in the second dried process. In morphology, cracks and holes would lead pigments to a

poor mechanical properties.

Keyword: Biodegradable, PVA, gelatinized Starch, Glycerol.
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Conductive conical spiral copper composite Board
on the effect of electromagnetic wave absorption

1* 1 2
K.C. Lee ,J.Cheng ,H.J.Yu
1
Department of Textile Engineering, Chinese Culture University
2

Institute of Nanomaterials, Chinese Culture University

Abstract

The absorption of electromagnetic waves in two different active carbon powder and iron
oxide powder according to the weight percent concentration of 5 10%, 15%, 20%, 25%, 30%
were added to unsaturated polyester resin which will Impregnated honeycomb structure to which,
until after hardening, to measure the cellular structure of the network analyzer on the
electromagnetic wave absorption. By the experimental results, to add the activated carbon
powder of unsaturated polyester resin impregnated honeycomb structure on the absorption of
electromagnetic waves better than to add iron oxide powder, and with the honeycomb structure
to increase the thickness of the pore narrowing effect on the absorption of electromagnetic waves
rise, the best Absorbing material was added 30% of the active carbon, aperture 3mm, 10mm
thickness of the honeycomb structure, the absorption values are 18.5dB.

Key words: Electromagnetic wave, Honey-comb structure, Saturated polyester resin

153



i 1 R e e o R e

IR R U R A YR

28 (2011) 153 1 8
K. C. Lee et al. / Conductive conical spiral copper composite Board on the effect of electromagnetic wave
absorption 28 (2011) 153-158

=Z
-_— > g

E2

RS B PR B
[ [ [~ P & REH > o VR e PRI
- ﬂﬁ‘ﬁﬁ'{FllﬁlfJ%%ﬁﬁéf PPt > - PR
fiffHIFWﬁ?’éﬁﬂzyﬁﬁﬁ Pl s ghe g
A T R TR A RSB %9 T
B o AR T 1 3 BRI ST IR (R
IR EIJ?FTE“J"' ASLERIL ~ B~ AT EARL S Y B
K ERRL S X R R R *E:LH ¥
Y EFRRERG » WA 380 = 780
B PR PLAT o 25 PP U S T
AL PJ“J Fl= B AR J‘ifﬁ PRpp
MRS ~ B0 Sl ~ = 'Fh—ﬁ EHR
El}‘??i"ﬁﬁ ’ 75*'i$u'fztﬁff'ﬁ” 3¢ ff# ﬂg*%ffﬁ
ﬁﬂt" 9IFEJF[JH’3F|EJF ’FE'E‘% ’ ;j:\?ﬂ%‘(lﬂf"ilﬂﬁ‘-f
BEMT o S FEpRPsYE T FL T B e TEER
RLAIR] Q%ﬁi A Ry SEP I BRI 1] PR A o e
oo SIE | S RIS SR ’E‘”j B[R
fﬁﬁﬁﬂﬂ[gﬁ@p&qﬁp?ﬁm SF- & gg[tqrﬁ
PSR - i B SEE A PR o B R
I ARG > [ [SERRGLES S AR - [1-5]

B 1 R
() PR

L R T O S ECTRORT L Il
U)F’sjf’%@\w@@ $fo jiﬁ"\ﬁﬂ 73 Flfj’F:‘:T‘F‘_gngI; T HE
T S BT ST 3 e R
Rotfs R PRI T B SR g
[Ossl > T TR SE(dB)=A(dB)FTH]

[ FHEFARAB) PR 1~ FHEHAM(dB)FS
BRI AL = [6-8]

ﬁ%ﬁ' 1 %@%’Fﬁl{éﬁfﬁﬁ %Lﬁ?ﬁ[

154

~ B
(= ) HERATF

L BEAERPET - O T [R20% ~ 77

15% ~ &2 [ifi15% ~ = 4T fifil5% ~ R4
FHEHIP35%)c.p.5:400-600 » (FfiH =)

2.9/ R E fiff > CaHi1oO4 (ﬁlﬁj ~2)

3. F [ H(Fe,05) » (57 £1159.7 ~ 614 :95%
RS 24)87- (2T

4 3p g > 5% 72

5. RTIERT - AREVI30P o PRELDE) U

(=) WERER

1A% 55 Prig ¢ Agilent Technologies E5071B
(300 KHz ~ 8.5 GHz)

2758 0 AH-118(1 GHz ~ 18 GHz)

3.2 L FAi1SemX15em - B 0.5ecm

4 ﬁ]ﬁf« Agilent Technologies N6314A ~
N6315A~N3839A(Type-N~50Q~RF Cables)

SYEHFES ¢ BIBEDC-1S » 3 BHr100W - f#l i
80-1150rpm -

(=) A

¥ ﬁFJﬁl%%):i 3’3‘,7}% 16cmx16cm

}H'F W ﬁj,pbl[sr*pﬁﬂpfﬁ EEIN?E—iHﬁ
YT BEAIR f"ﬁﬂ

E$EEEST ] 600r.p.m $EE 30 554

[F‘":T“ﬁﬁibpbq%{rﬂ?ﬂ I/
FWFIHIFHS‘




PFIHE L ERES

T AR

IR R U R A YR

28 (2011) 153 1 8
K. C. Lee et al. / Conductive conical spiral copper composite Board on the effect of electromagnetic wave
absorption 28 (2011) 153-158

(P4 ke

WERHIRE B AN AR T AT ~ S S RRHIRNRL - B
IR ok I e e Sl
At fé—‘z%ﬁﬁ} ﬂﬂfj‘ﬁ Ak e S A RS ]
B B B [ 45 8 P R SR
W oo g%ﬁ’? [[u%ﬂ*jﬁyr‘ TR FungE «@HF
HSHEE ) S SSen - fy rﬂﬁgﬁwﬁ'w%ﬁ s
0['%1‘3”?? lF‘-i PR «HE%EZUJ?&@/H » =
ﬁ[u o FREIPI fi [ H Pl fj%ﬁ‘i@ﬁw £

SV AERAR A R R i (dB)
‘5”9 Ff(dB) © 53 ! (dB)kL- 4*%'@1’[&”
il > ACCREAVES{ > F I3 Ry B PUARSE TJIM ’
JE ;ﬁ%&ﬂ RUESAEE Ll A b2 Stk
PIoT I - H N PIRUEHET S F 2 101 (R
e/ oriE ).

A A

5 E"'J =

Ak

55ecm 55ecm

qgﬁl ﬂlﬁ%n’ﬁ Iﬁ"qgﬁl
() MERERIPA

g }\“‘él,ﬁm?[ﬁl“ [/“%ﬁl%f)\[iﬁﬁ‘ﬂ H[Jt"—’ul”’
306 13mme B3~ 8~ 10mm AL £ o ik -
TR | SRRy ERALD SRR - R ST O
PO RS PRI R o SRR KA e
JUAERERRIIY =% 4T < [9,10,11]
F 1 AT SRR

4 1 (mm) '

4 ()

3 3-6~13
8 3-6~13
10 3-6~13

ik

,_
It
|

3 VT T

(h) R

iJ(:KI

REIEFIES 5 16emX16eml ] o 4215 [~
N EERES (£10% ~ 15% ~ 20% ~ 25% ~ 30%fI Tl
FroTRE o 7 BRI ,E[Hl » HFEFERT
600r.p.mI/ 3R IFFI055 5 - FIop* FIEIFOTE
" QPR R (™ RS 553 S PRy A U AT
’Iﬁfﬁ'["iﬂHlfﬂx’ BRI IR 7 R 357
AR 24Rr R -

2 T IR )RR BB L i
iz

155

PRI 53 EIEIT 15T (Wi%)

A |10 15 20 | 25 30

SR |10 15 20 25 30
T BFHREH

El
El

(=) WP EE TR VIS R
S SRR SR

Lo 3FI10% ~ 15% ~ 20% ~ 25% ~ 30%E1 I 153
VR IS T BRI T IR R

10mm-"% 3mm Vi 53 ':H?FJ RS fil 1 55



BEIHIA /;fc i f%—z;i {v@/ﬁ&zﬁﬂ‘ﬁ/@ﬁ&// 7B [%7%75/ IRV AE R "ffﬁ—r fﬁ*ﬁp@j/fjﬁﬁ/ﬁﬁ
28 (2011) 153 158
K. C. Lee et al. / Conductive conical spiral copper composite Board on the effect of electromagnetic wave
absorption 28 (2011) 153-158

N
S
J

+ M&# 50/

N
=)
1

NS
N R o
N 1

R (B)

o N & o ®
PP S TR S |

2 3 4 5 6 7 8 9
LI GHY)

s fiﬁpj\ FIETEF 155 6% ?F‘}‘I&WQ«Z’/T%W“
PRI £ 5 R 10mm i 3mm b 8% FIAR S
RV 55 Y BY# -

[ S AR DRI AT » AT A
il RS R UPWﬂEIE%?pI?ﬁ%&
BRIV ETRVE 3 R SETE | A Uil o IR
I 3006fH F de U s ESA 18.5dB o NI
;{rpi{ PR ES T e Jp?:ﬁi&b T EHHES %
;I&H%’ﬂ ﬁbu%ﬁ R BI PR
FQJ{ IS Hﬁﬁr%ﬁif@ AR B T
L U NE

N =N =
“ Bl

EIT

ﬁ\{ﬁﬂlo% ~15% ~ 20% ~ 25% -~ 30%;[ EiF 177
VR S [ E0AT T B A 'f&r’ﬁﬁ SR
10mm"= % 3mm. Y 1% 537 'E’”f%tﬁLﬂFg’Vlﬁ V33
o

§ P ;t

2 3 4 5 6 7 8 9
PRI i (GHz)

' 6 YFUITIRIETEIF 153 % & [~k T BATR
PRI £ 5% 10mm 72 3mm 1 84 1R S
RISV YR -

156

qa%ﬁﬂ;ﬁlt ?&ﬁtﬂ(ﬁ“} » A ?ﬁtﬂ( e
i pHifp! 6 i PR o R S [
2 UINIE U B L 2 U Ml [ -5 R e
I 3% E ek T OIS o (HIPN S RS
Fg[ﬁif,ﬁﬁ&'){épj&]&u& Bl AR TRV 10D
RN SR AR TR Sy )
B R T B T S
Fo SRR

(=) SRR T SR 5

Lo B 10mm 78 3 6~ 13mm B IR
TR £1 BV 157 9% 30%.0 T AR
F'“‘ SR i 5T o

.
5
1

PR IB)

o N & O ®
P T ST

2 3 4 5 6 7 8 9
PRI HT (GHo)

wwgﬂﬁ 10mm _‘]\[r]"“"’ﬁfﬁ\ln'\?’fﬁ[ ?Pl‘ﬂfwg

_:EJF[J}?’%@ 30%J/_1 ﬁ@ﬂ:[ F[I:[ x"‘j‘%ﬁ”i@
s Fsgs VY& o
EI |[ﬁ[ FJ [ jﬁi,]]Ty_qSFIE fRACTE 3mm o

\!E

I RS R gpmyﬁ 30%6fHf s et i -
[guuwﬂ % EJJ; ﬂ%ﬁﬁtﬁiﬂ%fﬂ%ﬁﬁfﬂﬁplﬁf@
A P Ilﬁlf%ﬁjif“EJj;ﬁhggfﬂ{%% [E T IR

TR R LT - R
R R A -

2. RAE10mmI T3 - 6 0 13mmiE i
%*‘E[EFUJ i&’i"ﬂo%ﬁj ﬁ@ﬂ:' FWF[H

IR STl 5T o



BEIHIA /;fc i f%—z;i {v@/ﬁ&zﬁﬂ‘ﬁ/@ﬁ&// 7B [%7%75/ IRV AE R "ffﬁ—r fﬁ*ﬁp@j/fjﬁﬁ/ﬁﬁ
28 (2011) 153 158
K. C. Lee et al. / Conductive conical spiral copper composite Board on the effect of electromagnetic wave
absorption 28 (2011) 153-158

2 3 4 5 6 7 8 é
ERLILI GH)

B 8 F% 10mm T[Fw“'"ﬁ%amﬁ[ E 52
BITI57 R 30%: T BA IR F'F' SR
TS F5 005 U Y o

plﬁ%ﬁ 8 HJ{[HE%F;M:PBHY@ TCEEY 3mm o
BB EE ﬁmi%”f‘ 0% TR - Hi
“ﬁJﬁ PR e A T

[y i I P i@ °F ﬁ”[ﬂ%ﬁi“”“&{ ST
AT *“@%W'J > [ FEREDL AR
=4 ’??E\?@FBHYIEFEJ‘I

(3) b A e s

Ry
Lo T7E3mmErE3 - 8~ 10mmibkfidfs! | ?ﬁ'[‘i
BRETEI BRI 17T I8 30%. T BRI TR £
ii?j‘?:ﬁf Q,szqsrl:g V33T o
—m— {,l % 10mm
2 L
2] A,’/A/‘/A\A’—/A/A

T T T )
6 7 8 9
*b ﬂ: #i % (GHz)

B 91 3mm T [ E R A HIREAG iplf%é#"f‘:lii
FIoHRE 30060 T BEARTEAS £ Bl i
UsEAE Y BYR -

A9 it R 7 % £ 10mm i

157

R B o PR R R o s R
REIETOII ST PRRREIL S PRI
ﬁ“WEﬁﬂaiﬁ%“ﬁwﬁww9ﬁ%g%ma

S BERGILT T R E S
Rl Fil,ls%ﬁj“gﬁﬁsjt&;% ka e FL b g 37 3R, ARG |
ERHTHE R DT PR 54 %

F 5 e

2. TTE3mmEIER3 8- IOmmJ%Fﬂ “EF?Fﬁ[ | & (™
SBISEIRIT TR 30% T SR
BRI 5345 -

—a—F17% 1 0mm|
—e— T 8mm
20 —A— 1% 3mm

R GH)

' 10 7% 3mm T [Fl'E R AEEIHAE] | S BRSE
EITI5IER 30%&7‘&@*['%?@%,:] ﬁ%j‘?cf‘@j@
e st By -

Ellﬁ%ﬂ 10 FIJ{“LWFL{ G e ] fif 7 TR £ 10mm
R - gHF@'FI‘{]H’H;‘:KHEJPWVI;@
BRSPS Smm [
[RGB 2 /T BT > BN U Ty 4
i TR T PR T BL I A 0
RLTE SRR RS A P e

I~km
(=) BE#F Fi‘SLPTS'llV*p?E‘?J Y ET BT
BRI FRREPL | A fUgSE > S 30%

E R IR IS .

() DREG RIS T B R s
R SR I R [0 00 ISR [0
Y EFIRE I AR E TR
B A [OL SR O RGN I



BEIHIA /’J/{ i f%—z;i {v@/ﬁ&zﬁﬂ‘ﬁ/@ﬁ&// 7B fﬁzg/ > ,h//ggﬂ”gﬁfﬁ—t /E%/:‘ﬁﬂ‘fééﬂ&,[/?j"%uf/ﬁ%gﬁ
28 (2011) 153 158
K. C. Lee et al. / Conductive conical spiral copper composite Board on the effect of electromagnetic wave
absorption 28 (2011) 153-158

ik %V o S PRI o

D) TP R R P e s

5 R S ]
R F PR IETE R 3mm 0 BE 10mm FoiiE 5 i
#‘% » 3 18.5dB -

\ HE

;E[] SHEEE ‘F}J:T jﬁlﬁ@ﬂﬂﬂ ?.:TLF

[ﬁ L 1 5 1-13 (2010)
2] ZEIA - [RE 55%{% SIAAL > R

E’JFEL H ATl ViR - =

RS > Y A E o BT #]> 97-110 (2009)

[3] BT - mﬁaﬂ, N ﬁgg[ﬁ NHUE [;gyr/

g - Frd "II EEAS ',}:}-’g%“m E fl F[«l

# > 13-170(2006)

—mn

o ek W
SRRUSAIES S aNEE-d

’F)J

158

[4] FR5 3 T P RESPRUCED Tt R (2002)
[S] GBIV ~ BIIEISE ~ BB Pl 5 ™ [
AT R | R EJJEE 1 AR A
577 W] 5 110-126(2003)

[6] Wit » REERL AR B L

Fl1E Sl > 27(1992)

(71 2 i ~ LU AR AR 8B
TR > B 1 }ﬁ{%ﬁr‘gﬂ INRE L l’?%ih-rui"’
1-2(1995)

(8] "RIFIA ~ TR AL T[T T
o [/Wu1¢ P S0 @ﬁm‘rﬁ’?’ 7-15(2006)
(9 7 IR eV o (1T
B SR SR (1992)
Um#mf Y RGO P
FIVRLIASS =50 25 5 4-18(2002)

[11] R. E. Collin, Foundation for Microwave
Engineering, Mcgraw-Hill,221-237(1999)



# | T SRR ST 28 H A B F[ﬁ:% El i [ sk

)

Hwa Kang Journal of Engineering, Chinese Culture University 28 (2011) 159-166

B SRR RIRA TR ER
VE SRS AR £
R R s et
SECEEIEE S
c RE X

*Email: wechen@faculty.pccu.edu.tw
#e

BAFETYRY T - me BB TS > 8 IMVY R~ Le o
AXSBfPZPEI kfph 84 B A AT Sl ERE R £ 2 AU A A

BN SRR AR RFERERENE IR c AP E 20 0 481

EHOE A SRR SRS RE SRR e SR ERIFE O A B F ]
fﬂ 1 4 % 3.3 K(R*=0.9975)27 13.9 K(R*=0.9513) s & o ji Pl 28 e & Ba 77 -
A SRR PR LS ORBECERV N ERAY BmangtE o
B4 BBECER - FH SRR

A Neural Network Approach to Estimation of

Glass Transition Temperature of Polymers

Ruei-Bin Yang' - Wen-Chih Chen®* ~ Sun-Mou Lai®

YInstitute of Nanomaterials, Chinese Culture University
Department of Chemical and Materials Engineering, Chinese Culture University
*Department of Chemical and Materials Engineering, National I-Lan University

Abstract

In this article, a set of four-parameter descriptors, XMV ,,R ., Lz, AXg
andZPEI were used to correlate with glass transition temperature T, for 84 polymers.
Multiple linear regression analysis and back-propagation artificial neural network
(ANN) were used to generate the model. The final optimum neural network with
4-8-1 structure produced a training set root mean square error(RMSE) of 3.3 K (R®
=0.9975) and a validation set RMSE of 13.9 K (R*=0.9513). The results show that the
ANN model obtained in this paper is accurate in the estimation of T, values for

polymers.
Key words: glass transition temperature, artificial neural network
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Name Tg(K).exp (Egt(l?,br\)l{lel\(lj) (th( é)’Apl(IeNd), (;—e%(lK 3.5’(!2?) (sTe%(zK Bur?s;:?)
R’=0.9975 R’=0.9914 R’=0.9395 R’=0.7978
Poly(ethylene) 195 198.5280 197.0221 206.2196 180.8095
Poly(butylethylene) 220 217.6606 2245131 235.0880 232.7234
Poly(cyclohexylethylene) 363 362.1441 363.4570 344.5522 325.3881
Poly(methy! acrylate) 281 281.0615 285.2967 275.8419 266.8483
Poly(sec-butyl acrylate) 253 257.0991 241.4841 253.2279 253.0134
Poly(vinyl chloride) 348 348.2716 347.8190 342.3223 313.8502
Poly(vinyl acetate) 301 300.5289 299.2416 301.0449 292.5962
Poly(2-chrolostyrene) 392 392.8401 392.6738 365.8241 348.3647
Poly(4-chrolostyrene) 389 392.2884 390.5888 365.7712 348.7431
Poly(3-methylstyrene) 374 368.4106 373.5163 364.5061 348.3007
Poly(4-fluorostyrene) 379 379.5297 377.1628 362.0750 343.8917
Poly(1-pentene) 220 223.5197 214.5125 2449133 232.5698
Poly(tert-butyl acrylate) 315 310.0795 317.0918 320.2246 321.7481
Poly(vinyl hexyl ether) 209 204.0054 206.1916 207.1568 243.3674
Poly(1,1-dichloroethylene) 256 255.5851 256.3983 247.1448 193.3673
Poly(a-methylstyrene) 409 408.1026 408.2708 401.2603 376.0342
Poly(ethyl methylacrylate) 324 323.6431 324.4747 316.7169 3125857
Poly(ethyl chloroacrylate) 366 366.1114 360.3195 369.4065 365.7961
Poly(tert-butyl methylacrylate) 380 382.8576 381.2159 392.4870 392.3880
Poly(chlorotrifluoroethylene) 373 372.9710 374.2961 370.0524 335.4808
Poly(oxyethylene) 206 198.5280 197.0221 206.2196 180.8095
Poly(oxytetramethylene) 190 198.5280 197.0221 206.2196 180.8095
Poly(vinyl-n-octyl ether) 194 196.8278 202.3068 185.9835 242.6750
Poly(oxyoctamethylene) 203 198.5280 197.0221 206.2196 180.8095
Poly(vinyl-n-pentyl ether) 207 210.0463 210.1232 217.8718 243.8890
Poly(n-octyl acrylate) 208 207.1809 212.4463 187.1057 248.5530
Poly(n-heptyl acrylate) 213 212.8155 214.6049 198.0509 249.2517
Poly(n-hexyl acrylate) 216 217.4065 217.5792 209.1607 250.1309
Poly(vinyl-n-butyl ether) 221 220.6831 217.0078 228.7844 244.6604
Poly(vinylisobutyl ether) 251 254.8396 252.9722 289.1731 292.8054
Poly(pentafluoroethyl ethylene) 314 314.4936 314.5088 333.3890 324.1794
Poly(3,3-dimethylbutylmethacrylate) 318 316.2883 317.3907 365.0232 385.2950
Poly(vinyl trifluoroacetate) 319 319.1657 317.5460 304.0879 311.4857
Poly(n-butyl a-chloroacrylate) 330 329.8595 341.6655 350.1260 366.8435
Poly(heptafluoropropyl ethylene) 331 330.2255 331.3451 322.2809 322.6857
Poly(5-methyl-1-hexene) 259 262.6551 279.7865 285.4618 280.9637
Poly(n-hexyl methacrylate) 268 268.0429 270.8431 266.4122 302.5738
Poly[p-(n-butyl)styrene] 279 275.8443 279.7884 250.2988 247.1830
Poly(2-methoxyethyl methacrylate) 293 292.6893 294.1891 278.0401 307.6814
Poly(4-methyl-1-pentene) 302 294.2768 281.1316 295.7218 280.9435
Poly(n-propyl methacrylate) 306 307.3234 302.2598 302.5629 308.3479
Poly(3-phenyl-1-propene) 333 339.9362 330.8537 319.1862 309.1619
Poly(sec-butyl a-chloroacrylate) 347 346.4394 339.4945 360.7037 366.8948
Poly(vinyl acetal) 355 352.2529 354.6087 356.0809 353.4998
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3 2 B

CCT 7S o B e S
inear),
R’=0.9513 R’= 0.9381 R’=0.8257  R?=0.7027
Poly(ethylethylene) 228 231.3592 219.5876 254.3041 232.2830
Poly(cyclopentylethylene) 348 349.6040 348.4152 333.7511 312.7652
Poly(acrylic acid) 379 378.9355 360.2654 329.0582 303.9071
Poly(ethyl acrylate) 251 261.7473 228.8577 258.6334 259.2725
Poly(acrylonitrile) 378 375.1701 401.2659 313.8273 286.6457
Poly(styrene) 373 354.6597 359.2963 346.6972 326.8529
Poly(3-chrolostyrene) 363 383.2879 391.5425 368.3334 351.7332
Poly(4-methylstyrene) 374 356.6081 361.5144 361.6028 344.9429
Poly(propylene) 233 237.7135 210.8476 262.2849 231.5635
Poly(ethoxyethylene) 254 270.3576 245.3178 252.0126 247.9583
Poly(n-butyl acrylate) 219 237.1538 213.3532 232.2894 252.9253
Poly(1,1-difluoroethylene) 233 240.6951 194.2087 216.6761 184.0181
Poly(methyl methylacrylate) 378 350.2292 370.1120 334.3568 320.6132
Poly(isopropyl methylacrylate) 327 335.9451 322.5043 340.3374 328.9959
Poly(2-chloroethyl methylacrylate) 365 338.4086 361.6864 308.9602 314.1452
Poly(phenyl methylacrylate) 393 399.0597 388.9529 389.6568 387.7157
Poly(oxymethylene) 218 202.7102 201.3488 206.2196 180.8095
Poly(oxytrimethylene) 195 202.7102 201.3488 206.2196 180.8095
Poly(vinyl-n-decyl ether) 197 195.3660 209.7500 165.0143 242.2463
Poly(oxyhexamethylene) 204 202.7102 201.3488 206.2196 180.8095
Poly(vinyl-2-ethylhexy! ether) 207 206.2856 209.9327 207.2576 243.1027
Poly(n-octyl methylacrylate) 253 245.6025 273.6425 244.1344 300.7620
Poly(n-nonyl acrylate) 216 209.4485 203.4875 176.2996 248.0035
Poly(1-heptene) 220 216.1580 232.9399 225.0721 232.8184
Poly(n-propyl acrylate) 229 249.0765 218.7679 2447671 255.3359
Poly(vinyl-sec-butyl ether) 253 248.5753 219.4471 239.7342 244.8519
Poly(2,3,3,3-tetrafluoropropylene) 315 325.9687 317.1685 376.8973 360.9888
Poly(N-butyl acrylamide) 319 293.4212 297.1671 292.0414 307.4718
Poly(3-methyl-1-butene) 323 321.3173 297.0789 306.5223 281.0892
Poly(sec-butyl methacrylate) 330 300.2713 294.2220 300.4743 305.7912
Poly(3-pentyl acrylate) 257 256.0333 2285519 241.6149 251.4357
Poly(oxy-2,2-dichloromethyltrimethylene) 265 245.9568 255.0206 239.6221 195.2090
Poly(vinyl isopropyl ether) 270 279.0823 267.1757 300.6476 294.0567
Poly(n-butyl methacrylate) 293 292.5357 294.7387 289.8605 305.7027
Poly(3,3,3-trifluoropropylene) 300 298.0579 301.8715 345.6725 327.9615
Poly(vinyl chloroacetate) 304 304.9782 310.1731 265.9878 272.7908
Poly(3-cyclopentyl-1-propene) 333 343.1399 350.6515 321.9086 312.2997
Poly(n-propyl a-chloroacrylate) 344 370.9790 369.6855 359.9509 366.4770
Poly(3-cyclohexyl-1-propene) 348 350.5003 358.8654 332.4891 324.8549
Poly(vinyl formal) 378 355.0272 354.0594 377.9207 366.2456
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R ST B
ANN set 1 ANN set 2 Linear set 1 Linear set 2
RMSE tr 33 6.1 16.2 29.6
RMSE tr* 3.7 11.4 -
RMSE val 13.9 17.6 27.4 35.8
RMSE val* 18.9 20.5 - -
*Calculated form ref. [8]
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