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Innate selfish characteristics of intronic homing
enzyme in Chlamydomonas mitochondria assayed through
In vitro and in vivo systems

()

Homing enzyme is a kind of DNA sequence specific endonuclease of which recognition
sequence is much longer than bacterial type ll-restriction endonucleases. Homing
enzymes are classified into four groups based on the conserved amino acid residues,
LAGLIDADG, GIY-YIG, N-H-N or His-Cys box. LAGLIDADG family is the largest among them.
Most often they are coded in an ORF within the intron or found as a component of an intein,
but some are encoded in a freestanding gene. Most probably homing enzymes detected in
an intein or coded in an intronic ORF are originally freestanding ones, and translocated
into the existent sites in the course of evolution. About 30 % of the group I introns
contain the ORF for active homing enzyme, and the others contain vestigial sequences
for homing enzymes. This suggests that intronic homing enzyme easily loses its activity
through accumulation of mutations. Most probably inactivation of homing enzymes is
tolerated because they have no benefits to the host, and this instantly leads to that
regular horizontal transmission of the gene to a new species before its functional
deterioration is essential for its evolutionary long-term persistence. On the other
hand, it has been shown that to make a copy of the homing enzyme gene, cleavage of the
target site is essential. Therefore, the recognition property of a homing enzyme must
be skillfully adapted to cleave the target sequence which is degenerated among a wide
range of organisms.

m Groupl intron and Intronic ORF




m Invasion of groupl intron at the homing-enzyme
digested point through homologous recombination

Intron-bearing gene Intron-
Homing-enzyme

groupl intron

less gene

Homologous Recombinatio

Intron-less gene is cleaved
by Homing-enzyme

newly appeared

So far, characteristics of homing enzymes have been analyzed in vitro, and none has been
analyzed 7n vivo. This is mainly due to the difficulty to develop #n vivo assay systems.
However, my colleagues and 1 developed a practical method to introduce a point mutation
into the intended site of the Chlamydomonas reinhardtii mitochondrial gene.
Utilizing this method, | succeeded to assay the property of a LAGLIDADG homing enzyme
(1-Csm) in vivo. 1-Csml is coded in the alpha-group I-intron located in the COB gene
of C. smithii mitochondrial genome.

In Chapter 1, 1 showed the results obtained through #in vitro assay. Basic
property of 1-Csml and the cleavage efficiency on variously mutated target sequences
were assayed using a recombinant I-Csml polypeptide and substrate DNA fragments.

In Chapter 2, 1 showed the results obtained by #n vivo assay. Cleavage ability
of I-Csml was monitored through alpha-intron invasion into the variously mutated
target site in C. reinhardtii mitochondrial genome.

Enzymatic characterization of intronic endonuclease I-Csml, which is a member
of LAGLIDADG homing enzymes, was carried out using a recombinant enzyme produced in
E. coli and variously mutated synthetic substrates. [/n vitro assay using the
synthetic double strand DNA fragment revealed that divalent cation such as Mg® is
essential, while it does not require ATP. Kinetic analyses of the enzyme showed that
it has very high affinity to the substrate molecule and quite slow turn over ratio.
These characteristics were similar to other representative LAGLIDADG homing enzymes.
The cleaved double strand DNA was 3' -overhangs of four nucleotides. Analyses of
cleavage efficiency for variously mutated substrates uncovered that the recognition
region of I-Csml reside between -5 and +11 nucleotide in relation to the intron
insertion site. Generally intronic homing enzymes show ambiguity for their
recognition nucleotide, however it is limited to mutation that might be tolerated in
nature. Contrastingly, I-Csml cleaved target sequences that contain highly likely
non-tolerable ones in nature. This is probably due to I-Cs7l is a bi-functional enzyme.
It works not only as a homing enzyme but also as a protein to assist the folding of
intron into the correct three dimensional structure.

The base positioned at +6 in relation to the intron insertion site was recognized
most strictly #in vivo among the mutated sites investigated in this study: Two types
of mutations positioned at +6, ATG(Met) to ATA(lle) and to ATT(lle), resulted in very
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limited invasion ratio, 6 % and 35 % respectively. Position +6 is very close to the
cleavage point of the coding strand, which is between +5 and +6. This is consistent
with the result of 7in vitro assay, which showed the prominent tendency that mutations
located around the coding strand cleavage point are severely recognized. On the other
hand, a types of mutated sequences that are cleaved moderately or efficiently invitro,
i.e., the substrates of which cleavage ratio is more than 50 %, were invaded by
alpha-intron with very high frequency (83-100 %) #n vivo.

Considering the limited variation in the target sequence and the prominent
ability to recognize the degenerated target sequence, which was systematically
investigated in vitro, the principle bottleneck for the lateral intron transmission
is most probably not the absence of the cleavable target sequence in a genome.
Furthermore, this investigation showed that direct cell to cell transmission of group
I intron is easier than expected form the in vitro cleavage assay. All together, the
bottleneck of intron invasion across species is plausibly the opportunity of
interspecific cell fusion.

m  Introninvasion ratio (%) in each type of mutation and results of in vitro cleavage.
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Cui Tianshi

Multi-DOF Maglev System with Permanent Magnet Motion
Control

As magnetic suspension system is supporting system without mechanical contacts, there
is a growing demand for magnetic suspension, especially in the field of high accuracy
multi-dimensional positioning. Our motivation is to develop a permanent magnet suspension
system with novel magnetic suspension technologies. It can realize noncontact positioning
and micromanipulation. It can be applied in the fields in which ultra-clean environment
is needed to avoid sample contamination, such as semiconductor processing, biotechnology
experiments, especially, when the object is moved with micro displacements.

There are many Kkinds of maglev system, such as superconducting maglev system,
electromagnetic maglev system, permanent maglev system and etc. we propose a novel active
maglev system with permanent magnets and a motion control mechanism in place of
electromagnets and a current control mechanism. Using permanent magnets, the features of
this system are effective for saving energy, avoiding heat generation, no mechanical
wearing and dust free.

Multi-DOF (degrees of freedom) permanent magnet suspension mechanisms that manipulate
the object in the vertical plane and horizontal plane have been developed. The control
method is that the position of the suspended object is controlled by means of adjusting
the reluctance in a magnetic circuit of the suspension mechanism. In this research, the
concrete method for control reluctance is to adjust the air gap between the permanent magnet
and the suspended object. As the reluctance is proportional to the air gap in the magnetic
circuit, if the air gap is adjusted with the linear actuator, the reluctance in the magnetic
circuit can be actively adjusted.

As the First step of multi-DOF micromanipulation, the suspension mechanism of the 1-DOF
maglev system is investigated. The principle of suspension is that the suspended object
is suspended by an attractive force of a permanent magnet which is driven by an actuator
and positioned above the suspended object. The direction of levitation is vertical (both
of the magnet and suspension object are only moved in this direction). The suspended object
is ferromagnetic material. The equilibrium position of the ferromagnetic body is
determined by means of a balance between the gravity force and the attractive force of
magnet. The attractive force can be adjusted with adjusting the air gap between the magnet
and the ferromagnetic body. The nonlinear attractive force of magnet is linearized and
calculated. The model of the suspension system is created and the feasibility of suspension
mechanism is analyzed theoretically. The controller of the suspension system is calculated
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with the LQR (linear quadratic regulator) control law, which ensures the stability of close
loop system, and the system is examined by means of numerical simulation and experimental
examination.

Secondly, a 2-DOF permanent maglev system, in which three permanent magnets are used
to manipulate the object in the vertical plane, is investigated. Based on the suspension
principle, the prototype has been built. In this prototype, the suspended object is an
iron ball and magnets are driven by actuators to control the position of iron ball. One
magnet is located on the upper to suspend the iron ball, and the other two magnets are
located on the two sides of the iron ball to control its motion on the horizontal direction.

suspension
magnet

right magnet

iron ball

f,<—e——f,
Fig.1l. Outline of 2-DOF maglev system

Fig.1l. shows the outline of 2-DOF magleve system. There are three permanent magnets in
this suspension system and each magnet has two poles, N and S, so there are some different
arrangements which have different flux distribution. The pole arrangement is named in terms
of the magnets polarity, for instance, if the magnet polarities which are facing the iron
ball are S, S and S, the name of pole arrangement is called SSS. The poles order of
arrangement is the top magnet, left magnet and right magnet. Therefore, the pole
arrangement showed in Fig.1, is called SNN. In the 2-DOF maglev system, the total number
of pole arrangements is 6 which are SSS, SSN, SNN, NNN, NNS, and NSS. From the performance
of magnet field we know that the SSS and NNN have the same flux distribution, the SSN and
NNS have the same Flux distribution, and the SNN and NSS have the same flux distribution,
so we choose the former three arrangements for analysis. The magnet pole arrangement is
studied with FEM (finite elements method) analysis. As the result of FEM analysis, the
SNN (or NSS) arrangement is used in this system, because this arrangement can provide
sufficient force acting on the suspended object and the equilibrium position can be assumed
to the center of the magnets.

Next, the horizontal motion model of the system is created, in which the influence of
the vertical attractive force is neglected. There are three situations of this system
considering the input and output of system, two forces input system, same force input
system, and two magnets connecting system. The controllability and observablity of these
models are analyzed by the linear control theory. Consequently, only the two forces input
system can be controlled and observed, so it is applied as the motion model of the
suspension system.

The motion equations are obtained based on the free body diagram of the model. In this
model, the magnet force is nonlinear with the air gap length, so these equations are
nonlinear. First, these equations are linearized and then the state space equation can
be used to express the motion model. In terms of the LQR control law, an optimal controller
of suspension system is obtained by choosing the state weighting matrix Q and input
weighting matrix R. The system is examined with this controller. However, the dynamic
characteristic of step response of the simulation result is different from that of the
experimental result.This phenomenon would be caused by the vertical magnet attractive
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force that had been neglected when the motion model is created. So an improved model is
created in which the vertical magnet attractive force is considered. Based on the improved
model, a new controller is obtained by means of LQR control law. With the new controller,
the simulation result is consistant with the experimental result and the dynamic
characteristic verifies that the system is stable.

The displacements of the iron ball in the horizontal direction were measured about
reference input signals. The relationship between displacement and reference input is
linear within a range of 0.006(m) from left to right of the equilibrium position, so the
iron ball can be positioned at any position within this range in the horizontal direction.

Thirdly, a 4-DOF permanent maglev system is developed, in which the iron ball can be
manipulated in the horizontal plane, i.e. the iron ball spins along the suspension axis
and can be positioned near the center of mechanism. In this system, five permanent magnets
are used. One is used to suspend the iron ball and the other four magnets are uniformly
distributed in the horizontal plane of the suspended object to make the iron ball rotate
and move in horizontal plane. The first step is to make the iron ball rotate along the
suspension axis, and the second step is to make the iron ball move in the horizontal plane.

In the 4-DOF system, the arrangement of the polarity of the magnet is SNNNN or (NSSSS)
as defined above. The suspended object is an iron ball also, which is a ferreomagnetic
substance. It must be magnetized so that there is remanent magnetism on the surface of
the iron ball. When the iron ball is suspended, the influence of the strongest remanent
magnetism decides the vertical direction of suspension. When a magnet located in horizontal
plane approaches the iron ball, there is a magnetized point on the surface of iron ball
facing the approaching magnet. And when this magnet withdraws and the next magnet
approaches, the approaching magnet will attractive the magnetized point. The four magnets
alternatively approaching to the iron ball make the iron ball rotate along the suspension
axis.

In the rotation mechanism, a laser sensor is applied to measure the rotation velocity.
The four permanent magnets are driven by four linear actuators moving forward or backward
for adjusting the air gap between the permanent magnet and the iron ball to control the
torque. The motions make the iron ball rotate. The rotation model has been created and
the motion equations have been obtained. The experimental examinations are performed.
However, the result indicates that the rotation velocity is not uniform. This problem can
be improved by increasing the number of the magnets which are located in the horizontal
plane.

With the same construction of the rotation system, the iron ball can also be located
at any position in the horizontal plane near the central position of the system. The
principle is that through controlling the motion of four magnets which are located in the
horizontal plane we can adjust the air gaps between the iron ball and magnet, the attractive
forces of four magnets are changed, so the iron ball can be positioned at arbitrary position
in the horizontal plane within a small range near the original point. The motion model
is created and analyzed. The system can be controlled and observed, therefore, the LQR
control law can be used to design the controller of this system. The system examination
is performed with this controller. The feasibility of the motion is confirmed in terms
of the examination results.

The presented work demonstrates the feasibility of manipulating the suspended object
in the vertical plane and horizontal plane. Based on the outcome of experiments, it is
concluded that

i. The suspended object is suspended successfully and stably.
ii. The suspended object can be manipulated in the vertical plane.
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iii. The suspended object can be rotated and manipulated in the horizontal plane.

Finally, several suggestions are given to continue this research for improving the rotate
quality and the robustness of suspension system.
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Guo Chen

Regional Development Scheme in China Using the Functions
of University and Its Adaptability to Other
Developing Countries

. Research Purpose

China has been experiencing rapid transitions since economic reforms in 1978, the
results of the reform have shown wide regional disparity. As China looks to sustain
the past success of economic growth and poverty reduction in 21% century, it needs
to make major changes in its development strategy in order to fulfill its national
development targets. China is not only a large developing country, but also is moving
towards a market economy with a centralized innovation system in transition. The
university-market linkage in forms of university-run enterprises in China offers a
unique situation to study the evolving institutional relationships among university,
industry and government, since China’ s innovation system has experienced a dramatic
change over the last 20 years. This paper studies the economic development situation
of eastern, central, and western regions in China. A primary focus is on the role of
different innovative activities players and the interaction of these players. Special
attention will be given to the way that these university-run enterprises are created,
their industrial distribution, their contribution to the development of indigenous
high-tech industries, and the advantages and disadvantages surrounding them will also
be examined. A new regional development scheme using the functions of universities
is considered an effective strategy to promote economic development of China in this
transitional stage.

The network of economic development by using of university functions needs the mutual
collaboration among university, industry, research institute, other organizations in
society and government. The core of this task is that fulfilling close integration
of education, science & technology, economy and politics. The operation mechanism of
Chinese university-run enterprise has special characteristics, which are government
support, relying on university, market mechanism, and industry movement. The functions
of university in today’ s economic development of China need policy support of
promotion, macro planning, guide and harmonization from local and central governments.
As human society enters the knowledge and information age, education is expected to
play an increasingly important role and it gives driving force to regional economic
development of China by using of the functions of university.
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. Research Background

Over the past two decades, China’ s GDP has kept an annual growth rate of about 8%
on average. Together with the increased industrial labor productivity, the living
standard of the Chinese people has increased at about 7% each year (constant price).
Twenty years of reform efforts and modernization drive have won China international
acknowledgement for i1ts achievement in economic development. Since the beginning of
1990s, it has witnessed a bigger enhancement in China®s urbanization level. In the
meantime, while the urbanization level was being raised, the economy in cities saw
a rapid development with the economic structure trending for the better. It is well
recognized that industry does contribute to economic and social development by
providing more goods and services to the market, and provide more job opportunities.
Just like other developed countries, the great economic development of China is due
to 1ts industrialization and urbanization. Education policies in China in the past
five decades have also been characterized by bold moves, major shifts and reversals.
The success of Chinese education reform has led to a substantial gain in overall
literacy and the large expansion of the education system has also led nurturing of
some world-class scientists and engineers.

o Research Results
1. Regional Development Scheme

Generally speaking, the process of the economic reform in China is following the route
of giving guide to market mechanisms. In such transitional stage the network of
regional development by using of the functions of university needs the mutual
collaboration among university, industry, research institute, other organizations in
society and government. The core of this task is one of fulfilling close integration
of education, science, technology, economy and politics. The functions of a university
in today’ s economic development of China need policy support for promotion, macro
planning, guide and harmonization from local and central governments. From the aspect
of Chinese central government and the Ministry of S&T, Ministry of Education has the
responsibility to guide the development of University Science Park. The regional
government gives strong support to Science Parks through the regulations. However,
the whole process should obey to market rules because such functions of a university
can brought into play in a socialist market economy, not a planning economy. Human
resources should have the capacity of innovative thinking, study ability, practice
experience and strong dedication energy. In fact, university-run enterprises have much
stronger links with their academic mother institutions than ordinary spin-off firms.
They use the mother institutions’ resources exclusively or at least in very
preferential terms compared with other firms. This resource-use preference is true
even in cases of national or provincial universities.

The operation of university-run enterprise inevitably attracts other social
organizations, such as, finance, law, and consultation. It provides beneficial
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environment and condition for the existence and development of industries by giving
birth to the coherence power of macro-economy, as the result of mutual relations and
mutual effects among these organizations. Innovation production of university-run
enterprise diffuses outside or searches for cooperation partners and production base.
This kind of coherence power, attraction power and diffusion power force University
Science Park into making relationships with local high-tech zones and nearby
industrial zones so that it gives opportunity for regional development.

The transfer of technology from university to industry is not the simple process of
technology exchange. It is the process of technology innovation on the basis of
introduced technology. This process needs the support of human resources who are
teachers and students from university. University-run enterprises give employment
priority to college graduates. Their graduates are not only the backbones of industries,
but also the ligament between industry and university. Industry can realize the trends
of advanced science and technology, the newest ideas, production and methods through
the close relations with the university. Industry can make good use of the
university’ s graduates from to having an innovation idea to setting up innovation
task after combining them with the information comes from market feedback. Industry
can also commission the university to do such research, assign employees to involve
in it or have research carried out it by establishing one center of research and
development in cooperation with the university. Industry can exploit it by inviting
college teachers and students to work as their part-time employees. During this process
of two-way intervention, industry fulfills innovations according to the requirement
of market competition, and university technology transfers to industry step by step,
which can be turned into productivity as a last step. Universities acquire necessary
information from the feedback of industrial manufacture and market so that i1t can
increase the research level and thus promote the close link between technology and
market. Therefore, the two-way technology innovation chain between university and
industry comes is sustained.

2. Quantitative Analysis on Economic Benefit of Education

Both individuals and countries benefit from education. For individuals, the potential
benefits lie in general quality of life and in the economic returns of sustained,
satisfying employment. For countries, the potential benefits lie in economic growth
and the development of shared values that underpin social cohesion. From the view of
economics, the process of education is from resource input, such as teaching faculties
and equipments, to human resource output through using these resources. The economic
benefit of material products can be calculated correctly through mathematical methods.
But it is very difficult and complicated to evaluate economic benefit of education
by mathematical methods due to the following characteristics. (1) Human Resources are
not material products. (2) Time Lag for economic benefit of education. Therefore, it
can not calculated correctly how much economic benefit be increased from different
education level. Except education, the working capability of one person is related
to his age, sex, health and experience. In addition, education can not only promote
production development, increase economic income, but also can improve peoples’
living standard, it is not easy to distinguish such two functions of education.
Approximation of economic benefit of education will try to be done by doing
macro-quantitative analysis and micro-quantitative analysis in this paper
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The method of Simplified Labor Index is adapted in this paper to do Macro-Quantitative
Analysis for the Economic Benefit of Education, which is based on the year period of
different education degree that labor accepted. It can be used to quantify the
contribution to National Income from the increased technology level of labor through
education. In this section, the case study is the year of 1952 and 1978 of China.
Cobb-Douglas Production Function is adapted in this paper to do Micro-Quantitative
Analysis for the Economic Benefit of Education, which is based on the input-output
method. It can also be used to quantify the contribution to output of one industry
from the increased technology level of labor through education. In this section, the
case study is the industries of Heilongjiang Province in China. Some companies were
chosen in this calculation process in order to get the final result of the importance
degree of education for human resource in two kinds of industries - Labor Intensive
Industry and Technology Intensive Industry. Labor Intensive Industry usually refers
to one industry that requires large amounts of human effort to produce goods.
Technology Intensive Industry is the industry that requires large sums of financial
resources, high technology, human resources who acquire advanced production ability
to produce a particular good. For the last two hundred years, neo-classical economics
has recognized only two factors of production: labor and capital. Nowadays, Knowledge,
productivity, education, and intellectual capital are all regarded as exogenous
factors, which falling outside the system. New Model is based on classical Cobb-Douglas
model by seeing technology and the knowledge on which it is based as an intrinsic part
of the economic system. Knowledge has become the third factor of production in leading
economies. In Heilongjiang Province of China, the figure of Labor Intensive Industry
was adopted Food Manufacturing Industry, Apparel Manufacturing Industry, and
Machinery Manufacturing Industry. The figure of Technology Intensive Industry was
adopted Medicine Manufacturing Industry, and IT Manufacturing Industry.

o Conclusions
(1) Technology and knowledge are now the key factors of production

e Knowledge is the basic form of capital. Economic growth is driven by the
accumulation of knowledge.

e Technology can raise the return on investment, which explains why
developed countries can sustain growth and why developing economies, even
those with unlimited labor and ample capital, cannot attain growth.
Traditional economics predicts that there are diminishing returns on
investment. New Growth theorists argue that the non-rivalry and technical
platform effects of new technology can lead to increasing rather than
diminishing returns on technological investment.

e Investment can make technology more valuable and vice versa.

e It is important in providing an incentive for companies to invest in R&D
for technological innovation. Traditional economics sees 'perfect
competition”™ as the ideal.

(2) Enhancing human capital is critical for GDP growth

In order to make investments in technology, a country must have sufficient human

capital. Human capital is the formal education, training and on-the-job learning

embodied in the workforce. The implication of the knowledge economy is that there is
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no alternative way to prosperity than to make learning and knowledge-creation of prime
importance. There are different kinds of knowledge. "Tacit knowledge™ is knowledge
gained from experience, rather than that instilled by formal education and training.
In the knowledge economy tacit knowledge is as important as formal, codified,
structured and explicit knowledge. According to New Growth economics a country®s
capacity to take advantage of the knowledge economy depends on how quickly it can become
a "learning economy”. Learning means not only using new technologies to access global
knowledge, it also means using them to communicate with other people about innovation.
In the "learning economy” individuals, firms, and countries will be able to create
wealth in proportion to their capacity to learn and share innovation Formal education,
too, needs to become less about passing on information and focus more on teaching people
how to learn.

(3) Intellectual capital is a firm"s source of competitive advantage

To become knowledge driven, companies must learn how to recognize changes in
intellectual capital in the worth of their business and ultimately in their balance
sheets. A firm"s intellectual capital - employees® knowledge, brainpower, know-how,
and processes, as well as their ability to continuously improve those processes - is
a source of competitive advantage. But there is now considerable evidence that the
intangible component of the value of high technology and service firms far outweighs
the tangible values of its physical assets, such as buildings or equipment. The
physical assets of a firm such as Microsoft, for example, are a tiny proportion of
its market capitalization. The difference is its intellectual capital.
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Synthesis of CNTs by Thermal CVD and its Application to
Field Emission Devices
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Kong Jing

Considering subjective factors in performance models
for human-computer interface design and evaluation

1 Introduction & background

As a result of the tremendous developing speed of computing technologies, numerous new
human computer interface devices appear to the market. Facing the expatiatory catalogs
of the devices and omnifarious choices candidates, not only the users, but also the system
designers are puzzled. Some people prefer one certain kind of device, others may like
another kind. We don’ t know whether the selections, or preferences are based on scientific
researches, or purely user’ s own habit. Actually, some habits are really harmful. Hence,
it is necessary to be sure that the applied tools are suitable for certain application,
that means, people can maneuver the tool without great effort to adapt to the features
of this tool, because the important thing is that the design of a tool should be capable
of inspiring human potential and helping them work happily and efficiently. We need tools
congruent with human physiological and psychological characters. One of the most important
tasks of the researchers in human computer interaction is to create tools friendly for
human beings, not create tools which force people to be trained very hard. Even for the
disabled persons, there should be considerate designs for them. Therefore, it is crucial
for us to find a useful method to predict and evaluate people’ s performance using different
devices and to test the feasibility and efficiency of the devices on interfaces of different
systems through the knowledge of a great number of scientific branches such as computer
science, physiology, psychology, motor control, philosophy, etc. In the area of human
computer interaction (HCI), these kinds of tools are called as models.

Nevertheless, modeling the performance in human computer interaction has always been
a tough job, and it is one reason that until now the most famous model for pointing task,
a typical performance in human computer interaction, is still Fitts® law [Fitts, 1954],
which has been used to predict and evaluate the performance of rapid and aimed reciprocal
movements since 1978 [Card, English and Burr, 1978]. Fitts established a relationship
between the movement time and the task difficulty, which is decided by the target width
and movement amplitude through some experiments. During the paradigm experiment, subjects
were asked to tap on the two rectangles (the targets) reciprocally as fast and accurately
as possible. After minor descendent modifications, now the most popular formulation of
Fitts’ law (called as /0 model) is:

MT =a+blog,(A/W +1) 1)
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In Equation (1), T is the movement time, A and /# represent the movement amplitude and
target width respectively, aand o are two regression coefficients. This /0model is simple
and strong, but unfortunately, it is established on a thin theory base and its adequacy
remains debatable.

The main reason for the doubts on Fitts’ law comes from the fact that it is not derived
from strict mathematical deduction but is just based on direct analogy of information
theory (Shannon Theorem 17 [Shannon, 1948]). To guarantee that the analogy works well,
during the task, the hits made by all the subjects are acquiescently regarded as following
normal distribution and thus, it is not necessary to consider the performance accuracy.
Omitting a factor which is tightly related with performing individuals is obviously
countered to the reality.

A model utilizes effective target width (/) in stead of the target width seems optimal
(We call it as /0, model) by using a posteriori method to help to convert the information
on performance accuracy into movement time [Welford, 1968] [1S09241]. However, this method
has not gained enough theoretical or empirical supports, either, even though the human
factors have been included into consideration.

MT =a+blog,(A/W, +1) @)

Although the 70 and /0, models have been applied widely for a long time, they do not
demonstrate a clear picture of the effects of human beings. Therefore, we developed the
study to explore the relationship of different factors in the human performance of pointing
task. The effects of human factors, such as the psychological implications on performance
efficiency and accuracy, and the difference from individual physiological characteristics
will be especially emphasized. In this study, we bring the knowledge of statistics,
experimental psychology, user interface design and motor control into the human
performance research to pursue a model for the human computer interaction model for
pointing task.

2 Study on speed-accuracy tradeoff problem----traditional models analysis

In the pointing performance, a main relationship is the tradeoff between speed and accuracy,
i.e., when people perform fast, accuracy will decrease, otherwise when people perform with
emphasis on accuracy, the speed will be decreased. Considering the characteristics of HCI,
we need to know how the system factors and human factors affect the relationship between
speed and accuracy. By scrutinizing the pointing task, we regard that there are two layers
of speed-accuracy tradeoffs. The layer decided by the task factors (E.g. target’ s size)
has been described by the /0 model, but the layer decided by subjects cannot be modeled
by it. The /0, model includes some information of this layer of speed-accuracy tradeoff,
but we do not think its representation is complete and accurate. Therefore, we performed
this study to check the effects of the existing /0 and /0, models based on the analysis
of speed-accuracy tradeoff.

We carried out a series special controlled experiments to observe the subjects’ reciprocal
pointing performance with different level of speed and accuracy inclinations incurred by
experimenters’ instructions. The system design of the pointing task is similar with the
paradigm Fitts’ law experiment [Fitts, 1954; 1S09241-9, 2000]. However, 1in each
experiment, participants were instructed to repeat the experiment with different operating
conditions biased toward accuracy or speed: extremely accurate, accurate, neutral, fast
and extremely fast. The goal was to make the participants operate at different levels of
target utilization. Withgreat intendancy to accuracy, the target utilization degree will
be very limited, and with great intention to speed, the target will be utilized with great
risk, i.e., the subjects will point outside the targets often.

These experiments help us to testify the coexistence of the two layers of speed-accuracy
tradeoffs and their respective impact on performance. Through these experiments we also
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know that both the two models (/0 and /0, models) cannot reconcile the two layers of
speed-accuracy tradeoffs completely. Then we tried another a posteriori method to indicate
the subjective layer of speed-accuracy tradeoff. This method works better than the
traditional way, but it still can not resolve the problem completely. Consequently, we
realize that it is impossible to describe the relationship of the movement time, task
difficulty and subjective target utilization inclinations through a simple equation as
Equation (1) or Equation (2) [Zhai, Kong and Ren, 2004].

3 Attempt on establishing a model with the information of human’ s performance
accuracy----SH-Model

According to [Zhai, Kong and Ren, 2004], it is impossible to describe the pointing
performance in different situations completely by Fitts’ law models, so we tried to
establish another model named as SH-Model to indicate the * self-information” of system
and human beings separately [Ren, Kong and Jiang, 2005].

In(MT) =a+blIn(S,)+cIn(g,) ©)]

Here a, b and c are coefficients. /7 is the movement time, and S/, and S/, are used
to indicate the self-information of system and human separately.

This model is based on a complete different viewpoint from the traditional analyzing
method. In SH-Model, the distribution we discussed is not the spatial distribution of the
input hits in the traditional Fitts® law model researches (This point has always been a
theoretic and experimental dilemma of the researches of Fitts" law studies), it is referred
to the distribution of the data of movement time.

Conventionally, regression models are evaluated by A°. However, #° can only indicate
the models’ descriptive ability, but not the predictive ability. AIC (Akaike"s
Information Criterion) is acriterion for model selection [Akaike, 1974]. It can be applied
to comparisons for not only linear but also nonlinear models [Burnham and Anderson, 2002].
Furthermore, AIC is able to indicate the consistency between reality and future prediction
and to test both the descriptive ability and the predictive ability comprehensively.
Therefore we utilized AIC to do model evaluation. The AIC results showed that the new model
is much better than the traditional ones.

After establishing the SH-Model, we also tried it in different pointing task input
interfaces including four different devices: mouse, pen with big tablet, pen with small
tablet and trackball [Kong, Ren, Jiang and Takeda, 2004][Kong, Ren and Jiang, 2005]. The
results of this study show that the SH-Model can also be applicable to different interfaces.
Moreover, the analysis of the devices shows that the SH-Model can help us comprehensively
understand the human’ s factors in manipulating the devices.

To consider more of the human’ s individual effects upon modeling pointing tasks, we
also developed the following researches on model studies.

4 The optimal effective target width calculation method

Through the research on the optimal effective target width calculation method for the
10, model, we have not only decided the optimal calculation of the effective target width,
but also revealed some performance’ s characters which had not been studied previously
[Kong and Ren, 2005b][Kong and Ren, 2005c][Kong and Ren, 2005e].

5 Information transmission rate analysis and its application on model comparison

We also analyzed models based on their ability of describing the information
transmission rates under different speed-accuracy tradeoff requirements of the human
motor system [Kong and Ren, 2005a][Kong and Ren, 2005d]. This study supports the
feasibility of the analogy between the information theory and the human performance
models.
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6 Colors’ effects on pointing tasks evaluated by performance models

Considering the importance of different colors on performances and the lack of study
on this topic, we thoroughly compared the effects of whether using colors in the pointing
tasks through performance models [Kong, Ren and Shinomori, 2005a][Kong, Ren and Shinomori,
2005b]. This study affords a reliable reference for colors’ application in interface
design.

7 Summary

Pointing task, together with some other basic performance, is of great importance in
HCI studies. Developed from the area of motor control or motor behavior, modeling for
pointing task helps people understand the performance. The understanding will be
instructive for not only devices comparison, but also design guidance. The studies
developed with this theme will contribute to the modeling work mainly from the aspect of
considering human®s individual factor or effects in modeling the performance.

These works will motivate much more explorations in human"s factors, or subjective
factors for modeling the performance with both the physiological and psychological
information. The knowledge will be instructive for Ul design comprehensively.

Since the technologies of interfaces between human and computer have been developed
significantly, for the future works, it is necessary to carry out the model related
researches on the performance models application for new input techniques. Because
currently most human potential has not been explored completely for modeling in human
computer interaction, our study on human performance models will be beneficial to develop
devices or interfaces utilizing those unexplored body parts and give fare evaluation of
those lately developed hardware or software.
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Sun Jianye

Numerical Simulation of Liquid Crystalline
Polymer Processing

The molecules of liquid crystal polymers (LCPs) are consisted of rigid and flexible
monomers that link to each other. In shear flows, the rigid segments of the molecules
usually tend to align in the direction of the flow. Once this orientation is formed, their
direction and structure persist, even when LCP is cooled below the melting temperature.
As a result of this unique structure, LCPs show many unusual properties, such as: high
strength, good heat resistance, high impact resistance, and low stretch or elongation.
At present, commercial uses of LCPs range from fibers for bulletproof vests, to packaging
for electrical and optical components. Thermotropic LCPs are particularly attractive for
injection molding, because of their low shrinkage and low viscosity in the nematic melt
state.

At present, Leslie-Ericksen (L-E) theory and Doi’ s theory are the two popular
constitutive theories for liquid crystals. The L-E theory, which is based on macroscopic
continuum mechanics, is suitable for describing the rheological properties of low
molecular weight nematics. The Doi’ s theory, derived from microscopic molecular theory,
is a kinetic model for rod-like polymers. Usually the Doi’ s model is too complicated to
be used in the simulation of complex flows. As mentioned by Rong-Yen Chang, Marrucci, Kuzuu
and Doi have demonstrated that the Doi’ s theory could be reduced to the L-E theory in
the limit of low shear rates. Many researchers have used the L-E theory in analyzing flow
induced behaviour of LCPs.

The simulation of the LCPs flows during injection moulding in thin-walled moulds, which
can be simplified by Hele-Shaw approximations, were investigated in this work. The
Ericken-Leslie equations of motion in the high viscosity limit were used to model the flows.
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Sun Baiqing

Research on Rejection Capabilities of Paper Currency
Recognition System with the Neural Network Employing
Gaussian Function

In recent years, along with the accelerative developments of world economics
incorporation course, the frontier trade and personal intercourse of various countries
are frequent increasingly. Therefore, probabilities that the paper currencies of various
countries are interweaved together rises increasingly. It is a new challenge for
conventional bank machines such as readers and sorters. Hence it is necessary to develop
the bank machines that can not only correctly recognize and classify known paper currencies,
but also effectively reject unknown paper currencies including counterfeits.

It has been proved that neural networks are a class of effective tools on realizing
nonlinear mapping according to a set of given input-output training samples. In the field
of paper currency recognition, many attempts using feedforward neural networks have been
done. Generally, these systems can effectively recognize the known currency patterns
having been learned, even if the input data has some differences from learning samples.
However, it still suffers from rejection capabilities for unknown patterns.

In this research, in order to improve rejection capabilities of currency recognition
systems for unknown currency patterns on premise of guaranteeing their recognition
capabilities for known currency patterns, a new paper currency recognition system based
on neural networks is proposed. The neural network used in this system is a three-layer
feedforward neural network (FNN), in which a Gaussian function is employed as the
activation function of each unit in hidden layer and output layer. The proposed paper
currency recognition system is composed of two parts. The first one is the part of
preprocessing, in which for collected currency image data the recognition system achieves
the tasks including detecting edges, compressing data dimensionalities, and extracting
digital features. The second one is the part of recognition, in which the core is a neural
network classifier. This neural network is the three-layer FNN just mentioned above, in
which the ridge-like Gaussian activation function is used. It makes the classifier have
the potential of rejecting unknown currency pattern. Outputs of the classier are evaluated
according with a certain criterion, and hence the input currencies are judged whether be
rejected or not, and which pattern belongs to.

In the procedure of preprocessing, in order to reduce dimensionality of paper currencies
to be recognized effectively, pixels of currency images are grouped in some blocks, each
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of which are replaced with a single effective pixel whose gray-scale value is given by
the average of the gray-scale values of the original pixels in the block. After that, in
order to further compress dimensionality of the network and improve robustness of the
system, slab values given by the sum of the gray-scale values of the transformed pixels
are applied to represent digital features of the paper currency image. In this procedure,
for acquiring more features of a currency image, a mask set is utilized. It involves several
mask patterns, each of which differs from the others and covers a different area of the
currency image. There is a slab value corresponding to each of mask pattern. First,
depending on the categories of paper currencies to be recognized, a specified area called
as feature area is selected on the currency images. Then the feature area is divided into
many blocks. After that, we can define a mask pattern that is composed of several the blocks.
Finally, the slab value of each mask pattern is calculated, which is the sum of the
gray-scale values of all but the blocks covered by the mask pattern locating in the feature
area. Because many mask patterns can be obtained depending on different combinations of
the blocks, many corresponding slab values are generated to be representative of the
digital features of these currencies. In our recognition system, the slab values of a
currency image are the input vector of the neural network.

In the procedure of recognition, the slab values representing features of the currency
are inputted the neural network employing the proposed Gaussian activation function, which
is different with not only the simple radial basis function but also the Gaussian bars
function. It isaridge-like function in multi-dimensional space. Its activation is stretch
out to infinity along the ridge, but is restricted by the width parameter on the orthogonal
direction of the ridge. Its active range lies on the value of the width parameter. Several
crossed these ridges can construct not only many bump-like peaks just like the output of
RBF at intersections of these ridges, but also many unclosed ridges with different
directions. It can be realized by the combination of hidden-layer units. For instance,
two ridges with orthogonal directions can form the shape just like that of Gaussian bar
function. However, 3N parameters per unit are needed to train for a Gaussian bar unit with
N input variables. But in the case of the proposed function, there are only N+2 parameters.
It is possible to influence generalization properties and the training speed with more
learning parameters. The directions, distributions and active ranges are controlled by
corresponding weights, biases and widths, respectively. All of these parameters are
trained and optimized automatically using the training set during the learning procedure.
Therefore, the appropriate interfaces can be produced on the base of training samples in
the training set after learning. The network is active on the data distributing not only
in the peaks but also in the ridges. The system can more accurately recognize the data
outside of those closed peak spaces. Hence the network with this activation function has
more potential to improve rejection capabilities on promise of ensuring recognition
capabilities of the system. Just because of the characteristics of this kind of ridge-like
function, the proposed recognition system shows its potentials on improve rejection
capabilities for unknown currencies. Because of only using the three-layer feedforward
neural network with the proposed Gaussian function as the classifier, the structures of
this currency recognition system are simpler than that of conventional recognition
systems.

The experiments about the influences of the parameters of the Gaussian function to
performances of the system are designed and executed. The corresponding results are
analyzed. It can be found from these results that the performances of the system are very
sensitive to variations of the width parameter in the Gaussian function. In the experiments,
attempts with different mask set are realized, and the influences of different input
vectors caused by these mask set to system performances are also analyzed. During the
training procedure of this neural network, In order to obtain satisfying performances of
the proposed recognition system, several learning algorithms are employed to optimizing
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the parameters. The improved back propagation algorithm is used to optimize the weights
and biases of the network. Momentum and oscillation terms are added in the increment term
of these parameters during the update procedure. These two terms can accelerate iteration
speed, weaken oscillations and escape iterations from local minima. The sequential
gradient algorithm fitting for the proposed network are derived, and applied to optimize
the width parameters. It is proved that this sequential gradient method can find
appropriate widths to improve performances of the proposed system as the initial range
of the width parameters are suitable. At the same time, it is found in this experiment
that the different sequences of training currency samples influence the rejection
capabilities of the system remarkably as using the sequential version of the gradient
descent algorithm, and the reasons leading to this phenomenon are analyzed. The influence
of the sample sequence is weakened by using a combined method of the sequential and batch
version of the gradient descent.

In order to search the appropriate width parameters in larger region and avoid the problem
of local minima caused by using back propagation algorithm, a new hybrid-learning algorithm
is also proposed. The algorithm is used to optimize the widths of the Gaussian function
for improving recognition and rejection capabilities of this currency recognition system.
The algorithm consists of two steps, one is searching local minima near start point by
employing the sequential gradient descent method with a momentum term, because the
sequential gradient descent algorithm is a stochastic searching method and is possible
to escape the iterative search from local minima. If the iterative search still cannot
shake off bindings of local minima by employing this first step solely, the second step
of this algorithm is then activated. It is extricating the iterative search from local
minima. First, a random vector is mixed in increment terms of the width parameters to
replace that momentum term, then coefficients of the random vector and the gradient term
are optimized simultaneously using the downhill simplex method. In this case, derivative
calculation is unnecessary, and the span and directions of the iteration search have more
possibilities than just using a random vector. In other words, its search efficiency is
greater than that of general random search methods. It hence can explore optimal parameters
in a larger range and extricate the search from local minima more quickly and easily.

The results of the experiments show that using the proposed algorithm, the iteration

search span and directions of increments of the widths have more combinations, it can
extricate the search from local minima more quickly and easily and explore optimal
solutions of widths in a larger range. Moreover, the proposed recognition system using
the algorithm is insensitive for the change of initial range of width parameters, and it
can improve the rejection capabilities for unknown currency patterns on promise of
guaranteeing the recognition capabilities for known currency patterns.
In the last part of this research, to verify the practicability of the proposed currency
recognition system on business developments and applications, some validation experiments
are executed on the real-time system, and The results of these experiments also reveal
the considerable potentials of the proposed recognition system on these aspects.

46



47



Shang Tao

48




22 29 10

if-then

Yes No
if-then

if-then
if-then Mamdani

49



LAN

if-then

50



51



Risk Management in the Overseas Construction Project
and Project Manager’ s Role

1. Introduction
Purpose and back ground of the study

This study is to analyze the consciousness and knowledge of the risk of Japanese
engineers and why their ability of risk management is small, and aims at building risk
management system which can be applied to reinforcing the ability. Based on the
experiences of more than 30 years in overseas construction projects, the author has
proposed the risk management system which will fit to the Japanese engineers. In
developing the system, the theory of the Balanced Scorecard was applied.

A project manager of an overseas construction project should be trained with risk
management, considering that in the overseas construction project, a wide range of risk
is involved.

Project Manager has not been dealt as the risk manager, but has been deemed as a
responsible person to execute the project including risk management.

Considering that a loss of an overseas construction project can affect the profit of
a corporate, education program of a project manager should be developed.

Studies or text books on a risk in a specific field such as financial risk or political
risk are published. On the other hand, there are many studies or text books on a risk
management of the project. There, a project is dealt as an independent from corporate
business, and a project is treated as a something special. The role of the Corporate
Risk Manager is discussed, but the role of the Project Manager is discussed only from
the viewpoint of execution of the project and risk management is one of the jobs assigned
to him.

The author would like to discuss risk management integrating the corporate business

and the
project management especially in the overseas construction project. And, the author
would like to propose a development program of a project manager from the viewpoint
of the risk management, because he thinks that one of the biggest risk for a corporate
is assignment of the project manager.

2. Situation of the Overseas Construction Projects in which the Japanese Contractors are
engaged and the issues
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2.1 Japanese Overseas Construction Business

The Japanese contractors found a market abroad initially to execute the projects in
Japanese overseas territory such as Korea, Taiwan and Manchuria until the end of the
World War Il and after the war, they resumed overseas construction to undertake the
projects under Japanese Official Development Assistance (ODA).

In 2003, total sales amount of overseas construction business of 45 general contractors
was Yen 898.2 billion( about US$ 8.16 billion) increasing Yen 1.4 billion from 2002,
of which Yen Credit project shared Yen 104.2 billion.

Even under such ODA system, the procurement of a contractor was in accordance with
the rule prevailing in the international market.To comply with such rule, Japanese
contractors had to do what were different from the domestic market.

2.2 Basic Study of the Projects under ODA
2_2.1 Japanese ODA System
(1) Purpose of Japan’ s ODA
(a) Poverty Reduction
(b) Sustainable growth
(c) Addressing global issues
(d) Peace-Building

2 2 types of ODA in Japan’ s ODA system.

There are 2 types of ODA in Japan’ s ODA system, Yen Credit and Grant Aid. The Japanese
contractors are pursuing the projects under Yen Credit and Grant Aid.

(3) Objective sectors of ODA

Total share of social infrastructure and economic infrastructure exceeds 75 % of the
bilateral ODA.
2.2.2 Problems of General Grant Aid System
Some problems of General Grant Aid system were discussed, but the biggest issue is
that in the contract between the recipient government and the Japanese contractor,
any contingency is not included. This is why JICA has followed after the Standard
Conditions of Contract to be applied to the public works in the domestic market, where
the regulations of single fiscal year and philosophy of Lump Sum type contract are
prevailing.
2.2_.3 Improvement of General Grant Aid System
Some proposals for improvement of the System were made, but fundamental one is to
introduce contingency plan and the international standard conditions of contract.
2.2_.4 ODA system of other advanced countries
(1) United States of America
USA extends ODA through USAID. Its Aid is provided in the form of Grant Aid. USA has
increased the amount after 9.11 events especially to Arab countries.
(2) United Kingdom
UK carries out ODA through DFID. Bilateral aid is grant.
UK s aid is focusing on poverty reduction.
(3) France
France carries out ODA through AFD in the forms of subsidies or soft loan.
Aid to old French territories shares more than 40%.
(4) Germany
Germany carries out ODA through GTZ in charge of technical cooperation and KFW
Development Bank who finances the projects in grant or loan.
2_2.5Comparison of Japan’ s ODA system and the other Advanced
Countries’ ODA
(1) Ratio of Grant Aid: Ratio of grant aid of Japan is lower than that of
USA and UK.
(2) Tied or untied: Yen Credit is in principle untied. Grant Aid is tied. UK and
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France have officially changed to untied, but practically they are managing with
tied conditions.
(3) Conditions of contract: Even grant aid, USA, UK, France and Germany apply the
international standard contract.
2.3 Overseas Construction Project and Domestic Construction Project
2.3.1 Difference of implementation system of a project
In overseas project, through the stages of Feasibility Study, Design Works, Bidding
and Supervision, a consultant is employed, but in Japan, a consultant is employed
only for design works to design in accordance with the guidelines stipulated by the
Employer.
2.3.2 Execution by 3 parties - Participation of the Consulting Engineer
(1) Inoverseas project, a consultant makes feasibility study, detailed design, tender
documents and evaluation of the bids. In this way, the project owner secures their
accountability.
(2) Inoverseas project, a consultant supervises the construction works on daily basis.
He inspects, surveys and instruct corrections if necessary to keep construction
schedule, quality and cost.
2.3.3. Status of the Consulting Engineer of Japan
In Japan, consulting fee is paid as the miscel laneous payment. A consulting engineer
is not a
legal being. Thus he is not involved in the bidding or supervision of the works.
3. Overseas Projects and Risk
3.1. Definition of Risk
Risk is defined as “ Uncertain factors and/or unknown factors which will bring
opportunities to pursue profit and threats to decrease it.”
3.2. Corporate Business Risk and Project Risk
3.2.1. Purpose of Corporate Business Management
Purpose of corporate activities is to maximize its profit as a going-concern.
Management is run with Total Quality Management (TQM) system, which aims for
Establishment of a sustainable system with which a corporate is run from the
viewpoint of the customers who are source of profit and continuously create new value
for the customers.
3.2.2. Definition of the Project
A project is to complete the deliverable which will satisfy the requirements of
the client within the contracted time and amount.
3.2.3. Main Risk
There are 2 basic types of business risk. One is business risk and the other is
insurable or pure risk. In a project, there are 2 types of risk. One is insurable
risk and the other is project related risk. Categories of risk are common.
3.2.4 Organization and Risk
Risks are classified into the categories of organizational, market, financial,
external and pure risk.
3.3 Risk unique to Overseas Construction Project
(1) Assignment of the Project Manager: The project manager is responsible for the
execution of the project including risk management.
(2) Foreign Exchange Risk: Fluctuation of foreign exchange rate is a risk.
(3) Fluctuation of prices.
(4) Credit Risk:
(5) Security Risk: In developing countries, risk of burglars or thieves always exists.
(6) Procurement Risk: In the course of project, market situation changes.
(7) Soil conditions Risk
(8) Weather risk

“
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(9)Environmental Risk
4_ Risk Management in the Overseas Project
4.1. Risk Management
4.1.1. Definition of Risk Management
“ Project Risk Management is to convert the unknown factors occurring as the project
progresses to definite factors, and that systemizing the project management is to
develop the measures for such conversion. ”
4.2. Sequence of Risk Management
Risk Management consists of following five process ;
(1) Identification (2) Qualification (3) Quantification (4) Response
(4.1) Acceptance (4.2) Mitigation (4.3) Allocation (4.4) Transfer (4.5)
Avoidance
(5) Documentation :
4.3. ldentification of the overseas project Risk

This process is to identify all the possible risks which may significantly impact
the success of the business activities or the project. Risk management items
categorized in the internal and external risks were presented.

The table was presented to show risk items in an overseas construction project in
the stage of preparation for a tender from the viewpoint of the contractor. This table
is the part of risk management system that is created by the Author during this study.

In this chapter, risk identification of each party concerned with the project and
difference in the stage of effectiveness of contract and execution of the project
was also discussed.

4_.4. Technique and tool of the Project Risk Management
As a project team to execute a project is a kind of ad hoc internal team organized
to execute a project, risk management system of the corporate can be applied to the
project risk management modifying some points adapting to the situation. WBS will be
effective reference for identification of risk.
Formula to estimate the duration of a work in PERT can be applied to quantification
of a risk.

4.5. Risk Management System
The system to decide the risk response utilizing the risk level calculated in the risk
management items and management ability of the project manager and staff was proposed.
Risk Level = Probability of Risk Event X Impact of Risk

Management Ability = Knowledge + \/ Pr oj ectExperience+ ContractExperience

Risk Response depends upon the figure of Management Ability/Risk Level
4.6. Contingency Plan
Contingency plan is developed for known risks as a positive acceptance of risk.
The ways to set contingencies vary from applying standard allowances, to percentages
based on past experience, to a careful assessment based on the sum total of the
probability and consequences of the various risk items identified. The latter is a
proper approach to the risk management. The author tries to establish simplified
calculation of the contingency utilizing the table of the risk management items.
4.7. Management level of the personnel for the overseas construction project
Personnel required for the overseas construction project was picked up from the
viewpoint of the contractor and consultant. The formula to evaluate the management
ability from the knowledge and the experience was proposed.
4.8. Integration into Corporate Management Strategy
Integration of risk management system into corporate management strategy was
proposed using balanced scorecard system.
5. Establishment of a Developing Program of the Project Manager Considering the
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Characteristic of Construction Industry of Japan
5.1 The Roles and Requirements for the Project Manager

The Project Manager must fill several roles in the completion of a project as an
integrator, communicator, team leader, decision maker and atmosphere builder.
The Project Manager should have a minimum knowledge of the management tools required
for the corporate management such as personnel, financing, training, trade and so
on.

Further, the Project Manager should have a wide, not deep, knowledge of tools in
following areas unique to the projects;
Project evaluation
Quality control
Safety Management
Conflict management
Personnel management techniques
Contract Administration
5.2. Education of Project Management in Japan

A standard contract of an overseas project stipulates scope of the works, quality
of the deliverable, schedule of the construction, prices, payment term and general
conditions. And the Project Manager must communicate through the consulting engineer
who will supervise the works. Therefore, managing the site in accordance with the
contract will give the Project Manager to learn a variety of managing tools and
technique supported by a theory.

The Japanese executing system by 2 parties deprives the project manager of chances
to learn about project management in a similar way to overseas project.
5.3. Education Program of the Project Manager

The author proposed the education program for the project manager who has been just
transferred to the overseas project.

It covers all requirements for the Project Manager described in 5.1 and those
required to play the role of Project Manager. Basic ideas to formulate the program
are (1) to learn the organization’ s policy and tools adopted in the organization
to which he belongs, (2) to learn basic theories known in the field of project
management such as motivation theory and (3) to have knowledge of tools used for the
management of cost, schedule and quality.

5.4. Effectiveness of the Education Program of the Project Manager
A similar guidance to the above program has been proved to be effective in the lectures
that Construction Project Consultants, Inc. provided to prepare for the examination
of PMP-Project Management Professional, conducted by the Project Management Institute.
An examiner without any experience of overseas project passed the exam after the series
of lectures.
6. Education of Project Management in the University
Actual situation of education of project management was analyzed from the curriculum
of the universities. It was observed that the education has not come up with the change
of the environment of the civil engineering and proposed a new system to have a plat
home with the related study field.
7. Conclusion
The fundamental factor of the project management is risk management.
As assignment of the project manager is a big risk factor for the executing organization,
to decrease such risk, education of the project manager shall be well organized.
The proposed evaluation system of management level and education program of the project
manager will fulfill the needs of the related entities.
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Fu Shufang

Numerical Simulation of Polymeric Liquid
Crystalline Flows Under the Magnetic Field

After development of ultrahigh strength polymeric liquid crystalline fibers, which
are made of liquid crystalline polyamides, intensive research efforts have been achieved
to enhance the performance of polymeric liquid crystalline materials. The performance,
such as tensile strength and modulus, strongly depend on the orientation configuration
of constitutive molecules. For example, radial and onion structures are found in the liquid
crystal polymer (LCP) fibers. These orientation structures are mainly formed in the
processing, where the melted materials flow into dies, and remain in the final products.
To optimize the processing of the LCP products, it is useful to know the relation between
the flow and the molecular orientation of LCPs.

The relation between the process and properties has long been recognized. A variety
of computer simulations predict mold Tfilling flow and fiber orientation in
injection-molded parts. However, there is no research on the extensive controlling of the
orientation configuration of LCP molecules during the processing. At present, the
processing conditions are empirically decided. Therefore, the performance of LCP products
only reaches about 10% of theoretical value because of defects or disorders. In order to
make an improvement on the performance of the LCP materials it is necessary to investigate
the results how the director is controlled by applying appropriate external field in the
processing.

This dissertation contains four chapters. The main study discussed in this
dissertation is divided into two parts: 1) the effect of the magnetic field on the director
confined into the shear plane; 2) the effect of the magnetic field on the director including
out-of-plane case. Chapter 2 and 3 give out the main simulation results. A brief description
of each chapter is given blow:

Chapter 1 presents the general introduction required by this dissertation. It includes
the basic knowledge about low molecular liquid crystals (LCs) and LCPs, as well as the
theory required to study the LCPs flows under magnetic fields of simulation.

Chapter 2 presents the effect of the magnetic field on molecular orientation of nematic
LCPs under simple shear flow when the director is confined into the shear plane. The Doi
theory is used including the potential caused by the magnetic field, which is solved
directly without any closure approximations. Numerical simulation results that the
magnetic field is along the x-axis and the y~axis are presented and discussed. In addition,
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the effect of length of molecules is also considered in this part when the magnetic field
is applied along the x-axis and the y-axis.

Chapter 3 presents the simulation results and discussions for out-of-plane case under the
magnetic field and the simple shear flow. The Doi theory also is used in this case, where
the asymmetry of the probability distribution function with respect to the shear plane
is allowed. A log-rolling orientation state is detected at low shear rates depending on
the initial condition of the probability density function of the molecular configuration.
The comparison between the scalar parameter S and A is also discussed in this chapter.
Finally in order to check the effect of the molecular length the simulation results for
£=0.9 are also represented.

Chapter 4 presents conclusions throughout this study. In this chapter, we mention about

the native of the magnetic field on the LCP flows. Also, the efficient way to control the
LCP molecular configuration under the flow is proposed.
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Hou Xiaohong

Development of a New Signling Methodology for
Anion Recognition

The thesis deals with studies on development of a new signaling methodology for

anion recognition. Host 9 having a bicyclic guanidinium ion subunit as an anion binding
site and host 10 being quite simple and commercially available 4-(#,A-dimethylamino)-
benzoic acid, both of which possessing 4-(#, A-dimethylamino)benzoate (DMAB) group,
are investigated to clarify the complexation behavior of them toward a variety of
monovalent or divalent anions with trigonal planar, tetrahedral, dual-tetrahedral, or
octahedral geometry by means of 1H NMR, UV-vis, CD, and/or fluorescence

spectroscopic studies. The versatility of the DMAB group as a signaling subunit and the
availability of host 10 as a new class of chormogenic and fluorogenic host for anion
recognition are discussed.

First, complexation behavior of host 9 with a variety of anions was studied by
means of 1H NMR, CD, and fluorescence spectroscopy. Divalent anions, S04

2-, HPO4

2-,

H2P207

2-, and AMP2-, as well as monovalent anions, Cl04

-, NO3

-, BF4

-, HSO4

-, PF6

-, and

H2P04

-, were selected as tetrabutylammonium (TBA) salts, all of which are potentially
able to bind to the guanidinium ion moiety.

1H NMR spectral titration experiments were carried out in CD3CN at 25 ° C. The
chemical shift changes of aromatic protons (H7 and H8) and A~methyl proton (H11)
were monitored during the titrations. Host 9 showed stepwise 1:1 (host 9 : anion) and
2:1 complexation with divalent anions (S04

2-, HPO4

2-, H2P207

2-, and AMP2-) and 1:1

complexation with monovalent anions (CI04
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-, NO3

-, BF4

-, HSO4

-, PF6

-, and H2P04

).

The binding constants between host 9 and the anions were determined in terms of
non-linear least square curve fitting approach. Divalent anions showed much larger
binding constants (S04

2-: log A1:1 = 6.2, log A2:1
2-: log A1:1 = 6.2, log A2:1
4.9, H2P207

2-: log A1:1 = 4.4, log A2:1 = 1.8, AMP2-: log A1:1 > 7, log A2:1 > 5) than the
monovalent anions (log A1:1 > 2), except for H2P04

- (log A1:1 = 4.4). Therefore, the

guantitative complexation information provided by the DMAB signaling subunit in 1H
NMR titrations demonstrated that host 9 had strong complexation ability and high
selectivity toward divalent anions, S04

2-, HPO4

2-, H2P207

2-, and AMP2 having a

tetrahedral array of oxygen atoms over monovalent anions, Cl04

-, NO3

-, BF4

-, HSO4

4.7, HPO4

and PF6

-, except for H2P04.

In CD titrations, the exciton chirality method was applied to investigate not only
the complexation behavior of host 9 toward anions but also the absolute configuration
of the 2:1 complexes generated by host 9 and divalent anions (S04

2-, HPO4

2-, H2P207

2-,

and AMP2-) in CH3CN. CD titration profiles of host 9 by S04

2-, HPO4

2-, and AMP2-

were so different from those by H2P207

2- and H2PO4

-, even all of which have strong or

relatively strong affinities to host 9. That is to say, S04

2-, HPO4

2- and AMP2- exhibited

typical negative first and positive second Cotton effect peaks, whereas H2P207

2- and

H2P04

- showed simple CD intensity decreasing. In contrast, Cl04

- having weak affinity

to host 9 showed almost no CD intensity change. Moreover, in the 2:1 complex, there
are two stereochemical possibilities in the complexation mode. One is that the two
DMAB groups are placed counterclockwise from the front-to-back, whose chirality is
negative. The other is that the two DMAB groups are placed clockwise, whose chirality
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is positive. The observed negative first and positive second Cotton effect peaks in the
2:1 complexes of host 9 with divalent anions (S04

2-, HPO4

2-, and AMP2-) clearly

indicated that the spatial array of the two DMAB chromophores in the 2:1 complexes
was negative (counterclockwise) rather than positive (clockwise). Thus, the
combination of the DMAB signaling subunit and the chiral guanidinium binding site
allowed us to understand the detailed complexation information and the absolute
confirmation of the 2:1 complexes between host 9 and the divalent anions in CD
titrations.

Fluorescence titration experiments were performed in CH3CN. The DMAB

signaling subunit in host 9 showed dual fluorescence emissions from LE (locally
excited) and TICT (twisted intramolecular charge transfer) states. Quenching behavior
of LE and TICT intensity of host 9 upon titrations by the divalent anions was
remarkably different from those by the monovalent anions. The dual fluorescence
behavior of host 9 upon complexation with S04

2-, HPO4

2-, H2P207

2-, and AMP2-, all of

which have strong or relatively strong binding affinities to host 9, indicated the
successive formations of 1:1 and 2:1 complexation, while host 9 exhibited 1:1
complexation with Cl04

-, NO3

-, BF4

-, HSO4

-, PF6

-, and H2P04

-, all of which have weak

or relatively weak affinities to host 9. These results are highly consonant with those
obtained in 1H NMR titrations. On the other hand, the active participation of the
lipophilic countercation such as TBA and/or the hydrophilic residue in AMP increased
and/or decreased, respectively, the LE and TICT intensity in the 1:1 complexation via
changing the microenvironmental polarity around the DMAB signaling subunit.
Therefore, the unique dual fluorescence feature of the DMAB signaling subunit in host
9 upon complexation with a variety of anions demonstrated not only the quantitative
binding information about stoichiometry but also the roles of lipophilic countercation
such as TBA and/or the hydrophilic residue in AMP.

The investigation, therefore, clarifies the scope and limitations of the DMAB
signaling subunit in host 9 on complexation with a variety of anion and finds out that
the DMAB group is a versatile signaling subunit for anion sensing in terms of 1H NMR,
CD, and fluorescence spectroscopic studies.

Second, commercially available 4-(/, A~dimethylamino)benzoic acid (10) as a new

class of chromogenic and fluorogenic host was directly applied for anion recognition.
Divalent anions, HPO4

2-, S04

2-, and H2P207

2- and monovalent anions, H2P04

-, NO3

BF4
-, Clo4
-, HS04
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-, and PF6

-, were selected as TBA salts. The scope and limitations as

well as the versatility of the DMAB signaling subunit upon complexation with the
anions were investigated by means of UV-vis and fluorescence spectroscopic studies.
UV-vis titrations were carried out in CH3CN to know the complexation behavior

of host 10 toward a variety of anions. The UV-vis titration profiles of host 10 with
HPO4

2- and S04

2- were obviously distinguished from those with the monovalent anions

(H2P04

-, HSO4

-, Clo4

-, BF4

-, PF6

-, and NO3

-) and H2P207

2-. The decreasing absorption

monitored at 309 nm along with the increasing one monitored at 275 nm upon addition
of HPO4

2- and S04

2- were observed, while the absorption changes at the two

wavelengths were quite small upon addition of the monovalent anions and divalent
anion, H2P207

2-. Host 10 exhibited 2:1 complexation stoichiometry with HPO4

2- and

S04

2- and 1:1 complexation stoichiometry with monovalent anions (H2P04

-, HSo4

Cl104

-, BF4

-, PF6

-, and NO3

-) and H2P207

2-. The binding constants of host 10 with

divalent and monovalent anions were measured in terms of non-linear least square curve
fitting approach. HPO4

2- and S04

2- showed quite larger binding constants (log A2 > 10)

than the monovalent anions and H2P207

2- (log A1 = 3.4-4.8). The combination of the

basicity and negative charges of anions played a crucial role in affecting the affinity
and

selectivity of host 10 with anions. Therefore, the aromatic DMAB signaling subunit
provided detailed complexation information such as complexation stoichiometry and
binding constants in UV-vis titrations.

In fluorescence titrations, host 10 exhibited dual fluorescence of LE and TICT
emissions in CH3CN by excitation at 300 nm. The LE and TICT titration profiles of host
10 with HPO4

2- and S04

2- were quite different from those with the monovalent anions

and H2P207
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2-. In particular, the titration profiles of host 10 observed at TICT emission
turned out to be quite similar to those obtained in UV-vis titrations. The complexation
stoichiometry of host 10 with HPO4

2- and S04

2-, namely, was turned out to be 2:1, while

host 10 showed 1:1 complexation with H2P04

-, HSO4

-, Clo4

-, BF4

-, PF6

-, NO3

-, and

H2P207

2-. These results are consistent with those obtained in UV-vis titrations. In
addition, the Stern-Volmer plots of host 10 at TICT emission showed sigmoidal and
monotonic increasing profiles upon titrations with HPO4

2- and S04

2-, respectively, while

almost linear profiles with the monovalent anions and H2P 20 7

2-

wereobserved.

Therefore, the dual fluorescence behavior and the Stern-Volmer plots also indicated that
host 10 possessed strong affinities and high binding selectivity toward divalent anions
(HPO4

2- and S04

2-) over monovalent anions (H2P04

-, HS04

-, Clo4

-, BF4

-, PF6

-, and

NO3

-) and H2P207

2-.

The investigation demonstrates that simple and commercially available

4-(N, N-dimethylamino)benzoic acid (10) is capable of being a new class of anion host
and the DMAB group is a versatile signaling subunit for anion sensing by means of
UV-vis and fluorescence spectroscopic studies.
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Yan Lei

Rapid Determination of Iron Sulfide Content in the
Sludge of Bay and Lake by Electrochemical Methods

Water pollution, owing to its strong impact on the biosphere, is one of the primary
concerns among the environmental problems. To remedy the polluted water resources,
researchers realize that more attentions should be paid to the sediment pollution. lron
sulfide is an important reductive pollutant in the sediment of water-body, such as a bay
and a lake. The existence of iron sulfide has harmful influence upon the aquatic ecosystems,
so that it is essentially necessary to monitor the iron sulfide content in the sludge of
sea and lake. However, conventional chemical analysis for the determination of iron sulfide
in the sludge has several disadvantages, such as tedious sampling, complicated procedure,
long analysis time as well as energy-consuming.

In this thesis, we propose a new technique to determine the iron sulfide content in
the sludges of bay and lake by electrochemical methods with twin-electrode, including
conductometry, electrolysis and chronoamperometry. Compared with the conventional
chemical method, the new technique has several advantages, such as easiness of on-site
measurement, simple and rapid operation, as well as energy-saving.

Since lIron sulfide is slightly soluble in the water, it is difficult to directly
determine its content by electrochemical method. However, cyclic voltammetry suggests that
after electrochemically oxidation, iron sulfide in the sludge can be oxidized into soluble
ferric ion. This provides a possibility for measurement of iron sulfide by electrochemical
method. We study the dependency of generation of ferric ion on the oxidation condition,
such as potential and time for the oxidation of iron sulfide. It was found that oxidation
potential of 2V (vs. SCE) and oxidation time of one minute were more suitable for the
electrolysis of iron sulfide.

To determine the concentration of ferric ion, we proposed a novel technique which can
simultaneously determine the diffusion coefficient and concentration of reversible
electrochemical active species by chronoamperometry with twin electrode. With this method,
the concentration of ferric ion, which is generated from the electrolysis of iron sulfide,
can be rapidly determined by chronoamperometry with the same twin electrode as that for
electrolysis. We found a linear relationship between the concentration of ferric ion and
the iron sulfide weight percent in a sludge. According to this linear relation, namely,
the second calibration curve in this thesis, we can evaluate the iron sulfide weight percent
in the sludge from the concentration of ferric ion by electrochemical method.

Usually, the content of pollutant in a wet sludge should be evaluated by the content
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of pollutant in the dry solid component of the sludge. For determination of solid content
in a sludge, dry-weight method is the routine method, but it has many shortcomings, such
as long time (ca. 6 hours) and high temperature (105~110 °C) for drying, which are
disadvantageous to the on-site rapid monitoring of pollutant. As to this point, a novel
conductivity method that corresponds to the first calibration curve is proposed for the
determination of solid content in the seabed sludge.

According to the two mentioned calibration curves, we develop a new technique to
determine the iron sulfide content in the solid component of a seabed sludge by
electrochemical method with twin electrode, including conductometry, electrolysis, and
chronoamperometry. When applying the technique to the artificial seabed sludge, we
obtained good agreement between the measured value and the reference value by preparation.

We intend to apply this technique to the determination of iron sulfide in the sludge
of a lake. However, the concentration of electrolyte in the lake is extremely low. This
is disadvantageous to the electrochemical method. The solution to the problem is adding
electrolyte to the lake sludge. We found that after adding electrolyte to the sludge sample,
the first calibration curve was also applicable to the determination of solid wth by
conductometry. Furthermore,
adding electrolyte was found 12
little effect on the
chronoamperometry itself for
determination of ferric ion
within the surveyed range of
electrolyte level. However,
it was found that the
electrolysis of the 1iron
sulfide was dependent on the
concentration of electrolyte
in the sludge. Usually it is
difficult to evaluate the
concentration of electrolyte
in the sludge. Herein, we 0 .
found that the oxidation of 1 2 3 4 5 6 7 8 9 10 11
iron sulfide is directly
proportional to the specific
electrical conductivity of B Chemical analytical method (FeS)

the disperse medium rather O Chemical analytical method (FeS))
than the concentration of

electrolyte in the sludge, so
that we can rapidly evaluate Figure 1. Comparison between the chemical analytical method and the
the coefficient in the second electrochemical method for the determination of iron sulfide content in the

calibration curve from the seabed sludge from Uranouichi Bay.

conductivity of disperse

medium. In this case, a

method is proposed to determine the iron sulfide content in the lake sludge. When applying
the method to the artificial freshwater sludge, the measured iron sulfide content agreed
well with the reference value.

=
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We further applied the proposed methods to the real environmental sludge from the
Uranouchi Bay and the Kasumigaura Lake, but deviations were observed between the measured

iron sulfide content by the proposed
electrochemical method and that by the
conventional chemical method. We found
this is due to the existence of iron
disulfide (FeS,), which has different
oxidation state from iron(ll) sulfide
(FeS) in the sludge of sea and lake.
Iron disulfide vresponses to the
electrochemical method as same as
iron(11) sulfide, so that the measured
iron sulfide content in fact includes
the total contents of FeS and FeS,,
whereas the employed chemical method
only measures the content of FeS. After
considering this point, we obtained
good correlation between the two
methods as shown in Figure 1 and Figure
2, suggesting that the proposed
electrochemical method is reasonable
to be applied to the determination of
total content of iron sulfide in the
real sea and lake sludge. More

10

of thedudge/ mgg ™

I'ron sulfide content in solid component

|

4

lis.

Sampling points

M Chemical analytical method (FeS)

5
O Chemical analytical method (FeS;)

Electr ochmica method by twin el ectr ode

Figure 2. Comparison between the chemical analytical method
and the electrochemical method for the determination of iron
sulfide content in the freshwater sludge from Kasumigaura
Lake.

importantly, the proposed electrochemical method makes it possible to achieve the on-site
measurement of iron sulfide, which is quite useful to the protection of water environment.
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Yu Xiaoyan

An Adaptive Block Truncation Coding Scheme and Its
Data-Driven Parallel Implementation

In this dissertation, an adaptive block truncation coding (ABTC) scheme suitable
for highly-parallel software implementation is proposed. ABTC is one of extended schemes
of the original block truncation coding (BTC), but it introduces a new classification
approach for adaptive coding and differential pulse coding modulation (DPCM). Furthermore,
its highly-parallel data-driven software implementation is discussed to realize real-time
video applications on small and low-power ubiquitous devices.

In the proposed ABTC scheme, two optimal threshold values are introduced to identify
a luminance block image as uniform block, normal block, or patten block. One is the sample
first absolute central moment (AM), which denotes the dispersion from the mean value in
a 4x4 pixel block; another is the mean of absolute errors (MAE) between the original pixel
values and their decoded data in every block image, which is computed with the simplified
absolute moment block truncation coding (SAMBTC). In order to achieve a better trade-off
between the image quality and computational complexity, different coding approaches are
employed to compress/decompress three sorts of block images. Moreover, to improve the
compression efficiency, DPCM is utilized to remove the redundancies existing in the intra-
and inter-frame by variant prediction methods with the negligible image distortion.

In the data-driven parallel implementation, the following techniques are utilized
to achieve a high-throughput performance. First, hierarchical parallelism inherent in the
ABTC scheme is exploited to shorten the critical path of the history sensitive process
(HSP). Second, the computational complexity is decreased by taking full advantage of the
compound operators involved in the current instruction sets. Also, associative temporal
memories are used to realize the distributed computation. Third, the SIMD-type
(single-instruction-multiple-data) packet is employed to accomplish the data-level
parallelism (DLP) and to decrease the pipeline processing load. Finally, static load
balancing is discussed for the scalable implementation on the available processing
resources such as processors and memories.

Experimental evaluations of the proposed scheme were performed using standard video
sequences depicting variant amounts of motion and background activity. The results
i llustrate that the proposed scheme can achieve reconstructed image sequences up to around
37 dB with 60 compression ratio. Compared with previous scheme, over 1 dB image quality
gains can be obtained with the identical compression ratio. Furthermore, evaluation result
of DDMP implementation shows over 60 VGA frames per second on average, which is around
twofold as many as that of previous scheme.
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An overview of the chapters is given here. The first chapter covers the research
background and motivation, followed by a discussion of requirements to realize a fast
coding on flexible SoC. In chapter 3, the proposed adaptive block truncation coding scheme
and its data-driven highly-parallel software implementation are described in more detail.
A series of experimental results are illustrated in chapter 4. Finally, a conclusion and
future work are given at the end of this dissertation.

Chapter 1 describes the research background and motivation. The first section
introduces the video coding applications, main issues and metrics to evaluate a codec
system. Then the existing video coding algorithms and their implementation approaches are
reviewed, followed by the motivation of this research. Finally, the research framework
is given in the last section. In section 1.1, a variety of applications of video
communication system containing real-time conversational services over the wire or
wireless network are first illustrated. Next, one of main issues to broaden the
applications of video communication system, that is, high hardware cost is explicated.
After that, one of alternative solutions for addressing this issue, system on chip, is
described. In addition, the metrics to evaluate a codec system such as hardware and
development cost and system flexibility as well as power efficiency are discussed. In
section 1.2, the existing modern coding algorithms targeted at the various applications
including the coding standards, block truncation coding, fractal image coding, and vector
quantization, are reviewed. Moreover, the advantages and disadvantages of these coding
algorithms are discussed in terms of the trade-off between the coding efficiency and
complexity. In section 1.3, the existing video implementation techniques containing
general programmable processors, media processors, reconfigurable processors and
dedicated hardware (Full custom LSI), are reviewed. Moreover, their advantages and
disadvantages are discussed concerning the processing power, power efficiency and
flexibility.

Chapter 2 discusses the requirements for a fast coding on the SoC in conjunction with
the promising existing algorithms and programmable processors. The introduction of this
chapter is first provided, followed by the discussion of one requirement, a simple and
efficient coding scheme. Next, the other requirement, a fast and parallel software
implementation platform, is analyzed with the programmable processors. In section 2.1,
the requirements to realize a fast coding on SoC including a simple and efficient video
coding scheme suitable for parallel software implementation and a parallel software
implementation platform are given. The existing promising coding schemes and programmable
platforms are illustrated. In section 2.2, the techniques about how to simplify the coding
schemes capable of better trade-off between the coding efficiency and computational
complexity are discussed at first. Next, the existing promising variances of original BTC
scheme are described in detail, followed by the discussion of the issues existing in the
current promising coding schemes. In section 2.3, the software implementation techniques
for realizing a fast coding on SoC are discussed in corporation with the examples of typical
multimedia processing architectures. First of all, the existing implementation techniques
for obtaining a fast and parallel software-based coding are presented. Next, the current
promising software implementation platforms are illustrated with the state-of-art
multimedia processors and microprocessors with the multimedia instruction sets. Finally,
the inherent issues of the existing software implementation techniques are analyzed. This
analysis justifies the need for a more promising platform which can meet the need for
low-power, area, and cost-effective implementation for a flexible codec system on
programmable SoC. In section 2.4, a summary related to the requirements for a fast coding
on flexible SoC is provided in connection with the discussion of a promising software
implementation platform for future embedded applications.

Chapter 3 details the proposed adaptive block truncation coding scheme (ABTC) and
its data-driven parallel implementation. The motivation to present ABTC scheme on
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data-driven processing system is explicated at first, followed by the detail description
of the proposed ABTC scheme. After that, its data-driven highly-parallel implementation
is discussed to realize a real-time coding on a data-driven multimedia processor. In
section 3.1, the motivation of the proposed ABTC scheme and its data-driven parallel
implementation are described concisely in combination with the analysis of existing issues
in the current coding algorithms and programmable implementation techniques. The
motivation of the proposed ABTC is to reach a better trade-off between the reconstructed
quality and computational complexity than the existing coding algorithms. Otherwise, the
motivation of the data-driven parallel implementation is to obtain a better throughput
performance and power efficiency. In section 3.2, the intra-frame coding of the proposed
ABTC scheme is first described. The original idea of the proposed ABTC is to realize an
adaptive coding based on the local image characteristic. So that the desired bit rate can
be obtained with the negligible image distortion. Moreover, a square root quantization
method used to encode the pattern blocks is presented. Finally, a simple BTC-based
inter-frame prediction is introduced to remove the redundancies inherent in the
consecutive frames. In section 3.3, the details regarding data-driven parallel
implementation are described to enable a real-time coding on a data-driven multimedia
processor. First, the pipelined parallelism and concurrency inherent in the proposed
scheme is parsed in a hierarchical way. Second, the pipelined parallel implementation is
explicated with an example of history sensitive process, Mean module. Third, concurrently
parallel implementation is illustrated with a typical example of history sensitive process,
the sample first absolute central moment (AM). Fourth, memory management is discussed to
diminish the capacity requirement by compact of the scattered moment data and division
of each 16-bit map data into double 8-bit data for lookup-table implementation. Moreover,
memory management for scalable implementation of intra-frame coding is depicted. Last,
the load balancing for data-driven multiprocessor encoding systems is discussed to obtain
the scalable performance. In section 3.4, the features of the proposed adaptive BTC are
discussed with a comparison of existing adaptive compression coding algorithm (ACC). The
difference between the proposed ABTC and ACC is analyzed, and the superior features of
ABTC to ACC are presented. Moreover, the significant features of data-driven processors
different from Von-Neumann type processors are parsed. Those features, data-driven scheme
and self-timed super-pipelined circuit, empower a better throughput performance and power
efficiency than the centralized control-driven one.

Chapter 4 illustrates the experimental results of the proposed ABTC on data-driven
multimedia processor (DDMP). In this chapter, the proposed ABTC scheme was evaluated from
intra-frame and inter-frame coding by virtue of various benchmark images and standard video
sequences. Moreover, rate-distortion performance (i.e. image quality and bit rate) and
frame rate as well as the response time are utilized as measurements. First, the image
quality of the proposed ABTC with the variable compression ratio is measured using three
standard video sequences. The rate-distortion evaluation shows that the proposed ABTC is
more suitable for the semi-motion pictures due to the 37 dB image quality with 0.4 bit
rate, which can be observed in several applications such as person-to-person
teleconference and remote surveillance. Moreover, the throughput performance and response
time of DDMP implementation is evaluated. Two types of data structures are exploited and
used in this experiment. It can be derived from the experimental results that the
block-order input data is superior to scanline-order one due to twofold frame rate of the
former one as many as that of the latter one. Moreover, response time of the block order
is independent of the image size while that of scan-line order is increased along with
the enlarged image. Thus it can be concluded that the block-order input data is more
suitable for data-driven parallel implementation of ABTC scheme.

Chapter 5 summarizes the research work and presents the future perspectives. In this
research, a fast and efficient video coding scheme and its data-driven parallel
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implementation have been presented for semi-motion picture applications. The experimental
result has proved its coding effectiveness and efficiency. Moreover, the data-driven
parallel implementation shows around VGA 60 /s on average. These results illustrate that
the proposed scheme implemented on data-driven processors can realize real-time coding
with good video quality. In my future work, the coding efficiency of the proposed ABTC
scheme will be further improved by a binary block partitioning method with variable-size
block matching. Moreover, a circuit implementation for the proposed compound reference
instruction of the line-buffer will be performed, and then a practical video coding system
on USB-DDMP will be established. Furthermore, a fast 3-D image and video coding scheme
suitable for data-driven parallel implementation will be exploited based upon the proposed
ABTC scheme.
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Rajendra Niraula

Integrated System for Human Resource and Infrastructure
Development in the Developing Countries

1. Introduction:

Infrastructure development in the least developed countries is in very dismal situation.
The least developed countries Nepal and Cambodia are still striving for basic
infrastructure like roads, water supply, sanitation, power, and communication. The
construction industry is comprised of large number of small contractors with insufficient
trained technical manpower along with low financial and technological capability, and
still remains in a tiny executor’ s position. The results have been the delay, variations
and poor quality of works in public infrastructure development which can no longer boost
the socio-economic development. For example, economy of the agro-based countries like
Nepal and Cambodia cannot be boosted without efficient irrigation and transport
infrastructure. The construction industry in these countries has not established the
systems for appropriate human resource and technology development. Universities and
industry are working independently.

Moreover, official development assistance (ODA) which is the largest financial resource
for socio-economic infrastructure development in the least developed countries, has not
been effectively utilized in improving the quality of higher education in order to develop
appropriate human resource and technology locally in the developing countries.

The purpose of the study was to:

" to identify the causes of inefficient delivery of infrastructure development
project and the poor performance of local construction industry in the developing
countries,

. to investigate if the existing civil engineering human resource and technology
development system is appropriate for domestic infrastructure development,

" to investigate if the existing ODA implementation system is effectively supporting

the local industry in order to develop appropriate human resource and technology for
infrastructure development in the developing countries, to solve the problem, propose
an integrated system for Human Resource and Infrastructure development for the least
developed countries in order to fulfill the demands for human resources and
technologies required for nationwide infrastructure development in the developing
countries,

" to recommend how the new system would offer the Japanese construction industry
opportunities to improve the competitiveness of the Japanese human resources in order
to increase the international construction/consulting market share.
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2. Methodology

Literatures review, survey, interviews and field visits were done to investigate the actual
situation and needs of the least developed countries Nepal and Cambodia. The situation
was analyzed and compared with the developing stage of Japan. The integrated system was
developed by integrating university functions, infrastructure development and foreign
assistance in the developing countries.

3. Findings and Achievement of the Research

3.1 Infrastructures and Poverty in the Least Developed Countries

The basic infrastructures in Nepal and Cambodia are very limited. The urban population
of Nepal and Cambodia were only 15% and 18.6% in 2003 respectively. Only 16 and 27 % of
the population until 2002 had the access to improved sanitation in Cambodia and Nepal
respectively. Similarly, the telephone mainline per 1000 people in 2003 was only 3 and
16 respectively in Cambodia and Nepal . The road density of 10.8 km per 100 square ki lometer
in Nepal is among the lowest in the Asia. Still 17 district head quarters in Nepal are
not connected with the motorable roads. Likewise, large part of the country in the rainy
season remains isolated due to lack of bridges and appropriate roads in Cambodia.
Moreover, the population living below $1 per day (1990-2003) in Cambodia and Nepal were
respectively 34.1 and 37.7 % with as many as 36.1 and 42% were below the national poverty
line. The access to infrastructure for the poor is extremely limited. According to the
income groups, only 3 % of the lowest income earning, 25 percent households in Nepal enjoy
the services of electricity with as much as 12 % of total households do have access to
the blacktopped road within half an hour distance.

Major part of the cost of infrastructure in the least developed countries is being financed
through foreign assistances. More than 50 % of the whole development expenditure in Nepal
and 75% of the capital formation in infrastructure development in Cambodia had been
supported from foreign aid. Despite the large investment in the infrastructure there is
insignificant economic growth in Nepal.

In the early period, project planners, designers, skilled tradesmen were brought from India
for the execution of infrastructure development projects in Nepal . The traditional project
delivery system has been the major delivery system for the public infrastructure
development in Nepal and Cambodia. Weak political and legal environment, lack of motivation
for working, lack of appropriate human resource and technology development system, lack
of checks and balances, and inefficient decision making in infrastructure development were
the major problems in the clients. Nearly 90 percent of the civil engineers were one-degree
graduates who lack the required construction management skills to deliver the projects
efficiently. The construction engineers were not familiar with many of the construction
management skills like time, cost & quality management, procurement, etc. Only several
projects were completed within planned resources. In addition the public works in Nepal
and Cambodia were characterized by delays, cost overrun and poor quality of works.
3.2 Human Resource Development

The quality of the labor force in Nepal and Cambodia is very poor. More than 80 percent
of the whole workforce in Nepal had attained up to primary level education with as many
as 60 percent had never attended any education. Likewise, the 75 % of the workforce in
Cambodia had gone for up to primary education with nearly 20 percent had not attended any
school. Although the skilled construction workforce category includes the engineers,
technicians and craft persons, the percentage of the engineers in the construction
workforce in Nepal is very low. Less than 1% of the whole construction workforce in 2001
was registered civil engineer in Nepal, where as 44% and 21 % were the registered
construction engineers respectively in the Japanese and Korean construction industry in
2004.

Although the tertiary education is the major source of skilled workforce, the graduates
in Nepal and Cambodia could not acquire the practical skills from university education.

87



Textbook knowledge imparting and the mechanical testing of theoretical knowledge is the
domain of the education system. The civil engineering education does not also emphasize
on the application of the engineering to the societal problems, rather encourage students
to remember the theories and textbooks. Further, the graduates in the civil engineering
in Nepal and Cambodia were poor in construction and project management, and did not have
sufficient practical skills. However, the construction industry is demanding the graduates
with hands on knowledge and skills in construction and project management. The human
resource and technological strength of universities were also very poor, and hold about
50 % of the faculties with undergraduate qualification. Further, the universities lack
research facilities, and are not involved in technological development and innovations.
Moreover, the universities and industry are working independently, and there does not exist
an evident linkage between them. Further, no industry professionals were involved in the
educational activities. The industrial needs are not fed into educational system. This
resulted in to the inadequateness of the quality of education to fulfill the demands of
the industry. Universities further lack sufficient number of faculties who have practical
experience and enough capacity to deliver industry-oriented education and to conduct
researches. The applied education including the civil engineering could not deliver the
judicious combination of theory and practice in the university education. The professional
practice area covers less than 6 and 9 % in the civil engineering in Nepal and Cambodia
respectively. Thus, the civil engineering education in these countries contains much less
than required knowledge areas in the construction and project management. This resulted
in to the poor quality of the construction engineers. The existing civil engineering
education could not enable the construction industry able to enhance the capacity and
deliver the development projects efficiently.

3.3 Official Development Assistance and its Implications in the Developing Countries
Official Development Assistance (ODA) is the official transactions which were made with
the main objective of promoting the economic and social development of developing countries
and the financial terms of which were “ intended to be concessional in character and
contains a grant element of at least 25 per cent” . There are 23 members in the DAC.
Japan is the largest donor to the countries which were taken as the representative of the
least developed countries in this study. Japan’ s official development assistance (0DA)
is classified into three types: i) bilateral grants, ii) bilateral loans, and iii)
financial subscriptions and contributions to international organizations.

Technical cooperation includes: (1) the dispatch of experts, (2) the acceptance of trainees,
(3) the provision of equipment and materials to facilitate technology transfer, (4)
project-type technical cooperation incorporating dispatch of experts, acceptance of
trainees and provision of equipment and materials, and (5) the dispatch of the Japan
Overseas Cooperation Volunteers (JOCV).

Bilateral loans are the loans that provide the funds needed for development under long-term
and low interest conditions. These loans provide funds to develop and improve the economic
and social infrastructure necessary to support self-help efforts and sustainable economic
development for developing countries.

Implementation of Japan’ s ODA:

Only Japanese consultants and contractors are allowed to participate in the implementation
of the grant aid projects, and there are no enough opportunities for the local contractors
to participate in the execution. The local contractors are limited to small petty works.
Moreover, the Japanese consultants/contractors could not get opportunities to work with
multicultural people in the multinational teams. This is the one of the reasons for the
poor communication, negotiation and management skills of the Japanese practitioners in
the multicultural environments where mutual mistrust is accepted.

Human resource development in Japan’ s ODA:

Human resource development consists of the dispatch of the Japanese experts and volunteers,
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acceptance of the trainees from developing countries, and providing equipment and
materials to facilitate technology transfer. Until 2002, 5839 Cambodian and 3109 Nepalese
people had received training in different fields in Japan. Human resource development in
Japan’ s ODA mainly provides the clients’ people opportunities for short as well as long
term training in Japan or in third country. Although the developing country Nepal and
Cambodia has put more emphasis on infrastructure development, the participants from the
infrastructure sector were not significant compared to the importance of infrastructure
in the nation building. Only 70 people from Cambodia and 119 from Nepal were trained in
JICA training program in infrastructure sector in between 1994-2002 with as many as 42
from Cambodia in between 1992 to 2002 in transport sector.

Implications of the ODA System:

Although the yen loan is untied in principle, the execution of the projects under the loan
is usually done through the international competitive bidding. The local construction
industry in many developing countries including Nepal and Cambodia does not have sufficient
capital, technology, experience and human resources in order to compete with foreign firms.
Thus the local construction industry in practice does not have access to the foreign
assisted projects.

Moreover, the grant aid projects are insulated in practice as well as in principle. The
execution of the projects under the grant aid is solely responsibility of the Japanese
consultants and contractors. The lump-sum contracts are used for the execution. The client
has mere a role to make necessary arrangement for payments of the work done by the
consultants and the contractor’ s work certified by the consultants. In effect, the client
do have role for the coordination of the local authorities concerned with the project,
and land acquisition for the project rather than the technological management of the
project. The deployment of the local resources is more limited in the grant aid projects.
The capacity improvement of the local industry in the developing countries in such
insulated execution system was insignificant.

Since the use of the local resources in planning, investigation, design and construction
of a facility is limited, there is a little or no opportunity for the technology absorption
in to the local industry. As a result, there is no significant improvement in the
performance of the construction industry in the developing countries. Moreover,
internalization of a technology is further limited in a organization. Since there were
no flow of the human resources across the executing agencies, a technology transferred
to an organization will flow vertically, and no opportunities for the horizontal
dispersion.

The governments as well as donor agencies had not put attention to improve the quality
of in-house higher education in the developing countries. Instead, they are spending a
large sum of money to train a few people in the overseas. The cost of training for the
162 people in Japan was more than 15 percent of the government’ s whole investment in higher
education for more than 150,000 students in Nepal. Similarly, total 70 people from Cambodia
went for training on infrastructure sector in between 1994 to 2002; approximately 8 people
a year where as about 300 new civil engineers in a year were entering to the industry.
Rise in skill level of a few clients’ people where hundreds of untrained people enter
in the industry did not improve the performance of the construction industry.

3.4 Integrated system for Human resource and Infrastructure Development (ISHID)

In contrast to the present situation of Nepal and Cambodia, Japan in her development stage
could develop human resource for nation wide infrastructure development. The engineering
education system established in the Meiji Era was unique in the world. Henry Dyer, a British
engineer, developed the unique education system through the judicious combination of
* theory and practice’ which was not seen at that time elsewhere in the world. The
engineering education was designed for 6 years curricula. The first two years were spent
entirely at college; during the next two years, six months of each year were spent at college
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and six months in the practice of that particular branch which the student may select;
the last two years were spent entirely in practical work. The system of instruction in
the college was partly professional and partly tutorial, consisting in the delivery of
lectures and in assistance being given to the students in their work. Such education system
could fully satisfy the demands for human resource and technology for nation wide
infrastructure development.

In effect, the concept of “ theory and practice” 1in engineering education was the clue
in the appropriate human resource development required for infrastructure development in
Japan. The least developed countries Nepal and Cambodia could be benefited if a system
were developed with the concept of “ theory and practice” in the applied education
including the civil engineering education. The model for “ integrated human resource and
infrastructure development” developed in this study is shown below.

The basic principle of the ISHID is, appropriate human resource and technology in the
developing countries could be developed if faculties were trained, educational and
research infrastructure were developed and universities were provided opportunities to
involve in the development works. In order to realize the principle in practice, the
proposed ISHID system has been developed with ) universities collaboration, ii) center
of excellence for education and research, and iii) universities’ participation in the
development works.

i) Universities Collaboration

Faculties are the heart of the education, and should have enough capacity to teach and
be able to conduct research in technological development. However, the universities from
the low-income developing countries lack enough number of faculties with hands on knowledge
and skills in infrastructure development areas, and there are no opportunities to acquire
advanced education domestically. Universities collaboration is designed in order to
provide universities (from developing countries) opportunities to enhance the human
resource and technological capacity through training for faculties and technology transfer
from the developed countries. Industrial need oriented universities collaboration would
enable local universities to acquire hands on knowledge and skill to underpin the local
industrial development. The faculties from the developing countries should be trained in
the areas which could help produce the graduates, train practitioners and develop
technology appropriate for the efficient domestic infrastructure development. For
instance, Nepal and Cambodia were in need of the appropriate human resource and technology
for infrastructure planning, design and construction.

The collaboration between the Kochi University of Technology (KUT), Japan and Institute
of Technology of Cambodia (ITC) is the industry oriented universities collaboration. KUT
has provided ITC faculties to study in concrete technology and management in order to
enhance the capacity of ITC in construction materials and management in order to enable
ITC able to deliver education and training the graduates and practitioners on construction
materials and management.

ii1) Center of excellence for education and research

A center of excellence for education and research (COE&R) is a non-profit making
organization established at a university. The center comprises of trained faculties, and
industry professionals are invited as needed for education, research and development. The
management and business of the center is made free from the governmental bureaucracy to
reduce the control over knowledge creation and academic freedom. In order to develop
appropriate human resources, technologies and materials, the COE&R establishes research,
training and production facilities. In effect, the establishment of COE&R at the
universities is to consolidate the scattered human resources and knowledge, to make
integrated theory and practice in the university education, and develop appropriate
technologies for infrastructure development. The major activities of the center will be
1) education and training, 2) production of special materials, 3) research, and 4)
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professional services. The COE&R would enable universities to feed industrial activities
and needs to the education, to establish a linkage with the industry, to offer graduates
internship and training for practitioners, develop appropriate technology for materials,
construction and management, and deliver integrated professional services.
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iii) Universities’ participation in the development works.

The involvement of the universities through human resources such as consultants,
construction manager; special materials like high-strength pre-cast/pre-stressed
concrete product like beam, girder; and technology for construction and management would
help improve the performance of the local construction industry. This will encourage
universities to produce more productive industry-oriented human resources, construction
materials and technology for efficient infrastructure development.

The ISHID also provides the Japanese construction industry opportunities to train their
human resources in the multicultural environment. The Japanese graduates as well as
practitioners can participate at the COE&R in the developing countries through the
universities collaboration so that they could experience the multicultural environments
where mutual mistrust exists, and able to enhance their communication, negotiation and
management capacity to improve the international competitiveness in the global
construction market.
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The responses of the industry practitioners and universities faculties regarding the ISHID
were col lected through questionnaire survey. The universities and practitioners from Nepal
and Cambodia have praised the system and eager to implement.

3.5 Effectiveness of the ISHID

The outputs of the ISHID are the trained human resources and appropriate technologies.
The effectiveness of the system, therefore, can be measured from the increased skill level
of the work force and availability of the new technology in the local industry. This study
had compared the JICA’ s human resource development system against the ISHID system. The
resources used for 13 Nepalese trainees for 6 months in JICA training program would be
enough for 6 faculties to acquire advanced degree (Ph. D./Dr. Eng.) through universities
collaboration like KUT-ITC, who could be the major resource persons to improve quality
of education in order to produce competent graduates and appropriate technology in the
developing countries. Similarly, the skill index of the civil engineers in Nepal, with
JICA system, in the year 2006, 2010 and 2015 will be 1.00541, 1.00553 and 1.00560
respectively. Where as, with the proposed ISHID system, the skill index in the year 2006,
2010 and 2015 would be 1.00929, 1.01047 and 1.01122 respectively. Thus, the new system,
if implemented in Nepal, would produce for a given resource the construction productivity
(construction GDP per civil engineer) more than the JICA system by 0.09% in 2006, 0.11%
in 2010 and 0.12% in 2015.

3.6 Conclusions

The system would enable the developing countries able to develop appropriate human
resources and technologies from the local universities. The ISHID would provide the civil
engineers opportunities to improve the skill level and develop technology for materials,
construction & management, and consequently improve the productivity in the construction
industry. This would result in to the self-sufficiency in human resource and technology
for infrastructure development in the developing countries. A significant improvement in
infrastructure development efficiency could be achieved in the least developed countries
including Nepal and Cambodia if the ISHID was implemented. In addition, the Japanese
construction industry would also benefit from the proposed system.
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Liang Ning

Effect of Phaeocystis sp. sprayed over deteriorated
soil; a possible method which restores and
fertilizes eroding barren land

Soil erosion is caused by removal of surface materials by wind and/or water, which include
inorganic soil particles, silt, organic matters and soil microbes. Because these surface
materials are essential for vegetation, soil erosion leads directly to land deterioration,
which negatively impacts not only natural environment, but agricultural production and
peoples’ life as well.

D. Zachar reported that the total annual soil loss caused by erosion is 77 billion tons
from 133.68 million km? in the world. China has 3.56 million km?® of soil erosion areas,
accounting for 37% of its total territory. Prevention and restoration of eroding land is
of prime importance in China. In Japan, Takasu village in Gifu prefecture is located in
highland at the origin of the Nagara River, which is famous for its ayu-fish. The farmland
soil in Takasu village has been fumigated every year to ensure radish production. The soil
microbes were eliminated and the soil structure was destroyed, causing a large amount of
silt flow to the Nagara River. The River was polluted by silt which covered the river-moss,
only food for the ayu-fish, and the ayu-fish production has then been threatened.
Studies showed that anionic polyacrylamide (PAM) had some effects on reduction of soil
loss. PAM is synthesized from limited natural gas resource through its monomer, a cancer
inducer acrylamide. It is necessary to seek an environmentally friendly and sustainable
material for soil erosion control.

In order to solve this world-wide problem of soil erosion, an attempt was made to study
the effects of a marine alga (Phaeocystis sp.) sprayed on the soil on reduction of soil
loss and improvement of soil and land condition. Phaeocystis sp. is a unicellular marine
alga encapsulated with a sticky envelope, which has been proved to be a kind of
polysaccharide. The cell is about 4-5u m in diameter; Phaeocystis sp. with the
polysaccharide layer becomes 10-20p m thick in maturity. A preceding observation showed
that when pouring water on the Takasu-soil in pots, the infiltrated water from the bottom
was almost clear when Phaeocystis sp. suspension was sprayed prior, while the water was
turbid if only water had been given instead of the alga suspension. Research has also proved
that the Phaeocystis sp. polysaccharide can be a member of clarifier for muddy water.
Four types of soil were used in the study: a) Takasu soil, abbreviated as Ta soil, clay:
silt: sand = 54:32:14; b) Kanuma soil, abbreviated as Ka soil, clay: silt: sand = 5:26:69;
¢) a mixture of Takasu and Kanuma soil at ratio of 1:1, abbreviated as TK soil, clay: silt:
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sand =40:31:29; d) a mixture of Kanuma soil, Akatama soil and Kahoku soil at ratio of 6:2:1,
abbreviated as KAK soil, clay: silt: sand =12:26:62.

Two modes of experiments were conducted. The one is the firstly, direct effect of alga
spray on silt flow. The other is the secondly, remote or long-term effect of alga spray
on chemical and biological properties in the soil. The overall changes in the total organic
carbon, ATP and respiration were measured.

For the effect of alga spray on the surface silt flow, soil boxes were designed. Ta soil,
TK soil and Ka soil were filled into boxes with the surface area of 250cm? and depth of
15cm. The boxes were tilted at 200, making a slope surface. Soil densities of Ta soil,
TK soil and Ka soil were 1.6, 1.3 and 0.9 g/cm® respectively. A given amount of the algae
suspensions (containing 20 - 160 mg/cm? alga in 150ml water) was sprayed on the soil surface.
Then 3 times of simulated rainfall were applied at intervals of one week. Surface flows
(runoff) of the rain were collected to measure the total volume and their turbidities at
600nm. Results showed that silt concentrations in the surface runoffs from the soil treated
at all given amount of alga were reduced from the first simulated rainfall. After treatments
of 60 - 160 mg/cm? alga, the amount of silt in the runoffs were less than 40% of the control
even after the third simulated rainfall on any of three kinds of soil. The total soil loss
after 3 times simulated rainfalls in treatments of 60 - 160 mg/cm? algae were 17% - 29%
of the control in Ta soil, 12% - 22% in TK soil and 1% - 8% in Ka soil respectively. It
seems that sandy loam soil lost less silt than the clay soil did. Results also show that
there was negligible effect on the total volume of surface runoff in all three soils. This
indicates that alga spray has a favorable effect on prevention of silt loss.

For the effect of alga spray on infiltration, soil columns were designed. One hundred and
fifty grams of KAK soil was tightly packed into a soil column with surface area of 15 cm?
and height of 10cm. 3g of algae suspended in 150ml water were sprayed on the soil surface.
After spraying alga, silt in the outflow from the bottom of the column was also reduced
by 50% of the control.

Distribution of the sprayed alga at a given depth of the soil column was determined by
its chlorophyll. The soil column was cut in parallel to the surface at different depth.
The chlorophyll was extracted with a 3% SDS solution from each soil disc and 0D, of the
extracted solution was measured. The results showed that the chlorophyll of the algae was
found mainly on the top 1 cm of soil disc. The extracted solution was centrifuged at a
low speed (3500 rpm * 3 min) and the turbidity (OD) was measured at 600nm. It was also
found that 0D4y in the top lcm was greatly lower than those in soil disc at other depths.
It is implied that algae sprayed on the soil remains near the top surface of the soil,
makes clots with silt nearby and prevents the silt from flowing out by rain.

The algae treatments not only reduce soil loss but also increase activity of soil microbes.
Four weeks after the soils treated with the alga suspension (containing 20 - 160 mg/cm?
in 150ml water), ATP and respiration activity as parameters of amount/activity of soil
microbes increased. Average amount of ATP in all alga treated soil was increased more than
40% of that in the control. The amount of the soil treated with the alga at 20 - 160 mg/cm?
increased by 16% - 104% of the control in Ta soil, 0 - 102% in TK soil, and 86% - 328%
in Ka soil.

The real-time soil respiration measured with newly invented electronic micro-manometer
showed significant increase in the alga treated soils. The set of apparatus was designed
to measure difference of micro pressure between two connected sealed pots in which the
soil and a KOH solution were placed. The soil in one pot was fed with a glucose solution,
and the soil in another pot was fed with water. The results showed that soil respiration
increase by 11% and 21% of the control in Ta soil; by 0 and 10% in TK soil and increase
by 121% and 172% of the control in Ka soil. It seems that ATP and respiration showed more
significant increase in less nutrient soil (Ka soil). Results show that total organic
carbon did not increase significantly.
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Based on the results above described, the application of Phaeocystis sp. encapsulated with
sticky polysaccharide on soil can reduce silt flow from both the surface and the bottom
of the soil column. The activity of soil microbe can be increased possibly with an aid
of degraded Phaeocystis sp. cells sprayed in the soil. Even on limited types of the soil
texture in this study, promising recovery of eroded soil has been presented under the
condition of Phaeocystis sp. suspension application. The results and significance of the
study could be extended to wider types of soil. The alga with thick and sticky
polysaccharide, once applied on the eroding land, would help to recover vegetation.
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Wang Ying

Development of New CFT Column-CFT Beam Frame Structure
using Self-compacting Concrete
CFT

Concrete-filled steel Tube (CFT) is a kind of composite structure, in which concrete is
cast into the steel tube. Steel members have the advantage of high tensile strength and
ductility. Concrete members have the advantages of high compressive strength and stiffness.
CFT structure combines steel and concrete in one member, which results in a member that
has the beneficial qualities of both materials.

Since 1970, extensive investigations have verified that framing systems consisting of CFT
columns and H-shaped beams have more benefits than ordinary reinforced concrete and steel
systems, and as a result, in the building construction industry, concrete-filled tube
columns are gaining popularity all over the world. Although the use of CFT columns with
relatively thin-walled steel tubes column system has increased over the past several
decades, all of the available information on connection details and design for composite
construction is limited to the connection of CFT column-steel beam or CFT column-reinforce
beam structure; no any research work information on CFT column-CFT beam system structure
are available until now.

The employment of CFT beam can improve the stiffness of whole building, delay the local
buckling of beam and improve fireproof performance of the whole building.

One of the obstacles that prevent CFT structure to be applied to beam is due to the need
of vibrating compaction work of conventional concrete. Conventional concrete is able to
be employed to make CFT column since the vibrating compaction work along vertical direction
is easy to be practiced, whereas, it is difficult to compact the conventional concrete
along horizontal direction in the beam. Therefore, only CFT column system is popularly
used in the present practical applications.

In order to make it possible to apply CFT structure to beam, thus construct CFT column-CFT
beam frame structure, self-compacting concrete (SCC) was proposed in this research. SCC
has the advantage of being able to be compacted into every corner of a formwork purely
by means of its own weight without the need of vibrating compaction. This character of
SCC makes it possible to apply CFT structure to beam.

A good structural system must be evaluated in four aspects; the cost performance, the
fabrication, the quality assurance, and the structural performance. Once a new kind of
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structure is proposed, the most important key point should be considered is whether this
new proposed structure has sufficient properties basing on higher cost performance
compared with existed structure. Thus, in the development of new CFT column-CFT beam frame
structure using Self-compacting concrete, research work were mainly focus on the following
four objectives, building frame design and cost performance analysis, experimental
research on seismic behavior of new CFT Column-CFT beam frame structure, construction
method for new CFT column-CFT beam frame structure and investigation of the new developed
bottom up pumping method using visual model of fresh concrete.

Building Frame Design and Cost Performance analysis

The cost performance was investigated basing on building frame design of 9, 18 and 40-story
unbraced building frames made of both CFT column-CFT beam frame structure and conventional
hollow steel tube-H beam steel structure. Inelastic analysis was conducted using the
structure analysis software STAAD.Pro, which is widely used software for structural
analysis and design from Research Engineers International. In this part of research work,
firstly the behavior of each frame, both new CFT column-CFT beam structure frame and
conventional steel structure frame, under combination of seismic load were analyzed thus
to obtain the strength and ductility demand at different locations in the building.
Subsequently, the dimension of each component member of each frame was decided according
to the analysis results. Finally, the cost of each frame was calculated and compared basing
on the former decided dimensions of component members.

The research work in this part of research program revealed that the story drift angle
of new CFT column-CFT beam frame structure is close to steel structure or smaller than
steel structure in middle high, high-rise and super high-rise building, which indicated
that despite increase of dead weight of the building, the employ of CFT structure in beam
member is able to increase the stiffness of the whole building; the cost estimation result
shows that the new CFT column-CFT beam frame structure is a cost-effective structure
compared with pure steel structure. The building frame cost for the new CFT column-CFT
beam frame structure system would be lower by approximately 10% than that of the pure steel
structure system.

Experimental Research on Seismic Behavior of New CFT Column-CFT Beam frame Structure

According to the former experiences in the building construction industry, one weak point
of the CFT column system is the compactness of concrete around the beam to column connection,
especially in the case of inner and through-type diaphragms, in which the gap between

concrete and steel may be produced by the bleeding of the concrete underneath the diaphragm.

In this research, SCC is proposed to be cast into the CFT column-CFT beam frame structure.

The objective of investigation of compactness quality of SCC was carried out by
experimental work.

One of the most important issues in using the new proposed CFT column-CFT beam frame
structure in construction is identifying a suitable connection detail for connecting CFT
beams to CFT columns. A suitable connection detail should be constructed conveniently by
the fabricators as well as lead to economy of composite construction. The former viewpoints
tend to be neglected by the people in academia. Cooperation with designers and fabricators
will be essential for this research. Furthermore, from the viewpoint of application of
this new CFT system, select a suitable connection detail used between the CFT column and
CFT beam with sufficient seismic behavior is also essential. Different connection details
were designed in this research work. In order to assess the strength and ductility of the
different connection detail, three CFT column-CFT beam subassemblies with different
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connection details were made and tested. The test specimen represented column and beam
in an intermediate story and was subjected to a constant axial load and a cyclic lateral
load. The information gained from this experimental study was used to identify the suitable
connection detail for the new proposed CFT structure. Moreover, one hollow steel tube
column-H beam subassembly also was made and tested in order to compare with the proposed
CFT column-CFT beam structure. Based on the review of previous studies, it was concluded
that the PC bar linked connection detail is the most appropriate detail to achieve the
strength, stiffness, and ductility than other details.

The research work in this part of research program revealed that self-compacting concrete
(SCC) can be successfully compacted into beam tube, which indicates that CFT column-CFT
beam frame can be made by using SCC; the substantial deformation capacity expected was
obtainable in two PC bar jointed CFT column-CFT beam connection specimens. Insufficient
thickness of PC bar flange led to a little larger deformation of PC bar flange. Increase
of the thickness is inferred able to strengthen the connection; the full penetration weld
specimen exhibited higher load capacity and ductility than both the partial penetration
weld specimen and the fillet weld specimen.

Construction Method for New CFT Column-CFT Beam Frame Structure

In the experimental research work, it had been confirmed that self-compacting concrete
(SCC) is able to be compacted into the CFT column-CFT beam subassembly successfully.
However, from viewpoint of practical application for a whole building, the most important
issues in using the new CFT column-CFT beam frame structure system is developing an
efficient construction method which can lead to decrease of manpower, construction cost
and project time.

In this part of research work, according to the structural characteristics of this new
frame structure, a new bottom up pumping method, different from the existing method used
for CFT column system, was developed. This thesis presents the idea of innovation of the
developed the bottom up pumping method. An example of application this new developed
construction method to the 9-story building frame which were designed in the former
building frame design research program, is also described in the thesis in order to show
the advantage of this new construction method.

Amount of mortar in flesh concrete will attach on the inner surface of steel tube during
the whole construction process. This will lead to coarse aggregate concentrate to the
forepart of concrete flow; segregation may occur when concrete flows through horizontal
beam to the adjacent column and drops from top to the bottom of the column. In order to
further investigate the amount of these attached mortars, concrete flow test was conducted
in a steel trough with fresh concrete.

The research work in this part of research program revealed that concrete can be cast only
through several input ports only made on several columns and more than one story frame
can be constructed using the new developed bottom up pumping method. The employ of branch
pipe in this construction method also can decrease the number of pump car. Therefore,
compared with the exited bottom up pumping method for CFT column-Steel frame structure,
the new construction method for the new CFT column-CFT beam frame structure is an efficient
and cost-effective method; the analyses which basing on the concrete flow simulation test
result reveals that segregation will not occur when concrete drop from top to the bottom
of the column during the concrete casting period.

Investigation of the New Developed Bottom up Pumping Method Using Visual Model of Fresh
Concrete

Visual model of fresh concrete experimental work was conducted in this research in order
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to further investigate the flow tendency of concrete in the real building. A 1/4 scale
of subassembly which was made of acrylics plate was made and visual model of fresh concrete
was poured inside the subassembly in order to simulate the real flow tendency of concrete
in the steel tube of column and beam. In the two experiment projects, concrete with superior
properties and inferior properties were simulated by the visual model respectively. The
experimental result intuitively showed that visual model which simulated superior concrete
can be constructed into the column-beam subassembly. The whole flow process of visual model
was smooth and continuous. Coarse aggregate phase and mortar phase kept good combination
situation from the beginning to the end of the flow process; drop of visual model form
top to the bottom of acrylics column did not lead to the occurrence of segregation. Whereas,
in the experimental work which using visual model to simulate concrete with inferior
properties, it was found that segregation between coarse aggregate phase and mortar phase
was occurred soon after the visual model arrived to the bottom of first acrylics column,
the two phase could not keep good combination situation from the beginning to the end of
the flow process, coarse aggregate concentrated to the bottoms of the two acrylics columns
while mortar concentrated to the tops of the two acrylics columns.

The experimental work of simulation fresh concrete flow in steel tube using visual model
indicate that the proposed new developed bottom up pumping method for the new CFT column-CFT
beam frame structure is feasible to be applied on condition that the fresh concrete has
prior properties . The drop of concrete form top to the bottom of column may not lead to
occurrence of segregation; the experimental work also revealed that block may easily occur
due to the inferior properties of fresh concrete. The compacting quality will be strongly
affected due to the segregation occurrence between coarse aggregate and mortar. Pouring
speed also effect the construction result. Lower pouring speed led to earlier occurrence
of block than higher pouring speed; the visual model of fresh concrete can simulate the
flow tendency of fresh concrete, whereas, it can not simulate SCC qualitatively.

The research work on development of new CFT column-CFT beam frame structure using
Self-compacting concrete indicate that the proposed new CFT structure is a kind of
cost-effective, construction-convenient, high-performance structure. The proposed bottom
up pumping method provides an efficient construction method for the new CFT structure.
Concrete flow simulation experiment using visual model intuitively verified the
feasibility of the proposed construction method. The new CFT system is inferred able to
be applied in building construction industry in the future.

However, in this exploratory study, a limited number of specimens were tested. Additional
experimental and analytical data are needed to fully demonstrate the superiority of this
new structure. Furthermore, in order to more accurately understand the real situation of
concrete construction in the building site, more experimental work which can simulate the
real situation more closely by employing fresh concrete should be done in the future
research work. Thus the proposed construction method for the new CFT column-CFT beam frame
structure can be assured to be practiced.
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Violacein Produced by Novel Marine Bacteria and its
Anti-tumor Properties
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Temporal Response of Spatial Frequency-tuned Channels
Inferred from Temporal Summation in Monocular and
Binocular Stimulation
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Saratchai Ongprasert

Passenger Behavior on Revenue Management Systems
of Inter-city Transportation

Accurate demand forecasts are important to revenue management (RM). Low accuracy of
demand forecast causes sub-optimal revenue results and inefficient demand management.
However,accurate demand forecasts are difficult by many reasons, including passenger
behavior, and the variation of demand by seasonality, day-of-week and time-of-day. The
revenue management systems nowadays, in major airline companies, employ time series
analysis, such as smoothing exponential,to forecast demand successfully. However, time
series analysis methods cannot include passenger behavior problems in demand forecasts.
For example, it cannot forecast when the passenger choice is affected by the change of
air ticket contracts (including ticket price, mileage credit, and restrictions)of their
own company or competitors.

The objective of this research is to develop the passenger demand forecast methods using
passenger choice behavior, including passenger choice model, into real applications.
This research shows the RM that can include competition in forecasting, including
inter-city transportation competition between high-speed railways (HS-rail, or Shinkansen
in Japanese) and airlines.

Moreover, we employ passenger behavior in RM in order to increase capability of RM.
The structure of this dissertation is arranged as follows. Chapter 1 is introduction.
In chapter 2, we review the research fields of RM, from the past to present, including
practical methods in airline industries.

Chapter 3, we introduce using passenger behavior in RM, and study how passenger tradeoff
between discount rate and restrictions, including choosing mode of transportation.
Then, we make passenger choice model to forecast demand for 1 leg case.

In chapter 4, we show how applicable railway can employ RM without loosing goodwill from
passenger and society. In one leg multiple stops network problem, including high-speed
rail (HS-rail) networks, some passengers may be rejected in order to optimize revenue.
Therefore, in chapter 4, we prove that overall benefit is improved when high speed railways
employ RM.

In Chapter 5, we use passenger behavior model to forecast the time that passenger purchase
air ticket prior departure. Moreover, we simulate some situations that may persuade
passenger to purchase ticket earlier.

Finally, chapter 6 is the conclusion of this research.

In chapter 2, we explore all research fields in RM. Forecasting is 1 of 4 major fields
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in RM(The others are pricing, overbooking, seat inventory control.). In forecasting field,
little research has been done on using passenger behavior on RM. A literature review explore
the existing practical of forecasting, which is time series analysis, and the passenger
behavior in RM theories.

In chapter 3, Random-utility models such as multi-nomial logit (MNL) model and nested
logit model were employed to model passenger behavior in RM. The models are based on
probabilistic model of individual passenger utility. Random-utility models were used for
model and forecast passenger demand of transportation firm. Then, we made assumption that
passenger should decide to choose ticket type mainly based on the tradeoff between
discounts of ticket and restrictions(day prior departure, cancellation charge) of ticket
contract. Then, we modeled of passenger ticket choice based on the assumption. 2 case
studies were examined in this chapter. In case study 1, our model was tested for accuracy,
correctness of passenger ticket choice model, with stated preference

(SP) data with around 1000 samples for 3 origin-destinations (OD) of inter-city transit.
Moreover,results of all OD showed that the ratios of discounts over restrictions of
business trips are higher than the leisure trips. It means that passengers in leisure
segment prefer to buy the cheaper ticket rather than the business segment that have higher
uncertainty of ticket cancellation.

In case study 2, we simulated the competition situation between airlines and HS-rail.
Nested logit model was used for passenger modeling. In this case study, nested logit model
is more suitable than MNL model because the choices were grouped into 2 nests, the HS-rail
ticket nest(containing reserved seat, non-reserved seat, and hypothetical discounted
ticket) and air ticket nest(full fare ticket, advance purchase discounted ticket). The
simulation results showed that market share of HS-rail increased when discounted ticket
of was available. Some passengers in full fare class of HS-rail and some passengers of
airlines switched to discounted ticket of HS-rail when it was available. The share of
overall HS-rail increased as the discounted ticket became cheaper but the revenue of
HS-railways did not always increase when the share of HS-railways increase.

Finally, we can find the suitable price, advance purchase restriction, and cancellation
charge which made HS-rail improved its revenue.

In the study of passenger ticket choice model, we reported the forecasting model to
incorporate the demand response to discounted ticket. This research showed that passengers,
who can expect future trip, did tradeoff between restriction terms (advance purchase and
cancellation charge) and discount rate, which is also beneficial to customers who can
purchase ticket in advance as consumer surplus in our model. As our goal is to increase
the revenue of HS-rail, we can apply the model to find the suitable ticket price and
restrictions that can improve revenue.

Setting ticket contract, including price, advance purchase prior, and cancellation charge,
is important in revenue management. The application of this model is applicable not only
for inter-city transit firm, but also for other perishable product industries. For example,
in competitive market nowadays, passengers have advantages to compare discounted price
of services, e.g. rental car, from the internet. If a firm cannot offer lower price as
the competitors, because of operation cost, the firm may persuade customers by decrease
its restriction terms as passengers consider restrictions as disutility, especially the
passenger who has high risk of cancellation such as passenger in business segment. Nowadays,
ticket purchasing from internet is popular. The RP data of passenger ticket choice behavior
can be collected from their real purchase. Later, the firm can use the records of
passenger ticket chair to adjust their ticket fare, advance purchase length and
cancellation charge to maximize their revenue.

In chapter 4, we study how applicable to establish RM on HS-railway networks, which is
not single leg problem as 1 flight of airline. Even though RM seems to be beneficial to
railway company by improving revenue, the company are concerned about the loss of
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passenger’ s goodwill to the company because seat al location control (one of RM techniques)
reject some OD passengers to accept other OD passengers in order to optimize overall revenue.
This section proved whether seat allocation can improve not only overall revenue but also
improve passenger load and rejection request.
In our simulations, we set 3 objective functions; passenger load maximization, revenue
maximization and number of rejection minimization. The optimization in one objective may
cause unwanted in other term, e.g. passenger load maximization may cause overall revenue
decrease.
Moreover, we summarize the features of each objective function as follows;
(1) Passenger load maximization, the firm may appeal that the improvement of passenger
load which means serviceability improvement in term of passenger-km, which is beneficial
to passengers and system using.
(2) Revenue maximization, this objective is really beneficial to railway company but
meaningless to passengers. Therefore, Railway Company may loss some goodwill form
passengers if only this objective is employed.
(3) Number of rejection minimization, this objective should be beneficial to overall
passengers.We found that seat allocation (a technique in RM) can improve not only revenue
but also average passenger load factor and number of rejection, which is important to
railways in order to get merit from society and passenger as many of railway companies
are monopoly, e.g. in Japan and some other countries. Therefore, it is worth to do seat
allocation in high-speed railways. However, in extreme cases, optimization causes 100%
rejection in some 0-D which is unfair to those passengers.
Therefore, the firm should provide minimum number of seats to specific 0-D for social
fairness reason.
The minimum number of seats can be decided by various policy of the firm, for example

(2) whether the substitute modes are available in that 0-D,

(3) competitiveness in the route,

(4) proportion of passenger demand, and

(5) provide some proportion for first-come-first-serve and the rest for seat

allocation.

Then, in chapter 5, we studied the behavior called “ prefer to delay purchase’ (PDP),
which means passengers who delay their purchase until the deadline purchasing, or departure
date.
This behavior is the cause of difficulty to airline industries. They have to take risk
of showing demand, which come close to departure. We studied how to make PDP passengers
to purchase air ticket earlier; moreover, we also study the causes of PDP.
We segmented passengers by 3 reasons
(1)PDP or not PDP, (2) online or offline passengers, (3) price sensitivity, and examined
the relationships between them. The index of PDP is measured from the average length of
purchase before departure.
We simulated from RP data whether a new advance purchase ticket, 3% discounts with 4
days advance purchase, could stimulate passengers to purchase ticket earlier. The
simulation results of online and offline passengers showed that passengers -who buy ticket
from 4 days before departure- increase around 13% in online passenger, while only 8%
increase in offline passengers.
Therefore, discount strategy is more effective on online passengers than offline
passengers.
Passenger behavior model is also applicable with advance purchase control as we found
that passengers tradeoff between length of disutility (advance purchase) and utility
(discount).If airlines concerned about revenue decrease, they may substitute small discount
rate (2 to 3%) to other kind of surplus, e.g. bonus mileage credit, which is less cost. Actually,
reducing cancellation charge is surplus to passengers but it effects to revenue because it
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increase the probability of air ticket to be cancelled. Targeted information is helpful in
advance purchase control. As in this study, online passenger is more price sensitive and PDP;
therefore, promotion is effective to be announced to online passengers.

In conclusion, this research focused on using passenger behavior for forecasting in revenue
management. We found that forecasting by using passenger behavior can improve the ability
of traditional forecasting in revenue management, which mainly relies on time series
analysis that has limited capability. In this research, we showed that forecasting by using
passenger behavior can predict the share, revenue and time of purchase (how many days do
passengers buy ticket prior departure) based on passenger choice model. Then, the firms
can design the suitable price and restrictions combination of each ticket type.
Further study should be done on the effects information on online passenger behavior.
Certainly, the more information is the more convenient for passengers, but it is not always
good for the firm. Online information may lead to some behaviors. For example, ranking
price may help passengers to search for the most cost effective choice and loss of product
loyalty, and number of available seats may cause passenger delay ticket purchase. Pros
and cons of each information type should be clarified in order to decide whether it should
be shown on the firm s homepage or should be sent to targeted customer only.
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C.Wattanalamlerd

Effect of Powder Admixture on Flowability of Fresh Mortar

This research concerns about the fresh properties of mortar. There are totally 6 chapters
in this dissertation. The content of each chapter is shown as follows.

Chapter 1 concerns about the history of self compacting concrete, problems and reasons
why this research has to be conducted, and the related previous researches. In order to
solve the problems of lack of skill labors, self compacting concrete (SCC) was first
established in 1995 by Prof. Hajime Okamura. Flowability of concrete mainly depends on
flowability of mortar. The previous research that proposed the model to predict flowability
of mortar using no superplasticizer is introduced in this chapter. Few years after
prototype SCC, researchers found that flowability of mortar should be not only concerning
about how far mortar can flow but also concerning about how fast it can flow. Then, the
flowability chart, the chart that represents both relative flow area ( m) and relative
flow speed (Rm) simultaneously was proposed. It was used for cement-only mortar. Nowadays,
concrete that using only cement powder and without using of superplasticizer can be found
only in museum. So, the model for predict flowability of binary powder mortar with using
superplasticizer becomes necessary.

Chapter 2 concerns about the fundamental of powder-superplasticizer interaction.
Superplasticizer that used in concrete work recently is introduced. When superplasticizer
is adsorbed on the surface of powder particle, it will cause the dispersion of powder
particles which can be explained by electrostatic repulsion effect and steric hindrance
effect. The unadsorbed superplasticizer also causes particle dispersion by depletion
flocculation. The properties of naphthalene base superplasticizer, which mainly induces
electrostatic repulsive effect, are compared to that of polycarboxylate base
superplasticizer, which mainly disperses particles by steric hindrance effect.
Polycarboxylate base superplasticizer which is the most proper superplasticizer for self
compacting concrete, according to nowadays technology, is introduced more about the
relationship of its molecular structure and its dispersing effect.

Chapter 3 considers about the methodology of this research, mortar testing method,
introduction of convention model, and new proposed model. From the idea of flowability
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chart, one flowability chart can represent the flow behavior of mortar which used one set
of materials with varying in water-powder ratio and superplasticizer dosage. The basic
idea is that: first, improve the conventional equations for flowability chart in order
to consider more about physical meaning; then study the effect of powder on each parameter
in those equations, then treated blended powder as another type of powder and again study
its effect on each parameter; finally, the flowability chart of blended powder at any
replacement ratio (Vad/Vp) can be predicted. The flowability chart has m as its x-axis
and Rm as its y-axis and it also shows 2 sets of contour lines for water-powder ratio and
superplasticizer dosage. Conventional equations are equations for each set of contour
lines, one equation for contour of superplasticizer dosage and another one for water-powder
ratio. The equations concern about superplasticizer dosage contour lines and water-powder
ratio contour lines are explained in chapter 4 and chapter 5, respectively.

Chapter 4 explains about the effect of powder admixture to superplasticizer dosage and
explanation of each parameter related to superplasticizer dosage. Adsoption and dispersion
mechanism of superplasticizer is explained again in this chapter. Basically,
superplasticizer attaches on the surface of cement particles, then it provides dispersing
force to cement particles. In case of napthaline and melamine sulfonates, when it is
adsorbed to the surface of cement, it provides the electric charge which causes the
dispersion between cement particles. In case of polycarboxylate-base, when it attaches
to cement (at Ca?* of cement), the oxygen atoms of the many ether bonds of the side chains
and the water molecules form hydrogen bonds that spread the side chains out into water,
which known as steric hindrance effect and this also causes cement dispersion. The main
objective of this research is to study about effect from powder admixtures not the effect
from superplasticizer. Therefore, polycarboxylate-base superplasticizer, which nowadays
is the most effective superplasticizer for producing self compacting concrete, become the
only one superplasticizer in used. According to the mechanism between superplasticizer
and cement, powder admixtures are classified into 3 types: SP-reactive hydrate powder,
SP-reactive powder, and SP-unreactive powder. SP-reactive hydrate powder means powder that
reacts with superplasticizer and also creates hydration reaction: this group refers to
all type of cement powder. SP-reactive powder means powder that can react with
superplasticizer but can not hydrate with water: this group refers to powder which
contained high volume of calcium content. SP-unreactive powder is referred to the powder
that contained low amount of calcium, for example fly ash in Japan, due to its low calcium
content there is no place for superplasticizer to adsorb, then the particle dispersion
can not occur. The equation for relationship between superplasticizer dosage (Vsp/Vp) and
particle dispersion Tfactor ( m/Rm) is developed and explained in chapter.
Superplasticizer dosage (Vsp/Vp) is the function of base flow factor ( ), powder-SP
reactive factor (D), and particle interaction factor (C). Base flow factor is the particle
dispersion factor ( m/Rm) of non SP-mortar. It represents the basic flow behavior that
causes from the physical characteristic of the solid (both powder and aggregate) in mortar.
The value of base flow factor of the blended powder mortar has linear relationship with
the admixture replacement ratio (Vad/Vp) because the physical characteristics of powder
gradually change according to the replaced amount of powder. Powder-SP reactive factor
(D) represents how reactive for considered powder to adsorb superplasticizer and produces
particle dispersion. Powder-SP reactive factor (D) is a constant value for a pair of powder
and type of superplasticizer, so if type of superplasticizer is changed from the one used
in this research the value of powder-SP reactive factor (D) should be changed, too.
Powder-SP reactive factor (D) of blended powder depends on those 3 types of powder
(SP-reactive hydrate powder, SP-reactive powder, and SP-unreactive powder) that just
explained above. Powder-SP reactive factor (D) of blended between cement and SP-reactive
hydrate powder, i.e. ordinary Portland cement and low heat Portland cement, has linear
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relationship with replacement ratio (Vad/Vp) because both of them can react with SP and
provides the same mechanism of particle dispersion. For SP-reactive powder, i.e. limestone
powder, it also provides the linear relationship with replacement ratio (Vad/Vp) because
SP-reactive powder also can cause particle dispersion when combine with superplasticizer
but it is just different in degree of reactivity. For SP-unreactive powder, i.e. low calcium
fly ash, showed that it almost completely doesn’ t react to superplasticizer, then the
blended powder of it and cement shows that this time powder-SP reactive factor (D) does
not change with increasing of replacement ratio (Vad/Vp) any more. Powder-SP reactive
factor (D) mainly depends on powder-SP reactive factor (D) of cement in used. This result
looks quite similar to the case of comparison between 2 sets of mortar that have all material
characteristic same except fineness of sand. This means that SP-unreactive powder may be
possible to be considered as a kind of fine aggregate. Next, particle interaction factor
(C) of each powder is considered. Mortar that has larger value of particle interaction
factor (C) seems to be easier to increase particle-dispersion factor ( m/Rm) or uses lower
amount of superplasticizer dosage in order to increase the dispersion. The blended powder
between cement and SP-reactive hydrate powder, mix between 2 types of cement, shows the
tendency that particle interaction factor (C) has linear relationship with replacement
ratio (Vad/Vp). The blended between cement and SP-reactive hydrate powder has all 3
SP-related parameters (base flow factor (), powder-SP reactive factor (D), and particle
interaction factor (C)) between that of its 2 original powder and has linear relationship
with replacement ratio (Vad/Vp). This means that with mixing 2 types of cement the result
powder is able to be treated as another type of cement which has all physical and chemical
properties align between its 2 original cements. The blended powder between cement and
SP-reactive powder shows that it has larger value of particle interaction factor (C) than
its own original. This means the blended powder mortar required lower amount of
superplasticizer dosage to disperse the particle. The blended powder between cement and
SP-unreactive powder also shows that it has larger value of particle interaction factor
(C) than its own original. Next, the effect of sand on each parameter is considered. When
sand is increased in fineness modulus (sand size increase): base flow factor () reduced
which means the particle dispersion of mortar is reduced; powder-SP reactive factor (D)
is not changed because sand has nothing to do with the reaction between
powder-superplasticizer; and particle interaction factor (C) decreases, which means
mortar required more dosage of superplasticizer to increase its flowability. The effect
of time on each of 3 SP-related parameters also has been studied in this chapter. Base
flow factor ( which is the ratio between m and Rm, is not change with time. As
the time passed, the hydration reaction occurs in mortar. The water is gradually consumed
and hydration product is gradually increased that result in reducing of both of m and
Rm. It seem like both m and Rm have been reduced in the same rate, so base flow factor
( does not change. Powder-SP reactive factor (D) also shows no change with time. For
particle interaction factor (C), due to hydration reaction the hydration product occurs
and cement particle is changed in its physical properties, this causes the changing in
C value. The rate of changing of particle interaction factor (C) of each type of cement
depends on rate of hydration reaction of that cement.

Chapter 5 concerns about the effect of powder admixture to amount of water-powder ratio
and detail for each parameter related to water-powder ratio. Softness factor (A) which
represents the degree of water-like of mortar has linear relationship with water-powder
ratio (Vw/Vp). The relationship between water-powder ratio (Vw/Vp) and softness factor
(A) of none sp-mortar and sp-mortar have to be separately considered, due to the different
in mechanism for mortar to flow. Water-powder ratio (Vw/Vp), when softness factor (A)
equals to zero, of none sp-mortar and sp-mortar are defined as the minimum required water
(Bw0) and minimum required liquid (Bw), respectively. Water-powder ratio (Vw/Vp) of
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sp-mortar also includes the amount of superplasticizer as one part of water. The amount
of water-powder ratio (Vw/Vp) that required for increasing a unit of softness factor (A)
of none sp-mortar and sp-mortar are defined as unit required water (Ew0) and critical unit
required water (Ew), respectively. When superplasticizer is used, mortar changes its
minimum required amount of water from BwO to be Bw. Moreover, the degree of water reducing
depends on the degree of powder-SP reactivity. All blended powders between cement and
SP-reactive hydrate powder, cement and SP-reactive powder, cement and SP-unreactive powder
shows the same result that minimum required water (Bw0) has linear relationship with
replacement ratio (Vad/Vp). The blended powder of cement and SP-reactive hydrate powder
mortar still has linear relationship between minimum required liquid (Bw) and its
replacement ratio. The same result was observed in case of cement and SP-reactive powder
mortar, too. The blended powder of cement and SP-unreactive powder mortar has lower value
of (Bw) than the interpolation value (Bw). This can be explained that when fly ash is used
the ball bearing effect occurs and causes reducing in minimum required water. Unit required
water (Ew0) also has linear relationship with replacement ratio (Vad/Vp) same as case of
minimum required water (Bw0).

Chapter 6 is just the conclusion of the whole research.
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