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Message from the President

As a signature program of HKUST, UROP has continued to thrive over the last 
academic year (2011-12). Total enrollment in UROP at various course levels was 
close to 300, with over 240 projects in different disciplines being offered by nearly 

100 of our faculty members, who have taken on the additional responsibility 
of mentoring students during the research process. Since UROP was 

launched in 2005, over 20% of UROP participants have decided to 
pursue further studies upon graduation, either in HKUST or at other 
top universities around the world, and many of them have been 
directly admitted to Ph.D. programs. 

In the summer of 2012, the International Research Opportunities 
Program (IROP) was launched as a new UROP initiative in which 

four HKUST students spent nine weeks conducting individual 
research projects at the world-leading Massachusetts Institute of 

Technology (MIT). Likewise, three students from MIT spent their summer in 
HKUST to conduct research under our faculty supervisors. Through this 
HKUST-MIT summer research exchange program, students from both institutes 
have broadened their undergraduate experience by living and conducting 
research in a different part of the world.

These proceedings showcase the work our students have done in faculty-led 
UROP projects that lasted from one to three semesters. They provide strong 
evidence of our internationally renowned strength in academic research, and show 
what undergraduates can achieve when they have the opportunity to work 
alongside top researchers. I believe that both faculty members and students will 
find that these proceedings demonstrate how UROP can provide them with a 
stimulating and rewarding experience.

Tony F Chan 

President 
HKUST
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UROP Overview 2011-12

Undergraduate Research Opportunities Program (UROP) 
continues to provide undergraduate students a unique 
opportunity to engage in academic research in the 2011-12 
academic year. Since it was launched in 2005, UROP has helped 
students to immerse themselves in various tailor-made research projects 
and develop an insightful perspective of their areas of interest. Over the 
years, UROP has been well received by both students and faculty, and 
enrolment has increased year after year.

During 2011-2012, we successfully recruited 93 supervisors (commanding 
244 projects), faculty members drawn from all four schools. It is to their credit 
that our program continues to thrive.  

In like fashion, our program is energized by its diverse student body. During 
2011-12, 295 students, from 18 departments, successfully enrolled in our 
program. These students form a group of mutually supportive members, 
both academically and socially. Indeed, students and faculty supervisors 
create an effective partnership that further enriches the learning experience of all 
who join the program.

2012 Mr Armin and Mrs Lillian Kitchell Undergraduate Research Award

The Mr Armin and Mrs Lillian Kitchell Undergraduate Research Award was 
established to honor the outstanding performance of UROP students and to 
encourage more student participation. Candidates for the Award were nominated 
by their UROP advisors, and finalists were invited to present their research to the 
UROP Advisory Board. Eight award recipients were selected (1 Winner, 2 First 
Runner-Ups, 2 Second Runner-Ups and 3 Merits) and they received the Award at 
the Presentation Ceremony held at HKUST on 19 April 2012.

International Research Opportunities Program (IROP)

The International Research Opportunities Program (IROP) is a new initiative under 
UROP that further enhances UROP’s major goal of broadening students’ learning 
experiences by conducting research in different academic/research environments. 

In Summer 2012, we launched the first MIT-HKUST Undergraduate Research 
Exchange Program in which four HKUST students and three MIT students spent 
nine weeks conducting individual research projects at each other’s university. We 
are actively seeking other partner universities in joining this endeavor and provide 
students with more research exchange opportunities.
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Advisor : IP Nancy Y Y / DSCI 
Student : Xu Jiajing / MBMS 

(UROP1000, Summer 2012)

SCHOOL OF SCIENCE 
 
Dean of Science 
 
Screening of Novel Small Molecules Targeting EphA4 
Receptor in the Nervous System  

 
 

 
 

 
EphA4 receptor, as the most abundant Eph receptors in the hippocampus, regulates a wide 
range of physiological and pathological process through interaction with its ephrin ligands. 
Therefore, identification of small molecules or biologics that could regulate the interaction of 
EphA4-ephrin is of critical value in terms of their potential usage as useful probes to study the 
complex biology of this signaling system and for the development of pharmaceutical agents to 
treat various related disease. However, current existing EphA4 inhibitors targeting the ephrin 
binding pocket, either synthetic peptides or small molecules, all have their own problems and 
limitations when coming to the practical applications. Thus, despite reengineering of these 
discovered inhibitors, screening of novel inhibitors is also of great need to develop regulators 
effectively modulate the EphA4-ephrin signaling system for deeper study and therapeutic 
application. In this study, potential Traditional Chinese Medicine (TCM)-based EphA4 
inhibitors were predicted using chemical computational methods and further checked through 
their abilities on regulation of the ephrinA-stimulated EphA4-dependent growth cone collapse 
and EphA4-mediated clustering. Three possible inhibitor candidates screened from a TCM 
compound library, based on the chemical computation of their interaction possibility with 
EphA4-ephrin binding pocket and interferring ability on the ephrinA-stimulated 
EphA4-dependent growth cone collapse and EphA4-mediated clustering were identified. 
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Advisor : HUANG Xuhui / CHEM 
Student : JIANG Hanlun / MBMS 

(UROP1100, Summer 2012)

Department of Chemistry 
 
Modeling Protein-ligand Interactions Using Docking and 
Other Computational Tools 

 
 

 
 

 
2 traditional Chinese medicines, Litvinolin and 4-Methoxyherbacetin, were previously 
discovered as ATP-noncompetitive inhibitors of Cyclin-dependent kinases 5 (Cdk5). In this 
study, we performed large-scale dockings and other computational simulations in an attempt 
to reveal the inhibitory mechanisms of these two drugs. We obtained the open state structure 
of Cdk5. Based on the closed state structure of its analogue, Cdk2, we simulated the closed 
state structure of Cdk5. Both open state and closed state Cdk5 were tested for affinities of 
ligands. 
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Advisor : CHOW King Lau / LIFS 
Student : LU Yang / BICH 

(UROP1100 & 1200, Spring 2012 & Summer 2012)

Advisor : CHOW King Lau / LIFS 
Student : SUN Fei / BIOL 

(UROP1100 & 1200, Fall 2011 & Spring 2012)

Division of Life Science 
 
Mapping of a Spontaneous Mutation that Affects Limb 
Development in Mice 

 
 

 
 

 
A spontaneous mutation affecting limb development in mice has been the focus of this project. 
Various developmental defects associated with the limb formation are shown in mice, including 
ulnar deficiency (lack or hypoplasia of ulna), oligodactyly (lack of digits), more digits than 
normal, syndactyly (fusing of digits) and abnormalities in the male and female reproductive 
systems. Breeding results suggest that this mutant gene is recessive. The genome mapping 
technique is being applied to study this spontaneous mutation and map its locus. Phenotype 
analysis is also being performed with tissue organ preparation and bone and cartilage staining 
on a large cohort of animals to document the morphological influence of this mutation on mice 
limbs. 
 
 
Mapping of a Spontaneous Mutation that Affects Limb 
Development in Mice 

 
 

                      
 

 
The aim of this study is to identify the gene responsible for ulnar longitudinal deficiency and to 
characterize this mutation on both the phenotype and genotype levels. One possible linkage 
marker must first be identified by using a pooled DNA sample from 50 intercrossing mice. This 
will give a swept radius of 25cm with 95% frequency of linkage demonstration at 95% 
probability (Lee, 1995). Individual mapping must then be carried out to confirm the linkage and 
acquire the recombination frequency that demonstrates the region of the target gene relative 
to the linkage marker. To date, 19 polymorphism microsatellite markers have been tested for 
their effectiveness in distinguishing the C57Bl/6 strain and the ICR strain. Low-resolution 
mapping has been partially carried out to identify the possible linkage marker using pooled 
DNA. 
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Advisor : CHOW King Lau / LIFS 
Student : XIAO Wendi / BIOL  

(UROP1100, Summer 2012)

Advisor : CHOW King Lau / LIFS 
Student : XUE Bai / BIOL  

(UROP1100, 1200 & 1300, Fall 2011, Spring 2012 & Summer 2012) 

Genetic Identification of Negative Regulator of Bone 
Morphogenetic Protein-Signaling Pathway 

 
  

         
 

 
A TGF-beta related pathway regulates morphogenesis of the body in a mechanism not fully 
understood by us. The presence of unknown or uncharacterized components makes the study 
of this TGF-beta related pathway more important and interesting. In this project, a strain of C. 
elegans with an original mutation in the sma-6 gene was screened for suppressors to find 
more genes related to the TGF-beta pathway. A total of five mutants were initially recovered by 
screening 1400 haploid genomes. Further research is needed to determine their genetic 
makeup and the relationships between them and other known components in the pathway to 
uncover their regulatory relationship. 
 
Genetic Identification of Negative Regulator of Bone 
Morphogenetic Protein-Signaling Pathway 

 
 

                                     
 

 
A genetic screen for suppressors of sma-6 was conducted and a number of mutations were 
recovered. A complementation test was conducted on one of these mutations to exclude the 
possibility that this mutation is an allele of known mutations with long phenotypes, which 
include lon-1, lon-2, lon-3 and lon-8. This is an essential step in specifying the novel features 
of this suppressor mutation.  
 
Based on the preliminary results, complementation occurs in all four reference strains (lon-1 
(e185)III, him-5 (e1490)V; lon-2 (e678)X, him-5 (e1490)V; lon-3 (e2175)V, him-8 (e1489)IV; 
and lon-8 (hu187)V, him-5 (e1490)V), suggesting a novel locus being identified. Several tests 
concerning the function of the suppressor mutation should be conducted to develop some 
basic knowledge of how it relays the signaling pathway and regulates the body length of 
animals. I adopted the epistasis analysis, by which the interaction between genes can be 
inferred. The objective of this project is to clearly establish the regulatory relationship of this 
novel mutation with reference to various sma/dbl pathway components in the control of body 
length. 
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Advisor : HUANG Pingbo / LIFS 
Student : LIN Qiaojin / BIOL  

(UROP1300, Fall 2011)

Advisor : LIANG Chun / LIFS 
Student : CHEUNG Wing Yan / BICH  

(UROP1100, Spring 2012)

Electrophysiology Study of Mechanosensitive Ion Channels 
in Human Epithelial Cells 

 
 

  
 

 
It has been proven that the ligand-gated chloride ion channel, a cystic fibrosis transmembrane 
conductance regulator, is responsible for the common heritable disease of cystic fibrosis. A 
recent study reveals its mechanosensitivity in human airway epithelial cell line Calu-3 and 
mouse intestine tissue. Via an unknown mechanism, it is closely related to a decrease in cell 
regulatory volume, a crucial cell function that ensures its survival upon hypotonic challenge. 
This study explores CFTR mechanosensitivity in other cell lines, and the application of two 
widely used electrophysiology technologies—the patch-clamp and the Ussing 
chamber—suggests that its channel activity is responsible for its role in the RVD process. This 
study focuses on CFTR in human colonic epithelial cell line T84 and considers its expression 
in other cell lines. Several ion channel inhibitors are administered to minimize interference 
caused by ion channels other than CFTR. The results indicate that CFTR possesses 
mechanosensitivity which can be induced by membrane stretch or hypotonicity. 
 
 
Study of DNA Replication-Initiation Proteins in Budding 
Yeast 

 
 

  
 

 
A purple acid phosphate of Arabidopis thaliana, AtPAP2, regulates carbon metabolism, 
and its overexpression results in faster plant growth and a higher seed yield. The carbon 
metabolism process involves protein interactions and phosphate group transfer. The 
proteins that directly interact with AtPAP2 can be examined by the GAL4-based yeast 
two-hybrid method, followed by a series of procedures such as transformation of plasmids 
to E. coli and re-transformation of the plasmid back to yeast to confirm its positive binding 
properties. In this project, the yeast two-hybrid system was used to screen a library of 
random peptide genes fused to a transcriptional activation domain to identify peptides 
capable of binding to AtPAP2 fused to a binding domain. The experiment has not yet been 
completed, and only some of the binding partners of AtPAP2 are listed below. The results 
show that AtPAP2 binds to Rossmann-fold NAD (P)-binding domain-containing protein, 
coatomer subunit alpha-1, rhodanese and PPIC-type PPIASE domain-containing protein, 
shikimate kinase like-2, putative plastid developmental protein DAG, forkhead-associated 
(FHA) domain-containing protein, 40S ribosomal protein S10-1 and peptide methionine 
sulfoxide reductase A4. 
 
 



7 
 

Advisor : LIANG Chun / LIFS 
Student : DONG Chen / CHEM  

(UROP1100, 1200 & 1300, Fall 2011, Spring 2012, Summer 2012) 
LIN Jianwei / CHEM  
(UROP1100, 1200 & 1300, Fall 2011, Spring 2012, Summer 2012) 

Advisor : LIANG Chun / LIFS 
Student : LI Yuqiong / BIOL  

(UROP1000, Summer 2012)

Study of DNA Replication-Initiation Proteins in Budding 
Yeast 

 
 
  
 
 

 
 

 
DNA replication factor Cdt1 is a protein encoded by the CDT1 gene (Rialland, Sola & 
Santocanale, 2002). It is a kind of replication protein commonly found in both yeast and 
humans. This study of Cdt1 interaction with other proteins in yeast will contribute to further 
research on human DNA replication proteins. Previous studies indicate that interactions occur 
between Cdt1 and the origin recognition complex (ORC), a six-subunit protein (Orc1, Orc2, 
Orc3, Orc4, Orc5 and Orc6) with the function of binding to the origins of DNA replication in all 
eukaryotes. The purpose of our study was to find the sites where Cdt1 interacts with Orc6. 
 
The main method used in our study is the yeast two-hybrid system (Y2H), a technique aimed 
at identifying protein-protein interaction (PPI). The methodology underlying this system is that 
binding of the two fragments of the transcription factor, the DNA binding domain (DNA-BD) 
and the activation domain (AD; Fields & Song, 1989; Chien et al., 1991), will activate the 
transcription of downstream reporter genes, which further suggests interactions between the 
two proteins of interest (Young, 1998). 
 
 
Study of DNA Replication in Human Cells 

 
 

 
  

 
CUL4B encodes a scaffold protein forming a cullin-RING ubiquitin ligase (E3) complex that 
catalyzes the ubiquitylation of specific substrates. Mutations of this gene cause an X-linked 
mental retardation (XLMR) syndrome. However, little is known about its function. In this study, 
we explored the functions of the N-terminus of CUL4B by constructing a plasmid expressing 
the first 150 amino acids of CUL4B protein, which is essential for its subcellular localization, 
and screening a human cDNA library to identify proteins that can interact with the N-terminus 
of CUL4B. 
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Advisor : LIANG Chun / LIFS 
Student : PENG Yingshi / BICH  

(UROP1000, Summer 2012)

Advisor : LIANG Chun / LIFS 
Student : ZHANG Minglu / BIOL  

(UROP1100 & 1000, Spring 2012 & Summer 2012)

Study of DNA Replication in Human Cells 
 

 
    

 
 

The overexpression of AtPAP2, a purple acid phosphatase (PAP) with a unique 
C-terminal hydrophobic motif that was originally found in Arabidopsis thaliana, leads to 
earlier bolting and a higher seed yield. AtPAP2, which is the first plant PAP and is 
generally considered to mediate phosphorous acquisition and redistribution, was shown 
to modulate carbon metabolism through tricarboxylic acid (TCA) intermediates, and was 
the first plant PAP shown to localize in both chloroplasts and mitochondria targeted by its 
C-terminus signal. The reconstitution and expression of AtPAP2 in yeast also led to a 
significantly enhanced growth rate and a reduced doubling time. Yeast two-hybrid 
screening and co-transformation were performed to detect and confirm putative 
interaction involving AtPAP2 and to investigate the mechanism by which growth is 
enhanced. Mutation analysis was also employed. 
 
 
Study of DNA Replication in Human Cells 

 
 

  
 

 
This project mainly focused on a particular protein, hIPI3, which is thought to play a role in 
DNA replication in human cells. It was aimed at (i) demonstrating the existence of interaction 
between hIPI3 and other proteins that have been proved to be involved in the DNA replication 
machinery, and (ii) further investigating the specific function(s) of hIPI3 in human cell DNA 
replication. This paper mainly presents the human cell-HeLa cell culturing process. HeLa cells, 
which are derived from cervical cancer cells, are part of the oldest and most commonly used 
human cell line. The majority of this paper describes HeLa cell synchronization practices. To 
analyze the effect(s) of hIPI3 on each separate phase of the cell cycle, the pace of most of the 
HeLa cells should be synchronized. FACS (fluorescence-activated cell sorting) was used to 
evaluate the synchronization results. To prove that the hIPI3 gene is expressed and 
transcripted to hIPI RNA, the PCR (polymerase chain reaction) technique was applied, 
detecting the hIPI3 cDNA of HeLa Cells from different phases. 
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Advisor : LIU Hongbin / LIFS 
Co-Advisor: CHEN Mianrun / LIFS 

Student : CHEUNG Ho Lam / BIOL  
(UROP1000, Summer 2012)

Advisor : LIU Hongbin / LIFS 
Co-advisor : CHEN Mianrun / LIFS 
      LAU Wing Keung / LIFS 

Student : CHONG Hok Hei / BICH  
(UROP1000, Summer 2012) 

Water Quality Survey in Hong Kong Marine Fish Culture 
Zones 

 
 
  
 

 
 

A study was conducted using monthly data collected from Hong Kong’s coastal waters with the 
aim of monitoring the water quality of the territory’s 26 marine fish farming locations. Water 
samples were collected either bi-weekly or monthly from each location at different water levels 
including the surface, medium depths and the bottom according to the depth of the location. 
Water samples from some locations were also taken both inside and outside the fish farming 
zones. Hydrographic, water chemistry and biological parameters were measured. This study 
focused on the physical parameters of suspended solids. 
 
 
Water Quality Survey in Hong Kong Marine Fish Culture 
Zones in June 2012 

 
  
 
 
 

 
 

 
According to the Agriculture, Fisheries and Conservation Department (AFCD), there are 
currently 26 designated marine fish culture zones distributed across northeastern, eastern and 
southern Hong Kong. Good water quality in these zones is essential for the maintenance and 
conservation of fish farms in Hong Kong. A water quality survey was conducted in these fish 
culture zones in June 2012. Water samples were collected from core zones every two weeks 
and from non-core zones on a monthly basis. The amount of chlorophyll A was measured 
using the fluorometric method. In this study, the amount of chlorophyll A, a parameter 
commonly used to indicate the level of phytoplanton biomass, was considered, measured and 
discussed. 
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Advisor : LIU Hongbin / LIFS 
Co-advisor : JING Hongmei / LIFS 

Student : HUNG Tin Shing / BIOL  
(UROP1100, Fall 2011) 

Advisor : LIU Hongbin / LIFS 
Co-advisor : SHEK Loklun / LIFS 

Student : LEUNG Ka Ming / BIOL  
(UROP1100, Spring 2012) 

Community Structures and Seasonal Variation of 
Picoeukaryotes in Subtropical Reservoirs under Different 
Trophic Conditions 

 
 
  

 
 

 
The community structure and seasonal variation of freshwater picoeukaryotes were 
investigated in the Liuxihe and Dashahe reservoirs—two subtropical reservoirs subject to 
different trophic conditions. Samples of surface water (from a depth of 0.5m) were taken 
monthly over a two-year period. DNA was extracted from the samples and was amplified using 
primer sets specific to the eukaryotic 18S rRNA gene. Denaturing gradient gel electrophoresis 
(DGGE) was used to distinguish species of picoeukaryotes by their genomic differences. 
Operational taxonomic units represented biodiversity in each sample. Interestingly, the 
meso-eutrophic water body examined (Dashahe Reservoir) held less biodiversity than the 
oligotrophic water body investigated (Liuxihe Reservoir). This result challenges the general 
conception of increased biodiversity in a higher aquatic trophic state. Our finding implies that 
other more prominent determining factors may govern picoeukaryote biodiversity in subtropical 
reservoirs, and deserves further study. 
 
 
Water Quality Survey for Hong Kong’s Marine Fish Farming 
Zones 

 
 
  
 

 
 

 
A study was conducted in different fish culture zones in Hong Kong to monitor local water 
quality. Water samples were taken from different locations at different water levels (surface, 
middle and bottom) either bi-weekly or monthly. Suspended solids served as the physical 
parameter in this project. 
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Advisor : LIU Hongbin / LIFS 
Co-Advisor : ROCKE Emma / LIFS 

Student : YUE Lu / BICH  
(UROP1000, Summer 2012) 

Advisor : TSIM Karl W K / LIFS 
Student : LEUNG Wing Yan Yonna / BIOL  

(UROP1000, Summer 2012)

Composition Variability of Picoeukaryote Communities 
during Hypoxia in Tolo Harbor 

 
 
  
 

 
 

 
Hypoxia has caused mass mortalities among marine animals, benthic defaunation and 
numerous economic losses among fish farms in many parts of the world. There have been 
increases in the severity, frequency, occurrence and spatial scale of hypoxia over the past few 
decades. Hypoxia occurred seasonally in the Yim Tin Tsai (YTT) fish culture zone in August 
2011. The objective of this project was to identify changes in the composition of the 
picoeukaryote community species in YTT before and after this hypoxic episode, along with 
changes between surface and bottom picoeukaryote communities. Denaturing gradient gel 
electrophoresis (DGGE) and GelCompar II software (Applied Maths) were used to determine 
the richness (number of bands) and relative abundance (band intensity) of the species. 
 
 
Detection of Nicotine and its Metabolite Cotinine in Hair by 
HPLC-MS/MS 

 
 

    
 

 
A quantitative HPLC-MS/MS method was developed for simultaneous measurement of 
nicotine and its metabolite cotinine in human hair. Hair was digested by sonication with NaOH, 
and nicotine and cotinine were extracted by liquid-liquid extraction with diethyl ether. The 
analytes, nicotine and cotinine were qualified and quantified with the use of tandem mass 
spectrometer. The linear regression analysis was calibrated by deuterated internal standards 
with a R2 of over 0.9966. The limit of detection (LOD) and the limit of quantification (LOQ) for 
nicotine were 1, 5 pg/uL and both for 5 pg/uL for cotinine respectively. The standard curves 
were linear from the value of LOQ up to 2000 pg/uL. The validation parameters include matrix 
effect and extraction efficiency were determined. 
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Advisor : WEN Zilong / LIFS 
Student : LU Wei / BICH  

(UROP1300, Fall 2011)

Advisor : WEN Zilong / LIFS 
Student : XU Kaichun / BICH  

(UROP1100 & 1200, Spring 2012 & Summer 2012)

Study of Blood Cell Development Using Zebrafish Model 
 

 
  

 
 

Inflammation is an essential process enabling organisms to remove harmful stimuli and initiate 
the healing process. In this project, zebrafish (Danio rerio), an excellent model organism for 
studying inflammation response and immunity, is being used to study injury-induced 
inflammatory response. The use of transparent bodies for in vivo visualization of blood cells 
and efficient gene inactivation by morpholino injection allows the whole process of sterile 
inflammation to be studied in detail. Our study shows that a common cytokine, interleukin 1b 
(IL-1B), is crucial for sterile inflammation. Interleukin 1b specifically regulates the directional 
migration of neutrophils during this process, and has little influence on the movement of 
macrophage. Fish deficient in IL-1B exhibited a marked reduction of neutrophils towards injury. 
IT-1B may be both necessary and sufficient for the recruitment of neutrophils. 
 
 
Study of Blood Cell Development Using Zebrafish Model 

 
 

  
 

 
Microglia act as scavengers in the central nervous system by cleaning up damaged neurons, 
plaques and infectious agents. The abnormal morphology of microglia in 1235 zebra fish 
mutants attracted our attention. This project mainly focused on the morphology of microglia 
and other blood cell lineages to establish whether their abnormal morphology was also 
apparent in other blood cell lineages and when the defect occurs in blood cell development. 
Another objective was to study the scavenging ability of microglia in the mutants. This project 
demonstrated that other blood cell lineages do not have defects, with only microglia having an 
abnormal morphology.  In addition, the digesting ability of microglia decreased, while the 
engulfing ability remained the same in the 1235 zebra fish mutants. These microglia defects 
occur after they enter the brain to turn them into mature but defective microglia. 
 
Inflammation has been shown to play an important role in immune response, including 
protecting the host from injury and infection. Based on different stimuli, inflammation could be 
divided into two different types: microbe-induced inflammation and sterile inflammation 
(non-microbe). In this project, sterile inflammation was studied by identifying the roles of two 
interleukins, IL-β and IL-6, in sterile inflammation in zebrafish. This project demonstrates that 
IL-6 and IL-1β are involved in sterile inflammation, and that IL-β plays a role in the neutrophil’s 
migration pathway. 
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Advisor : WONG Yung Hou / LIFS 
Student : CHENG Lai Hung Carol / BICH  

(UROP1100, Summer 2012)

Advisor : WONG Yung Hou / LIFS 
Student : KWOK Ka Leung / BICH  

(UROP1100, Summer 2012)

Advisor : WONG Yung Hou / LIFS 
Student : YUEN Wai Hin / BICH  

(UROP1100, Summer 2012)

G Proteins and their Regulations in Cancer Biology 
 

 
   

 
 

RGS19 is a regulator protein of most Gi proteins. It has been found that it activates cell 
proliferation and is associated with ovarian cancer. This research project investigated the 
relationship between RGS19 and Akt. The foci of the project were three RGS19 mutants: 151, 
156 and 159. The genes of RGS19 mutants were multiplied by DH5α, while RGS19 mutants 
ultimately expressed in HEK293. The Western blot employed in the experiments proved that 
RGS19 mutants successfully and stably expressed in HEK293. This stable cell line could be 
used to investigate the relationship between three possible phosphorylation sites in RGS19 
and Akt. 
 
 
G Proteins and their Regulations in Cancer Biology 

 
 

   
 

 
RGS19 is a regulator of G protein signaling, which is shown to promote cell proliferation in 
several mammalian cells such as HEK293. Based on previous research, we know that RGS 
may participate in the regulation of cell proliferation by either up-regulating or down-regulating 
the growth of several mammalian cells. The overexpression of RGS19 may provide a growth 
advantage in the development of tumor cells. To date, the association of RGS19 with GIPC 
has provided a possible linkage with growth factor signaling, although further research is 
needed to clarify the proliferative action of RGS19. This can be done by gaining additional 
insights into the functions of RGS19. The downstream signaling pathway would be modified by 
choosing phosphorylation sites 151, 156 and 159 of RGS protein. As the level of Akt is closely 
related to that of RGS19, the former could be used to trace changes in the regulation of 
downstream signaling. This could help us use this information to examine the regulatory role of 
RGS protein. To date, we have prepared 3 mutant cell lines of RGS, 151, 156 and 159, which 
are transfected in HEK293. Interestingly, it is not easy to establish a stable RGS 151 and 
RGS156 cell lines, whereas this is possible with RGS 159. This observation may show that 
RGS 151 and 156 play a more critical role in controlling the cell cycle and cell growth process. 
 
G Proteins and their Regulations in Cancer Biology 

 
 

    
 

 
The purpose of this project is to establish the effects of G proteins and regulators of G-protein 
signaling (RGS) proteins in tumor growth and development. The key role of RGS proteins is to 
turn off G protein-coupled receptor signaling pathways. More recently, however, scientists 
have supported the view that RGS proteins have other distinct functions such as modulating 
cell proliferation. Because the structure of RGS 19 protein is simpler than that of other RGS 
proteins, it has been chosen as the target RGS protein in this project. To date, RGS 19 
mutants S151A, S156A and S159A have been prepared. They will be overexpressed in stable 
cell lines for further analysis. 
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Advisor : XUE Hong Hannah / LIFS 
Student : KIM Yung Su / LIFS  

(UROP1100, Summer 2012)

Advisor : XUE Hong Hannah / LIFS 
Student : MAN Ki Fong / LIFS  

(UROP1100, Summer 2012)

Advisor : XUE Hong Hannah / LIFS 
Student : SUN Xing / LIFS  

(UROP1100, Summer 2012)

Role of Indel Polymorphism Locus, rs71305152, on 
Altzheimer’s Disease 

 
 

   
 

 
Previous study has shown that the insertion-deletion (indel) polymorphism rs71305152 in the 
friend of GATA 2 gene (FOG2) is associated with glioma, one of the major types of brain tumor. 
In this project, further study was undertaken to detect the association of rs7135152 and 
Alzheimer’s disease (AD), another degenerative brain disease. The experiment utilized nested 
PCR and the direct sequencing method to sequence rs71305152. To visualize the successful 
amplification of PCR products, the samples were run with electrophoresis in agarose gel 
stained with ethidium bromide (EB). A total of 96 samples and 285 controls were enrolled and 
sequenced. Chi-square values from case and control samples of allele (P = 0.945) and 
genotype (P = 0.962) frequencies, and the results of Pearson’s goodness-of-fit test from the 
Hardy-Weinberg equilibrium, all indicated no association between rs71305152 and AD. No 
relationship was found between gender and AD (P = 0.235).   
 
 
Extraction of Wogonin 

 
 

    
 

 
Wogonin is a flavonoid-like chemical compound that has anxiolytic properties without 
exhibiting the sedative or muscle-relaxing effects of benzodiazepines. This study investigated 
wogonin by extracting it from Scutellaria baicalensis. Dichloromethane (DCM), an organic 
compound, was used as a solvent in extracting wogonin. After extraction, different methods 
including ultraviolet-visible spectrophotometry (UV/Vis), mass spectrometry (MS) and infrared 
(IR) spectrometry were used to determine the quantity and quality of wogonin extracted. 
 
 
Application of One Label Extension (OLE) to SNP Genotyping 

 
 

    
 

 
Studies of single nucleotide polymorphisms call for cheaper, faster and more accurate 
genotyping methods. One label extension, a novel SNP genotyping method developed in 
Hong Kong, had been reported as a more efficient alternative providing a good degree of 
accuracy. In this UROP session, direct sequencing and one label extension (OLE) methods 
were adopted to genotype SNPs reported to have a correlation with susceptibility to diabetes. 
Some of the diabetes SNPs were genotyped by OLE. There was total agreement between the 
genotyping results obtained using the two methods. A start was then made on genotyping the 
20 SNPs believed to be related to breast cancer. While the genotyping of breast cancer SNPs 
is ongoing, their primers have been designed and tested. The samples genotyped in this study 
were taken from Han Chinese, and were received from CUHK. 
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Genetic Analysis of 20 SNPs Associated with Breast Cancer 
in Chinese Population 

 
 

    
 

 
During the summer semester of 2012, we spent most of our time conducting research aimed at 
identifying and analyzing gene templates containing 20 SNPs associated with breast cancer in 
the Chinese female population. In this study, our purpose was to identify the effective 
conditions for the amplification of different SNPs and to use specific methods to analyze the 
risk factors posed by different SNPs associated with breast cancer in the Han population. 
 
 
Biochemical Studies of Neuronal Scaffold Proteins 

 
 
  
 

 
 

 
In this project, binding between the cytoplasmic domain of Neph1 to CaM was observed using 
FPLC, and the binding region of Neph1 was mapped to a 66 a.a. fragment. Purified proteins 
were used to screen for crystallization through hanging drop vapor diffusion. 
 
 
Biochemical Studies of Neuronal Scaffold Proteins 

 
  

  
 
 

 
Inactivation no afterpotential D (INAD) is the core of a multiprotein complex that is essential for 
the proper regulation of visual signaling in Drosophila photoreceptor cells. It has 5 PDZ 
domains, each capable of binding to proteins required for fly visual signaling. Previous studies 
have identified many binding partners such as TRP, ePKC, and PLCβ, although their detailed 
binding patterns and regulation of the bindings were not well-characterized. Our project mainly 
focuses on the structure and target binding properties of PDZ1, PDZ2 and PDZ3. We 
demonstrate that PDZ2 can undergo reversible oxidation and phosphorylation, both of which 
affect its binding to ePKC C-terminal peptides. We also show that PDZ3 contains a novel 
binding pattern with the TRP C-terminal peptide and that PDZ1 may also bind to ePKC. 
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Space Orbit Design 

 
 
  
 

 
 

 
This project was undertaken to determine how to optimize the trajectory of spacecraft. 
Spacecraft trajectory optimization was determined according to the purpose(s) of the mission. 
In this report, we mainly focus on the final mass achieved with different solutions. The solution 
with the highest final mass could reduce travel costs considerably. Solution 3.1 
(Earth-Venus-Earth transfer) revealed that consuming only 108kg of fuel would enable us to 
make a return trip to Venus within four years. It also allowed for the creation of a resonance 
orbit from Earth to Venus. Our experimental data suggest that a longer travel time usually 
reduces fuel consumption. 
 
 
Space Orbit Design 

 
 
  

 
 

 
The interplanetary trajectory problem, which is the type of problem we are targeting, is a type 
of non-linear constrained optimization problem. In this type of problem, several constraints 
such as initial mass, maximum propulsion or launching time are given, and we then have to 
meet the mission objective using the most efficient method. Different solutions are compared 
by a given factor such as the number of targets reached, time travelled or mass remaining.  
 
It is usually impractical to solve an interplanetary trajectory problem without computer 
assistance due to the amount of variables to be considered. For instance, a simple 
Earth-Jupiter transfer is a 12-dimension problem, and when simulated with just 20 segments, 
there will be more than 70 variables. Therefore, two computer programs are used: PyGMO 
and GALLOP. 
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Space Orbit Design 
 

 
  
 

 
 

 
The optimization of space trajectories is a global optimization problem which is influenced by a 
high number of non-linear constraints. With the help of software packages developed by 
experts, several attempts have been made to effect simple transfers between planets. We 
consider two different interplanetary trajectories: an Earth-Jupiter transfer and an 
Earth-Venus-Earth transfer. For both problems, we attempt to minimize fuel use as an 
economic incentive. As part of this process, we rewrite some code for software package 
functions to assist us in our tasks. All of the above are being undertaken as part of the 
ACT-HKUST team’s preparations for the upcoming 6th Global Trajectory Optimization 
Competition. 
 
 
What Does Chang’E Data Tell Us? Report of Lunar Study 
Based on Chang’E Data 

 
 
  
 

 
 

 
This “Lunar study based on data obtained by the Chang’E spacecraft” uses laser altimeter 
data from the Chang’E 1 to study the distribution and nature of impact craters on the moon. In 
the summer of 2011, we successfully developed a map of the whole moon using data obtained 
from the Chang’E 1. Our research includes three main parts: data insertion, image description 
and modifications. In the fall semester of 2011, we focused on identifying impact craters using 
the support vector machine approach. 
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A Report on the Study of Lunar Craters 
 
 
  
 

 
 

Based on the results of previous stages of this research project, we were able to plot a 
3-dimensional graph of craters according to data obtained from the Chang’E spacecraft. I 
processed the data on the three craters (Einstein, Petavius and Tsiolkovsky) and plotted three 
graphs in MATLAB. In the current stage, our aim is to build a set of standard criteria to identify 
whether or not an input point, with its longitude, latitude, altitude and other related information, 
is inside a crater. Through this process, our goal is to immediately classify new data once they 
have been acquired from either the Chang’E or the NASA database, and hence to generate an 
integral crater distribution map of the whole moon. 
 
 
Lunar Study Report 

 
 
  
 

 
 

In the summer, we transferred data from the moon server, selected nine craters, and reduced 
the range of latitudes and longitudes under study. After detecting a large amount of noise, we 
modified the data by sorting them by altitude and deleted points with unreasonably large or 
small altitudes. Based on previous results, we explored crater landscapes in more detail using 
a quantitative method. In this report, I use the Coriolis crater as an example. From the 
landscape plot, we observed that most craters can be characterized by pits or sharp rings 
around the bottom. We then need to determine how to detect the top, bottom and rings of a 
crater for identification. I tracked the altitude of each crater by using different paths, collected 
local extremes in every path, and counted the number of times a point was a local extreme. 
 
 
Space Orbit Design 

 
 
  
 

 
 

 
After gaining a basic understanding of orbital elements and astrophysics, we wanted to 
establish how we could travel from Earth to Mars. In this report, some suggestions are made 
on algorithms to find the “best” moment to launch a rocket to Mars. 
 
This paper concentrates on the use of a numerical algorithm in computing the most 
energy-saving orbit, with exactly 1 maneuver when leaving Earth and exactly 1 maneuver 
when arriving on Mars, given a specified launch time. The paper also includes discussions on 
problems that arose in this study and proposes solutions to these problems. 
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Space Orbit Design 
 
 
  
 

 
 

This is a continuation of the summer phase of the UROP project on the same topic. The 
previous report reviewed fundamental rules of physics governing space orbits, and studied 
preliminary transfer orbits connecting celestial bodies. Simple 2-D models were used to reveal 
the relationship between orbit geometry and measures of orbit performance, such as transfer 
time and fuel consumption. Based on the many insights gained previously, this report 
summarizes the work carried out to date in the Fall 2011 semester, covering optimization 
problems arising with inclination angle considerations in 3-D scenarios and practical methods 
currently used to determine the choice of launch window, i.e. pork-chop plots. 
 
 
Hypothesis Testing on Stochastic Processes 

 
 
  

 
 

In this project, I discuss some plausible patterns in weekly returns of the Hang Seng Index. 
The first part of the paper examines the random walk hypothesis for stock returns using the 
variance-ratio test proposed by Andrew Lo, which basically compares different variance 
estimators derived from data sampled at various frequencies. The random walk model cannot 
be rejected for the entire sample period (1986‐2012), but it is rejected for both sub‐periods 
examined. The rejection of the model for both sub-periods is likely to be due to infrequent 
trading or time-varying volatilities. 
 
The second part of the paper puts forward an ARIMAGARCH mean-reverting model of asset 
prices. Test results show that the model satisfactorily describes most stock index movements. 
 
 
Hypothesis Testing on Stochastic Processes 

 
  
 

 
 

In this project, we are mainly focusing on the stochastic structure of lotteries in Hong Kong. By 
looking into the internal structure of lottery games, we seek to correct erroneous 
interpretations of gaming strategies that have become widespread and are accepted by the 
public. We are using mainly chi-square and run tests to show that each lottery game draw is 
independent of the others, and that there is no "trend" between different draws. After applying 
these two tests, we are confident in saying that the number of occurrences in each draw is 
uniformly distributed. However, to our surprise, run tests show that there are trends in some 
draw results. We conclude that although these results are against our intuition, they are valid. 
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Efficient Numerical Methods for Dynamic Interface 
  
  
 

 
 

 
The objective of this project is to write a program that efficiently displays waveforms from a 
source in any medium in 3D or 2D space. To do so, we have simplified the case under study to 
write a program that displays waveforms from point sources in any medium in 2D space. 
 
 
Efficient Numerical Methods for Dynamic Interface 

  
  
 

 
 

 
The algorithm for modeling two-dimensional dynamic interfacial motions presented in this 
project is called the cell-based particle method for a moving interface. This report gives the 
basic algorithm and the ultimate goal, which is to determine the constant in the 
volume-preserving motion. I will present all the work I have completed, including all the 
problems I encountered and the final results of the whole series of UROP projects. 
 
Efficient Numerical Methods for Dynamic Interface 

  
  
 

 
 

 
This project uses Huygen’s principle to construct some dynamic interfaces in a 2D case by 
approximating some given data points. 
 
 
Efficient Numerical Methods for Dynamic Interface 

  
  
 

 
 

 
This paper is a progress report for a project forming part of the Undergraduate Research 
Opportunity Programme (UROP). The report will present what we have done this summer 
semester, including progress made and problems encountered. 
 
The goal of this research is to compute the line integral of a circle based on the lengths (arc 
lengths) inside a square bounded by [-1,1]2, and to compute the surface integral of a sphere 
based on surfaces inside a [-1,1]3 cube. 
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Asymptotic Methods for High-Frequency Wave Phenomena 

  
 
 

 
 

 
The objective of this project is to demonstrate the methods developed for the project and their 
corresponding code and to discuss how further steps can be taken in pursuit of higher goals. 
Three methods have been examined to obtain the r-offset of a curve f. All methods outlined in 
this report are designed for the situation whereby f is a smooth curve in a 2-D space, and can 
be generalized to deal with curves in 3-D space. 
 
 
Asymptotic Methods for High-Frequency Wave Phenomena 

  
  
 

 
 

 
The goal of this project is to construct wave fields in inhomogeneous media. The method used 
to compute wave fields in inhomogeneous media is the Gaussian beam approach, which was 
proposed by Prof. Shing-Yu Leung. It can generally be divided into three steps. First, a certain 
number of individual beams are computed via ray tracing. The quantities of the beams are 
calculated by solving ordinary differential equations along the central rays. Second, for any 
arbitrary grid point, the closest point on each ray is found. Third, the full wave field is obtained 
by a superposition integral over all the beams. 
 
 
Effiicient Numerical Methods for Dynamic Interface 

  
  
 
 
 

 
 

 
The goal of this project was to determine an implicit representation of a co-dimension one 
interface by using a function  (a polynomial of degree n), such that {( ,)=0} 
approximates some curve by points (xi, yi), where i = 1,2,…,n. One application of our project is 
that it allows for the reconstruction of a new interface in a grid-based problem following the 
former one, using information on corresponding new coordinates, normal vectors and 
curvatures.  
 
We derived a method for fitting data points into circles and ellipses, or if inappropriate, straight 
lines, using information on coordinates and normal vectors. The approach we adopted is to 
minimize an energy function E, which is the sum of the norm square of the cross product of 
given normal vectors with the normal vector of a fitting interface that would pass through that 
point. We implemented the minimization algorithm using Newton’s Method in conjunction with 
initial guesses in MATLAB to visualize the result. 
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Asymptotic Methods for High-Frequency Wave Phenomena 
  
  
 

 
 

 
This report includes a description of the approach used in this project and an example to 
demonstrate the methodology adopted.  
 
A complex geometrical optics (CGO) method was developed to describe wave phenomena 
such as diffraction based on an ordinary differential equation (ODE). Complex ray tracing in a 
two-dimensional problem includes initializing conditions for complex rays, construction of a 
system of ordinary differential equations or ray equations, construction of complex rays, a 
numerical iterative procedure to solve the system of ray equations, and determination of wave 
amplitude. The numerical algorithm used in this project to describe the diffraction behavior of 
waves is the fourth-order Runge-Kutta method. Matlab was used to compile the code and 
demonstrate such wave phenomena in inhomogeneous media by applying CGO. 
 
 
Real Estate Asset Pricing Models and Their Applications 

  
  
 
 
 

 
 

 
One important feature of real estate assets is their spatial interaction. Nevertheless, there is 
little theoretical work connecting the classical pricing model with spatial statistics. In this 
project, we consolidated 20 years of Hong Kong real estate data from the Land Registry and 
property companies in preparation for model testing, researched the construction 
methodologies of Case-Shiller indices, HKU-REIS and Centa-City indices, and studied the 
spatial capital asset pricing model and the spatial arbitrage pricing model. In the next stage, 
we will statistically estimate Hong Kong’s real estate market based on several representative 
estates, and will test the robustness of the key coefficients to provide numerical support for the 
aforementioned models. 
 
To continue making progress this semester, we paid much attention to investigating some 
important factors noted in research about the real estate market and the corresponding futures 
market. First, we calculated distances between pairs of large cities in the US, such as the 
distance between New York City and Los Angeles, to prepare for an examination of spatial 
interaction. We then calculated data for a package of six factors that most affect the American 
futures market. Processing these data provided us with many implications relating to the 
futures market, which plays an important role in hedging real estate market investment risk. 
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Performance of Trading Strategies and Hedging Pressure 
Effects in Oil Futures Market 

  
  
 

 
 

 
This paper analyzes the performance of trading strategies in futures markets following the 
methodology of de Roon (2000, 2005). WTI crude oil is the only commodity future we study. 
We investigate the performance of active and passive spreading strategies in futures markets. 
We also find that the coefficients of the current yields of some futures contracts in returns 
regressions are not equal to zero. We also study the effect of hedging pressure, and find no 
preference for net short or net long positions among large traders. Our study reveals no 
meaningful relation between hedging pressure and returns. 
 
 
Financial Engineering Problems in Trading and Investment 

  
  
 

 
 

 
The main focus of this project is to employ robust optimization techniques to tackle the efficient 
optimization problem of value-at-risk (VaR), the maximum expected loss for a specific portfolio 
within a certain time horizon, which is one of the most widely accepted risk measures in the 
financial and insurance industries. We are conducting a controlled computational experiment 
in which real market data are being used to study the performance of a modified VaR measure. 
We used the real market data on a portfolio of 24 small-cap securities from the S&P 600 index 
that were needed for this approach. We also studied a lot of background information and 
institutional knowledge regarding stochastic modeling for limit order book dynamics and 
mean-variance optimal adaptive trade execution.  
 
 
Application of Cluster Analysis for Dimensionality Analysis 

  
  
 

 
 

 
The increasing recognition of the multidimensional nature of educational and psychological 
measurement instruments has given rise to a concurrent increasing need for more efficient 
and effective dimensionality assessment tools. The main purpose of this project is to propose 
a better statistical method for detecting dimensionality. 
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Variable Selection by LASSO 
  

  
 

 
 

 
In this project, we attempted to perform factor selection from a supersaturated design by 
applying the lasso – a shrinkage and selection method for linear regression that was first 
proposed by Tibshirani (1996). A supersaturated design is a factorial design in which the 
number of factors is larger than the number of observations. We chose supersaturated 
designs satisfying the condition of “near orthogonality”. Designs satisfying the condition of 
“near orthogonality” are not unique given the same number of factors and observations. 
 
 
Edge Congruent Tiling of the Sphere by Pentagon 

  
  
 
 
 

 
 

 
This paper, Spherical Tiling by 12 Congruent Pentagons, analyzes and fully categorizes the 
edge-to-edge tiling of a 2-dimensional sphere using 12 congruent pentagons. In this report, we 
propose how to classify the edge-to-edge tiling of such a 2-dimensional sphere using 
congruent pentagons with only two of the same higher degree vertices; we call it case 2n. This 
report represents only part of the paper we have drafted, and was put into its current form by 
cutting out almost all the proofs and examples. Hence, the figures are not numbered 
consecutively. 
 
 
Combinatorial Tiling of the Sphere by Pentagon 

  
  
 
 
 

 
 

 
Tiling is an ancient topic, and existing spherical tiling patterns have been studied extensively. 
In this study of spherical tiling from a different perspective, we give proof of the non-existence 
of a series of tiling patterns: edge-to-edge spherical tiling using congruent pentagons with 
Vk=1(k≥4) and V3=∑Vi-1. We prove this mainly by studying the behavior of vertices and edges 
predominantly using combinatory and geometric methods. We first give our main results and 
some fundamental rules on spherical tiling. The following part of the paper is devoted to 
proving some local tiling pattern rules. The proof is then completed when constructing the 
intended Vk=1(k≥4) and V3=∑Vi-1tiling scheme leads to a contradiction. 
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Bound on the Size of Union 
  

  
 

 
 

 
Given the easure space and the measures of each set and 
pairwise intersection, there is a certain range of V=| |. Finding the range of V is 
equivalent to solving a linear programming problem, but the algorithm used to find the exact 
bound has proven extremely complicated, and is actually NP-hard. Thus, the best we can do s 
to find some rougher bounds that approximate the accurate value. One way to achieve this 
goal  a 
certain set of free variables as a whole. By this method known as aggregation, we convert the 
linear programming problem into a simpler, though rougher, problem with fewer free variables. 
Two successful attempts have been made: by Dawson-Sankoff (1967) and Kuai, Alajaji and 
Takahara in 2000. This paper applies this method to a further layer and reduces the original 
problem into a simpler one, which leads to a greater lower bound. Moreover, we show good 
solutions to this problem for some simple cases.
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Software Development for Super Resolution Microscopy 

  
  
 

 
 

 
Optical microscopes are applied in many fields involving the observation of biological samples. 
However, due to the diffraction effect, the resolution of classic optical microscopes is limited to 
the wavelength of light (~200nm). On the other hand, high-frequency waves such as X-rays 
and electrons can easily kill samples or have some other side-effects. As a result, 
molecular-scale biological processes cannot be observed with traditional microscopy. 
Stochastic optical reconstruction microscopy (STORM) is one of the methods that have been 
proposed and demonstrated in recent years to achieve super-resolution optical imaging. 
Under this scheme, the overlapping of light spots emitted from nearby molecules is avoided by 
randomly activating sample fluorescent molecules using weak light so the center position of 
each activated molecule can be separately calculated according to its spot shape. After 
repeating this activation and detection process thousands of times, a reconstructed image with 
sub-diffraction resolution can be obtained by adding the calculation results together. Some 
advanced methods such as 3D STORM and multi-color STORM have also been demonstrated 
on this basis. However, processing data from the intake stack to form the final reconstructed 
image is a highly complicated task. To achieve high-quality performance, real-time running 
software with a fast processing speed and an optimized algorithm is needed. In this study, a 
modified version of software that can support multicolor STORM and virtual experiment 
simulation based on the ImangJ plugin QuickPALM is being produced. With highly reductive 
simulation, the user can gain a better understanding of how microscopy works under different 
conditions, and can perform optimization according to feedback provided by the simulation 
results. 
 
 
One-To-One Mapping between Gog and Magog Triangles 

   
  
 

 
 

 
The purpose of this research was to study number of sphere stacks in different ways and using 
different containers. We focused on the types of sphere stacks in unbounded inverted pyramid, 
octahedron and tetrahedron containers. Our study process comprised three main steps: a 
review of books and related materials; finding regular patterns in models and counting type 
numbers; and concluding by examining some principles and studying related or similar series. 
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One-To-One Mapping between Gog and Magog Triangles 
   

  
 

 
 

 
The purpose of this project was to find a simpler approach to prove one-to-one mapping 
between Gog and Magog triangles. Because Zeilberger (proof of the alternating sign matrix 
conjuncture) has already proved one-to-one mapping, we focused our work on studying the 
alternating sign matrix (ASM) and different models of sphere stacking, finding many interesting 
results during our investigation. 
 
 
One-To-One Mapping between Gog and Magog Triangles 

   
  
 

 
 

 
Our team explored the combinatorics about sphere stacking in a few simple containers. We 
discovered that the number of ways to packing spheres with certain symmetries follows 
different types of the Mock theta functions. 
 
 
Characterizing Single-Molecule Electronic Properties Using 
Low-Temperature Scanning Tunneling Microscopy 

   
  
 

 
 

 
The electronic band structure is very important in understanding the physical properties of 
different materials. It usually depends on the structures of the molecules. A very simple model, 
the tight binding model (TBM), can be used to simulate the local density of state (LDOS) plot of 
the molecules to probe their energy level distribution. In this project, I used a computer 
simulation to approximate experimental results and analyze the structures of the molecules, 
and to identify the causes of discrepancies between the experimental data and the computer 
simulation. 
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Monte Carlo Simulation of 2D Supramolecular Assembly  
   

  
 

 
 

 
In this study of Cu-coordinated pyridyl-porphyrin supramolecular self-assembly on Au (111), 
kinetic Monte Carlo (KMC) simulations were carried out on a square lattice instead of on a 
hexagonal lattice of Au (111) to simplify the analysis of island density, with the rotational 
degree of freedom being neglected. Island density decreased when a hexagonal lattice was 
used in KMC simulations and rotational motion was taken into consideration. This may help 
explain the difference between the experimental data and simulation results obtained at a low 
temperature. 
 
 
Quantum State Calculation of Two-Dimensional 
Supramolecular Nanostructures  

   
  
 

 
 

 
A MATLAB program written earlier was used to simulate the electron property of a 2D system 
imposed by a periodic potential by numerically solving the time-independent Schrodinger 
equation. However, as expected, a problem arose in the Fourier expansion of the potential 
which served as the basis of the whole program. This project was aimed at fixing this problem 
and testing the algorithm with the Kronig-Penney model. The results of the two versions were 
then compared in more realistic cases. The tests proved the reliability of the new algorithm, but 
the old algorithm also gave a close result in many cases. 
 
 
Organic Molecular Beam Deposition in Ultra-High Vacuum 

   
  
 
 
 
 
 

 
 

 
In this project, we estimated the sublimation temperature of two organic molecules. In other 
words, we sought to establish the lowest temperature at which the molecules started 
sublimation. Moreover, we also sought to quantify the amount of molecules absorbed on a 
fixed-size substrate at a certain temperature. 
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Monte Carlo Simulation of 2D Supramolecular Assembly  
   

  
 

 
 

 
Supramolecules are complex molecules held together by non-covalent bonds, and come in 
both 2-D and 3-D shapes. This project is an investigation of 1, 3, 5-trispyridylbenzene (TPyB). 
In addition to conducting laboratory experiments, the supramolecular self-assembly can be 
approximated by Monte Carlo simulation. This project considers two main events: evaporation 
and hopping. The occurrence of these two events depends on their probability, and their 
probability depends on the transition rate. Assuming the surface of the arrival can be 
represented by a matrix, every part of it can initially be occupied by a 2D supramolecule 
(TPyB), and after the arrival of the TPyB, part of the matrix will be occupied and the flux thus 
becomes zero. 
 
 
Quantum State Calculation of Two-Dimensional 
Supramolecular Nanostructures  

   
  
 

 
 

 
This project was aimed at simulating a physical system that has a periodic potential imposed 
on its surface. The potential barrier was obtained by solving a 2D Schrodinger equation 
numerically and comparing the result with experimental data. Using a tool in a MATLAB 
program, different models were tried during the project to make the system more practical or 
realistic. 
 
 
Characterizing Single-Molecule Electronic Properties Using 
Low-Temperature Scanning Tunneling Microscopy 

   
  
 

 
 

 
We studied the spatially resolved local density of states (LDOS) of zigzag and cyclic 
conjugated polyphenylene oligomers consisting of phenyl units. The LDOS mapping results 
enabled us to obtain the distribution of the states. In a zigzag-shaped molecule, four states 
appear at 1.2V, 1.7V, 2V and 2.5V; we also found four states in the cyclic structure, 0.7V, 1.5V, 
2.5V, and in some samples there was a weak 0.2V state, among which the 0.2V and 0.7V 
states could not be simulated by the tight-binding method we used. 
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Monte Carlo Simulation of 2D Supramolecular Assembly  
   

  
 

 
 

To help gain an understanding of the mechanism that governs the Cu-coordinated 
tetra-pyridyl-porphyrin (TPyP) supramolecular self-assembly on Au(111), which has been 
studied using scanning tunneling microscopy (STM), the Monte Carlo method has been 
applied to simulate the evolution of supramolecular islands by computer. In addition to the 
former study and to look more closely at influencing factors, this simulation introduces a new 
parameter—the probability of a bond forming between two molecules when they are in a 
bonding position—and the number of apparent islands formed is counted at different hopping 
times and temperatures. 
 
Quantum State Calculation of Two-Dimensional 
Supramolecular Nanostructures  

   
  
 

 
 

 
The tight binding (TB) model is a widely used approach in the study of solids, where periodic 
molecular structures of interest arise. This model is a one-electron approximation with an 
appropriately chosen set of wave functions based on the atomic orbitals of isolated atomic 
sites. This method simplifies the problem of calculating surface states in many situations, and 
the MATLAB program used can simulate this physical problem by diagonalizing the 
Hamiltonian matrix. This project is aimed at generalizing the existing one-dimensional model to 
a primary two-dimensional model. 
 
Prisoner Dilemma Game on Complex Networks  

   
  
 

 
 

 
There are two types of player, defectors and cooperators, in a system governed by the rules of 
the prisoner’s dilemma game. The network is a Wheatstone network comprising a 
one-dimensional periodic boundary ring. The system runs repeated prisoner’s dilemma games 
with imitation and an asynchronous updating procedure. In this situation, defectors must attack 
all cooperators for a long period, and the cooperation decay rate is therefore discussed. We 
find that a cluster of cooperators provides stronger resistance against invasion by defectors. 
 
An expanding cluster of cooperators is defined in this one-dimensional evolutionary prisoner’s 
dilemma game. The survival of these expanding clusters is discussed in the context of the 
repeated prisoner’s dilemma game with imitation and an asynchronous updating procedure. 
The cooperator decay rate is analyzed numerically for different configurations in the 
Wheatstone network. We find that this expanding cluster provides stronger resistance against 
invasion, with the density of the expanding cluster of cooperators reaching its maximum before 
decaying to zero. 
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Hierarchical Structure and Regular Networks  
   

  
 

 
 

 
Two prior papers investigating cortical architecture show that a labeling scheme can be used 
to achieve a transformation from a regular network into a hierarchical network. This paper 
provides a general formula for transformation from a regular network which can be 
represented by a hypercube into hierarchical network, and discusses the labeling scheme 
concerned. It also reviews a method for constructing a quasi-crystal with the aim of deriving 
the transformation from a quasi-crystal to a hierarchical network. 

 
 

Spectral Method in Network Reliability and Stability  
   

  
 

 
 

 
We compute the eigenvalue spectra of twisted ring networks and obtain the stability and 
reliability behavior of ring-type networks. The stability results are contrasted with those of 
scenarios previously studied by May, Gardner and Ashby, thus extending the scope of their 
various conclusions from the random-topology case to the fixed-topology case. We also look 
into the relation between the eigenvalue spectra of networks and their stability and reliability. 
We find that the stability and reliability of this type of network are dominated by their largest 
eigenvalue, which reflects the connectance of the network. The eigenvalue gap, which reflects 
the level of symmetry of a network, also affects the microscopic stability and reliability behavior 
of the network. Our conclusion is extended to general cases using the perturbation method. 
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Quantum Random Walker on Networks  
   

  
 

 
 

 
We first study a quantum random walk on a line (one-dimensional case). We find that it shows 
a probability distribution completely different to that of the classical random walk. We then 
investigate a quantum random walker algorithm for searching on a hypercube. The 
optimization property of the algorithm is verified by looking into Grover’s diffusion operator, the 
core operator. We explain the connection between previous investigations and show why we 
bring them together. We also propose a refined algorithm on a general graph that is more 
efficient than classical algorithms. 
 
Many of the traditional searching algorithms are based on geometric properties; for example, 
all calculus-based algorithms and the random walk algorithm. Some of them are also 
completed purely by algebraic manipulation, such as algorithms derived solely by using 
genetic algorithms. 
 
The comparative advantage of the combination between a quantum random walk (QRW) 
algorithm and a genetic algorithm (GA) lies in the fact that either one alone is subject to some 
major problems leading to a considerable decrease in efficiency.  
 
To highlight the value of merging QRW and GA algorithms, we again emphasize the significant 
loss experienced by using either one alone. The QRW algorithm can serve as a good spreader 
on a network, but the problem is that searchers that work independently can be quite inefficient 
without proper manipulation (an algorithm) of the nodes. A pure GA totally lacks the geometric 
property of the search process itself, and is replaced by absolute algebraic manipulation, 
which our results show is also unsatisfactory. However, the combination of these two types of 
algorithms gives a quite satisfactory solution. For completeness, the trial results of the CRW 
and GA combination are also given. 
 
 
Experimental Study of Colloidal Diffusion in an Energy 
Landscape  

   
  
 

 
 

 
The properties of the transition probability matrix have been applied to the study of molecular 
conformational transition. Our group has been working to apply this method to the study of 
colloidal diffusion. For diffusion in a two-dimensional hexagonal periodic energy landscape, 
the problem can be simplified into a one-dimensional two-state problem, and a 2×2 transition 
probability matrix for the diffusion process can be constructed. The transition rates can then be 
calculated. In addition, after determining the range of the lag time in which the system is 
Markovian, we can estimate the transition probability matrix with a longer lag time, even if such 
long-term observation is not completed experimentally. 
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Circularly Polarized Luminescence  
   

  
 

 
 

 
In this study, the circular polarization of compound 1 was produced by forming the hydrogen 
bonds of a giant helical structure with the help of organic acids, each of which had two or more 
sites capable of forming H-bonds.  Physical properties such as the symmetry and size of acid 
molecules are important in linking compound 1 and the direction of the helix. Where the 
reactive sites of acid molecules contain chirality, and the acid molecules contain a 
dissymmetric structure whereby only one of the chiral molecule is allowed, circular polarization 
can be formed, with the dissymmetry factor reaching the order of 10-2 as measured in a 
circular polarized luminescence experiment. 
 
 
Circularly Polarized Luminescence  

   
  
 

 
 

 
In this project, circularly polarized luminescence spectra were recorded for Terbium 
complexes in their solid crystalline state. By making K[(R)-2NH3-bur-1-OH]2[Λ-Tb(2,6PDA)3] 
and K[(R)-2NH3-bur-1-OH]2[∆-Tb(2,6PDA)3] samples, i.e. mixing (R)-2-amino-1-butanol and 
terbium, circularly polarized luminescence (CPL) measurements (with 325nm HeCd laser 
excitation) showed that the samples had CPL spectra with CPL signs consistent with chirality. 
The dominant CPL peak among the measurements was located at 540nm. The results also 
showed that the left-handed samples had an emission anisotropy factor with a sign opposite to 
that of the right-handed samples. 
 
 
Manufacture of Photonic Crystal  

   
  
 

 
 

 
The purpose of this project was to fabricate phononic crystals with a full band gap. These 
crystals have a body-centered-tetragonal (BCT) structure. The small balls imbedded in the 
crystals have a diameter of 1 mm and are made of stainless steel. The other material filling the 
hiatus between the balls is PMMA, while paraffin was chosen as the material for two crystals 
used for practice purposes. Although a full band gap was observed, the final results show 
some room to improve the fabricating process. 
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Cosmetic Application of In Situ Hydrogel 

   
  
 

 
 

 
A novel in situ hydrogel for cosmetic injection which is tunable over a range of mechanical 
strengths, gelation times and swelling ratios has been characterized and is described in this 
report. Early work in this project included the introduction of a formulation optimized across five 
major properties. However, the skin is a complex organ, and dermal fillers with different 
properties are also used in different cosmetic circumstances. This study found that a low 
mechanical strength hydrogel (1 w/v%-108kDa-10DS) had a storage modulus (G’) of 293 Pa, 
a gelation time of 65 minutes and a swelling ratio of 1.49. In contrast, the values for a high 
mechanical strength hydrogel (6 w/v%-29kDa-40DS) were 9020 Pa, 7.2 minutes and 1.25, 
respectively. Potential applications are suggested for these and other formulations. 
 
 
Influence of Polymer Components and Process Parameters 
on Polymersomes 

   
  
 

 
 

 
Most people consider that polymersomes are superior drug carriers due to their thicker 
membranes and larger molecular weights. However, systematic research on how certain 
parameters may affect the formation, drug loading and release of polymersomes has never 
been carried out. Hence, we chose some method parameters to check whether any of them 
would have an influence on the size, morphology, loading and release of polymersomes. The 
results obtained indicate that polymersomes formed using DCM are often larger than those 
formed by THF and acetone. Moreover, it is likely that the solvent-water interaction parameter 
is the key factor affecting size. Analysis of the drug release parameter shows that 
polymersomes formed from mPEG-PLLA have the highest release rates. 
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Making Lithium-Ion Batteries and Testing Their 
Performance 

   
  
 

 
 

 
Throughout this research project, samples of an organic-liquid polymer gel electrolyte for 
lithium-ion batteries were synthesized at different ratios of ethylene carbonate using a phase 
inversion process. They were made with a fixed ratio of polymer and acetone while varying the 
ratio of ethylene carbonate. The membrane samples were then made into cells with cathode 
and anode materials, the cathode having been made separately beforehand, to be tested from 
various perspectives. The tests conducted include a battery capacity test at different charging 
rates, a test of electrolyte uptake at different ratios of ethylene carbonate, a decomposition 
voltage test and SEM pictures. These characterizations revealed much information on many 
aspects of the membrane. 
 
 
GC-MS Analysis of Tea Tree Oil under Different Storage 
Conditions 

   
  
 

 
 

 
Tea tree oil (TTO), a common herbal health product, contains readily oxidized and 
light-sensitive components. Storage conditions are the critical factor in ensuring TTO quality. 
TTO oil samples were tested after storing them in four extreme conditions for short periods (1, 
2 and 3 days). This project has established reference data for the stability of TTO. By using 
GC-MS methods, the TTO component could be identified and quantified. The results show that 
one of the ingredients in TTO degrades rapidly after only two days. 
 
 
Micro-Technology for Biological Applications 

   
  
 

 
 

 
A detailed study conducted in 1981 showcased the derivation of embryonic stem cells from 
mouse embryos, laying the foundations for the growth of the first human embryonic stem cell 
in vitro in 1998. Following these breakthrough discoveries, a paradigm shift took place, and 
stem cell investigations became a widespread trend in the bioengineering and tissue 
engineering fields. The main research areas in this context include the cloning of stem cells, 
the derivation of stem cell lines via different methodologies or from various tissues, and the 
development of therapy and generative medicine. This study analyzes stem cell differentiation 
by controlling the cell-cell communication in a micro-fluidic environment. The effects of the 
surface topology and chemistry of substrates on cell growth and differentiation are also 
investigated. 
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Polyhydroxyalkanoates Production From Low-cost 
Sustainable Raw Materials 

   
  
 

 
 

 
Poly-3-(R)-hydroxybutyrate is a bioplastic produced by microorganisms as an energy storage 
substance. Traditional quantitative detection methods such as gas chromatography (GC) are 
highly dependent on extraction over a long period. The objective of this UROP project was to 
investigate whether the quick and convenient method of thermogravimetric analysis (TGA) 
could be applied to detect poly-3-(R)-hydroxybutyrate, specifically in biomass samples 
obtained through Halomonas boliviensis fermentation. Our results show that TGA, which gives 
results comparable to those obtained with GC, is a reliable method. 
 
 

PHB Content Determination by Gas Chromatography (GC) 
and Thermo Gravimetric Analysis(TGA) 

   
  
 

 
 

 
Polyhydroxybutyrate (PHB) is a newly developed bio-plastic material. Its excellent properties, 
such as high crystallinity, an excellent gas barrier and physical properties similar to those of 
polypropylene, means it may have a bright future as a high-performing plastic that does not 
cause “white pollution”. However, its high cost is a barrier that must be overcome before it 
goes into mass production. In 2005, a group established a fermentation-based PHB production 
method making it possible for this material to be fully developed and utilized. During the 
fermentation process, the PHB content must be detected for quality monitoring and method 
optimization. This UROP1000 project focused on two PHB content determination methods: 
gas chromatography (GC) and thermogravimetric analysis (TGA). The final report will give a 
brief overview of these two methods and make comparisons between them. 
 
Site Tests of Smart Antimicrobial Coating 

  
  
 

 
 

 
This project involved studying the chemical composition, in vitro antimicrobial activity and 
minimum inhibitory concentration of tea tree oil and its binary, tertiary and quaternary 
combinations with citral, cinnamon oil and thyme oil. The major components of each essential 
oil (EO) were terpinene-4-ol (tea tree oil, 56.3%), geranial (citral, 53.54%), eugenol (cinnamon, 
77.81%) and thymol (thyme oil, 73.22%). It was found that the mechanism causing 
antimicrobial actions in Eos was its hydrophobicity. Using a dilution method and a disc 
diffusion method, it was found that a mixture of tea tree oil and thyme oil performed the best. 
This EO combination was used to formulate an antimicrobial fragrance gel, the effect of which 
was studied in a box test. 
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Site Tests of Smart Antimicrobial Coating 
  

  
 

 
 

 
This study was carried out to investigate the susceptibility of selected strains of bacteria and 
fungi to plant essential oils (EOs) such as citral, cinnamon, thyme and their constituents. Tests 
of the synergistic, antagonistic and additive effects of these EOs were carried out in vitro. Their 
effectiveness, including their fragrances, was then evaluated against Gram-positive bacteria 
(Staphylococcus aureus and Bacillus subtilis spores), Gram-negative bacteria (Escherichia 
coli) and Cladosporium spores. In vitro tests utilizing the broth dilution method and the disk 
diffusion method were carried out to assess the antimicrobial activity of the EOs (7 sets). The 
two best sets were chosen from the different combinations (7 sets) and were formulated into a 
gel. 
 
 
Dye-Sensitized Solar Cell 

  
  
 

 
 

 
Degussa p-25 was used to prepare a coating paste based on a previous report. Different 
layers were coated using the doctor blade technique and the repeated drying method with two 
kinds of polyethylene glycol (PEG). The effects of different coating layers and PEG on the 
performance of DSSC were investigated to improve the efficiency of the latter. To set a 
standard for later testing, the performance of the same DSSC was tested under different light 
sources (fiber-lite, Xe and standard AM 1.5) for comparison. A different coating paste 
preparation method involving coating the fourth layer was then used to improve the efficiency 
of DSSC. 
 
 
Antimicrobial Coating for Porous Media 

  
  
 

 
 

 
This project was conducted to assess the persistency and durability of a smart antimicrobial 
coating applied to three different fabrics using iodometric titration and a diffusion disk test. At 
the end of the 41-day study period, the titration results for the dried fabrics showed that HEPA 
red filter had the highest amount of chlorine dioxide remaining. Similarly, it had the largest 
inhibition zone in media against E. coli, S. aureus, MRSA and Cladosporium. Thus, the red 
filter has the desired antimicrobial coating retention characteristics. Five additional filters will 
be tested in future; this report covers only the initial titration test. 
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Climate Change Impact Analysis for Hong Kong and Nearby 
Regions 

  
  
 

 
 

 
This report outlines a study of changing rainfall patterns in the region surrounding Hong Kong, 
which was undertaken to inform us how to adapt to the changing climate. Using rainfall data 
from 1952 to 2011, it was found that although the number of rain days has fallen significantly, 
total rainfall is increasing noticeably. We then found a possible explanation for these findings 
by proving that the number of days with heavy rainfall (50-130mm/day) is rising, while that with 
small rainfall (0-5mm/day) is decreasing. These changing trends mean the probability of 
natural disasters such as landslides and flooding is likely to be higher. Moreover, having no 
rain for a prolonged period is likely to cause reservoirs and the soil to dry up. The report makes 
suggestions on how to deal with all of these issues.  
 
 
Cement-Based Piezoelectric Sensor 

  
  
 

 
 

 
There is an increasing need for more reliable structural monitoring. Newly developed 
diagnostic techniques for damage detection have been becoming an important part of sensor 
developments. This report introduces a modified smart composite which provides high-quality 
performance in real-time structural monitoring. This technology involves cement-based 
piezoelectric composites and sensors that has better compatibility with Portland cement 
concrete and can detect cracks and damage in concrete. Given the short research period 
available, this report is mainly based on review of previous experiments and observations, and 
is more accurately described as the author’s learning report. 
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Vegetation Strengthening Mechanisms for Soil Slopes 
  

  
 

 
 

 
There has been an increasing demand from the public for environmentally friendly designs and 
for upgrading of slopes in Hong Kong recently. With Hong Kong’s rugged topography and 
frequent rainstorms, landslides have always been an alarming problem. In this final year 
project, physical model tests using the HKUST’s world class geotechnical centrifuge, have 
been planned and designed to investigate effects of root reinforcement on slope stability 
including both effects of soil suction induced by living plants as well as mechanical 
contributions from roots. To allow plant-induced suction to be considered in a centrifuge test, 
an innovative suction control system is being designed and developed. The model tap roots 
are made of aluminum alloy with small holes on sides. The stem of these roots is connected to 
a vacuum chamber to simulate suction effects on a slope. In each test, the model root will be 
embedded in a soil slope and a constant vacuum pressure  will be applied during a centrifuge 
model test. Vegetated and non-vegetated (i.e., bare) model slopes will be distabilized by using 
a rainfall simulator in centrifuge. Any pore-water pressure changes will be recorded by 
tensiometers. Measured distributions of pore-water pressure in vegetated and bare model 
slopes will be investigated and compared to those induced by living plants. Numerical 
back-analyses of these two types of slopes will then carried out to determine failure 
mechanisms and the influence of vegetation on slope stability and factor of safety. 
 
 
Water Purification Units for Low-Income or Developing 
Countries and Regions 

  
  
 

 
 

 
This study was carried out to modify or form water purification units for low-income or 
developing countries and regions. The supply of palatable and potable drinking water is one of 
the main issues concerning people around the world. Water contamination attributable to 
several reasons including pollution, mining activities and deforestation has affected water 
quality and caused it to drop below the established standard of drinkability. The utilization of 
solar energy is one of the many methods to have been implemented to purify water. For 
example, solar disinfection of water has been used to enhance the quality of water and reduce 
the incidence of diarrheal diseases and cholera. This project is aimed at designing a reactor 
that utilizes solar power to obtain drinkable water. 
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Water Purification Units for Low-Income or Developing 
Countries and Regions 

  
  
 

 
 

 
This project focuses on the design and building of low-cost water purification units to supply 
potable water to low-income or developing countries and regions. Participating students were 
first asked to build up their knowledge on how to design, build and test water treatment units. 
The students will then need to identify specific target pollutant(s) for a target group to build the 
units. In the final part of the project, the students will need to test the treatment units for their 
ability to achieve the selected goal(s). 
 
 
Water Purification Units for Low-Income or Developing 
Countries and Regions 

  
  
 

 
 

 
This report focuses on glass surface coatings and what properties can be observed after such 
a coating is applied to a glass surface. The report compares different coating ratios of iron 
acetylacetonate and titanium acetylacetonate and a fluorosilane coating to serve as a 
reference when choosing glass surface coatings for solar distillation devices. It also applies 
and discusses simulations of real scenarios. 
  
Water Purification Units for Low-Income or Developing 
Countries and Regions 

  
  
 

 
 

 
A solar distillation facility is a traditional way of purifying water in an area with poor water 
quality and sufficiently strong solar intensity. Because this kind of facility can be built at 
relatively low cost, it can be applied in low-income countries or regions for small-scale (e.g. 
family-based) water purification. However, a major problem arises from the traditional design 
of this kind of facility: water condensing on the collection surface blocks sunlight from entering 
the reactor, which leads to low-efficiency evaporation. Based on research conducted by Ling Li, 
a possible solution would be to utilize a super-hydrophobic glass surface, which may help to 
increase efficiency. This project will examine more materials including normal glass, 
hydrophobic glass and hydrophilic glass. A brief installation angle test will also be discussed in 
the report.  
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Earthquake Frequency Analysis for Region around Taiwan 
  

  
 

 
 

 
This paper will focus on modeling earthquake in the presence of spatial and temporal 
uncertainties. To study the distribution and frequency of earthquakes around Taiwan, 
distribution fitting methods have been adopted to analyze earthquake data for the past 20 
years. The earthquake data was first sorted by magnitude, time and space. Great earthquakes 
with ML>3 were then modeled by uniform, normal, lognormal, exponential, gamma, beta, 
Weibull and Pareto distributions. A Kolmogorov-Smirnov test was deployed to determine the 
goodness-of-fit of the distributions. Based on the modeling results, a Pareto distribution shows 
better goodness-of-fit than other distributions when modeling great earthquakes with ML>3. 
 
 
Water Purification Units for Low-Income or Developing 
Countries and Regions 

  
  
 

 
 

 
In this study, a particulate medium will be sheared when stress is applied. From a micro 
perspective, the soil particles may either remain stationary or roll or slide against each other 
during the shearing. From a macro perspective, the particulate medium will exhibit dilatancy, 
which is shown to be correlated with stress–strain behavior in sand. However, the exact cause 
of dilation remains unknown. It is therefore essential to gain a fundamental understanding of 
the mechanism by which particulate media exhibit dilatancy.  
 
In a previous project conducted by Tam Pak On, wooden rods with a circular cross-section of 
three different sizes were used to simulate sand particles under shearing. This project will 
serve as an extension of this previous investigation, subject to the modification of changing the 
shape of the cross-section from a circle to an ellipse. 
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The Development of New Types of Sensors, GeoMEMS, for 
Geotechnical Engineering Applications 

  
  
 

 
 

 
Revolutionary technology from the microelectronics field has enabled us to use new types of 
sensors, such as MEMS sensors, in soil testing and field monitoring. Because MEMS sensors 
are small (in the range of mm) and low-cost (compared with conventional sensors), they have 
great potential to change the sensing technology currently used in geotechnical 
engineering-related applications.  
 
This study outlines the design and deployment of a vibration monitoring sensor. The report 
describes solutions to power management, radio communications, memory management and 
other challenges this system faces to make it cost-effective and scalable, and discusses how it 
will help civil engineers. 
 
 
The Development of New Types of Sensors, GeoMEMS, for 
Geotechnical Engineering Applications 

  
  
 

 
 

 
Revolutionary technology from the microelectronics field has enabled us to use new types of 
sensors, such as MEMS sensors, in soil testing and field monitoring. Because MEMS sensors 
are manufactured using batch fabrication techniques similar to those used for integrated 
circuits, they are small (in the range of mm) and low-cost (compared with conventional 
sensors). We consider that the integration of MEMS sensors with the Internet of Things (IoT) 
has great potential to change the sensing technology currently used in geotechnical 
engineering-related applications. 
 
This study describes the design, calibration testing and deployment of a prototype vibration 
monitoring sensor. The report will describe solutions to power management, radio 
communications, memory management, noise and other challenges the system faces to make 
it cost-effective and scalable, and discusses how it will be more helpful to civil engineers in 
comparison with current technology.  
 
Other tools we used with the sensor, such as wireless interface software and a plotting 
application, are equally important to our development cycle and will be discussed in this report. 
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Using the Jet Index Method to Determine the Erodibility of 
Grass-Reinforced Soil in the Field 

  
  
 

 
 

 
Soil erosion is an important factor that leads to many serious geotechnical and environmental 
problems. For instance, soil erosion caused by water is one of the most important reasons 
leading to the loss of land nutrients and productivity. In addition, surface soil erosion can result 
in slope failure and river bank failure, putting lives in jeopardy. There is a common consensus 
that vegetative measures are an effective way to control soil erosion. Therefore, we carried out 
an investigation concerning the influence of vegetation on the erodibility of surface completely 
decomposed granite (CDG) soils with different degrees of compaction (DOC). 
 
Six field tests were conducted using the jet index method on three types of grass: Bermuda 
grass, Bahia grass and Taiwan grass. The tests were undertaken at the HKUST EcoPark, 
Tseung Kwan O, Hong Kong. The calculation results indicate that the erodibility of vegetated 
ground falls by a factor of approximately 1.5 in comparison with bare ground in the same DOC 
condition. Among the three types of grass tested, Taiwan grass was the most effective in 
reinforcing surface soil particles. 
 
 
Vulnerability to Landslides Triggered by the Wenchuan 
Earthquake 

  
  
 

 
 

 
The Wenchuan earthquake that occurred in Sichuan, China in 2008 triggered numerous 
landslides in the affected area, which resulted in heavy casualties. This report looks into these 
landslides in particular, and reports data on the casualties and characteristics of some 
landslides during the Wenchuan earthquake for vulnerability analysis. First, the characteristics 
of the landslides under study are introduced. Their damage ratios (vulnerabilities) are then 
evaluated by calculating the ratio of the number of deaths to the population at risk. Regression 
analysis is then performed to develop empirical relationships between vulnerability and the 
volume, run-out distance, and depth of the displaced landmass. 
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Experimental Investigation on Influence of Grass on Soil 
Erodibility 

  
  
 

 
 

 
Slope failure, one of the most serious geotechnical engineering problems encountered, is 
frequently caused by surface soil erosion. Thus, it is very important to understand how to 
reduce surface soil erosion. One way of preventing soil erosion is to plant vegetation on the 
ground. This study investigated the effect of vegetation on the erodibility of completely 
decomposed granite (CDG) soils with different degrees of compaction (DOC). Six jet index 
tests were conducted in the field at the EcoPark in Tseung Kwan O, Hong Kong. The test 
results showed that the soil erodibility of the vegetated ground fell by a factor of approximately 
1.4 in comparison with bare ground.  Among the three types of grass tested (Bermuda, Bahia 
and Taiwan), Taiwan grass was the most effective in providing a reinforcing effect to surface 
soil particles. Due to their high compaction and the grass reinforcing effect, all ground samples 
tested were classified as highly resistant to erosion. 
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Wireless Mesh and Networking 

  
  
 

 
 

 
I joined the “Wireless Mesh and Networking” UROP project in the fall semester of 2011. The 
task I need to complete this semester is to build an SSL-secured channel for transmitting UDP 
video streaming packages between different nodes. Based on my previous understanding of 
wireless mesh systems (I also joined the relevant project in the spring semester of 2011), the 
most important task is to fully understand the concepts of SSL and DTLS and subsequently 
implement an SSL channel for DTLS. 
 
I have acquired knowledge of the following in this project: 

1. SSL concept and methodology; 
2. Concept of DTLS protocol; 
3. C network programming; 
4. Makefile. 

 
Wireless Mesh and Networking 

  
  
 

 
 

 
Wi-Fi enabled devices are becoming more common in the form of laptops and handheld 
devices such as cell phones.  This has increased demands on both the coverage and 
capacity of wireless networks. For traditional wireless networks with a wired backbone, laying 
down wiring is very expensive and troublesome, especially when the physical infrastructure is 
laid out before the network is built. The coverage of such networks is limited by the cost of 
deployment. Maintenance is also costly, as both routers and wiring have to be maintained. My 
research explores a type of wireless network known as a wireless mesh network (WMN). In a 
WMN, the backbone of the network is formed by wireless links between wireless routers 
known as mesh routers. 
 
 
Wireless Mesh and Networking 

  
  
 

 
 

 
I took part in this P2P streaming project, which gave me more knowledge of P2P and computer 
networks. My main duties were to emulate clients and carry out measurements. In addition to 
simply taking values from emulation results, I have edited emulator source code to fix bugs 
discovered during the emulation process and proposed a few ways to improve future 
measurements. 
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Wireless Mesh and Networking 
  

  
 

 
 

 
Because Wi-Fi has become popular in recent years, wireless networks can be used as 
effective indoor positioning systems. They are competitive in terms of both accuracy and cost 
in comparison with other similar systems. This paper provides an overview of the existing 
wireless indoor positioning solutions, and describes the work I did and the knowledge I learnt 
during the UROP course period. It explains the working principle of indoor positioning, the 
algorithm we use in our system, and the work I did during the course period. 
 
 
Spreadsheet Error Detection 

  
  
 

 
 

 
Spreadsheets are powerful tools that are often used in many companies around the world in 
which quick calculations and formatting are required. However, ensuring that all values are 
correct and auditing can be tedious and time-consuming tasks, as they must be conducted 
manually. 
 
Data inconsistency, or the presence of incorrect values across different tables or spreadsheets, 
is a common error that can be caused by arithmetical, logical or typographical mistakes. An 
application that automatically checks for data inconsistency would be a highly valuable asset 
for many companies, as it would save on the great deal of time and effort expended when 
checking values by hand. Furthermore, if validation is conducted manually, 100% accuracy is 
never possible due to the potential for human error. 
 
However, while interpreting spreadsheet tables is a straightforward task when tackled by 
people, parsing it so computers can understand such tables is a non-trivial task. Even the 
mere separation of tables is not straightforward; table formats are very flexible and lack a 
specific structure. 
 
In this project, a Markov clustering algorithm was applied to sdf files generated from 
spreadsheets to separate them into clusters with varying gamma values. Although the results 
seem reasonable, they are far from perfect. 
 
 



49 
 

Advisor : CHEUNG Shing Chi / CSE 
Co-Advisor : LIU Yepang / CSE 

Student : RAGHURAMAN Sathish / COMP  
(UROP1000, Summer 2012)

Advisor : GU Lin / CSE 
Student : CUI Hang / PHYS-PM 

(UROP1100, Spring 2012) 

Development of Location-Aware Android Applications 
 

 
  
 

 
 

 
Context-aware Android applications are becoming increasingly popular among both 
developers and smartphone users. However, these applications are based on streams of 
context values that are constantly changing. This exposure to varying contextual information 
can cause undesirable adaptations that can frustrate the end-user if they remain undetected. It 
is currently extremely difficult to identify such faults given the large number of contexts and the 
exponentially increasing number of context scenarios. While developers address this issue by 
making great sacrifices in terms of the adaptability of the application, the need to identify such 
faults automatically has long been recognized. In this project, we have addressed this issue by 
designing House, an automated adaptation fault detection tool for context-aware Android 
applications. Our tool takes an XML file containing all the adaptation rules in a DNF format as 
the input. It reconstructs the state matrix of the app and simulates real-time asynchronous 
updating of context variables. This enables it to identify different adaptation faults such as 
non-deterministic activation, dead rule, dead state, adaptation race, adaptation cycle and 
unreachable state faults, and to assign values that cause these faults. It is currently capable of 
automatically handling NDA faults; the automated resolution of other adaptation faults has 
been scheduled as part of our future development plan. 
 
 
Distributed Algorithms for Cloud Computing Platforms 

  
  
 

 
 

 
Modern computing systems may comprise thousands of loosely coupled computers. Multiple 
novel software solutions have been proposed for such large distributed systems, such as 
Amazon EC2, Google Apps, GFS, Bigtable and Yahoo! PNUTS. MapReduce, one of the core 
distributed algorithms and applications for a cloud-based environment, is characterized by its 
high efficiency and speed. In this project, I learned about several basic operations in the 
Hadoop-based MapReduce program and tested a word count example. 
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Distributed Computing in a Virtual Environment  
  

  
 

 
 

 
As the title suggests, this project taught me how to write programs in a virtual environment 
using disacc, and gave me knowledge about distributed computing. I learned many things 
during the UROP period, such as how to use a Linux system, and I learnt a lot more practical 
instructions. This UROP project also taught me the differences between research and normal 
study. 
 
This report starts with a section outlining how my personal thinking developed after reading 
some papers. The second part of the report is related to my present progress and results. The 
third part concerns future work on which I have various ideas. The last part of my UROP report 
is the conclusion, in which I summarize what I have learned in UROP, whether academic or 
non-academic, including study methods and my own thoughts about this project. 
 
 
Distributed Computing in a Virtual Environment  

  
  
 

 
 

 
Chapel is a new parallel programming language that was mainly developed by Cray Inc. The 
main goal of Chapel is to improve the programmer’s productivity in parallel programming. To 
achieve its goal, it increases the convenience of programming immensely. A significant feature 
of Chapel that makes it different from other parallel programming languages is that it abstracts 
locality to a variable type. This report analyzes Chapel’s linguistic features in the context of 
cloud-based computation, and discusses its potential for use in implementing a well-known 
parallel programming problem – LU factorization. 
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Distributed Algorithms for Cloud Computing Platforms 
  

  
 

 
 

 
Cloud computing services are now regarded as one of the fastest and most reliable computing 
methods yet invented. Cloud computing services eclipse all other computing architectures in 
terms of accessibility, flexibility and simplicity. For instance, cloud computing services offer the 
benefit of remote access, in which computing is no longer restricted to a particular location. 
With remote access, individuals are able to access services from anywhere without 
compromising any aspect of security. Another main selling point of cloud computing services is 
that they make it easy to re-allocate resources. Users who require more resources can be 
allocated more than users who do not require as many, a process that takes no longer than a 
couple of minutes. Given their massive potential, people have begun investigating the world of 
cloud computing services in greater depth in the hope of utilizing the cloud as much as 
possible and improving cloud services for future users. 
 
 
Distributed Algorithms for Cloud Computing Platforms 

  
  
 

 
 

 
People today are surrounded by large amounts of data. Multiple novel software solutions for 
large distributed systems have been proposed to deal with the large volumes of data they hold. 
MapReduce is a framework promoted by Google that allows for the distributed processing of 
large datasets across clusters of computers using a simple programming model. Its 
implementation platform, Apache Hadoop, is designed to scale up from single servers to 
thousands of machines, each of which offers local computation and storage. In our UROP 
project, we are studying Apache Mahout, a machine-learning library that will serve as a 
template for scalable machine-learning libraries based on the Hadoop platform. 
 
 
Distributed Algorithms for Cloud Computing Platforms 

  
  
 

 
 

 
In this UROP program, I am focusing on how to handle large datasets with various kinds of 
distributed algorithms. I initially learned about the Hadoop framework, a special architecture 
that works on multiple machines, including its structure, how it works and how to run a program 
under the Hadoop framework. I then mainly focused on machine learning algorithms and how 
to implement them in the Hadoop architecture. In the course of learning about Mahout, I put 
most of my effort into recommender engines (collaborative filtering) and clustering, even 
though there are some other algorithms covering other aspects such as classification. My 
report will cover only recommender and clustering algorithms. 
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Google Android Platform and Application Development 
  

  
 

 
 

 
People love to read news; however, due to time limitations, they are not able to keep up to 
date with news from different sources. To enable users to save time while reading news from 
different websites, it is necessary to provide them with a tool that shows news from different 
sources in a single interface. 
 
The application developed in this project serves as a one-stop news center for users, and 
hence is called the News Aggregator. This application provides users with news from different 
sources. In addition, its social element allows users to discuss and present their opinions. By 
bringing together the world’s stories, users can stay up to date with the things that matter most 
to them. They can flip through news from outlets such as CNBC, the BBC, etc. 
 
In this report, we discuss this application that provides users with a one-stop news center. It 
solves the problem users face, i.e. information overload and a lack of time to read it all. 
Moreover, this application enables users to discuss a particular news story with other 
members of the community. 
 
 
Google Android Platform and Application Development 

  
  
 
 
 
 
 
 

 
 
 

 
Our Google Android platform and application development project looks at the Android 
platform in greater depth. This project consists of two main parts: to learn about the Linux 
kernel underlying the Android operating system and to continue work on the MSFGO 
application for MSF Hong Kong that we started during the summer of 2011. 
 
In spring 2012, we continued developing the Android application for Medicins Sans Frontieres 
(MSF). The UI has been improved and more functionalities have been added. For example, 
social sharing has been implemented so users can share news feeds with social networking 
sites. MSF has already released the application as a beta version on Google Play. 
Improvements will be made to better adapt the application to Android 4.0 and subsequent 
versions, as these versions are becoming increasingly popular. 
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Google Android Platform and Application Development 
  

  
 
 
 
 
 
 
 
 
 
 

 
 

This UROP project is aimed at the development and improvement of an Android application 
named Medicins Sans Frontieres (MSF), which may provide mobile phone users with free 
access to look through information on medical conditions and humanitarian aid in developing 
countries on its official website. This project has given us our first opportunity to develop 
software and has taught us the importance of teamwork. 
 
Over the course of this project, all our team members have acquired knowledge related to the 
Android platform and programming skills, and have eventually learnt how to apply it. First, 
according to the Android design rules, we designed a brand new home page directly displaying 
the contents of the latest materials to improve the user experience. Second, as we gradually 
became familiar with the Android SDK and JAVA, we modified the code for different image 
sizes to adjust them for various devices. 
 
 
Probabilistic Database Normalization 

  
  
 

 
 

 
Numerous real-time applications in different fields have generated a large amount of data in 
need of categorization and analysis (e.g., data on banking systems, stock markets or social 
networks). One major kind of data analysis is to determine the functional dependencies in a 
given relation. In practice, it is common for most relation data to occur with uncertain frequency, 
thus impairing the feasibility of deterministic database management in practical applications. 
Consequently, a definition of probabilistic functional dependency (PFD) must be put forward, 
and methods of determining PFDs in probabilistic databases must be explored. To explore a 
method of dealing with reams of uncertain data in practical applications, we first put forward a 
definition of PFD based on the indeterminate nature of probabilistic database systems. We 
then propose practical semantics to determine the PFDs in such systems. Rigorous 
mathematical analysis suggests that the proposed semantics are both logically acceptable and 
widely applicable in practice. 
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Mining Geographical Interests of Twitter Users 
  

  
 

 
 

 
The rise of micro-blogging services including Twitter has spawned great interest in these 
systems as human-powered networks. Since its creation in 2006, Twitter has experienced an 
exponential explosion in its user base, reaching approximately 75 million users in 2010. Mining 
geographical information on Twitter promises a range of new personalized information 
services, including local news summarized from tweets of nearby Twitter users, the targeting 
of regional advertisements, spreading business information to local customers, and novel 
location-based applications. 
 
In this project, we plan to study the following issues: 

1. The extraction and organization of geographical information for Twitter users; 
2. Exploring strategies for using geographical user profiles for personalized information 

services. 
 
 
Constrained Co-Clustering on Large and Sparse Matrix 

  
  
 

 
 

 
It is well-known that matrices are a fundamental form of data representation in many 
applications such as recommender systems and scientific information systems. Researchers 
have increasingly focused on identifying submatrix patterns, which reveal interesting local 
correlations between rows and columns. However, when a data matrix becomes large, it is 
infeasible to find all submatrix patterns, many of which only reveal very similar local 
correlations and thus are redundant and waste mining resources. In this report, we define a 
constrained co-clustering problem aimed at mining a limited number of submatrix patterns with 
qualities well-controlled by several criteria including density, the overlapping ratio and the 
degree of coverage. 
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An Evaluation Framework for Search Engine 
Personalization 

  
  
 

 
 

 
In this project, we propose a novel framework for the comparative evaluation of different 
search engines. We first build three Concept Relation Networks (CRNs) for Google, Yahoo 
and Bing, respectively. We then study statistics on each CRN and compare their intrinsic 
structures in two tasks. In the first task of query prediction, we apply a Markov random walk 
approach to the CRNs to retrieve semantically relevant concepts and evaluate the extent to 
which the concepts retrieved can “predict” the terms used in latter queries within the same 
session. In the future task of result ranking, we will study the effectiveness of each CRN in 
terms that restore the vector space model rankings to their original rankings. By conducting an 
extensive set of experiments, we hope to demonstrate the effectiveness of the CRNs in 
improving the web search experience, and to reveal the latent differences between the three 
search engines. 
 
Using query mining and the CRNs, we compared the performance of different commercial 
search engines and conducted a cross-language comparison of search behavior among 
Chinese and English web users. In the current stage of this project, we are focusing on web 
mining, or specifically, crawling and the analysis of mobile application markets (app markets), 
where search engines are necessary components. Because of the recent rise of intelligent 
cellphones, app markets are playing increasingly important roles in our daily lives, yet their 
affiliated search engines are considerably different from web search engines, and their full 
potential has yet to be realized. 
 
 
RFID Data Mining 

  
  
 

 
 

 
RFID has been widely adopted in recent years, and related topics have attracted much 
attention. Because raw RIFD data are inherently unreliable and incomplete due to their 
physical condition, probabilistic inferences based on RFID databases have recently attracted 
increasing attention. In this research project, we have mainly studied the probability 
distribution of RFID data in several designed situations. In this way, we have sought to refine a 
method for inferring real situations from RFID data. We have also acquired some physical 
knowledge of RFID technology, and have learnt how to build up an RFID structure for research 
purposes. 
 
We have also introduced classification techniques to RFID noise identification. Because 
traditional classifications do not support RFID scenarios in which negative labeled data are 
difficult to acquire, we have made some modifications to traditional classification techniques to 
satisfy our needs. We have also conducted experiments to examine our proposed method and 
proved that it works quite well. Moreover, we have tested the parameters in our algorithm and 
made some recommendations on their values. 
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Visual Analysis of Financial News Articles 
  

  
 
 
 

 
 

 
The amount of information contained in text formats such as emails, news articles, memos and 
blogs grows explosively each year. How to handle this tremendous volume of text documents 
is a major challenge for large companies such as Microsoft and IBM. While cloud visualization 
technologies are developing internationally, we found that Chinese character cloud 
visualization technology was under-developed. As a result, we want to develop word cloud 
technology for Chinese characters. 
 
Efficiency Algorithms to Process Giga-Pixel Images 

  
  
 
 
 
 
 
 

 
 

 
Giga-pixel images are giga-pixel panoramas developed by Prof. Pedro V. Sander. Our project 
mainly focuses on the process followed in taking a giga-pixel panorama of Hong Kong Island. 
This 20,116,547,880-pixel zoomable digital photograph is composed of 3,115 individual 
images taken from the same viewpoint at the International Commerce Center on April 1, 2011 
over a timespan of approximately one hour. To the best of our knowledge, this was the largest 
panorama image taken of Hong Kong at the time of its release. 
 
 
Optimization-Based Image Decolorization 

  
  
 

 
 

 
Converting color images into grayscale images is an indispensable aspect of image 
processing considering the essential role played by grayscale images in image pre-processing 
and grayscale printing. However, salient features of color images often disappear in grayscale 
results due to the avoidable or unavoidable loss of information in the conversion process. This 
paper presents three robust and efficient color-to-grayscale algorithms based on the algorithm 
proposed by Kim et al. (2002). Unlike their original study, which considers only local 
differences, we take global differences into account. Specifically, we devise three different 
methods that take account of statistics from the image in CIE Lch and RGB color spaces and 
differences in pixels randomly chosen by Gaussian pairing. 
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KNN Matting 
  

  
 

 
 

 
We are interested in a general alpha matting approach for the simultaneous extraction of 
multiple image layers; each layer may have disjoint segments for material matting and are not 
limited to foreground mattes typical of natural image matting. The estimated alphas also satisfy 
the summation constraint. Our approach does not assume the local color-line model, does not 
need sophisticated sampling strategies, and generalizes well to any color or feature space in 
any dimension. Our matting technique, aptly called KNN matting, capitalizes on the non-local 
principle by using the K nearest neighbors (KNN) in matching non-local neighborhoods, and 
provides a simple and fast algorithm giving competitive results with sparse user markups. KNN 
matting provides a closed-form solution that can leverage on the precondition conjugate 
gradient method to facilitate efficient implementation. Experimental evaluation of benchmark 
datasets indicates that our matting results are comparable to or of higher quality than those of 
state of the art methods. 
 
 
Meaningful Statistical Machine Translation 

  
  
 
 
 
 

 
 

 
ASSERT is widely used as semantic role labeling software in machine translation. It makes 
use of other modules such as the Charniak parser, the YAMCHA classifier and SVMs to first 
parse the input text syntactically and use the trained YAMCHA classifier and SVMs to label 
each token in the text with its semantic roles. Despite its widespread use, it has several 
drawbacks including run-time inefficiency and inflexibility. In the report on this project, we 
discuss the basic architecture of ASSERT and list a number of its limitations, suggesting 
possible improvements. 
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Time Machine for Concurrent Programs on Multi-Processors 
  

  
 

 
 

 
Tracking problems in a concurrent program is never an easy task. Thus, this research 
investigates a method for recording concurrent program execution path in the background and 
replaying it for debugging and other purposes. This method, called Stride, was designed by the 
Prism Research Group of Hong Kong University of Science and Technology. The research 
requires us to understand the logic of the Stride recorder before focusing on its replayer 
element and trying to implement the replayer. This project is mainly being conducted in Java 
language, which has a static analysis tool called Soot to facilitate the tracking of the program. 
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Next-Generation Video Coding 

  
  
 

 
 

 
High-efficiency video coding (HEVC) is a video compression standard being jointly developed 
by ISO/IEC MPEG (the Moving Picture Experts Group) and ITU-T VCEG (the Video Coding 
Experts Group). These groups have formed the Joint Collaborative Team on Video Coding 
(JCT-VC) to cooperate in developing the HEVC video compression standard. 
 
The aim of developing HEVC is to facilitate the use of HDTV systems and displays. HDTV 
features resolutions ranging from 320x240 (QVFA) to 1080p. HEVC also features 7680x4320 
(ultra HDTV) resolutions. 
 
The major goal of HEVC is to produce image quality similar to that of H.264 using almost half 
of the bitrate H.264 requires. This will be achieved primarily through increased computational 
complexity. 
 
 
3DTV 

  
  
 

 
 

 
The UROP project I joined this spring semester is about 3D image display and manipulation. I 
mainly focused on studying the basic techniques required to manipulate simple image files 
based on C coding, because I am new to both this field and C languages. 
 
As the first step, our professor asked us to manipulate bitmap image files, a process that is 
intuitive and straightforward and includes no compression. I chose 8 and 24-color depth bmp 
(bitmap) files for convenience, in that a pixel is represented by a byte (for 24-color depth, a 
pixel is represented by 3 bytes, each of which represents red, green and blue subpixels). I then 
used C languages to load a bmp file and manipulate the data to achieve the desired effects, 
such as color adjustment, size adjustment and rotation.  
 
All in all, I made great progress during the course of the project, but due to time issues, I did 
not pursue further study into manipulating other types of images such as jpg files. 
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Next-Generation Video Compression 
  

  
 

 
 

 
Data compression is a vital part of the whole process of data processing. Entropy coding is a 
way of completing data compression. Entropy is a measure of similarity among a stream of 
data, and serves as a lower bound for the average number of bits needed to represent 
symbols. This project focuses on image processing theories and practical image processing 
skills using MATLAB. 
 
Application of BMP Processing to Robotics Control 

  
  
 

 
 

 
Image processing is a fast-growing technology supported by the development of powerful 
hardware. Algorithms play an important role in this popular technology. Different algorithms 
may achieve the same purpose, but may not work at the same speed. Most of the first part of 
the report concerns the bmp image processing simulations I have carried out on a PC using C 
code. In robotics control, GUIs are preferred because we need to monitor the movement of the 
robot. The second part of the report describes my exploration of bmp image processing with 
STM32 processors and by writing C code. 
 
 
Social Network Multimedia Research 

  
  
 
 

 
 

 
In this project, we are attempting to analyze how a viral video spreads through a social 
network.  
 
First, timeline data are collected from Facebook using a PHP scraper before being stored in 
json files on the server. Second, useful information is extracted from the raw json files to 
construct the network and introduce users at influential levels. These data are closely related 
to the factors chosen to evaluate whether or not a Facebook user is influential, which will be 
explained later in this report. The data collected are imported into Matlab AICM, which 
simulates a video spreading throughout a social network. Finally, observations are made and 
conclusions are drawn on the basis of the results.  
 
This is a meaningful topic on which to conduct research because it helps to improve server 
performance, resulting in lower server costs. In this UROP project, we are attempting to 
analyze how a viral video spreads through a social network; however, this applies not only to 
viral videos, but also to anything else "viral" provided the network being analyzed is a social 
one. 
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Social Network Multimedia Research 
  

  
 

 
 

 
In this research, users’ video-sharing behavior was analyzed by collecting a Facebook dataset 
of 2,344 nodes, which was then used to simulate AICM to predict such behavior. The 
prediction of users’ video-sharing behavior enables video-sharing websites to pre-cache 
videos likely to become viral, which reduces the time users wait to watch such videos. 
 
The dataset we collected for this research consists of only 2344 nodes, and we took only three 
user attributes into consideration. However, if the relation between people sharing videos and 
their past activities can be established by studying different people’s timelines, thus revealing 
which attributes make people more likely to share a video, this will enable a weighting of A1-3 to 
be assigned to each attribute. This will improve the accuracy of predictions and provide a 
bigger dataset. 
 
 
3DTV 

  
  
 

 
 

 
This report will mainly focus on the noise generated when creating a depth map using a Kinect 
IR camera. The analysis will include the distribution and possible causes of noise. 
 
 
Next-Generation Video Coding 

  
  
 

 
 

 
The project concerns video compression. In video compression, modern coding techniques 
are used to reduce redundancy in video data. Most video compression algorithms and codecs 
combine spatial image compression and temporal motion compensation. Video compression 
is the practical implementation of source coding in information theory. In practice, most video 
codecs also use audio compression techniques in parallel to compress separate, but 
combined, data streams. Two international standard-setting bodies, ISO/IEC MPEG and ITU-T 
VCEG, are jointly developing the next-generation video compression standard. HKUST is 
involved in this exciting and highly competitive standardization work. Professor Au has allowed 
us to work on a small task to give us a taste of what standardization work is about. Because of 
time limitations, we only have time to learn some basic image-related knowledge and complete 
some imaging software tasks. 
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Next-Generation Video Coding 
  

  
 

 
 

 
This report will mainly focus on noise in a KINECT depth sensor depth map produced by a 
Microsoft for Computer Vision application. It will first give a brief introduction to the noise we 
observed in the depth map. Second, it will show the noise distribution under different 
circumstances. Third, it will show the effects of the noise filter. 
 
 
Next-Generation Video Coding 

  
  
 

 
 

 
This report will describe knowledge gained and studies undertaken in the area of video coding. 
It will also summarize practical knowledge gained in working with HM software, which serves 
as reference software for the High-Efficiency Video Coding (HEVC) test model. The report will 
conclude by describing the significance of the compression gained by HEVC. 
 
In this project, work is being conducted to understand the fundamentals of a digital image: how 
an image consists of pixels, and how these pixels can be manipulated. Manipulating the image 
will alter it from its original form into a new form. This new image represents the original image 
plus certain image-processing effects, depending on the type of manipulation carried out. In 
this report, we will discuss a few of the effects implemented and their results. 
 
 
3DTV 

  
  
 

 
 

 
This report describes what I have done this semester in the 3DTV project, which is still in 
progress. I am working on some basic concepts arising in multiple view geometry in the 
computer vision field, and I am learning to use a 3D camera. In the 1960s, leading experts in 
the field of artificial intelligence thought that the question of how to make a computer “see” was 
at the level of difficulty of a summer student’s project. Forty years later, the problem remains 
unresolved and seems to present a formidable task. A whole field known as computer vision 
has emerged as a discipline in itself, having strong connections to mathematics and computer 
science and looser connections to physics, the psychology of perception and the 
neurosciences. 
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Next-Generation Video Coding 
  

  
 

 
 

 
When I started to think about this project, I noticed that it was so challenging, it would require 
much knowledge about topics including signal transformation and data compression. As I am 
only a Year 1 student, it would take me a lot of time to acquire sufficient knowledge before I 
could really achieve much in this project, and I am still going through this phase. This semester, 
Professor Oscar gave me about 15 papers from IEEE about H.264, the coding strategy now in 
widespread use. I looked through them, and although I did not understand all of the details, I 
acquired a general understanding of video coding and related topics. I then met with my 
supervisor, a PG working in the HEVC research group. She told me that I should acquire a 
good fundamental knowledge base as I am a Year 1 student and still have a lot of time, and 
she suggested I take the ELEC4140 (Speech and Image Compression) course to learn about 
JPEG files, because a picture is just an element of a video. I did not take the course due to a 
time conflict, but I studied the lecture notes by myself and took notes. That basically describes 
the work I have done until now, and I hope that I can learn more and really become involved in 
the research project as soon as possible. 
 
 
Simulation of Lateral Non-Uniform Doping in DG-MOSFETs 
Using TCAD 
  
  
 
 
 
 
 
In this report, I present a series of simulations of a double gate metal-oxide-semiconductor 
(MOS) structure, focusing on the effect of non-uniform channel doping. The simulation tool 
used is Sentaurus. In addition, the simulations combine theoretical and practical concepts on 
the same graphical interface: they show the impact of physical and electrical parameters on 
the behavior and performance of a certain MOSstructure. Moreover, they compare the extent 
to which non-uniform lateral channel doping affects the performance of scaled-down transistor 
devices with bulk DG-MOSFET from a sub-threshold slope, Ion=Ioff , Rout and DIBL. 
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Nano-Transistor Design and Simulation 
  

  
 

 
 

 
The film thickness of a DG-MOSFET is important in reducing the short channel effect. This 
project thus investigated the effects of linear variations in the channel thickness of a 
DG-MOSFET. Different structures with different doping concentrations and oxide thicknesses 
were simulated to obtain an understanding of the conditions in which variation in the film 
thickness of a DG-MOSFET contributes significantly to device performance. Thickness 
variations were measured by the film thickness percentage difference between the two ends of 
the transistor. The output parameters analyzed were the sub-threshold swing, DIBL, the on-off 
current ratio and output resistance. The effect of variations in linear film thickness was most 
prominent when oxide thickness was increased, especially in DIBL. 
 
This project also examined the effect of linear channel thickness non-uniformity in a 
DG-MOSFET. Simulations of 29-nm DG-MOSFETs with different oxide thicknesses and 
doping concentrations were performed to analyze the effect of linear channel thickness 
non-uniformity in devices with different structures. DIBL, sub-threshold swing, the on-off 
current ratio and output resistance were investigated to evaluate the short channel effect on 
the simulated DG-MOSFETs. These parameters were obtained from the IDVG and IDVD curves 
generated from the simulation tools. The simulation results show that non-uniformity enhances 
device performance under short channel effects. 
 
 
Nanomaterial-Based Novel Solar Cells 

  
  
 

 
 

 
Energy supplies and global warming are two of the foci of public policy-making, and will remain 
so in the foreseeable future. There is a drive to extract and recover power from renewable and 
environmentally friendly energy sources. The sun delivers about 1kW/m2 of power to the 
surface of the Earth. If such power were harvested on a large scale using 15%-efficient solar 
cells, the generation capacity of the 1.3 million km2 Gobi Desert would be about 200 TW. This 
is equivalent to about 8,500 times the capacity of the Three Gorges Dam. Nanomaterials offer 
great potential to significantly lower the cost of solar cells and improve their performance. This 
project is aimed at utilizing nanotechnology to develop materials and processes for new 
generation photovoltaic products. The report summarizes the author’s work during this UROP 
study. 
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Semiconductor Nanowire-Based Sensors and Electronics 
  

  
 

 
 

 
The project I having been working on this summer focuses on comparing the performance of 
two kinds of one-dimensional nanostructures, electron-spun nanowires and chemical vapor 
deposition (CVD) nanowires, in terms of their exposure to light, UV light and various gases 
such as NO2. The goal is to decide which fabrication process should be adopted to fabricate 
nanowires used to build a gas sensor. 
 
 
Nanomaterial-Based Novel Solar Cells 

  
  
 

 
 

 
Solar energy is becoming increasingly popular as the world searches for clean sources of 
energy. A solar cell is a semiconductor PN junction diode without external bias that provides 
electric power when a light is illuminated. In this project, we are using alumina to go through 
the anodization process to form porous anodic alumina oxide, a material with uniform porosity 
that serves as the top substrate for solar cells and can help increase the light-trapping effect 
and thus increase efficiency. 
 
 
Semiconductor Nanowire-Based Sensors and Electronics 

  
  
 

 
 

 
This paper reports an investigation of the properties of two different types of ZnO nanowires: 
CVD and electrospun nanowires. A review of the literature provides related background 
information, including the functional mechanism of nanowire sensors and effecting parameters. 
Both kinds of nanowires were fabricated and measured in the lab. The measurement process 
started with examination of the I-V characteristic of nanowires, and was followed by 
measurement of the conductance change when the device senses target gases or light. The 
paper discusses essential and difficult stages of the experiment and examines the 
measurement results to compare the behavior of the two types of ZnO nanowires. 
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Solar Cell Mechanisms and a Simultation of a pin 
Amorphous Silicon Solar Cell 

  
  
 

 
 

 
This report examines basic solar cell mechanisms from both qualitative and quantitative 
perspectives. Starting from intrinsic silicon material, it touches upon the structure and physics 
of photovoltaic devices. The paper also describes a simulation of a typical p-i-n amorphous 
silicon solar cell using wxAMPS software, including the simulation results and some 
straightforward analysis. 
  
 
New Solar Cell Materials 

  
  
 

 
 

 
An amorphous silicon solar cell is a kind of thin film solar cell, the thickness of which varies 
from a few nanometers to tens of micrometers. It can be fabricated by deposition in the flow of 
hydrogen and silane, and its efficiency is about 10 percent. To increase the efficiency of a-Si 
solar cells, a better combination of parameters should be found and tested on computers 
through software-based simulation. 
 
The computer simulation software being used in this study mainly functions by solving 
Poisson’s equation and continuity equations. The input parameters include the incident 
spectrum, the absorption coefficient, basic model structure, electron and hole mobility, and the 
effective density of states. These parameters influence the behavior of the solar cell, and the 
IV curve of the solar cell, which is the main focus of this report, is the best means of proof. 
 
In this report, one parameter changes while others are fixed. The IV curve is the output, and 
efficiency is computed by finding the largest rectangle. The group of data that leads to the best 
performance is obtained by observing the peak of the efficiency curve versus different 
parameters. Variation of the parameters is limited by the actual situation. 
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Automatic Balance Control System for Quadcopter 
  

  
 

 
 

 
The quadrotor, an aircraft with great prospects, is also a representative of a field with great 
potential. For example, though it is now able to hover in the air, the precision of its 
height-locking system is still in desperate need of improvement.  
 
My knowledge of electronic engineering and related areas in advance of this project was 
virtually, if not absolutely, zero. Due to my limited knowledge, the learning process was long 
indeed before I began researching the quadcopter in any real sense. The work done this 
summer can only be described as a fundamental learning and preparation process, which has 
made me realize that the road towards a real understanding of the automatic balance control 
system, not to mention to further improving its performance, will be long and arduous. Despite 
the formidable journey that lies ahead, I consider that I am already fully prepared for the future 
challenges that await me. 
 
Through this project, I have acquired a basic understanding of control theory, mechanics, 
programming and electronic engineering. At the outset, I studied PID control theory and 
micro-control. I then assembled a model of the quadcopter and uploaded the program. In 
terms of programming, I have learned the C and C++ languages by studying them myself, and 
I have done some algorithm practice on USACO (a quite user-friendly website available to 
those willing to participate in programming competitions). Armed with a basic knowledge of 
programming, I have been assigned a first project of achieving communication between 
Arduino Uno and Bluetooth Bee. I am currently working on a small project aimed at 
manipulating the quadcopter by computer using serial port communication in place of a 
transmitter, which involves the implementation of C#, Arduino programming and some basic 
hardware knowledge. 
 
 
High-Performance Vision-Based Motion Estimator for 
Mobile Robot 

  
  
 
 
 
 
 
 

 
 

 
Vision-based motion estimation is a developing technology with potential for the next 
generation. The scene captured by a camera on a mobile robot or vehicle can provide 
measurements from an unknown environment, which can in turn contribute to navigation and 
unmanned control. In this project, the Kinect sensor, an accurate camera sensor, was utilized 
to analysis depth and color information. A mobile robot was equipped with sensing devices 
and a joy pad control enabling it to move accurately and smoothly to the destination. The 
project shows that motion estimation is affected by the accuracy of robot control and sensing 
devices. It also gives insights into error-eliminating algorithms. 
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Energy Harvesting System from Temperature Differences 
  

  
 

 
 

 
Thermoelectric generators are devices that can harvest energy from temperature differences. 
However, their output voltage is too small to use in real life. Therefore, we introduced two ICs, 
LTC3105 and LTC3108, to convert the low output voltage of thermoelectric generators to a 
high output voltage that can provide power for some low‐power applications, especially in 
wireless communications. We tested what kinds of thermoelectric generators operate well with 
these two ICs and examined their energy conversion efficiency. Furthermore, we modeled the 
performance of LTC3105 and LTC3108 in the lab environment by transient analysis. 
 
 
Optical Trapping Using Multimode Interferometer 
Waveguides 

  
  
 

 
 

 
Optical tweezers are important tools for trapping and manipulating small particles such as 
biological objects (cells, bacteria or viruses) under a microscope. Optical tweezers were 
introduced in 1986 by Arthur Ashkin, who also showed that it was possible to trap 
micrometer-sized particles in solution. Since they were first demonstrated by Ashkin using a 
red argon laser at 514.5nm, optical tweezers have been developed to a remarkable extent 
through the efforts of scientists and engineers, such as in those made in studies of sorting and 
multiple trapping using holographic methods. 
 
Microfluidic systems (or lab-on-chip devices) generally refer to systems with channels in which 
at least one dimension is micrometer-ordered, and are also important for chemical, biomedical 
and biological analysis as illustrated by a number of papers published in recent years [9][10]. 
Because the most commonly used method of microfluidic fabrication is soft lithography, which 
involves the introduction of poly-dimethysiloxane (PDMS), a transparent and non-toxic 
material, many optical tweezer experiments are carried out using microfluidic systems. 
Different microfluidic system designs provide various environments that differ by flow rate, 
channel combination and input-output allocation, and are used to perform optical trapping, 
manipulation and sorting. 
 
Based on the overall understanding of optical tweezers and microfluidic systems, this project is 
aimed at adapting silicon waveguide technology to generate a large array of optical beams 
through multimode interference (MMI) fabricated by the Photonics Device Group for 
two-dimensional particle trapping in a flow environment. 
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PageRank of Scholars 
  

  
 

 
 

 
PageRank, the heart of the Google search engine, is a link analysis algorithm developed by 
Larry Page. The eigenfactor.org project uses a similar approach to rank academic journals. In 
this project, we used the same algorithm to rank all papers and scholars in a particular 
technical area, where the link is taken as the paper citation. The algorithm ranks papers 
according to their importance and popularity. Our report will compare the PageRank results 
with other rankings. 
 
 
Location-Based Building Recognition and Social Event 
Recommendation Using Smartphones and Social Networks 

  
  
 

 
 

 
Smartphones and social networks are now almost indispensable components of daily life. 
People carry smartphones for entertainment, for work, and for their many applications, and 
social networks have been built to enable people to connect with friends, peers and colleagues. 
This project utilizes location data to bridge the gap between smartphones and social networks. 
Smartphones have the ability to retrieve location data used to recognize where users are and 
what events or activities they can join.  Such data, which come from public APIs, enable 
people to make use of existing mature databases and greatly reduce effort. 
 
 
An Indoor Navigation System Using NFC Technology and 
Smartphones/Smart Devices 

  
  
 

 
 

 
The GPS (global positioning system) is now widely applied in outdoor navigation systems. 
Many of us have been convinced that not needing to use a traditional map to plan a route or a 
compass to establish our direction of travel represents something of a breakthrough. With the 
trend towards constructing buildings including large indoor areas, the demand for indoor 
navigation systems is growing day by day. Due to the design of the GPS necessitating the 
reception of signals from satellites, it is impossible to make use of the GPS in an indoor 
environment. This report will explain how to make use of NFC technology in an indoor 
navigation system, and will share our research experience and difficulties. 
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Use of Logo Code in Location-Based Services and 
Promotions 

  
  
 

 
 

 
One of the major hurdles experienced to date in maximizing sales volume in places like 
shopping malls has been connecting customers with retailers. Customers may not find retail 
outlets suitable to their tastes and needs, while retailers’ promotions may not reach the right 
audience. However, this gap can be effectively bridged with the help of smartphones. Rapid 
advances in processing power have enabled these phones to process data quickly, and 
developments in internet connections have allowed for efficient data transmission. The 
approach proposed here is to maximize consumer consumption through a discount coupon 
scheme. Discount coupons can be activated when a customer purchases an item from a retail 
outlet and scans a 2D-barcode with a smartphone. In addition, the data are sent to an online 
server which recommends brands or shops related to the customer’s purchase. These 
recommendations are presented as barcodes that will activate another coupon when scanned 
and display the location of the associated outlet, thus increasing consumer consumption. 
 
 
An Indoor Navigation System Using NFC Technology and 
Smartphones/Smart Devices 

  
  
 

 
 

 
In a world increasingly dominated by technology, indoor navigation systems are a relatively 
new field, and multiple technologies are being examined to solve the problem of getting around 
a large indoor area. Technologies such as Wi-Fi, Bluetooth and ZigBee are being looked into 
as possible solutions for this problem. This paper focuses on the use of near field 
communication (NFC) technology as an indoor positioning and navigation method. 
Smartphones and smart devices currently available in the market are capable of reading and 
writing NFC tags. Tags strategically positioned in a building can be scanned by such devices 
to give an accurate current location of the user. 
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Smart Clothing or Textiles Using Smart Phones and LED 
Lighting 

  
  
 

 
 

 
LED clothing is becoming an increasingly popular part of people’s lives. However, LED suit 
patterns currently available are fixed and monotonous. This project is aimed at implementing 
some changes in LED clothing to meet more exacting customer demands. As smartphones 
currently available in the market provide many functionalities, it would be a good idea to 
combine the Android smartphone with LED clothing. Smartphones and tablets will serve as a 
new bridge connecting social networks with clothes. Moreover, we want to divide their 
functions into two parts—manual and automatic. People will be able to change the color or 
shiny pattern of clothing themselves, or will be able to let clothes change automatically 
according to different environments. 
 
 
Capture the Flag 

  
  
 
 
 
 
 
 
 
 
 
 

 
 
This report summarizes progress made in the project “Capture the Flag”. “Capture the Flag” is 
a game that involves interaction between semi-autonomous mobile robots and human players. 
Under certain game rules, a number of mobile robots are divided into two teams and compete 
against their opponents to capture a virtual flag belonging to the other team. The robots are 
remotely controlled by human players. The players are provided with a graphical user interface 
(GUI), which informs them of the current situation on the game field and facilitates their 
manipulation. 
 
This project started last July. During the summer session, some preliminary work has been 
done to pave the way for this semester’s work. Some progress has been made this semester. 
This report focuses on the progress made, following a brief description of the nature of the 
project and a brief summary of what has been implemented previously. 
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Acoustic System Equalization 
  

  
 

 
 

 
The use of inverse filtering in audio signal processing has been proposed for numerous audio 
and telecommunications applications such as speaker equalization, virtual source creation and 
room deconvolution. In this paper, we will discuss problems faced when a sound comes 
directly from a loudspeaker, and will also investigate different kinds of equalization 
technologies. We will also seek to gain a better understanding of fundamental techniques such 
as z-transform for digital signal processing to implement theories in equalization technologies.  
 
 
Acoustic System Equalization 

  
  
 

 
 

 
Hardware-based audio signal processing is now starting to be replaced by software. In other 
words, the audio industry is start to evolve by joining the age of the computer given the 
extraordinary increase in the computing power of PCs. Many commercial tools such as VST by 
Steinberg have been developed for the recording, editing and synthesis of audio signals. 
These tools are very convenient, as they can simulate traditional recording studio hardware, 
which is comparatively expensive and requires capital investment, through the more common 
platform of computers. This is why many workers in this field are now working on different 
domestic applications. A particular area of interest is room equalization, by which the output 
frequency response caused by room acoustics and loudspeakers is flattened. Several 
important signal and system concepts, including the time domain and the frequency domain, 
are related to room equalization. This paper will explain some of the related terminology and a 
number of important concepts. 
 
 
Acoustic System Equalization 

  
  
 

 
 

 
The basics of z-transform are covered in the first part of this report. A comparison of Laplace 
transform (LT) and z-transform (ZT) was performed. A graphical method was used to 
determine whether a system is of maximum or minimum phase on the z-plane. The paper also 
introduces the Hilbert transform and fast Fourier transform methods. An experiment was 
carried out to obtain the filter function of a speaker. An audio file was played through a speaker 
and recorded by a microphone. Both the input signal and the recorded signal were analyzed 
using Matlab, and the experimental filter function was computed. 
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Modeling, Fabrication and Characterization of Solar Cells 
  

  
 

 
 

 
This UROP project conducted this semester focuses on the analysis of a circuit model utilizing 
a program we have previously developed. We have adjusted this program to facilitate different 
analysis. The first part of the report will show the relationship between the number of stages in 
a distributed model and its physical parameters. In the second part, we will show the effect of 
changing the physical parameter of sheet resistance on the parameters extracted from a 
one-diode model. Under the convergence criterion of 0.1%, the relationship between number 
of stages (N) and the length ratio (L/LR) follows the linear function N = 4.708L/LR + 1.071. 
Hence, given the physical dimensions and material properties of a solar cell, the number of 
stages needed in the distributed model can be calculated directly. 
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Building a Helicopter Robot 
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

In this project, we designed a three-axis helicopter robot. Our project was divided into three 
main parts: mechanical structure, electronic circuit boards and programs. 
 
For the hardware part, we made use of several electronic sensors and different kinds of 
microcontroller units (MCUs). A positioning system which consists of 10 degrees of freedom 
(DOF) was developed for the feedback control system. As hardware sensors, we chose a 
three-axis gyroscope, a three-axis accelerometer, a three-axis magnetic sensor and a 
pressure sensor. These sensors were connected to an AtMega328P microcontroller by using 
I2C protocol to build a microelectromechanical system (MEMS). 
 
For the software part, we developed driving programs for the gyroscope, accelerometer, 
magnetic sensor, pressure sensor and radio frequency signal receiver. These programs 
included different communication protocols such as a serial peripheral interface (SPI), an 
inter-integrated circuit (I2C), a universal asynchronous receiver transmitter (UART), pulse 
width modulation (PWM) and pulse position modulation (PPM). A Kalman filter was used to 
optimize sample readings from the sensors. The MEMS system was driven by an attitude and 
heading reference system (AHRS) to gather information on the location of the flying machine. 
Apart from the positioning system, we also employed another high-speed microcontroller unit 
for the main control, including a PID algorithm and radio frequency signal decoding. 
 
For the mechanical part, we assembled the helicopter with braces provided by a senior 
colleague, Leung Chun Yin, for testing the programs and hardware. A mount was used to tie 
down the helicopter to ensure safety. Its propellers and motors were tested to measure their 
throughput. A 12V DC battery was used as the power source in this project. 
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Pricing and Capacity Allocation for Carriers 

  
  
 

 
 

 
This undergraduate research paper analyzes the liner shipping industry and its current 
practices regarding pricing and service contracting. Two major industry complications are 
analyzed: the supply and demand matching problem and the inherent rigidness of the industry. 
Furthermore, these two complications combine to produce what is called the contract anomaly, 
or the “free call-option”, whereby shippers are allowed to default on a booking and on contract 
commitments without any repercussions from the carrier. 
 
Two solutions are proposed to regulate the contract anomaly. The first is the introduction of 
index-linked contracts to provide a solution based on the root cause of shippers defaulting. 
The second proposal embodies a more practical, easier to implement two-part solution of 
adjusting specific details of the contracting structure based on current industry practices. 
 
 
Carbon Footprint and Supply Chain Management 

  
  
 

 
 

 
This research project investigates how carbon footprints affect our daily lives and work in 
settings ranging from manufacturing plants to shipping service industries. Carbon footprints 
are already become an important index in the supply chain sector. The purpose of this project 
is to identify how to reduce carbon consumption in these industries, and thus to attempt to 
minimize the effect of global warming as far as possible and maximize awareness of this 
climatic trend. At the beginning of this research project, we first identified and carefully read 
some reference books and literature reviews to meet our research objectives. We will go on to 
discuss elements including definitions, calculations and methodology in more detail as the 
project progresses.  
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Next-Generation Enterprise Planning System 
  

  
 
 
 
 
 

 
 

 
The purpose of this research project is to study potential new radio-frequency identification 
(RFID) applications in the apparel industry. Adopting RFID applications has become a major 
trend in the apparel industry. In this project, we need to provide potential RFID applications to 
retail stores of Esquel – “PYE”. The first phase of the project involves investigating and 
acquiring more information on “PYE” operations and potential RFID applications. We will then 
conduct a feasibility study to bring together all the useful information found in the research 
project. We will also provide an interim report. In the final phase, we will construct our concept 
design and evaluate and justify it. We will also make a presentation to Esquel staff to deliver 
the results of our research. 
 
 
Next-Generation Enterprise Planning System 

  
  
 

 
 

 
This project entails a case study of a problem experienced by a Hong Kong shirt 
manufacturing company involving the existence of excess inventory at a specific point in its 
supply chain. Inventory control has become a challenge for manufacturing companies, and the 
development of new tools to overcome this burden is an important research field in industrial 
engineering. This problem can be considered to fall within the scope of supply chain 
management and operations management. The case study has been carried out by the 
Advanced Manufacturing Institute with my participation as a team member, and has involved 
the development of data analysis and conducting a number of company meetings and a 
factory site visit. 
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Multidimensional Modeling of Nano-ionics 

  
  
 

 
 

 
This paper sets out calculations of the various impedance responses of a multidimensional 
nano-sized system. Using the finite element method (FEM) framework, impedance 
spectroscopy (IS) is utilized in conjunction with a simulation model to study such resistance in 
the nanoionics scale. It reports impedance results for 1D and 2D systems with varying 
parameters such as space charge potential, grain thickness and frequency. The paper also 
explores a novel method to compute impedance for a 3D system. 
 
 
Analytic Expressions for the response of Lithium Iron 
Phosphate Materials to Electrochemical Exicitations 

  
  
 

 
 

 
The potentiostatic intermittent titration technique (PITT) is a tool used to determine diffusion 
coefficients in electrochemical materials, its most common use being in the study of lithium 
diffusion in lithium-ion battery electrodes. To simplify the problem, many assumptions are 
made and some considerations are ignored (specifically, interfacial resistance). In the 
conventional PITT method, the system is assumed to be a diffusion-controlled system 
undergoing an infinite fast-surface reaction. For real electrode systems, rates of surface 
reaction and diffusion are limited and comparable. In my UROP project, I am reviewing the 
paper “Potentiostatic Intermittent Titration Technique for Electrodes Governed by Diffusion 
and Interfacial Reaction” and further improving the MATLAB code for the analytical solution. 
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Applications of Electrospun Carbon Nanofibers in 
Lithium-Ion Batteries 

  
  
 
 
 

 
 
 

 
At present, the amount of solar energy available far exceeds the amount of energy consumed 
by people. The effective conversion of this renewable intermittent resource into chemical fuel 
will provide us with a sustainable energy future. The efficiency of the conversion process may, 
however, be relatively low. This project will develop a model of electrocatalysis in a 
representative reactor featuring oxygen, hydrogen and water transport in the gas phase, along 
with diffusion in the solid phase and surface kinetics. Understanding how gases diffuse in the 
porous reactor will make a great contribution to controlling the reaction and maximizing 
efficiency. The finite element method is thus being introduced to approximate the model and 
calculate the concentration of gases required in different parts of the reactor. 
 
 
Graphene-Polymer Nanocomposites 

  
  
 

 
 

 
Graphene is a relatively new material that was only discovered in 2004. It has since been 
keenly studied due to its unique and extraordinary properties making it highly desirable for use 
in a wide range of applications. In this paper, we explore the various graphene production 
methods known to date before discussing its use in polymer nanocomposites. We then explore 
the method used to produce these graphene/polymer nanocomposites at our labs. This report 
focuses on sample preparation and examination of the morphology and nanostructure of 
nanocomposites produced using transmission electron microscopy (TEM). 
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In this paper, we study the various methods of producing grapheme, a novel carbon material, 
then discuss its use in polymer nanocomposites. This report focuses on the preparation of 
epoxy/graphene nanocomposites and examination of the interaction between epoxy 
molecules and reduced graphene oxide (rGO) sheets upon in-situ reduction with hydrazine 
solution. Fourier transform infrared spectroscopy (FTIR) is used as a powerful tool for 
investigating the presence of bonding between graphene and epoxy and its underlying 
mechanism. 
 
 
SnO2/Graphene Nanocomposite as an Anode Material in 
Lithium-Ion Batteries 

  
  
 

 
 

 
ZnMn2O4 has been widely investigated as an anode material in Li-ion batteries. An 
electrospinning technique was employed to fabricate ZnMn2O4 nanofiber in this study, using 
polyacrylonitrile as the sacrifice template. The weight ratio of PAN to ZnMn2O4, calcination 
temperature and the flow rate of electrospinning were investigated and optimized to obtain the 
best electrochemical performance of ZnMn2O4 fiber. XRD and SEM were used to characterize 
the structure and morphology changes under various synthesis conditions. The 
electrochemical mechanisms of ZnMn2O4 as anodes were investigated in CV tests, in which 
452mAh/g remained after 50 cycles at 0.5A/g for ZnMn2O4 calcined at 500°C with a flow rate of 
1.5 ml/h. This value is comparable to ZnMn2O4 results reported previously using a much more 
facile process. 
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Lithium-ion batteries (LIBs) have been widely used as power sources in electrical devices. 
However, as demands for longer cyclic life and higher energy and power densities continue to 
increase, the electrochemical performance of existing lithium-ion batteries will not be able to 
cope with prospective applications. Many studies have been conducted to develop new 
electrode materials and improve the performance of lithium-ion batteries. Among these 
investigations into new nanoscale materials, many have examined the use of electrospun 
carbon nanofibers (CNFs) for various applications in LIBs. Electrospun CNFs can serve as 
anode materials, or can be combined with metallic oxides to form anode materials such as 
LiFePO4 and SnO2 to improve their capacity. In the present study, electrospun CNFs are 
combined with grapheme oxide sheets and lithium titanate for potential use as anodes. 
 
Corneal Biomechanical Properties and Intraocular Pressure 
for Risk Assessment of Glaucoma Development and 
Progression 

  
  
 

 
 

 
Raman spectroscopy is non-invasive method that makes it feasible to obtain useful information 
from eyes. This study investigated the ability of the Raman technique to quantify the 
concentration of ocular drugs and the effects of different focusing positions. The experimental 
setup was based on the micro-Raman system (Renishaw RM 3000), which is designed for 
backscattering signal detection. Several commercially available ocular drugs with different 
concentrations were tested. Several focusing positions were also set on some samples to 
investigate their effects. The results show that the Raman spectrum varies with the focusing 
position. This means that concentration is not the only factor influencing the relative intensity of 
the spectrum. These results will be an important tool for developing a real-time concentration 
monitoring system that provides feedback control for ocular drug delivery systems. 
 
Low bioavailability and human error, which includes incorrect dosages and application times, 
are two common problems affecting current ophthalmic drug delivery methods such as topical 
eyedrop administration. Iontophoresis has been developed over many years to increase the 
bioavailability of these drugs. However, the rate of patient compliance with this method is still 
relatively low. In this experiment, two new iontophoresis systems—the contact lens system 
and the eyelid electrode system—were developed, tested and compared with the topical 
administration method. Unlike conventional iontophoresis systems, the new systems are 
devices which can easily be operated by patients themselves, and do not affect the ability of 
patients to go about their daily work. It was found that iontophoresis on the cornea can 
increase the concentration of timolol penetrating the aqueous humor by a factor of 5.15, and 
that iontophoresis on the eyelid can increase the concentration by a factor of 4.15. These 
systems provide patients with a user-friendly treatment method that will have a higher level of 
medication compliance than the conventional iontophoresis method, and will also solve the 
two problems commonly arising from topical eyedrop administration. 
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Fabrication and Testing of Antithrombotic Device for Relief 
of Cardiovascular Blockages 

  
  
 

 
 

 
The objective of this project was to study the influences of stent porosity on fluid dynamics and 
clotting under different aneurysms. 
 
We established a fluid model based on X-ray pictures, then set boundary conditions (inlet flow, 
etc.) based on other experiments. We then looked at liquid velocity and the shear strain rate 
near the edges of the stents. 
 
We found that all of the stents produced better results whereby the velocity of blood in the 
aneurysms decreased. The bloodstreams certainly did not enter the aneurysms, and the shear 
strain rate decreased to 1/10th of its original value. However, in none of the stents did the shear 
strain rate fall beneath 10 s-1, which means that blood will not clot independently under this 
stent porosity. Smaller aneurysms reacted better to the stents. 
 
The results show that stents of the three porosities examined do not allow for blood clotting, 
even over a long period. However, they are efficient in preventing the growth of the aneurysm 
by clogging the inward blood flow path. For the small aneurysm, stents of the lowest porosity 
were the best among the three. For the medium-sized and large aneurysms, there was not 
much difference between the three porosities, with the highest being the most efficient. 
 
 
Corneal Biomechanical Properties and Intraocular Pressure 
for Risk Assessment of Glaucoma Development and 
Progression 

  
  
 

 
 

 
Ocular drug delivery always presents a challenge for ocular disease research and treatment. 
Due to the complicated structure of the eyes, it is difficult to deliver drugs to the target area 
with sufficiently high concentration. This report demonstrates the feasibility of the new method 
of iontophoresis. The materials used for the experiments were dead porcine eyes. The method 
adopted was to deliver a chemical solution, copper sulphate, into the anterior parts of the eye. 
Because copper sulphate solution has a high concentration of ions, it was highly electrically 
conductive. Iontophoresis can drive these ions through the barriers of the eye and reach the 
target area. The results of the experiments show that copper ions crossed the cornea and 
appeared in the vitreous humor. This finding clearly indicates that iontophoresis is a feasible 
means of ocular drug delivery. This report outlines the advantages and disadvantages of 
iontophoresis and suggests future experiments. 
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CellProfiler: Image Analysis Software for Automatically 
Circulating Tumor Cell Counter 

  
  
 

 
 

 
A more efficient method for counting the number of circulating tumor cells (CTC) in blood 
samples has been established through this project. Nine blood samples were taken from 
cancer patients, with each of the samples being passed through a filtration-based CTC chip. 
After the filtrations were completed, a picture of the filtrated cells in each sample was taken 
using a fluorescence microscope. A CellProfiler program was compiled to perform a CTC 
count automatically. The results show the program’s accuracy was high, and demonstrate that 
it can be further improved by analyzing more than one blood sample of 7.5 mL for each patient. 
The program’s ability to conduct a highly accurate automatic CTC count provides an effective 
complement for CTC-based cancer detection. 
 
 
Design and Upgrade of Flip Chip Bonding System 

  
  
 
 
 

 
 

 
This project focuses on designing and upgrading a flip chip bonding system for RFID. It 
involves design analysis for precision machine design and the development of an ARM-based 
microprocessor system for the control of precision machines. It also involves the control of 
pneumatic devices, camera systems and stepping motors in a synchronous operation. This 
project has improved the stability of the mechanical system and led to greater accuracy. 
Although the basic prototype of the ARM-based control system has been built, further work 
must be completed to prepare the system for the die bonding process.  
 
 
Design and Evaluation of RFID Systems 

  
  
 

 
 

 
The core elements of RFID systems are the tags attached to objects. A low-profile inlayed 
passive UHF RFID tag consists of an antenna printed on polyester material which is attached 
to a microchip. Antenna requirements may vary with the application, but several aspects 
should always be considered in meeting the tag read range target given different substrate 
materials, reader orientations and reader frequencies. Impedance matching between the 
antenna and the chip is critical to tag performance. FEM element simulation software is used 
to evaluate the design of antennae and speed up the design process. 
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Asian Financial Analysts, Their Performance and Impact 

  
  
 

 
 

There has been a debate about whether the financial analyst rankings provided by Institutional 
Investor are a true indicator of well-performing analysts, or simply represent a popularity 
contest. A previous study conducted by Stickel (1992) shows a positive correlation between 
ranking and performance for analysts in the US. However, no such research has been done on 
analysts in Asia. Our study examines whether there is also a positive correlation between 
ranking and performance for analysts in Asia. We also study analysts’ career concerns by 
investigating the relation between ranking, performance and the likelihood of working in large 
brokerage firms. 
 
 
Asian Financial Analysts, Their Performance and Impact 

  
  
 

 
 

The whole of this research project was conducted on the basis of the following core question: 
what makes an analyst a star? Based on calculations of forecast accuracy, optimism and 
boldness among stars and non-stars, it is shown that accuracy accounts for most differences 
between them. Thus, multi-variable regressions are run to examine in more depth 
determinants that potentially influence forecast accuracy and star status. The results show that 
although accuracy is a necessary quality for a star, additional conditions must be taken into 
consideration when identifying a star, with cross-sector information sharing being particularly 
important. 
 
 
Asian Financial Analysts, Their Performance and Impact 

  
  
 

 
 

Our research project examined how Asian security analysts on the Institutional Investor all-star 
team perform relative to other analysts. Studies have revealed conflicting views on whether 
all-star analysts perform better than their peers. However, research in this field has largely 
ignored the performance of Asian all-star analysts. To address and gain insights into this issue, 
we conducted a research project comprising a series of steps. We found evidence that Asian 
all-star analysts do indeed outperform their non-star counterparts. 
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Asian Financial Analysts, Their Performance and Impact 
  

  
 

 
 

This paper focuses on the relationship between the performance and ranking of Asian financial 
analysts, with discussion focusing on a comparison of star analysts and non-star analysts from 
1993 to 2012. The performance indicators include the accuracy score, degree of boldness and 
level of optimism of each analyst, using formulas based on the 2000 and 2003 papers of Hong, 
Kubik and Solomon. We found that Asian all-stars generally perform noticeably better than 
Asian non-stars in terms of the accuracy of their forecasts, but that the difference between the 
two groups is not as significant when measured by boldness and level of optimism. These 
results are confirmed by regression tests showing that while star status is positively related to 
the accuracy score, a more accurate forecast can further increase the likelihood that an 
analyst is ranked as a star in next year’s ranking evaluation. However, boldness and the level 
of optimism seem to have a smaller effect on star rankings. Job separation is also affected by 
forecast accuracy, but is not as significant as star rankings. 
 
 
Asian Financial Analysts, Their Performance and Impact 

  
  
 

 
 

This research project provides insights into the performance of Asian financial analysts based 
on comparisons between all-star analysts and non-stars. Research to date has focused on 
analysts in the U.S. and Europe, whereas Asian analysts have been largely ignored. After 
identifying each analyst’s forecast accuracy, along with the forecast horizon, broker size and 
other factors that may have an influence on accuracy, we find that other things being equal, 
all-stars issue significantly more accurate forecasts than their non-star counterparts. We also 
show that more accurate forecasts make it much more likely that an analyst will become a star, 
as do larger broker size, experience, following more firms and a shorter forecast horizon. 
 
 
Conference Calls and Information Discovery 

  
  
 

 
 

This report is a summary of our process for discovering information on conference calls. We 
have files of records of conference calls made in companies from different industries. These 
records contain the names of more than 1,000 analysts in total. Our mission is to test the 
relationship between analysts’ company evaluations and company performance in all 
companies in future periods. 
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Conference Calls and Information Discovery 
  

  
 

 
 

The purpose of this study is to further our understanding of processes related to acquiring and 
aggregating new information in uncertain environments, where the nature, and even the very 
existence, of such information is not guaranteed a priori. We extend the accounting and 
finance literature on information disclosure and the value created by securities analysts by 
adding insights from studies of unawareness and learning. 
 
 
Conference Calls and Information Discovery 

  
  
 

 
 

The research question addressed in this study is “whether discussions and debates have 
value”, or whether discussions and debates are useful. To specify our research question in 
more detail, we selected conference calls as the sample of discussions and debates. During 
my participation in this UROP project, I mainly read academic papers and news reports of 
relevance to our research question. I have summarized these papers and reports, and have 
familiarized myself with their topics of study and conference call practices. This experience 
has given me an understanding of the nature of accounting research. 
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Firms in Globalization: Evidence from China 

  
  
 

 
 

 
The project examines the economic behavior of different types of firms in China by analyzing 
the economic decisions of a representative group of firms to export and import. To investigate 
the exporting behavior of Chinese firms, China’s customs and Chinese Industrial Enterprises 
(CIE) data were used and processed for analysis. In the data processing stage, monthly 
customs data and yearly CIE data were combined into one data file using STATA software. 
Having generated the combined data, the export data were analyzed in further detail to 
investigate different types of exporting firms. 
 
 
Firms in Globalization: Evidence from China 

  
  

 
 

 
This report summarizes the findings of my UROP1100 project, Firms in Globalization: 
Evidence from China, conducted in the fall semester of 2011. Using data on Chinese industrial 
enterprises from 2000 to 2007, I conducted a preliminary investigation of the profitability and 
financial constraints of different types of firms in China, including state-owned, foreign and 
private firms.  
 
 
Firms in Globalization: Evidence from China 

  
  
 

 
 

 
China has started to promote market forces and allow foreign investment since it adopted an 
open-door policy in 1978. Now China plays an important role as the world’s factory. Parent 
firms from other countries have invested in China, and their subsidiaries have grown over the 
years. This paper studies the geographic distribution of foreign-invested firms in the 
electronics industry over time. We compare two types of firms in particular: Taiwan-invested 
firms, and foreign-invested firms with non-Taiwanese investors. We show how the geographic 
distribution of different types of firms differs via the number of subsidiaries across provinces for 
each type of firm. 
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Firms in Globalization: Evidence from China 
  

  
 

 
 

 
This project involved an examination of the economic behavior of different types of firms in 
China, including an analysis of firms’ economic decisions to export or import and their 
interaction with other firm characteristics. I worked on this project under the supervision of 
Professor Li Yao in the summer semester of 2012. The project was divided into several 
sub-branches, and the paper focuses on my examination of the exporting behavior of 
Taiwan-invested firms in mainland China by comparing data collected from Chinese customs 
with those from Taiwan parent firms’ records.  
 
This paper also describes each working stage of my project and outlines my learning process. 
 
 
Firms in Globalization: Evidence from China 

  
  
 

 
 

 
This project was a study of the volatility of Chinese firms with a main focus on the volatility of 
sales income. The aim was to construct moving windows to analyze sales income volatility in 
greater detail. Firm data from CEIC were available for this project. Useful variables were first 
extracted to form yearly samples from 1996 to 2009, which were then appended to facilitate 
the construction of moving windows. This report lists the detailed steps taken to process the 
raw data. 
 
 
Firms in Globalization: Evidence from China 

  
  
 

 
 

 
In the age of globalization, many large companies have set up subsidiaries in different 
countries to save on costs. As the target market for many multinational corporations, China 
has experienced a significant increase in the number of affiliates set up since the reform and 
opening up policy was adopted in the late 1970s. Does the economic behavior of these 
subsidiaries differ from that of other firms? More specifically, is there any discernible pattern in 
the location choices of these affiliates? This paper compares the geographical distribution of 
Taiwanese-invested electronics firms (TIFs) with that of other foreign-invested electronics 
firms (FIFs). Before conducting our analysis, we had to complete some data-processing work 
to construct our samples. Our findings show that the geographical distributions of the two 
groups of firms examined are quite similar. We also found that the geographical distribution for 
TIFs has special features for which our paper provides possible explanations. 
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Firms in Globalization: Evidence from China 
  

  
 

 
 

 
By engaging in globalization, what kinds of economic behavior have different types of firms in 
China been displaying? To tackle such a big topic, some data processing work was initially 
carried out in preparation for an analysis of Taiwan-invested enterprises in the electronics 
industry. There were originally two separate company lists available to us: one was from 
Taiwan, showing parent firms and invested mainland firms; the other was from the mainland 
(CIE) and was limited to mainland firms. This project was aimed at linking these two lists by 
matching parent firms on the Taiwan list with mainland firms on the CIE list using Stata 
software. This paper mainly presents the process by which matching was completed, providing 
a clear explanation of the three steps taken towards sample data set construction: editing the 
Taiwan and CIE data sets and conducting the matching process under three methods. The 
commands for Stata software are summarized after each step, and the matching results are 
listed at the end of section describing the matching process, together with the author’s 
personal learning experience. 
 
 
Firms in Globalization: Evidence from China 

  
  
 

 
 

 
Work previously done by UROP students in spring 2012 was used to complete a matching 
process between two company lists (one being Taiwan parent firms and their invested 
affiliated firms in mainland China, the other being all mainland China firms (CIE)). To study the 
composition of trade conducted by Taiwan-invested affiliated firms in mainland China, it was 
first necessary to undertake another matching process between matched Taiwan-invested 
affiliated firms in CIE with China customs import-export data. The composition of trade 
conducted by Taiwan-invested affiliated firms could then be analyzed using the resulting 
complete data set. Only the matching process between TIF (Taiwan-invested firms) data and 
customs data has been completed in this project; the analysis remains outstanding. Hence, 
this progress report mainly describes how the matching process was accomplished 
step-by-step with the help of Stata software. The report also puts forward some ideas 
regarding the use of Stata software for data processing and the learning experience the project 
has provided. 
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Firms in Globalization: Evidence from China 
  

  
 

 
 

 
Foreign direct investment (FDI) has played a very significant role in China’s economy since the 
mainland adopted its reform and opening-up policy in 1978. Due to geographic advantages 
and preferential policies, FDI from Taiwan now accounts for quite a large percentage of total 
FDI in China (it ranked no. 5 in 2008). Though a few scholars have examined FDI from Taiwan, 
we still need a clearer and more empirical view of this topic, especially at the individual firm 
level. 
 
The purpose of this project was to match information on Taiwan-invested enterprises in 
mainland China with data on their parent firms in Taiwan. This project was designed to lay the 
ground for further study on how Taiwan-invested enterprises are influenced by their parent 
firms and the correlation between their behaviors. To achieve this goal, we used data on 
mainland firms from 2000 to 2007 and on Taiwanese firms as provided by our professor. We 
reorganized the data and matched them using both computer-based and manual methods. 
 
 
The Microeconomics of Migrant Workers in Hong Kong 

  
  
 

 
 

 
This is an empirical study that focuses on the remittance, spending and saving patterns of 
domestic workers in Hong Kong, especially on those from the Philippines and Indonesia, as 
they account for more than 95 percent of the total number of domestic helpers in Hong Kong. 
The main steps being taken are questionnaire design, several rounds of street interviews and 
an analysis of the data using some econometrics tools.  
 
 
The Microeconomics of Migrant Workers in Hong Kong 

  
  
 

 
 

 
While some foreign domestic helpers in Hong Kong enhance the economies of their countries 
of origin by remitting enormous sums of money, some find themselves in deep financial 
difficulties. To explain their credit, remittance and expenditure behavior, a survey was 
conducted to study the two largest groups of foreign domestic helpers: Filipinos and 
Indonesians. 
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The Microeconomics of Migrant Workers in Hong Kong 
  

  
 

 
 

 
In the past semester, two fellow students and I have worked on a study of the topic “the 
microeconomics of migrant workers in Hong Kong”. This study analyzes the remittance, saving 
and expense patterns of domestic workers in Hong Kong using the results of interviews 
conducted with domestic workers on their weekly holidays. Our research work can be divided 
into three parts: designing and modifying the questionnaire, collecting data points, and 
analyzing the data. 
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Student-Managed Investment Fund 

  
  
 

 
 

 
This project consists of two parts. The first part is to investigate the stock return reaction to 
rights issue announcements. We have investigated the effect of rights issues on stock returns. 
Conventionally, rights issues reflect somewhat negative prospects for the company in question, 
and returns are thus expected to fall. We have investigated the reaction of stock indexes to 
isolate the effect of the rights issue announcement from market influences. My research 
focuses on the services and telecommunications industries, as well as on uncategorized firms. 
We have also considered accounting variables in our research. The results indicate that 
although the market may not immediately react to rights issues, their negative effect is quite 
evident over a three-month period. Some exceptions also exist in data that point to stronger 
stocks that can overcome the negative effect of rights issue announcements and still provide 
positive returns. 
 
The second part of the project is to examine the strengths and weaknesses of China 
Communications Services (552 HK) from an investor’s point of view. A thorough weighing of 
the potential risks and benefits leads us to an overall BUY rating. 
 
 
Student-Managed Investment Fund 

  
  
 

 
 

 
This project consists of two parts: (1) investigating the effect of rights issues on stock 
performance in Hong Kong; and (2) a buy-side stock analysis report on Emperor Watches and 
Jewellery (0887.HK). In the first part, the study focuses on 141 rights issues involving 63 
stocks in the conglomerates, financials and utilities industries in Hong Kong. The study subject 
is the effect of rights issues on stock performance as measured by abnormal stock returns. 
The study summarizes abnormal returns and other relevant factors across stocks in 1‐day, 5‐
day, 30‐day and 90‐day windows during the post‐announcement and post‐ex‐right periods of 
rights issues. In contrast with prior studies, it finds no significant abnormal returns in the post‐
announcement and post‐ex‐ right periods, nor does it find significant relations among 
abnormal returns, the debt‐equity ratio and the P/E ratio of stocks. The second part of the 
study looks at the recent performance, company prospects and corporate governance of the 
captioned stock Emperor Watches and Jewellery (0887.HK), and makes recommendations for 
the Student‐Managed Investment Fund. The findings suggest that the fund should not pursue 
any purchase opportunities for this stock in the near future due to the economic environment 
restricting its growth. 
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Student-Managed Investment Fund 
  

  
 

 
 

 
This report consists of two main parts; the first concerns the correlation between a company’s 
accounting variables and its stock performance several days after announcing a rights issue. 
From the data collected, there is an obvious tendency for the stock price to drop after a rights 
issue, with most of the fall taking place within 30 days of the rights issue. This negative effect 
decreases with time after the announcement date. Although the results for three different 
industries vary slightly, a pattern can be seen.  
 
The correlation test shows that significance is more apparent between the D/E ratio and stock 
performance after the announcement of a rights issue. In addition, a different pattern was 
found in the IT sector due to the nature of the industry. Furthermore, when (return – HSI) was 
used in place of the return, a better correlation was found. 
 
The second part of this report provides a buy-side analysis of TravelSky Technology Limited, 
with a stock code of HK 0696. The report concludes with the calculation of financial ratios, 
share price tendencies and SWOT. 
 
 
Student-Managed Investment Fund 

  
  
 

 
 

 
This study investigates the effects of the announcement and ex‐right status of rights issues on 
the performance of firms listed on the Hong Kong Stock Exchange. The findings show that the 
total return index of post-rights issue stocks is generally negative. The market views a rights 
issue as an unfavorable signal of firm value.  
 
The study looks at the performance of stocks with a record of rights issues from January 1990 
to May 2012. An analysis of the total return index of stocks in different timeframes shows a 
general pattern of negative returns for stocks subject to rights issues, but that the 
consequences of rights issues are mitigated after a longer period. 
 
The study also examines the characteristics of firms that issue stock subscription rights by 
running a regression of the total return index versus accounting variables. It is found that the 
leverage of a firm affects the decision to issue stock subscription rights, but the overall results 
suggest that no precise conclusions can be drawn. 
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Forecast Power, Premiums and the Theory of Storage in 
Linear Low-Density Polyethylene Futures in China 

  
  

 
 

 
Linear low-density polyethylene (LLDPE) is a type of polyethylene, the most commonly used 
plastic today. Given the global importance of LLDPE and the goal of establishing a futures 
contract for this material on the Dalian Commodities Exchange, investigation of the LLDPE 
futures contract is of interest academically. This study will focus on finding evidence 
supporting theories on the storage, forecast power and forecast premiums of Chinese LLDPE 
futures by replicating the methods devised by Fama and French in their 1987 study. 
 
 
Empirical Analysis of the Media’s Impact on China's Stock 
Market 

  
  
 

 
 

 
This paper analyzes how the returns of individual stocks in the Chinese stock market are 
affected by firm-specific news. The study utilizes panel data covering over 2,000 stocks and 
1,942 trading dates, along with the number of news items related to each stock. Controlling for 
firm fixed effects, we find that news items released during trading hours are much more 
informative than those released after the market is closed, in that they result in much more 
volatile stock price movement. We also observe a significant clustering phenomenon in the 
emergence of news, the cause of which is still unclear. We find that firm size and the 
abundance of news related to a firm are negatively correlated to the price response to news. In 
other words, the stock prices of large firms or firms with great media coverage usually move 
less when news related to the firm is released. Industries also differ in the magnitude of price 
responses to news, a pattern that cannot be explained by the size and news-abundance 
effects highlighted in this paper. This finding suggests that a promising line of inquiry for future 
research would be to examine intraday price data to establish whether there exist industry 
differences in the degree of attention traders pay to news. 
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The Economic and Social Implications of Search Engine 
Optimization 

  
  

 
 

 
With the increasingly rapid development of online marketing, search engine optimization (SEO) 
is a topic that has received much attention in both the business and academic fields. In section 
1 of this paper, we first provide a brief summary of ten cutting-edge research papers on SEO. 
After analyzing the related literature, in section 2 we then propose a somewhat simplified 
model to show how search engines should respond to SEO. We find that though SEO 
investment decisions are mainly made by websites themselves, search engines can actually 
achieve the optimal level of SEO by properly adjusting their algorithms. 
 
 
Risk Management 

  
  
 

 
 

 
This report gives a brief introduction to copula theory. From a probability perspective, a copula 
can be described as a function that can link the joint distribution function of random variables 
to its marginal distribution function. There are two important applications of copulas in 
probability and statistics theory. First, copulas can be used to construct the joint distribution 
function of random variables. When the marginal distribution function and the corresponding 
copula are provided, the joint distribution function can easily be reconstructed. Second, 
copulas can be used to study dependence and association between random variables. Among 
measures of dependence between random variables, the most well-known method is 
Pearson’s coefficient, which measures the linear relationship between two random variables. 
However, it may not be easy to capture in a non-linear relationship. Kendall’s tau and 
Spearman’s rho may be alternative measures of dependence. Copulas can be used to 
construct Kendall’s tau and Spearman’s rho, and can also be used to assist in measuring tail 
dependence.  
 
Copulas have become increasingly important in finance and risk management. Using the 
copula approach, a multivariate distribution can be separated into two parts: marginal behavior 
and the dependence structure. The multivariate distribution can then be flexibly constructed 
using an arbitrage marginal distribution and a copula function that represents the dependence 
structure. This report investigates the vine copula model with time-varying dependence 
parameters. Pair copula constructions, or so-called vine copulas, are found to be useful in 
flexibly constructing a multivariate copula function. They can decompose the multivariate 
copula function into a number of bivariate copula functions to make it easier to handle. When 
combined with the time-varying copula model proposed in the literature, it can be applied to 
any type of multivariate time series model. 
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Spatio-Temporal Statistics 
  

  
 

 
 

 
This report gives a brief introduction to spatio-temporal statistics. Statistical analyses of data 
that take spatial, temporal and spatio-temporal information into account are becoming 
increasingly important in understanding environmental processes and climate trends, and in 
developing new technologies for mapping public health data and the spread of invasive 
species. Statistics for Spatio-Temporal Data presents a systematic approach to key 
quantitative techniques that incorporate the latest advances in statistical computing and in 
hierarchical, particularly Bayesian, statistical modeling, with an emphasis on dynamical 
spatio-temporal models. 
 
 
Statisical Learning 

  
  
 

 
 

 
This paper will discuss some common machine learning methods. Due to the large amount of 
data in today’s ever-changing environment, machine learning evolved by applying statistical 
methodologies to develop a new suite of data mining techniques. This paper introduces 
several methodologies for the least absolute shrinkage and selection operator (lasso) 
technique. This new method can be adapted to many different situations because of its 
flexibility. In the financial world, risks often are related to variance in the statistical context. 
However, it is not an easy task to estimate the variance, and especially the 
variance-covariance matrix, when a large portfolio is chosen. However, the lasso technique 
can help in estimating the covariance matrix with a good degree of accuracy. 
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Risk Management 
  

  
 

 
 

 
High-dimension covariance matrix estimation problems can be solved via modified Cholesky 
decompositions and parsimonious regression estimation methods. One of the most popular 
and efficient regression methods featuring shrinkage is the least absolute shrinkage (lasso) 
method, which is also widely used in covariance matrix estimation. We suggest adopting a 
Bayesian perspective to readdress the lasso regression problem and hence aim to improve 
the accuracy of covariance matrix estimation. This report summarizes the founding ideas of 
the modified Cholesky decomposition, standard lasso and Bayesian lasso methods. It also 
discusses the possible benefits of applying the Baysian lasso methodology to covariance 
estimation problems. 
 
Regularization techniques have consistently been applied to high-dimensional covariance 
estimation problems to address the potential sparsity. However, traditional techniques are 
often time-consuming and computationally expensive when applied to high-dimensional 
datasets. In this paper, we propose adopting an alternative approach from the Bayesian 
perspective to achieve regularization with a lower computational cost. A normal-gamma 
distribution is constructed on the basis of the lasso concept, and a Markov chain Monte Carlo 
algorithm is adopted to generate the posterior distributions for covariance matrix estimation. 
Additional priors for regularization parameters are also incorporated to ease the parameter 
selection process. Our approach is tested with both simulated and real datasets of high 
dimensionality.  
 
 
An Overview of Classical Extreme Value Theory 

  
  
 

 
 

 
Given the scarce nature of extreme values and the sensitive Ғn distribution of maximum values, 
extreme values pose huge challenges for modeling. This report provides an overview of the 
two most fundamental classes of models – asymptotic models and threshold models – in 
classical extreme value theory (EVT), which elegantly solve the aforementioned problems 
under the assumption of an underlying series of independent and identically distributed 
random variables. Some generalizations of two types of models – asymptotic models for 
minima and the r largest order statistic model – along with the inferences of generalized 
extreme value distributions and generalized Pareto distributions, are also discussed.  
 
In studying the effects of climate change, one would like to capture the behavior of climate 
extremes. Such studies should focus on extremes themselves, as particular extreme weather 
situations may be unrelated to those that lead to the usual values. In recent years, studies on 
climate extremes have incorporated more inherent characteristics into their models to give 
better descriptions of spatial and temporal effects. This report reviews these extreme value 
analyses in climatology, particularly in terms of the incorporation of spatial and temporal 
effects. Cooley et al. (2007) started by characterizing spatial effects by GPD parameters 
varying by location; Sang and Gelfand (2008) proceeded to address climate change by 
allowing GEV parameters to vary by both location and time; Conley and Sain (2010) then 
adopted a Bayesian approach to capture both spatial and temporal effects. 
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Consumer Behavior in an Internet-Facilitated Barter 
Economy 

  
  
 

 
 

 
The purpose of this project is to allow customers to barter their goods through a website. This 
website will be of particular assistance to people in Hawaii bartering fruit. 
 
I started working on this project in early June 2012, but another two students had already 
developed the website by then. When my group took over this project, we added some basic 
functions such as a search function. People can now search for the location of fruit using the 
satellite map on the website. 
 
 
Consumer Behavior in an Internet-Facilitated Barter 
Economy  

  
  
 

 
 

 
This project is aimed at comparing bartering to money-based market mechanisms in resource 
allocation by developing an e-commerce website that allows for the bartering of goods. In 
particular, the website will serve as a platform enabling residents of Hawaii to trade their 
surplus fruit. 
 
 
Consumer Behavior in an Internet-Facilitated Barter 
Economy  
  

  
    
 

 
 

 
In this project which investigates consumer behavior in an Internet-facilitated barter economy, 
my colleagues and I are required to establish an e-commerce website that serves as a 
bartering platform for fruit in Hawaii. As we are continuing to work on a website built earlier by 
other researchers, we are mainly responsible for organizing the website files and improving 
the interface. As we have made progress on the website, we have found that PHP, SQL and 
HTML programming are of great value. 
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Two-Sided Matching and Sorting  
  

  
 

 
 

 
This project includes a review of research papers related to matching and sorting processes 
for marriage. Because marriage has always been considered an important milestone in one’s 
life, a comprehensive understanding of matching and sorting processes available in both the 
online and real worlds has become essential for decision-making among prospective spouses. 
This paper adopts psychological, economics and social preference perspectives in 
investigating various approaches adopted by previous scholars and related theories of 
marriage to review the effectiveness of online dating in promoting marriage in the modern 
world. 
 
 
Two-Sided Matching and Sorting  

  
  
 

 
 

 
With the development of modern society, resources are becoming increasingly scarce and 
precious. The limited amount of resources available poses a serious question to all people: 
who deserves resources? The current situation is quite different from that pertaining many 
years ago, and the old model of resource matching is no longer effective, especially in the 
context of marriage. This report focuses on online relationships between males and females 
and explores factors that affect the matching process with a view to marriage. It does so by 
analyzing raw data, most of which come from an online social website, and reviewing papers 
about marriage. 
 
 
Two-Sided Matching and Sorting  

  
  
 

 
 

 
This progress report records the process and results derived from a dataset obtained from a 
local Chinese online dating website. Primary exploration has provided some indications 
matching our expectations and our fundamental understanding of people’s dating behavior. 
Although other factors limit or interfere with the implications, the latter provide a possible 
research focus in this ongoing project. 
 
In addition to gathering statistics on users’ general information and marriage plans and their 
behavior in sending messages or receiving information, this paper also investigates “hukou” 
and relations between such statistics. Further examination of the dataset will be necessary 
later in the project to remove other intervening factors and substantiate the conclusions 
reached. 
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Consumer Behavior in an Internet-Facilitated Barter 
Economy  
  
  
 

 
 

This study is aimed at comparing bartering to money-based market mechanisms in resource 
allocation. A website will be developed to allow for the bartering of goods. Some experimental 
features will be implemented in the market. 
 
The development of this website is divided into two phases. I am only responsible for phase 
one, in which PHP: Mysql is being used to develop the website. 
 
In phase one, we have chosen Hawaii as a pilot location to investigate the market, and only 
fruit from Hawaii are allowed to be traded. The online bartering website will provide several key 
functions – search, make an offer and view advertisement. It will allow traders to offer to trade 
the fruit they own for the fruit they want. Through a point mechanism, our system will match 
suitable parties to enable them to barter fruit, and will allow them to negotiate on the final deal 
facilitating the bartering of fruit. 
 
 
Consumer Behavior in an Internet-Facilitated Barter 
Economy  
  
  
    

 
 

This project was launched at the beginning of the spring semester in 2012. Throughout this 
semester, Harry Tai and I worked with Professor Michael Zhang on the topic “consumer 
behavior in an internet-facilitated barter economy”. This study is aimed at comparing bartering 
to money-based market mechanisms in resource allocation. A website will be developed to 
allow for the bartering of goods. Some experimental features will be implemented in the market. 
We have chosen an island in Hawaii as our target market. The fruit market on this island will be 
used for analysis. 
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Online B2C in Hong Kong  
  

  
    

 
 

 
Online shopping has recently emerged as a trend all over the world. With the rapid 
development of online shopping websites such as Amazon, eBay and Groupon, an increasing 
number of customers tend to shop online. However, to some extent, online shopping has not 
achieved the success expected of it in the shopping paradise of Hong Kong. We were tasked 
with understanding the current status of Hong Kong e-business and the reasons behind it. This 
research is being conducted in three ways: a customer survey conducted to understand the 
situation from the customer perspective, collecting macro-level data on Hong Kong e-business, 
and collecting information on and contacting some key firms operating in this area. 
 
The survey was launched during the summer, and the first wave of results was collected. The 
collection of macro-level data and information regarding specific firms has yet to be completed, 
and interviews of key figures from e-business companies will be undertaken at a later date. 
This report summarizes all the information we have on hand, and also sets out all our 
hypotheses and potential explanations aimed at understanding the current status of 
e-business in Hong Kong. 
 
 
Online B2C in Hong Kong  

  
  
    

 
 

 
The project is a study of the current status of e-business in Hong Kong, its potential and the 
reasons for its success or failure. The study is being conducted in three phases: a customer 
survey conducted to understand the status of this market from the customer perspective, 
collecting macro-level data on Hong Kong e-Business, and collecting information on and 
contacting some key firms operating in this area. The survey was launched during the summer 
and the first wave of results was collected. The collection of macro-level data and information 
regarding specific firms has yet to be completed, and interviews of key figures from e-business 
companies will be undertaken at a later date. This report summarizes all the information we 
have on hand, and also sets out all our hypotheses and potential explanations aimed at 
understanding the current status of e-business in Hong Kong. 
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Entrepreneurship – Boards of Directors   

  
  
    

 
 

 
The board of directors is one of the most important internal governance mechanisms in 
ensuring the interests of stakeholders are closely aligned with those of the management. In 
privately held entrepreneurial firms, the board of directors plays a more significant role, 
especially for newly established firms. While the impact of board composition on firm 
performance has been a growing area of research, most empirical research on this topic has 
been restricted to publicly listed companies. This paper reports on the collection of data from 
various databases on board composition in venture capital-backed startups supplying medical 
devices for minimally invasive surgery in the US, thus providing a basis for learning about their 
implications for the performance of entrepreneurial firms. 
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Consumer Nostalgia   

  
  
    

 
 

 
This project gave me the opportunity to participate in marketing research experimental design 
and statistical analysis. I reviewed academic papers and summarized their methodologies, 
measures and experimental goals before discussing which of them could be used in our 
experiments. I also learned how to look at the data we obtained by running experiments and 
how to filter out ineffective experiments and measures. I learned a lot in preparing experiments 
and discussing their results. In the final report, I will first introduce a hypothesis I developed, 
explaining why I came up with this hypothesis and the reasoning process behind it. I will then 
propose an experiment and describe its purpose, methodology and measures. 
 
Effects of Lay Theory of Pride and Guilt   

  
  
    

 
 

 
The study of Wilcox, Kramer and Sen (2010) examines the largely unexamined effect of 
incidental pride on consumer self-control. The results demonstrate that incidental pride 
influences the pursuit of long-term goals through dual processes that result in conflicting 
outcomes for consumer decisions: indulgent choices when promoting a sense of achievement 
and virtuous choices when promoting self-awareness. Their findings demonstrate that the 
influence of incidental pride on self-control is contingent on the cognitive and contextual 
factors that affect decision making. 
 
I have been working on a study of the effects of lay theory of emotion in the field of pride vs. 
guilt. Sixty-one percent of the participants asked to record their proudest moment wrote about 
their academic achievements. The data suggest that doing well academically can arouse 
feelings of pride. 
 
Data collected in the Bibini experiment show that consumers’ choices of flavor vary across 
seasons. In spring and summer, pistachio was the most popular flavor, while Jacopo chocolate 
was the most popular flavor in the other two seasons. Together with durian, these two flavors 
were ranked in the top three in terms of the average number of scoops purchased on all the 
days on which they were available. Another finding was that arranging for the tins which 
contained these flavors to be partially empty during replacement could be an advantageous 
strategy to increase sales. These conclusions were supported by statistics from the databases 
I generated, which contained experimental records of purchases and sampling by 
approximately 4,600 consumers from 2nd August 2011 to 30th June 2012. In addition to 
extending the dates and adding new flavors to process the original data, I also supplemented 
the coding for the control variables (organization, label and price promotion) to enlarge these 
data sets and facilitate future research on their influences on consumer choice. Once these 
effects have been identified, optimal strategies governing the choice of flavors sold and how 
these flavors should be presented can be proposed to enable shop owners to maximize their 
revenue. Furthermore, the above finding that the popularity of flavors changes with the 
seasons might be related to the foregoing control variables, as these factors were manipulated 
across different periods. 
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Starting off from Greed Avoidance   

  
  
    

 
 

 
This progress report summarizes the review of the greed avoidance literature I have 
conducted this semester. The goal is to find empirical research results that utilize the greed 
avoidance scale, which will hopefully shed light on the topic of consumer greed. Although 
empirical studies of greed are scarce, a handful of investigations have found relationships 
between greed avoidance and certain psychological traits or types of behavior. Examples of 
the topics of such studies included dark triad traits, gambling and ethnic minorities. The 
relationships identified are meaningful and will serve as useful references in future research. 
 
 
Reports of Studies on Food DecisionMaking   

  
  
    

 
 

 
My tasks in the project I have been working on this semester were to read papers with the aim 
of acquiring a better knowledge of marketing research and to pick out the main points of each 
paper. A range of studies have been conducted to analyze what factors affect people’s food 
decision making. Some focus on the effect of packages and discuss the effects of NLEA. 
Others extend to both internal and external factors and give systematic answers. In this report, 
I mainly discuss the methods used and important conclusions from the papers read. 
 
 
Consumer Greed   

  
  
    

 
 

 
This semester, I undertook an experimental design and primary data analysis of experiments 
related to consumer greed. 
 
All of my work can be classified into three categories: 

1. Design an experiment based on a seafood restaurant scenario, mainly to understand 
how people’s greedy behavior is correlated to whether others are present, and to 
ascertain people’s understanding of greed (i.e. to get as much as possible, to spend 
as little as possible, or to benefit by maximizing the amount obtained minus the 
amount spent); 

2. Understand and conduct primary analysis of the data collected from the above 
experiment and find interesting points for further study; 

3. Design an experiment based on the fish pool scenario, mainly to understand people’s 
greedy behavior, where greed means (i) capturing more at the cost of the resources 
available to oneself in the future, and (ii) capturing more at the cost of the resources 
available to others. 
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Division of Humanities 
 
Literati Painting in the Twentieth Century  

  
  
    

 
 

 
To observe the persistence of literati painting in the 20th century, this paper examines the 
influence of literati art on the academic research and paintings of Fu Baoshi in three stages of 
his life. In the first period, Fu Baoshi embraced the literati tradition almost blindly. After 
studying in Japan, Fu completed his metamorphosis as a literati painter, and his career 
reached its peak in the 1940s. After 1949, Fu Baoshi showed his adherence to the literati 
tradition when he was pressured by the new government. In addition to his loyalty to tradition, 
the interplay of politics and art was a characteristic feature of his creations throughout his life, 
which could be regarded as a symbol of the new age. The artistic career of Fu Baoshi 
demonstrates that although the literati class had disappeared by 1905, literati painting, as the 
essence of the literati ideal, still played a vital role in modern society. 
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Division of Social Science 
 
The Social Dimensions of Alzheimer’s Diagnosis and Care 
Among Elderly Residents In Hong Kong  

  
  
    

 
 

This study examines the care-giving experiences of caregivers of older Chinese with 
Alzheimer’s disease (AD) in a multi-cultural context in Hong Kong. Individual qualitative 
interviews were carried out with five Chinese or Filipino caregivers. The interviews revealed 
barriers in help seeking, including a lack of knowledge of early diagnosis, the stigma attached 
to AD, conflicts between family members, conflicts between family caregivers and domestic 
helpers, and difficulty in accessing services. The study provides ethnocultural knowledge and 
insights to health care and education providers on the design of culturally and linguistically 
appropriate services and the utilization of effective outreach platforms. 
 
Informal Financing and the Development of Small and 
Medium Enterprises: A Case Study of Guangdong   

  
  
    
 
 
 
 
 

 
 

 
Because small R&D businesses in China are light on capital and are highly risky at their early 
stages, fund-raising difficulties remain the major obstacle to their ongoing development. From 
June to August 2012, the authors selected two mainland businesses and five fundraising 
institutions of different types as a sample with the aim of finding solutions to such financing 
difficulties through a fact-finding exercise on the current status of small R&D enterprises and 
an intensive study of different lending standards. 
 
China/Africa Links Project   

  
  
  

 
 

 
This research on links between China and Africa will be an ongoing endeavor with an 
emphasis on field sites in Zambia and Sudan. The focus of the research being undertaken by 
my team is the extent of labor localization in African-Chinese firms. My team has obtained data 
and abstracts on this subject from different sources, and I am mainly working on the basis of 
information obtained from Chinese websites. 
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China/Africa Links Project   
  

  
  

 
 

 
As the second largest economy in the world following the United States, the People’s Republic 
of China is actively developing, maintaining and expanding its economic activities in the 
African continent, and provides ongoing assistance and aid programs to countries in Africa. 
However, China’s presence in Africa has triggered concerns from some developed countries 
including the United States, which suspect that China’s primary aim is to build close economic 
ties with African countries as a way to safeguard its supply of natural resources. Although this 
is both the core objective and major concern of China, it comes at the expense of supporting 
totalitarian and corrupt regimes that suffer from poor governance and threaten the safety and 
human rights of locals. This report shows how major newspapers in the United States report 
China’s activities in Africa, and summarizes how they express these stories in their news 
coverage. 
 
 
China/Africa Links Project   

  
  
  

 
 

 
In this UROP project we are observing and analyzing China-Africa links from the perspectives 
of Canadian and Chinese media. We are mainly focusing on China’s investments in Africa 
(particularly in the coal and other mining industries and in agriculture investment), mutual 
cooperation between Africa and China, and the lives of Chinese workers in Africa. By 
examining China-Africa links through the lens of Canadian media, we seek to examine how 
they picture China’s involvement in Africa and to compare their perspective with those of other 
Western media (mainly US media) and Chinese media. Through our new research on Chinese 
media, we hope to first identify the media reporting categories used in Chinese media before 
comparing their reporting patterns with those of Western media. As the outcome of the whole 
project, we hope to acquire adequate information about China-Africa links, and to study how 
different media report and comment on Chinese behavior in Africa based on the information 
collected. More importantly, we hope to analyze how media shape public perceptions on 
China’s image regarding its investments in Africa. 
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China/Africa Links Project   
  

  
  

 
 

 
As the Sino-Africa relationship has become increasingly close, media coverage of China and 
Africa has expanded and is of great importance. However, the objectivity, or even authenticity, 
of these media representations remains under scrutiny, and academics have devoted much 
attention to this topic. A study by Emma Mawdsley has revealed the bias of British newspaper 
media. Our research project is intended to extend the findings of her study to Canadian and 
Chinese media. This research is of significance, because it will provide a basis for the analysis 
of differences between Chinese and Western media reports of the Sino-Africa relationship. My 
colleague, Qiu Yujie, and I have cooperated in analyzing media coverage in China and 
Canada. Obvious subjectivity and bias have been found in newspaper media from both 
countries. 
 
 
China/Africa Links Project   

  
  
  

 
 

 
Since free market economic policies spread across the globe in the 1990s, state-owned 
enterprises around the world have been subject to major changes in their management. 
Among all corporate governance issues, enterprise ownership structure is considered the 
most important factor for SOE performance (Liu, 2009). This project is aimed at establishing 
how governmental influence that still exists within SOEs affects business decisions made by 
the company, and focuses exclusively on privatization issues. 
 
 
China/Africa Links Project   

  
  
  

 
 

 
The work I carried out in this project mainly focused on collecting information. The information I 
collected would be quite thought-provoking for anyone, especially for Chinese students. At the 
outset, my task was to accumulate commentary originally published in Namibian and 
Botswanian media about Chinese investment or activity in Africa. After completing this task, I 
then collected Chinese media reports about Chinese agricultural investment concerning land 
issues in Africa. After spending much time completing this task, I then turned my focus to the 
localization of employment in Chinese enterprises outside China. 
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China/Africa Links Project   
  

  
  

 
 

 
In this project, I am mainly facilitating research on Chinese agricultural investment in Africa this 
semester. Many Western media have commented that Chinese investment is a new 
expression of colonialism, and peasant exporting has frequently been mentioned as a way of 
attacking the Chinese government. My task is to search for and compile information and data 
to argue against this view in a critical manner. 
 
 
Democratic Development in Asia and the World   

  
  
  

 
 

 
Human rights are literally the rights people have simply because they are human beings. 
Human rights are equal, inalienable and universal rights. However, we do not have human 
rights to all things that are good. Human rights come from the humanity of human nature. 
Human rights shape both society and people. Based on a moral vision of human nature, 
human rights set the limits and requirements of social action. However, the state and society 
both play a major role in realizing this “nature”. The purpose of this project is to study different 
interpretations of human rights in different cultures. 
 
 
China’s Political Development   

  
  
  

 
 

 
The project starts with the spectacular outcome of the reform and opening-up policy adopted 
since the 1980s. The international community almost invariably focuses on China’s economic 
growth achievements, but argues that China has not even developed its political infrastructure. 
However, it is believed that the influence of democracy is increasing among political leaders 
and intellectuals in China. Executives such as Wen Jiabao and Hu Jintao have recently talked 
about democracy in China at various international events. Western observers argue that 
China’s political leaders merely spout rhetoric. It may not be possible for China to transform its 
political system to the form of democracy widely accepted in the Western world.  
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China’s Political Development   
  

  
  

 
 

 
Hong Kong’s social movements have entered a new era which could have started with the 
demolition of the old Central Star Ferry Pier clock tower. As time has passed, this era has 
developed certain characteristics: the active participation of so-called post-80s in local affairs; 
their participation in mainly direct action; and given the popularity of social networks, their 
tactics are evolving and becoming more diverse. 
 
This rising tide of social movements has important implications for the protection of core 
values upheld by Hong Kong people. Hence, the determination to ensure the success of social 
movements in general is important to the wellbeing of Hong Kong citizens. 
 
With certain modifications, we wish to apply a framework inspired by the book “Why Civil 
Resistance Works: The Strategic Logic of Nonviolent Conflict” by Erica Chenoweth and Maria 
J. Stephan.  We hope this will enable us to analyze and summarize how the outcomes of 
these social movements will be determined in the Hong Kong context. 
 
 
Class Conflict and Historical Transformation in 
Post-Socialist China    
  
  

  
 

 
This paper begins by defining the new middle class in China, which can be separated into two 
middle-class groups: the core group and the marginal group. The key issue is to analyze the 
political role played by each of these two groups of the new middle class in China and 
establish whether the Chinese middle class is a stabilizing force or a force for change in China. 
At present, only the marginal new middle class can be regarded as a force for change in China 
in terms of the pursuit of public rights. 
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Class Conflict and Historical Transformation in 
Post-Socialist China    
  

  
  
 

The Dalian PX Project, which occurred on 14 August 2011, is one of the most recent mass 
demonstrations to have taken place in China, and involved approximately 12,000 Dalian 
residents. This demonstration was held mainly to protest against the safety risks posed by a 
chemical project that produced toxic PX chemicals on the Dalian foreshore. However, in 
addition to the risk of a chemical leak, other factors related to cronyism between government 
and business magnates probably triggered this outbreak of anger among Dalian citizens. This 
paper will first focus on the direct causes of this mass protest in Dalian and summarize our 
findings. It will also analyze other peripheral reasons that gave rise to the accumulated fury of 
Dalian residents against its government, which serves as evidence of increasing class conflict 
in China. 
 
Effect of Social Attributes on Perception of Public Opinion    

  
  
  

 
 

 
Existing research focuses on how people passively perceive the norm of a population 
unconsciously. These studies investigate how estimates of group opinion based on cognitive 
factors affect the accuracy of our perception of reality. However, we know little about the 
process by which people actively acquire organizational culture and initially construct 
estimates of the norm. In this study, we examine how people selectively and consciously 
choose sources of information to construct the norm. We hypothesize that the active 
acquisition of culture has determining factors similar to those of attention attracters in the 
passive reception of informants. Thus, we test whether norm perceptions change personal 
opinions. The results have implication for business and politics. 
 
Effect of Social Attributes on Perception of Public Opinion    

  
  
  

 
 

The perception of norms is an important foundation of the human community. Human behavior 
is greatly affected by perceived norms; for example, alcohol consumption is high when it is a 
norm within a group. People constantly obtain information from the environment and other 
people, and make use of such information to infer norms. Past research has focused on the 
unconscious process of norm perception, or on the effect of media exemplars on norm 
perception; however, the effect of social interaction has been studied far less often. This study 
investigates the effects of the social attributes of a speaker in determining norm perceptions. 
We propose that age and social status have a great impact in alternating norm perceptions. 
We also propose that the inferring process is the same regardless of the target group. 
Experiments will be conducted to verify these hypotheses. The results will be of significance to 
political science and communication studies.  
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Psychology of Happiness    
  

  
  

 
 

 
During this fall semester I have again participated in the psychology of happiness UROP 
project, which has allowed me to continue my work in response to what I did in the last 
semester under the same program. The report will give a brief summary of what I have done 
during the course of this semester. 
 
In continuing with the work I did on the project in recent months, I am required to work with my 
partner to verbatim-code a list of approximately 139 written replies on the topic “the 
relationship between money and happiness”. To identify the points behind each reply, a coding 
scheme list was used in which the codes fall into three main categories: the positive and 
negative impacts of money on happiness, and other factors contributing to happiness. 
 
 
Psychology of Emotion    

  
  
  

 
 

 
In this proposal, I suggest new studies in the area of somatization. By reviewing the literature, 
hypotheses and studies exploring the culture-specific phenomenon of somatization among 
Chinese people, I found that there might be conceptual differences between somatic 
symptoms and verbal somatic expression. I propose two studies to examine their relations to 
subjects’ acculturation to Chinese culture. This proposal includes a review of relevant literature, 
proposed research objectives and hypotheses, proposed research methods and the potential 
contributions of this new line of research. 
 
 
Facial Expressions of Emotions     

  
  
  

 
 

 
The studies reported in this paper together investigated people’s perceptions of emotions from 
facial expressions among the Chinese. The modal responses observed in a free-labelling 
study showed that there were differences in the emotions perceived in the faces. The results 
also suggested that there was convergence in the recognition of emotions, but that the level of 
convergence varied across emotions. 
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Psychology of Emotion    
  

  
  

 
 

 
Cyber-bullying is a new form of bullying that has emerged as a result of advances in 
information technology. Cyber-bullying is the use of electronic devices or communication 
technologies to harm or cause discomfort to other individuals. Little research has focused on 
the effects of Chinese adolescents being cyber-bullied, and even fewer studies compare the 
effects of face-to-face bullying and cyber-bullying on the emotional well-being of adolescents. 
This proposal suggests that two studies be undertaken to investigate and gain a greater 
understand of cyber-bullying. The findings will be used as a basis for understanding 
adolescents’ perceptions of cyber-bullying and the frequency and correlations of cyber-bullying 
victims’ emotions. It is hoped that these studies will provide insights for parents, teachers and 
mental health professionals enabling them to prevent cyber-bullying and protect and treat its 
victims. 
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Data Analysis for Ambient Aerosol (Airborne Particulate 
Pollutants) 

  
  
  

 
 

 
Researchers studying ambient aerosols can obtain hundreds of thousands of data. However, 
among a sea of data, there will always exist some extreme values that are outliers that should 
be removed for further analysis. For a linear distribution, data can be filtered through the least 
squares method, but for a log-normal distribution that occurs in an experiment, it is necessary 
to find a new way of filtering extreme values. In other words, establishing the proper standard 
protocol for distinguishing extreme values from normal values is the goal in this UROP project. 
‘Proper’ has two meanings here: one is that the standard can be effectively used to delete as 
many extreme values as possible; the other is that the standard can be transferred into the 
C++ language for automatic operations. Four potential methods have been considered, all of 
them proving practical for serving as an extreme data filtering tool. Given the difficulty of 
writing code, we will only compare two of these methods by testing their effects using C++.  
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Investigation of Waveguide Mode Properties in Ge 
Nanopillars 

  
  
  

 
 

 
The goal of this summer project was to investigate the waveguide properties of germanium 
nanopillars. Nanopillars fabricated at diameters ranging from 40 nanometers to 730 
nanometers showed distinct peaks in absorption at certain diameters when simulated using 
the finite difference method. We investigated possible waveguide mode contributions to these 
rises in absorption. Finite difference method software was used to give us the field distributions 
of the different modes. 

 
Human-Robot Scheduling System Research Report 

  
  
  

 
 

 
The China/Africa links project is an ongoing project that links Africa and China. This project 
involves field work being undertaken by co-investigators Barry V. Sautman and Yan Hairong in 
more than ten African countries. The primary fieldwork sites to date have been Sudan and 
Zambia. This project mainly focuses on political and economic relations between Africa and 
China. I have analyzed data from three major electronic databases: LexisNexis, Academic 
Search Premier and Proquest. I have also analyzed media coverage of China/Africa links 
research from African, US, Chinese and Western newspapers. 
 
 
The Role of RGS Proteins in Secretion of the Growth Factor 
Midkine 

  
  
  

 
 

 
The canonical role of RGS proteins is the activation of GTPase activity in G proteins. Recent 
studies have shown that RGS proteins also play other roles in several cellular processes. One 
such protein, RGS19, has been demonstrated to induce cellular proliferation in HEK293 cells. 
It does so in the absence of serum, suggesting that it may induce the secretion of a growth 
factor for cell survival. In this study, we probed for the secretion of midkine, a growth factor 
expressed in many cancer cell lines. Levels of midkine were detected by immunoblotting in 
293 cells transfected with RSG20, RGS19 or its truncated mutants. These cell lines were 
compared to parental H1299 cells and RGSG19 and RGS20 knockouts. Preliminary results 
indicate several inconsistencies that require a repeat of the study under a revised protocol 
before the relation between RGS19 and midkine can be determined. 
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