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PREFACE

The University of Engineering and Technology (UET) was founded in 2004 as a
member university of Vietnam National University, Hanoi (VNU).

The last only five years have seen immense progresses in the development of our
university in various aspects of its activities thanks to the great efforts put in by the
government with strong financial supports, by the VNU with steering leadership and
administration, by the national and international educational institutions and corporations
in fruitful collaborations and advices, and by all the staff and students of the UET with
determination, hard work and patience.

Today, our university has built up a solid foundation for a sustainable and dynamic
development in coming years. This solid foundation consists of a completed system of
well-designed programs at both undergraduate and graduate levels, renovated teaching and
learning facilities, a just limited but strong and advanced research infrastructure with state-
of-the-art and completed equipment systems, a sustainable and fruitful collaboration with
leading research and educational institutions in the country, and a bright, young, well-
educated and welltrained faculty who are eager to take on advanced research and studies.
All these have made our university a prestigious institution and firmly established its
education and research capabilities. This is proved by the facts that only in the last four
years our university has established close and solid ties and cooperation with prestigious
foreign universities, just to name a few, the University Paris-Sud 11 (France), Japan
Advanced Institute of Science and Technology, the National University of Singapore,
Nanyang Technological University (Singapore), University of New South Wales and with
famous international industrial and technological corporations such as Samsung, Toshiba,
NEC, Mitani, Human Resocia, IBM, and other well-known institutions in the region and
around the world. This is also proved in a convincing way by the facts that only in the last
two years, our university has been granted several significant research projects from
various national research programs. Our university has become an attractive destination for
talented students at all training levels. We are proud that our university is the only
Vietnamese higher-education institution that has one among the 100 best student’s teams
all over the world participating the World Final of the ACM International Collegiate
Programming Contest (rank #29 in 2015). We are also proud that in this year, our faculty
has won an award in the National Contest in Information Technology entitled “Vietnamese
Talent Award” and three awards in the VNU Science & Technology Award for the period
of 2011-2015. In the coming period, we shall put our great efforts to solidify our strength
and prestige. We shall widen our training scope while paying significant attention to
further improvement on the education quality. We shall strongly enhance our concentrated
research activity by exploring efficiently and effectively our well established foundation
for a further dynamic development and, thus, contributing our crucial part to the socio-
economic development of our nation and fulfilling our great missions clearly assigned by
the government in the decision on the establishment of our university. To do that,
innovative thinking and acting by all faculty, administrative staff and students are of
deciding role and of crucial importance.
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Air POllution Management (APOM) system using Satellite Image

Research topics: air pollution, satellite image, ground station, WebGIS

Thanh TN Nguyen, Hung Q Bui, Ke C Luong, Hung V Luu, Ha V Pham, Chuc D Man, Bang H Pham,
Thanh V Phan, Tu V Do, Thanh X Le, Ha T Le, Hoang N Nguyen, Chau H Nguyen, Thuy T Nguyen

ABSTRACT: Particulate Matter pollution is one of the most important air quality concerns in
Vietnam. In this work, we integrate ground-based measurements, meteorological and satellite
data to map PM concentrations at 6x6 km and 10x10 km grid for the entire Vietham, 60x60 m
grid for the Hanoi city. We specifically used Aqua/Terra MODIS, VIIRS, SPOT4/LandSat 8 data
and developed PM concentration maps which later converted to Air Quality Index maps following
QCVN-2013 and US-EPA standards. An Air Pollution Management system, connected to MODIS/
VIIRS/JPSS ground station at VNU-UET, provides services for daily MODIS/VIIRS PM2.5
monitoring over Vietnam, search & download, report, and registration for daily alerts via email or sms.

Vietnam is facing air quality problems as a result of the
rapid growth of traffic, construction, industries, biomass
burning, crafts villages and domestic activities ...
efficient waste treatments. As the result, the amount of

out of

Vietnamese citizens getting respiratory problems is always a
significant contributor to the total of human diseases. The
Center for Environmental Monitoring (CEM) at the Vietnam
Environment Administration provides updated pollution
information on the website for six cities: Phu Tho, Ha Noi,
Hue, Da Nang, Ha Long and Khanh Hoa. Air pollution
measurements through ground based stations have high
level of accuracy and frequency but limited geographic
coverage in Vietnam.

The objectives of our research are to: (i) estimate
Particulate  Matter (PM) maps over
Vietnamese regions using satellite images at different
temporal spatial scales and (ii) develop a system based on

concentration

research results to provide air pollution services such as
daily monitoring, search and download, reports, and alerts
via email and SMS.

We proposed the approach for PM estimation at different
spatial scales using different optical satellite images such as
Landsat 8, SPOT, VIIRS and MODIS. PM maps at 60x60m
was extracted from SPOT4 (or LandSat8) and ground truths
as required. The methodology is based on application of
Least Square Fitting using high resolution aerosol optical
depth (AOD) derived from SPOT 4 image to estimate the
Particulate Matter concentration (PMio) tested over Hanoi,
Vietnam. These results provide confidence that the AOD
models can make an accurate prediction of the PM
concentration [1]. The daily VIIRS and MODIS PM, s at 6x6
and 10x10 km were provided in two hours since satellite
recorded by the ground station at VNU-UET.
Ground-based measurements, meteorological and satellite

images

data are used to map PM concentrations at a 10x10km and
6x6km grid for the entire Vietnam. We specifically used
MODIS Aqua/Terra, VIIRS data and developed statistically-
significant regression models to map and extend the
ground-based PM concentrations. We validated our models
over diverse geographic provinces i.e., North East, Red
River Delta, North Central Coast and South Central Coast in
Vietnam. Our modeled PM,s maps were able to replicate
seasonal and spatial trends of ground-based measurements
in four different regions, which highlight the potential use of
MODIS datasets for PM estimation at a regional scale in
Vietnam [2].

Figure 2. The main interface of APOM system

The APOM system utilizing research results supports four
types of users including citizen, researcher, manager and
system/data administration. The APOM system is a WebGIS
application based on server-client architecture, processed
online data from MODIS/VIIRS ground station at UET
automatically and provided near-real time services. It
provides user interface for system/data administration, data
processing and services (i.e. search &
download, report and alerts). The APOM is online at
http://apom.edu.vn:8080/apom/web/.

monitoring,

[1] Hung V Luu, Chuc D Man, Ke C Luong, Hung Q Bui, Thanh TN Nguyen, 2016. Air pollution mapping from high spatial resolution
satellite images: A case study in Hanoi. Proc. of International Joint Conference on Convergence, Hanoi, Vietnam, Jan. 2016.

[2] Thanh T.N. Nguyen, Hung Q. Bui, Ha V. Pham, Hung V. Luu, Chuc D. Man, Bang H. Pham, Hai N. Pham, Ha T. Le and Thuy T. Nguyen,
2015. Particulate Matter Concentration Mapping from MODIS Satellite Data: A Vietnamese Case Study. Environmental Research Letter.
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OPINION MINING AND SENTIMENT ANALYSIS

Research topics: Natural Language Processing and Data Mining

Le Anh Cuong and Students (Faculty of Information Technology)

ABSTRACT: This report briefly introduces the problem of Opinion Mining and Sentiments Analysis

(OMSA) and some our related works.

Firstly we describe it as the most attracting issue in the

recent decades in the field of natural language processing and data mining. We then present a

general framework for building an OMSA system and its components’ missions. Finally, some
results from our work are introduced.

Building a service for media social monitoring is now
becoming a new development direction for many software
companies as well as an big inspiration for some startup
groups. You can easily search using Google for seeing
systems of this kind. The figure 1 below describes a general
framework of systems for mining opinion and analyzing
sentiments.

Intermet > Crawling
Resources
|
Sparm
Filtering

Subjectivity.
Classification
Polarity Comparative Aspici Overall
Classification detection Rating Rating
| =
Statistics/ i
summarization

Fig 1. A general framework for OMSA systems

The major components and their functionalities are
described as below:

- First, the first component, a crawler, will craw raw data
from Internet resources such as forums, blogs, and
social networks.

- Second, we need a spam classifier for filtering spam
comments.

- Third, a subjectivity classification is invoked to keep
just the posts which contain opinions or sentiments. We
do not care about factual posts/comments.

- And then, depending on different purpose, the systems
need one or more analyzed modules among the
following: (i) polarity classification aims to classify one
post/comment into the positive class, negative class, or
neutral class; (ii) comparative detection means to

comparative information which is important for some
purposes; (iii) overall rating is the task of rating a
post/comment depending on the degree of positive
sentiments from customers; (iv) sometimes we need
the analysis on particular aspects, and it is the task of
aspect-based analysis like aspect rating.

- Finally, we may need a summarization module to make
statistics or summary over separate results of
comments. Note that there are some studies focusing
on modeling the whole data (i.e. combining all
posts/comments) to derive overall analysis.

Our research focuses on three subtasks:

The first subtask is about standardizing informal texts. As
you know, people usually use free grammars, abbreviations,
and make spell mistakes. Therefore, when applying normal
NLP tools such as Word Segmentation, Part-Of-Speech
tagging to these informal texts we will get low accuracies.
In our research [3] we have proposed a method to
improving these basic NLP tools by using some spelling
techniques for standardizing the texts before training and
testing.

The second subtask is subjectivity classification. In the
paper [2, 4] we first investigated various grammatical
phenomena which accurately reflect sentiment of writers.
And then we proposed to use grammatical patterns as new
features for machine learning methods. Obtained results are
much better previous studies (92% in comparison with
86%).

For the third subtask we addressed the problem of aspect
rating. In [1] we have proposed a new method based on
Neural Network. Besides obtaining the overall rating for
each aspect we consequently could determine the
importance of each aspect based their weights learned from
the model.

[1] Pham Duc Hong, Le Anh Cuong, Le Thi Kim Chung., A Least Square based Model for Rating Aspects and Identifying

Important Aspects on Review Text Data, NICS 2015

[2] Tran-Thai Dang, Nguyen Thi Xuan Huong, Anh-Cuong Le, Van-Nam Huynh. Automatically Learning Patterns in
Subjectivity Classification for Vietnamese. KSE 2014: 629-640.

[3] Thi Xuan Huong Nguyen, Tran Thai Dang, Anh Cuong Le (2014) Adapting Viethamese Word Segmentation for
Microblogs-Style Data. In: 2014: The Third Asian Conference on Information Systems (ACIS 2014)

[4] Huong Nguyen Thi Xuan, Anh-Cuong Le, Minh Le Nguyen: Linguistic Features for Subjectivity Classification. IALP

2012: 17-20
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On The Design and Development of VAV: A Mobile Virtual Assistant
for Viethamese

Research topics: Viethamese spoken text processing, Mobile virtual assistant

X.-H. Phan and the students in MDN-Team (Faculty of Information Technology)

ABSTRACT: This report briefly describes the desigh and implementation of VAV, a mobile virtual
assistant for Viethamese. VAV allows mobile users to perform a variety of tasks (e.g., adding an
event to the calendar, setting alarm, finding direction, surfing the web, calling/texting someone,

asking for weather information, playing a song, etc.) on their smartphones via natural spoken
language commands. In order to do that, VAV needs to understand both the intent and the
arguments in each user input sentence. The remainder of this report will give an overview of the
core machine learning methods and NLP technologies that make VAV accurate, fast, and robust.

VAV is an intelligent mobile virtual assistant application that
allows users to interact with their smartphones via natural
spoken commands in Vietnamese. Using VAV, users can
easily set up a wake-up alarm, add an entry to calendar,
change the phone settings, call or text someone, call taxi,
open an application already installed on the phone, surf the
web, find a direction on the map, seek nearby ATM
machines, look up dictionary, search Wikipedia and the web,
or simply playing a favorite song, etc.

Designed and developed with artificial intelligence, machine
learning, and natural language processing techniques, VAV
can analyze input sentences and understand the user intent
even though they express their requests in many different
ways. In addition, VAV can interact with various applications
and services like calendar, map, online news, financial sites,
weather news, Wikipedia, ... in order to provide useful and
interesting features/information to mobile users.

Task Template Malcher

Action Executor

(1)
G( Dialogue Manager {8
(@)
Argument/Name Resalver

@2}
¥

Speech Recognition (ASR)

(3}

@)
(4

Application Classifier

¥
User Intent Identifier

Lightweight AIML Matcher /(5
Action/Aspect Identifier

Figure 1: Architecture of Mobile Virtual Assistant for Vietnamese.

Argument Recognizer
(NER4VST)

There are at least three major reasons why we attempted to
develop VAV. Firstly, with the recent major advances in
speech recognition technology, voice-based communication
and interaction care becoming increasingly popular. We can
easily see this shift via the application of speech-to-speech
translation (Microsoft Skype and AT&T Speech Translator),
the growing adoption of in-car voice control, call-center
automation, and especially the quick emergence of mobile
virtual assistants like Apple Siri, Google Now, and Microsoft
Cortana. Secondly, most virtual assistants (Siri, Cortana,
etc.) have been designed and optimized for English and
European languages. It is still very hard for Viethamese
users to use these virtual assistants since Siri, Cortana, and
Now cannot really understand Vietnamese. Lastly, we can
freely integrate into VAV any features that are useful for

Vietnamese users. This is cannot be done with foreign
virtual assistants like Siri, Now, or Cortana.

Figure 1 shows the general architecture of VAV. In order to
understand and execute a user’s spoken command, VAV
first records the user voice command and converts to a
spoken text sentence using an ASR (automatic speech
recognition) service (e.g., Google Voice). The spoken text
command is then analyzed to capture the intent that the
user meant to do as well as to extract any necessary
parameters for execution. Given a command like “tim dudng
tr 144 Xudn Thuy dén H6 Guom” (find direction from 144
Xuan Thuy to Hoan Kiem Lake), VAV needs to determine its
proper intent as <map, find-direction> (meaning that
open the map application and find direction from one point
to another on the map). In addition, finding a direction
requires a source and a destination as arguments.
Therefore, VAV will ask the argument recognizer (see
Figure 1) to recognize the source “144 Xuan Thuy” and the
destination “H6 Guom” in the command. The resulting intent
and arguments are finally sent to the action executor (see
Figure 1) for execution.

Technically, a user intent of a spoken text command c,
denoted I(c), is defined as a pair of a domain d and an
action f associated with d.

I(c) = <d, >

For the second version of VAV, we deal with more than 20
applications or domains (Alarm, Reminder, Calendar, Photo,
Video, Phone, Contact, SMS, Email, Note, Map, Weather,
Search, Music, Browser, Finance, Facebook, Language,
Calculator, Settings, OtherApp, Lottery, Wikipedia, Taxi,
etc.) and various actions associated with those domains.

To build VAV, we propose a lightweight machine learning
and matching approach to perform (1) domain identification
as a classification problem, (2) action identification as a
conjunction matching problem, and (3) command argument
recognition as a sequential labeling problem. These
classification, labeling, and matching models are very
accurate, fast, and compact in order that we can store and
execute them right on mobile devices. See [1] and [2] for
more technical insights of VAV application.

[1] T.-L. Ngo, V.-H. Nguyen, T.-H.-Y. Vuong, T.-T. Nguyen, T.-T. Nguyen, B.-S. Pham, and X.-H. Phan. Identifying User Intents in
Vietnamese Spoken Language Commands and Its Application in Smart Mobile Voice Interaction, The 8" Asian Conference on
Intelligent Information and Database Systems (ACIIDS), March, 2016.

[2] P.-N. Tran, V.-D. Ta, Q.-T. Truong, Q.-V. Duong, T.-T. Nguyen, and X.-H. Phan. Named Entity Recognition for Viethamese Spoken
Texts and Its Application in Smart Mobile Voice Interaction, The 8" Asian Conference on Intelligent Information and Database Systems

(ACIIDS), March 2016.
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Scalable Multi-attribute Queries on Distributed Hash Table Networks
Research topics: Peer-to-peer, multiple-attribute query, Distributed hash table (DHT)

Hoai Son Nguyen (VNU), Yasuo TAN, Yoichi SHINODA (JAIST)

ABSTRACT: In this study, we propose a search system, which is built on top of a ring-based DHT
and supports efficient scalable multi-attribute queries of information resources in a distributed
manner. Our system utilizes a descriptive naming scheme, which names each resource using an

attribute-value(AV) tree, and resource names are mapped to DHT key space in order to distribute
the resource information to responsible nodes based on a DHT routing algorithm. Our proposed
mapping scheme ensures that in our system both efficiency and a good degree of load balancing
can be achieved even when the distribution of AV pairs in the resource names is skewed.

The unprecedented growth of information and network
technology means that users can now access various types
of information resources, which can be found everywhere.
These resources can be provided by Web services, sensors,
networked devices, etc. However, one problem that has
emerged is how to search and exploit these information
resources in an efficient and flexible manner with high
scalability. We believe that the development of a search
system that can describe resources precisely using sets of
attribute value (AV) pairs and that supports multi-attribute
queries in a distributed manner is a viable solution to this
problem. A vast number of distributed applications could
benefit from this type of search system, such as service
discovery systems, file sharing systems, and ubiquitous
computing systems.

In our research, we focus on a descriptive naming scheme,
which names resources using AV trees in order to allow
resource providers to describe precisely what they provide
and to allow users to easily describe what they require. A
search system that supports multi-attribute queries will
distribute resource information to its nodes based on the
resource names and perform queries on its nodes to return
information of resources, whose name is a superset of a
query AV tree, as search results. The information of a
resource may be a full description of the resource, or the
address of the server or device that provides the resource
or the resource itself. The challenge of our research is
determining how to implement a highly efficient and
scalable search system that supports multi-attribute queries
when vast numbers of information resources are distributed
in the system.

In this study, we propose a novel search system called D-
AVTree, which implements multi-attribute queries of
information resources on top of a ring-based DHT such as
Chord or Pastry. An information resource is named an AV
tree and resource information is distributed to the nodes
responsible for the keys created from the resource name,
which are called distribution keys. In contrast to
conventional approaches, our system creates a distribution
key from each AV branch of an AV tree, which is defined as
a sequence of AV pairs on the path from a root node to a
leaf node of an AV tree. We propose a novel mapping
scheme between AV branches and distribution keys where
AV branches that share a subsequence of AV pairs
beginning from a root node are mapped to a continuous
portion of the DHT key space (Fig. 1). Therefore, when
searching for resources whose names are supersets of a
query AV tree, the system only needs to query a number of
nodes, which are responsible for a continuous portion of the
DHT key space. Furthermore, if a query AV branch is long,

the size of the portion in the key space is small, which
means that only small number of nodes need to be queried.

H(A.V) @ | |
! Kn = HAL V) + (- H(A) + S H(V2) + ... +
a/hH(A,) | X h h

1
‘ J2(m=1)-1 H(Ap) + J20m=1) H(Vy))
a/m? H(Vz){ |

a/h* H(A,

Range of distribution keys
corresponding to resource
‘ names containing
1 00A V), (A V)

a/h* H(V,

Figure 1: The range of distribution keys that correspond to resource
names containing an AV branch {(A1,V1)(Az,V>)}

Our search system has several advantages, as follows.

e Low information distribution overheads: The number of
replications of resource information is equal to the
number of leaf nodes in the AV tree, which is low
compared with conventional methods.

e Good degree of load balancing: The distribution keys
are created from each AV branch of the resource
names, which means that a low number of resource
names create the same distribution key. Therefore, our
system can benefit from the natural load balancing
characteristic of DHT-based algorithms.

e Efficient search: If the number of AV pairs in an AV
branch of a query AV tree is sufficiently large, the
system needs to query only a small number of nodes.

We conducted simulations to evaluate the performance of

our proposed system. In our simulation, the maximum

number of resources distributed to a node is only 3.7% of
the total number of distribution resources, whereas in the
case of INS/Twine, a conventional search system, one node
stores 16.5% of the total resources. If the length of a query

AV branch is 2, the number of queried nodes is only 2.5.

Compared with the Content Discovery System (CDS), which

uses a load balancing mechanism, our D-AVTree can

achieve almost the same degree of load balancing but with
lower distribution costs and less query latency. The

application of a simple load balancing mechanism to our D-

AVTree provides even better performance in terms of the

query hit ratio and query overheads compared with CDS

when the system workload is high.

More information on our proposed system can be found in

[1].

[1] Hoai Son Nguyen, Yasuo Tan, Yoichi Shinoda, “"D-AVTree: DHT-based Search System to Support Scalable Multi-attribute Queries”,
Journal of IEICE Transactions on Communications, vol. E97-B, no. 9, pp. 1898-1909, September 2014.
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Fingerprint Matching on GPU for a Large Scale Identification
System

Research topics: Fingerprint matching, large scale identification system, GPU computing

H-H. Le, N-H. Nguyen, T-T. Nguyen

ABSTRACT: The need for processing speed for databases with millions fingerprints are very
demanding. GPU devices are used widely in parallel computing tasks for their efficiency and low-
cost. Most approaches make use of GPU for the filtering process in a multi-stage matching
system. We propose a complete fingerprint matching algorithm on GPU that fits well with the

architecture of GPU. The result tested with GTX- 680 device shows that the proposed algorithm
can perform 1.8 millions matches per second, making it applicable for real time identification
systems with databases of millions fingerprints.

Although state-of-the-art algorithms are very accurate, but
the need for processing speed for databases with millions
fingerprints are very demanding (Minutia Cylinder-Code, a
state-of-the-art matching algorithm, takes 3 milliseconds to
perform a matching on CPU. So it takes 3 seconds to
identify a fingerprint in a database of 1000 fingerprints)

Graphic Processing Unit (GPU) has been proven to be a very
useful tool to accelerate the processing speed of
computationally intensive algorithms. But not all fingerprint
algorithms can be implemented on GPU to easily. CUDA-
enabled GPU consists of a set of Streaming Multiprocessors
(SM). Figure 1 shows the computing architecture of GPU.
Each SM schedules and executes threads in groups of 32
parallel threads. If threads take different paths (due to flow
control instructions), they have to wait for each other.

GPU

Multiirmwr E
MunlimmwriE

Figure 1: GPU architecture.

Most approaches make use of GPU for the filtering process.
After that, more accurate matching algorithms on CPU for
remaining fingerprint candidates are used.

Our approach is based on the fact that using 32 minutiae for
each fingerprint is enough for the matching process. From
statistics of FVC 2002 fingerprint databases, the average
number of minutiae of each fingerprint is 30. The average
number of matches for a genuine matching is 6. We use one
block for matching a fingerprint pair, each block has 32
threads. Each thread of the block is used to calculate a
column in the similarity matrix of MCC algorithm and to find
the maximum value in that column. Figure 2 presents steps
of our fingerprint process on GPU. The proposed fingerprint
matching process fits well with the architecture of GPU.
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Figure 2: Our fingerprint matching process on GPU.

For evaluating the speed of the proposed algorithm, we
carried out all the experiments on an NVIDIA GeForce GTX
680 with 1536 CUDA cores, Kepler Architecture and 2GB of
memory. FVC 2002 DB was scaled to different database
sizes. Some experimental results are presented in Table 1.

Table 1: Implementation results of the proposed design

DB size Time (ms) | Throughput (KMPS)
100000 567 1763
200000 1105 1809

At larger DB sizes, throughput of the proposed algorithm is
stable at 1.8 million matches per second, no scalability
issues were found. It is higher than the result reported for
previously published GPU algorithm which gains 55.7 KMPS
on a single GPU device, which is the same as our device.

We propose a simple approach of adapting MCC to GPU.
Using all minutiae for calculating cylinders, then choosing 32
minutiae for matching, the approach actually fits well with
the GPU computing architecture and can be easily
implemented. The proposed method does not affect to the
accuracy of the original algorithm. The proposed approach
can be easily scaled-up. Thus, it is possible to implement a
large-scale fingerprint identification system on inexpensive
hardware.

More information on our proposal can be found in [2].

[1] H-H. Le, N-H. Nguyen, T-T. Nguyen. Exploiting GPU for Large Scale Fingerprint Identification, 8th Asian Conference on Intelligent

Information and Database Systems International, 2016.

[2] H-H. Le, N-H. Nguyen, T-T. Nguyen. A complete fingerprint matching algorithm on GPU for a large scale identification system, 7th
International Conference on Information Science and Application, 2016.
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Whole genome analysis of a Viethamese trio

Research topics: Human genome, Vietnamese human genome

Dang Thanh Hai, Nguyen Dai Thanh, Pham Thi Minh Trang, Le Si Quang, Phan Thi Thu Hang, Dang Cao Cuong,
Hoang Kim Phuc, Nguyen Huu Duc, Do Duc Dong, Bui Quang Minh, Son Bao Pham, Le_Sy Vinh

ABSTRACT: We here present the first whole genome analysis of an anonymous Kinh Viethamese
(KHV) trio whose genomes were deeply sequenced to 30-fold average coverage. The resulting
short reads covered 99.91% of the human reference genome. We identified 4,719,412 SNPs and
827,385 short indels that satisfied the Mendelian inheritance law. Among them, 109,914 (2.3%)
SNPs and 59,119 (7.1%) short indels were novel. We also detected 30,171 structural variants of

which 27,604 (91.5%) were large indels. There were 6,681 large indels in the range 0.1-100 kbp
occurring in the child genome that were also confirmed in either the father or mother genome.
We compared these large indels against the DGV database and found that 1,499 (22.44%) were
KHV specific. The novel variants identified from our study demonstrated the necessity of
conducting more genome-wide studies not only for Kinh but also for other ethnic groups in
Vietnam.

Today a human genome can be sequenced within a week for a
cost of around 1,000 USD. A number of large-scale Father Child Mother
sequencing projects have been conducted, such as the 1000
Genomes Project. For the first time we comprehensively
analysed whole genomes of a Kinh Vietnamese (KHV) trio
(father, mother and son). The genomes were sequenced to 30-
fold average coverage by the Illumina HiSeq 2000 machine.
We obtained 578 million (562 million and 493 million) clean
paired-end reads of 100 base pair length from the son genome
(father genome and mother genome, respectively).

We used state-of-the-art methods, software and pipelines to
analyse the sequenced genomes. We identified 4,823,475
single nucleotide polymorphism (SNPs) in KHV trio genomes
(Figure 1) of which 109,914 (2.3%) are novel or KHV-
specific SNPs, i.e. those that were not present in either dbSNP
or the 1000 Genomes Project database.

482384

We identified 974,100 short indels (length < 100bp) in the
KHV trio genomes consisting of 465,609 insertions and
508,491 deletions. We compared the Mendelian-compatible
indels with the 1000 Genomes Project database and found that  T¢ the best of our knowledge, this is the first Vietnamese

59,119 (7.15%) indels are novel or KHV specific. whole genome-wide study at a high coverage level. We

believe that this study will be an important reference for
All mapped reads with quality greater than or equal to 20  fyrther genomic studies of Vietnamese and Southeast
were used to identify large structural variants (length Asjan populations. Finally, the novel variants identified
2100bp). There were 6,681 Mendelian supported large indels  from the KHV trio genomes demonstrated the necessity of
in the range of 0.1-100 kbp consisting of 2,855 insertions and  conducting more genome-wide studies for Vietnamese and

3,826 deletions. Most of these large indels have length other populations to complete the picture of human genome
ranging between 100 to 500 bp and there are no insertions variations.

longer than 500 bp.

Figure 1: SNP distribution in child, father and mother
genomes.

[11 Deng Thenh Hai Newwen Dei Thanh, Phem Thi Mish Trang, La Si Quang. Pran Thi Tho Hang, Deng Czo Cuong, Hoeng Kim Phue, Newyren Huo Duc, Do Due Diong,
Bui (neng Minh Son Bao Pham, La Sy Vish, (2013), Whaole Genome Ametysis of 3 Vietemes trio, Journal of Bicecience 40( 1) 114-123.

[ ¥Wewren Dai Thenh, Plem Thi Minh Trang, Deng Thanh Hed, Newen He Anh Twen, La 5i Qeng, Bui Qnene Minh, Dao (nens Minh, Pham Bao Son, Le Sy Vinh,
Buikling poputs ion-spe cific reference penomes: A caze sndy of Vietnamesze e renc e penome. 2015 52 wenth Interme tione] Conference on Knowledee and Systems
Engineering, 87-102

[(1 Dene Thenh Hai, Ngowen Dei Thanh, Pham Thi Minh Trang, Dang Ca0 Coong, Hoeng Kim Phuc, Son Bao Phem, Le S¥Vinh, Le 5i Queng, Pren Thi Thu Hang,
Dreliminerv Results on the Whole Genome Anzlwi of 2 Vistremess Individe] VHU Jounz] of Scisnce: Como Science & Com. En=. Vol 30 Mo, 3 (2014%¥31-35.
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Automated Conversion between Formal Specifications and
Application for Software Verification

Pham Ngoc Hung (VNU-UET)

ABSTRACT: The assume-guarantee tool has been built for verifying component-based systems in
order to solve the state space explosion problem in model checking. This tool is potential to be
applied in practice. However, the tool works in command-line interface and uses a simple
input/output format so that it is difficult to be used. In order to improve the tool for better using
in practice, we implement a graphical user interface tool with many more features. The

implemented tool supports multiple input/output formats so it can interact with other model
checker tools (i.e., Labeled Transition System Analyzer). By these new features, the tool can

reuse the existed models of these model

checkers without converting. The assumptions

generated by this tool can be saved for future uses in order to recheck systems effectively,
specially in the context of software evolution. With these improvements, we hope that the tool

will become bpobularlv and will be abblied in practice.

The assumption generation tool has been implemented to
support the assume-guarantee verification method proposed
in [1]. It has an important role in our researches. Many
experiments in our researches are done by this tool to
compare the proposed methods with that in [2]. We hope
that this tool will be useful in software community in the
near future where researches related to the assume-
guarantee approach.

|If system satisfies p -> |
1 Assumption A: A | M, |
|
|

AGTool ¢ I=pand Ma=A |

| . .
| System violates p with a
counterexample |

_________________ N
|
I

Figure 1: Function of AGTool.

The function of AGTool is described in Fig. 1. The inputs of
this tool are two models M; , M, and a required property p
which are all represented by Labeled Transition Systems
(LTSs). The tool returns either an assumption A if the
system satisfies the property p or a counterexample to
identify a violation. The output of AGTool is represented in
the listing form (LF) format and simply displayed in console
interface. Not only difficult to understand, this output also
cannot be saved for future uses. In order to reuse this
output, it must be saved and manually converted to LTS
before reused.

In order to solve the above issues, this research proposes
two techniques for converting between the LF and Finite
State Process (FSP) formats. The technique for converting
the FSP format to LF format allows the tool to accept the
FSP format as another input format while the LF to FSP
technique provides a mechanism to store the generated
assumptions for future uses.

The FSP to LF technique includes two following steps:
parsing an FSP file in order to obtain FSP data and
converting the obtained FSP data to a corresponding LF
representation. In order to obtain an FSP data from an input
file, we create a context-free grammar to describe FSP and
use the OCaml parser module to analyze this file. The
grammar includes ldentifer to denote names of state and
ActionLabel to denote labels of transitions. The both
denotations are made of combining from letters and digits.
After using the grammar to parse the input file, the

obtained FSP data will be converted to the LF format. For
the purpose in converting LF to FSP, the technique loops
through the list of transitions. If two transitions have the
same starting and finishing states then their labels are
combined together to make a new FSP process. If two
transitions have the same starting states but different
finishing states then they are two child processes of an FSP
process.

The inputs of the proposed techniques contain a list of finite
states and transitions. Moreover, these techniques simply
have a counted loop structure thus they always terminate.
It means the proposed algorithms stop when all transitions
and states are all visited. However, the grammar used in
this language only describes a subset of the FSP grammar.
As a result, these algorithms only convert LTSs in a subset
of FSP. Even though, this grammar is enough to represent
LTSs in FSP format and can be reused by other tools.

We have implemented a graphical user interface tool for
assume-guarantee verification called GUI-AGTool presented
in Fig. 2. The proposed techniques for converting between
FSP and LF are also integrated to the GUI-AGTool. Thus, the
GUI-AGTool can provide three ways to read inputs about
component models and required properties: (i) reading an
input file in LF, (ii) reading an input file in FSP and
converting this FSP data into the LF format before given to
AGTool, (iii) allows users to draw input LTSs in a graphical
interface then converts these drawing models into the LF
format. Furthermore, the generated assumptions of this tool
are visualized and displayed in a panel for easier

understanding and can be saved for future uses in FSP
format.

Figure 2: Functions of GUI-AGTool.

[1] J. M. Cobleigh, D. Giannakopoulou, and C. S. P as”areanu. Learning assumptions for compositional verification. In Proc. of the 9%
inter. Conf. on Tools and algorithms for the construction and analysis of systems, TACAS’03, pages 331-346, Berlin, Heidelberg, 2003.

[2] P. N. Hung, V.-H. Nguyen, T. Aoki, and T. Katayama. Assume-guarantee tools for component-based software verification. In Proc. of
the 2010 2" Inter. Conf. on Knowledge and Systems Engineering, KSE’10, pages 172-177, Washington, DC, USA, 2010.
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Research topics: Auto-tracking system, Discrete-time controller, Fuzzy PID controller,
Satellite communication, Step-tracking algorithm

Tran Van Hoi, Nguyen Xuan Truong, Bach Gia Duong (VNU-UET)

ABSTRACT: In the mobile communication via satellite, received systems are mounted on the mobile device
such as ship, train, car or airplane. In order to receive continuous signals, received antenna system must
be steered in both the azimuthal and elevation angle to track a satellite. This paper proposes the improved
step-tracking algorithm using for mobile receiver system via satellite Vinasat |. This paper also presents the
results of study, design and manufacture of the discrete-time controller system for the fast tracking of a
satellite by applying an improved step tracking algorithm with fuzzy proportional integral derivative
controller. Simulated and experimental results indicate that the system performances obtain from applying
the improved step trackina algorithm and the fuzzy controller was better than traditional control systems.

In the communication ways, satellite communication is
known such as a means of providing not only fixed
broadband and internet services but also provides mobile
communication services and services of a new generation
networks. The satellite received system shown in Figure 1,
which consists of a satellite antenna, a low-noise block-
down converter (LNB), a set-top box tuner, antenna control
unit (ACU) and mechanical system.

Figure 1

In order to receive signal efficiently from the satellite,
particularly, on a mobile satellite communication system, a
satellite antenna must be controlled to track a target
satellite accurately. Tracking capabilities depend on many
parts, for example tracking algorithm, the beam width of
the antennas, the speed of mobile motions and the
response time of motor controller. One of the traditional
tracking algorithm is used a step tracking algorithm [1].
However, algorithm was mainly applied for system, which
has stable signal and not fading such as ship board system,
fixed receiver system. Many antenna tracking system using
step tracking algorithm have been implemented [2]. But
tracking time is limited.

This paper proposes improved step tracking algorithm by
combining traditional step tracking algorithm with opened
algorithm, which use global positioning system (GPS)
receiver and angle sensor in order to decrease tracking time
of controller. Moreover, in the proportional integral
derivative (PID) control system, due to the effects of noise
and measurement errors as well as non-linear nature of the
engine, leading to the calibration parameters of the PID
controller is difficult to achieve good values, specially the
response time is not optimal. Therefore, control system is
performed by using a fuzzy controller to decrease response
time. To demonstrate the effectiveness of the system, the
paper describes the design and fabrication of a control
system, which has been capable of searching and satellite
auto-tracking used for Vinasat-1. The architecture of the
tracking control system is shown in Figure 2.

Center microcontroller receives signals from inputs such as
keyboard, GPS receiver, AGC, angle sensors, encoder. After
that, microcontroller implements control process using the
combined tracking algorithm with fuzzy PID controller.

P Y
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Figure 2 Figure 3

The electronic scheme and tracking control system are
shown in Figure 3. Motor driving circuit uses power
transistors. System uses microcontroller Atmega-128 that is
8 bit micro controller. The system performs searching mode
in the time from O to 5 seconds, then moves to tracking
mode and turn to stable mode. When the receiver system
moves, the received antenna would be disoriented, so the
system switches to tracking mode and the time to track and
return stable state takes about 2-4s when using step-
tracking algorithm and about 0.5-0.7s when using opened-
loop algorithm or improved step tracking algorithm. We can
see that when using the combined tracking algorithm the
tracking time is shortened time equivalent when using
opened-loop algorithm, but the quality of signal is more
stable due to combining step-tracking algorithm to tune the
antenna position more accurately.

This paper proposed improved step tracking algorithm by
combining step tracking and opened-loop algorithm to
decrease tracking time. The paper also presented the study,
design and fabrication of the searching and satellite auto-
tracking system used for mobile satellite receiver. In order
to decrease response time, the system also applied fuzzy
control method to design self-tuning fuzzy PID controller.
The result shows that the system applies improved tracking
algorithm with fuzzy PID controller has a better
performance in response time, tracking time.

More information on our design can be found in [3].

The research has been sponsored by Vietham Academy of
Science and Technology and carried out at University of
Engineering and Technology, VNU.

[1Chang-Ho C., Sang-Hyo L., Tae-Yong K., and Cheol L. "Antenna Control System Using Step Tracking Algorithm with Hoo Controller”.
International Journal of Control, Automation and System. Vol 1, No. 1, pp 83-92, 2003.

[2] Weimin Jia, Luyao Hao, Kai Du. “Step tracking algorithm based on finite difference stochastic approximation for SATCOM on-the-move”.
International Conference on Electric Information and Control Engineering. pp. 2632 -2635, 2011.

[3]Tran Van Hoi, Nguyen Xuan Truong, Bach Gia Duong, “Improvement of Step tracking Algorithm Used For mobile Receiver System Via
Satellite”, International Journal of Electrical and Computer Engineering (IJECE), Vol. 5, No. 2, April 2015, pp. 280~288
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Investigation of Rectifier Circuit Configurations for Microwave

Power Transmission System Operating at S Band

Research topics: Conversion efficiency HSMS2820. Microwave power transmission

Rectifier, Wireless power transmission.

Doan Huu Chuc (Hai Phong Private University), Bach Gia Duong (VNU-UET)

ABSTRACT: The purpose of this work is to propose rectifier circuit topologies for microwave power
transmission system operating at ISM band. This paper particularly presents in detail the proposed rectifier
circuit configurations including series diode half wave rectifier and voltage double rectifier. The maximum
conversion efficiency of rectifier using series diode half wave rectifier is 40.17 % with 220 Q load resistance
whereas it is 70.06 % with 330 Q load resistance for voltage double rectifier. Compared to the series

rectifier circuit, it is significant to note that the voltage double rectifier circuit has higher efficiency. The
circuits presented are tuned for a center frequency of 2.45 GHz. The rectifiers were fabricated using
microstrip technology. The design, fabrication and measurement results were obtained using a well-known
professional design software for microwave engineering, Advanced Design System 2009 (ADS 2009). All
design and measurement results will be reported.

Microwave power transmission (MPT) is one of the hot topics
in microwave and millimeter wave devices, circuit, and
systems. Microwave power transmission has had a long
history before the more recent movement toward wireless
power transmission (WPT). MPT research has been driven
primarily by the desire to remotely power unmanned aerial
vehicles (UAVs) and by the concept of space solar power
(SPS) first by Dr. Peter Glaser of the Arthur D. Little
Company in 1968.MPT can be applied not only to beam type
point to point WPT but also to an energy harvesting system
fed from distributed or broadcasting radio waves. A
rectifying antenna (Rectenna), which is used to convert the
microwave power to the direct current (DC) power, is one of
the key components of the MPT system. A rectenna is a
passive element with rectifying diodes that operates without
an internal power source. It can receive and rectify
microwave power to DC power [1], [2]. A general block
diagram of a conventional rectenna is shown in Figure 1.
Rectenna consists of a receiving antenna, low pass filter,
rectifying circuit (rectifier) and output filter (DC filter). The
output voltage of rectenna is fed to load resistance.

Matching — Low pass |—| |—| Output |—{ DCto
circuit filter filter Load
— idde —

b Figure 1
In this paper, we are presenting the design, simulation and
fabrication of two rectifier circuit topologies for microwave
power transmission operating at S band. The first part of
this paper presents several design challenges of rectifier
circuit. Fabrication and measurement of the proposed
rectifier models are presented in the subsequent parts. The
printed circuit board (PCB) technology is used to minimize
the circuit size and losses. Finally, conclusions and future
work of this research are discussed.

1. Series Diode Half Wave Rectifier

With the series diode half wave rectifier, it has been found
in the experiment that this rectifying circuit has the DC
voltage of 5.7 V at 2.45 GHz with the load resistance of 220
Q when input power level is 26 dBm. The output voltage
and the measured RF-DC conversion efficiency of the series
rectifier are shown in Figure 2.

The highest conversion efficiency reaches 40.17 % with the
load resistance of 220Q at the input power of 24 dBm.
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2. Voltage Double Rectifier
The voltage double rectifier (VDR)
amplifying circuit that uses dual diodes.
Figure 3 Series diodes half wave and voltage double
rectifier circuit configurations have been researched,
designed and measured for different load resistances. Good
performances have been obtained in terms of microwave to-
DC conversion efficiency. The measured conversion
efficiency of voltage double rectifier is over 70 %. The
measured efficiency values are plotted in figure 3.
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The proposed rectifier circuits can be used for microwave
power transmission systems applications. For future work,
the objective is to increase the rectifier performance in term
of microwave - to — DC conversion efficiency.

More information on our design can be found in [3].

This work has been sponsored by Vietham National
University, Hanoi (VNU), under Project No.QG.15.27.

[1] N. Shinohara, “Rectennas for microwave power transmission”, IEICE Electronics Express, vol. 10, No. 21,

[2] Mohamed Louzazni, El Hassan Aroudam, Hanane Yatimi, “Modeling and Simulation of A Solar Power Source for a Clean Energy without
Pollution”, International Journal of Electrical and Computer Engineering (IJECE), Vol.3, No. 4, August 2013.

[3]Doan Huu Chuc, Bach Gia Duong, “Investigation of Rectifier Circuit Configurations for Microwave Power Transmission System Operating at
S Band”, International Journal of Electrical and Computer Engineering (IJECE), Vol. 5, No. 5, October 2015, pp. 967~974
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Improved time and frequency synchronization in presence of
imperfect channel state information

Research topic: OFDM synchronization, IEEE 802.11a wireless communication systems

Cong Luong Nguyen, Anissa Mokraoui, Pierre Duhamel, Nguyen Linh-Trung (VNU-UET)

ABSTRACT: This paper addresses altogether time and frequency synchronization in IEEE 802.11a

OFDM wireless communication systems.
synchorization algorithm novel

algorithm which makes use of the additional

We propose a joint MAP time and frequency

source of

information available at the SIGNAL field of the IEEE 802.11a physical layer, on top of the usual

ones typically adopted for synchronization such as training sequences. The time synchronization
is also fine tuned by means of a specific metric in the frequency domain that allows us to
minimize the expectation of the transmission error function over all channel estimate errors.
Simulation results for both indoor and outdoor environments show that the algorithm drastically
improves the performance in terms of synchronization failure probability and bit error rate.

Due to its flexibility and efficiency in coping with
interference channels, orthogonal frequency division
multiplexing (OFDM) has been adopted by many recent
standards, among which is the IEEE 802.11a standard.
However, the main disadvantage of this technique is the
sensitivity to intersymbol interference (ISI) and intercarrier
interference (ICI) caused by time and

frequency synchronization errors. Therefore, accurate time
and frequency synchronization is absolutely required at the
receiver.

The physical packet structure of the IEEE 802.11a wireless
communication system is shown in Figure 1. It consists of
three main fields: PREAMBLE, SIGNAL, and DATA. The
PREAMBLE field helps the mobile receiver to synchronize
with the mobile transmitter. The SIGNAL field provides
information about the transmission rate (in Mbits/s) and the
length of field DATA field (in octets).

Before being transmitted, the IEEE 802.11a physical packet
must follow the various processing steps summarized in
Figure 2.

PREAMBLE of 802.11a physical frame
¢ Short Training Field (STF) Long Training Field (LTF)

5 STF | STF| STH : SIGN v —
T L e e R LR LTR2 ai|  siGNaL DATA
T e —=on —
8A Se AB, === [APSK. € encoder (K=T: {170 133) 13T ===
RATE R LENGTH Parity Tuil

Figure 1: IEEE 802.11a physical packet.
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Figure 2: Wireless communication system using OFDM

At the receiver, the discrete baseband received signal is
expressed as

L-1

() = Z h()x(n —i — 0)e/2Zmem=0/N 4 g(p),

i=1
where h(i) is the slowly time-varying discrete complex
channel impulse response, L is the number of the channel
taps, g(n) is the complex AWGN samples with variance o7,
6 is the symbol timing, and ¢ is the normalized Carrier
Frequency Offset (CFO). Estimating 8 and ¢ is the objective
of OFDM synchronization.

The proposed multistage synchronization algorithm is
composed of an initialization stage followed by three main
stages as summarized in Figure 3. Its performance under
the COST-207 channel is shown in Figure 4.
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Coarse Time Synchronization (CTS) Frequency and time Fine time synchronization
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Figure 3: Proposed time and frequency synchronization algorithm.

Initialization: extract new information source to be exploited
at physical layer packet

Stage 1: perform coarse symbol timing estimation using the
known STF and improve this estimation using the
predicted SIGNAL field;

Stage 2: perform a joint maximum a priori probability (MAP)
time and frequency synchronization;

Stage 3: perform a frequency domain based fine timing
estimation.
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Figure 4: Performance of the proposed algorithm (v and vi) under
the COST207-RA channel: (a) MSE of normalized CFO, (b) Deviation
with respect to the true time position of a physical packet.

More information on our design can be found in [2].

[1] C. L. Nguyen, A. Mokraoui, P. Duhamel, N. Linh-Trung, “Improved time and frequency synchronization in presence of imperfect
channel state information”, EURASIP Journal on Wireless Communications and Networking, 2015(42):1-17, Feb. 2015.

[2] C. L. Nguyen, A. Mokraoui, P. Duhamel, N. Linh-Trung, “Improved Time and Frequency Synchronization Algorithm for 802.11a
Wireless Standard based on the SIGNAL Field”, REV Journal on Electronics and Communications, 3(1-2):40-49, Jan.-June, 2013.
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Radio Resource Allocation and Mobility Management in Cognitive
Cellular-Femtocell Mobile Communications Networks

Research topics: Mobile networks, channel allocation, mobility management

Kien D. Nguyen, Toan V. Nguyen, Bac X. Nguyen, Dong N. Hoang and Nam-Hoang Nguyen (VNU)

Cognitive radio and femtocell are promising technologies which can satisfy the
requirements of future mobile communications in terms of dynamic spectrum sharing and
high user density. In the research project QG.13.06 sponsored by Vietnam National

University Hanoi, we proposed mechanisms of channel allocation and femtocell selection
schemes. We also designed a simulation tool for radio resource management and mobility
management for cognitive cellular-femtocell mobile communications networks.

The evolution of wireless communication technologies and
mobile devices leads to the fast growth of the number of
mobile users and the amount of data delivered in mobile
networks. Cognitive radio and femtocell are considered as
the key technologies which are expecting to build cognitive
femtocell mobile networks for the future 5" generation (5G)
mobile communications [1].

The system model of cognitive cellular-femtocell network
is described in Fig 1. We asume that Femtocell Management
System (FMS) and Mobile RAN Management System
(MRMS) have periodical information exchange. The
interaction between these two entities is for supporting
mobility management and radio resource management.
Using this model, we have designed uplink/downlink
channel allocations schemes, femtocell selection schemes
for femtocell handover and a simulation tool used for
performance evaluation of the proposed schemes.

Cognitive

e Femiucellhuzessﬁ
Station (ms) _ POInt (CFAP)

) /£

Mobile RAN
Management
System

Management

system
Mobile Core Network
(€5, PS, M) Er—

Femtocell Gateways

Q&met .
{ Femtocell

Figure 1. Cognitive cellular-femtocell network model
The downlink transmission quality of femtocell users (FU)
can be degraded because of downlink interference caused
by Macro Base Stations (MBS) and Cognitive Femtocell
Access Points (FAP). When a FU is assigned a downlink
channel, the channel might be being suffered high
interference. In [1], we proposed a cooperative channel
monitoring mechanism and a downlink channel allocation

scheme which can support to eliminate bad channels and
allocate a low interference downlink channel to FU.

For uplink transmission, FU's connections can cause strong
interference to uplink transmission of macro users (MUs)
and vice verse. Uplink channel allocation schemes presented
in [2] show that when allocating ulink channels to FUs, the
system should give higher priority to choose a channel of
MBS which has the lowest interference.

When a femtocell user (FU) moves between femtocells ,
femtocell-to-femtocell handover is a very important and
difficult task when considering the scenario that CFAPs are
deployed with a high density. In [3], we have proposed two
femtocell selection schemes in which one schemes selects
the target CFAP of handover based on the prediction of user
movement in order to reduce the number of uneccessary
handover. Another scheme selects the target CFAP based on
its available capacity. A combination of these schemes is
considering as the best solution of femtocell selection.

Simulation Tool For Evaluating The Performance Of The Cognitive
Femtocell Cellular Network

Figure 2. GUI of Simulation tool

To evaluate the performance of the proposed channel
allocation and femtocell selection schemes, we designed a
simulation tool which is easy to use, modify and develop
[4]. The simulation tool has been used by undergraduate
and graduate students for doing research in radio resource
management and mobility management of cognitive
cellular-femtocell mobile communications networks.

Our future works are going to focus on the investigatio of
mechanisms for power allocation considering real-world
mobility scenarios in 5G mobile communications .

[1] Van-Toan Nguyen, Hoang Nam Nguyen et al., Downlink Channel Allocation Scheme deploying Cooperative Channel Monitoring for
Cognitive Cellular-Femtocell Networks, Journal of Networks, Vol 10, No 6 (2015), pp:. 338-343, June 2015

[2] Duc-Kien Nguyen, Nam-Hoang Nguyen et al., Scheme and QoS Management Mechanism for Cognitive Cellular-Femtocell Networks",
International Journal of Communication Networks and Information Security (1JCNIS), Vol 6, No 1, 2014, April 2014

[31 Nhu-Dong Hoang, Nam-Hoang Nguyen et al., Cell Selection Schemes for Femtocell-to-Femtocell Handover deploying Mobility
Prediction and Downlink Capacity Monitoring in Cognitive Femtocell Networks, TENCON2014, 22-25 Oct. 2014, Bangkok, Thailand

[4] Xuan-Bac Nguyen, Nam-Hoang Nguyen et al., Cognitive Cellular Femtocell Network Modeling and Simulation for Performance
Comparison of Uplink Channel Allocation Schemes, IEEE TENSYMP 2014, Kuala Lumpur Malaysia, on 14-16 April 2014
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On the Reuse of Shadowed CRs as AF Diversity Relays in Cooperative
Spectrum Sensing in Correlated Suzuki Fading Channels

Research topics: Cognitive Radio, cooperative spectrum sensing, cooperative relay, Suzuki fading.

Thai-Mai Dinh Thi (VNU), Quoc-Tuan Nguyen (VNU), Dinh-Thong Nguyen(UTS, Australia)

ABSTRACT: Most recent work on cooperative spectrum sensing using cognitive radios has focused on issues
involving the sensing channels and seemed to ignore those involving the reporting channels. Furthermore, no
research has treated the effect of correlated composite Rayleigh-lognormal fading, also known as Suzuki
fading, in cognitive radio. This paper proposes a technique for reuse of shadowed CRs, discarded during the

sensing phase, as amplified-and-forward (AF) diversity relays for other surviving CRs to mitigate the effects
of such fading in reporting channels. A thorough analysis of and a closed-form expression for the outage
probability of the resulting cooperative AF diversity network in correlated composite Rayleigh-lognormal
fading channels are presented in this paper. In particular, an efficient solution to the “"PDF of sum-of-powers”
of correlated Suzuki-distributed random variables usina moment aeneratina function (MGF) is proposed.

Cooperative spectrum sensing using cognitive radio (CR)
has proved to be a reliable technique for combating deep
fading during the sensing a primary user. The sensing is
carried out in two phases: in the sensing phase, the CRs
independently measure and process the signal from the
primary user, and in the reporting phase the CRs
independently report the processed information to a fusion
center (FC) which is usually a cognitive base station and
which will make the final global sensing decision as to
whether the primary user is present or absent. In many
standard fusion rules, it is easy to see that the inclusion of
deeply faded CRs, i.e. with low SNRs, in the decision fusion
at the FC diminishes the reliability of the cooperative
detection of the primary user. Thus by discarding the
detection contribution from shadowed CR sensors, the
detection probability of the cooperative sensing network can
be improved.

Phenomenon
{Hu, Hi}

ug={0.1}

Figure 1: A model of cooperative spectrum sensing in Cognitive
Radio in a deep fading environment

In reality, when the distances between CRs and the FC are
of significant in suburban macrocells or under shadowing in
urban microcells, loss and fading is a significant issue. As
one of solutions, cooperative diversity relaying may be used
to improve the performance of the reporting wireless
channels. The cooperative diversity relay can process the
information that it receives from the source and forward the

information to the destination using either amplify-and-
forward (AF) or decode-and-forward (DF) protocols.

In an earlier paper [1], we proposed an innovative re-use of
those CRs under deep fading of the sensing channels by re-
assigning them to act as diversity relays to their more
healthy peers in the reporting channels, thus improving the
global detection reliability of the fusion center. However, in
[1], the fading mechanism in the reporting channels is
assumed to be uncorrelated Rayleigh-lognormal distributed,
also known as the Suzuki fading channel. The proposed
pairing algorithm which selects surviving-rejected CR pairs
to form cooperative diversity relaying networks, involves
searching for pairs that produce lowest outage probabilities
of the resulting networks.

In this paper, we would like to consider a more complicated
and more realistic context, cooperative relay over correlated
Suzuki faded reporting channels. We present a new idea to
derive a closed-form expression for the sum of two
correlated Suzuki distributed RVs, hence for derivation of a
closed-form and accurate expression for the probability of
outage probability Pout of the resulting three-terminal
cooperative diversity AF relaying network under such
correlated fading. While the main motivation of our paper is
clearly to re-use the shadowed sensing CRs which otherwise
will be wasted, its main contribution is more towards the
mathematical and computational advance for cooperative
diversity relaying using AF protocol.

In particular, an efficient solution is proposed to the
fundamental problem of "“PDF of sum-of-powers” of
correlated Suzuki-distributed random variables using Gauss-
Hermite polynomial approximation to their moment
generating function (MGF). This expression allows us to
calculate the effective probability of detection P, and to
greatly speed up the execution of the proposed re-use
algorithm, giving us the incentive to research a more
sophisticated and efficient algorithm. The effectiveness of
the strategy was judged on the basis of resulting global ROC
curves, i.e. global probability of detection, Qp, versus global
probability of false alarm, Qf. The benefit of the proposed
re-use of shadowed sensing CRs as diversity relays is also
proved.

More information on our proposals can be found in [2].

[1] Thi Thai Mai Dinh, Quoc Tuan Nguyen, Cong Lam Sinh and Dinh-Thong Nguyen, “Algorithm for Reuse of Shadowed CRs as Relays for
Improving Cooperative Sensing Performance”, Proceedings of IEEE International Conference TENCON 2012, pp. 1-6, 2012.

[2] Thai-Mai Dinh Thi, Quoc-Tuan Nguyen, Dinh-Thong Nguyen, “On the Reuse of Shadowed CRs as AF Diversity Relays in Cooperative
Spectrum Sensing in Correlated Suzuki Fading Channels”, IEICE Transaction on Communication, Vol. E98-B, no. 1, pp. 55-68, 2015.
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Differential C*D Sensor for Conductive and Non-conductive
Fluidic Channel

Research topics: Capacitive sensor, microfluidic sensor

Nauven Dac Hai. Vu Ouoc Tuan. Do Ouana Loc. Nauven Hoana Hai. Chu Duc Trinh

ABSTRACT: This work designs and fabrications of a novel design of a differential C*D (DC'D) sensor based on three
electrodes for both conductive and non-conductive fluidic channel. This structure consists of two single C*D with an applied
carrier sinusoidal signal to the center electrode as the excitation electrode. The electrodes are directly bonded on the PCB with
built-in differential amplifier and signal processing circuit in order to reduce the parasitic component and common noise. In the
non-conductive fluidic channel, the output voltage and capacitance changes 214.39 mV and 14 fF, respectively when a 3.83 pl tin
particle crosses an oil channel. In conductive fluidic channel, the output voltage and admittance change up to 300 mV and 0.07
uS for the movement of a 4.88 pul plastic particle through channel. Moreover, the voltage change of this sensor is linear relation
with the volume of investigated particle. This sensor also allows measuring velocity of particle inside fluidic channel and

resistivity of the conductive fluidic.

Figure 1 shows a block diagram design of the DC*D
fluidic sensor based on three electrodes for detecting
particles inside both conductive and non-conductive liquid
channel. This structure consists of two single C*D with an
applied carrier sinusoidal signal to the center electrode as the
excitation electrode. The differential signal between the top
and bottom electrodes is then amplified and demodulated for
removing the carrier components. The output signal
indicates the different response between two single C*D
structures. This proposed sensor could detect a particle like
plastic particle, air bubble, metal particle and so on inside
channel when it passes the electrodes.

|_— Particle

r o
Cylinder  Hy1- Differential
[ amplifier

580 KHz sine wave

Reservoir

Figure 1: Block diagram design of the DC*D fluidic sensor.

In this work, a DC*D consists of three electrodes is
presented. In this design, there are two pick up electrodes,
which are outside electrodes. The center electrode is excited
electrode (see Figure 2). The differential signal between the
two pick up electrodes indicates changing inside the fluidic
channel.

Figure 3 shows output voltage of the DC*D sensor when
a plastic particle cross electrodes in salt solution and water
channel as the investigated conductive fluidic. The output
voltage consists of both negative and positive peaks thank to
the differential circuit. The output voltage magnitude
changes up to 300 mV and 50 mV when a 4.88 ul plastic
particle cross electrodes in water channel and plastic particle
cross electrode in salt solution channel, respectively.
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Figure 2: (a) The DC4D based on three-electrode configuration; (b) The
equivalent circuit

1.7
> 16
(6]
g
s 1.
>
214
>
(@]
1.3
—&— Particle in water
12 —¥— Particle in NaCl |]
0 1 2 3 4 5

Time - s
Figure 3: The DC4D output voltage response when a plastic particle crosses
electrodes: (a) water channel; and (b) salt solution channel

[1] Nguyen Dac Hai, Vu Quoc Tuan, Do Quang Loc, Nguyen Hoang Hai, Chu Duc Trinh, “Differential C4D sensor for conductive and non-
conductive fluidic channel,” Microsystem Technologies Journal, ISSN: 0946-7076, 2015.
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Thang.X. Vu, Trinh Anh Vu (VNU-UET), and Tony Q.S. Quek

ABSTRACT— Channel estimation is an important problem in Massive MIMO systems, one in the
direction of development of the current 5" generation. The performance of such systems are
usually bounded by a bottleneck resulted from pilot contamination. We propose two channel

estimation schemes that completely

remove pilot contamination.

The exact closed-form

expression for average Mean Square Error (MSE) of the proposed estimators are derived. More
importantly, our proposed estimators do not need to know the second-order statistics of neither
desired user channels nor interfering user channels. Finally, simulated results confirms gains

over existing channel estimation schemes.

In recent years the Massive MIMO systems, a type of MIMO
technique applied to cellular mobile networks, has made
breakthroughs in mobile communications with high
performance of both energy and spectrum

The Massive MIMO systems have the following main
features: Number of antennas at the base station is much
bigger the mobile number with single antenna. Channels are
considered reversible with time division duplex (TDD) and
channel estimation techniques use the uplink-pilot from the
mobile users

However, the full reuse of frequency at neighboring cells
can cause estimated Channel State Information (CSI) in one
cell to be contaminated by pilot training in other cells, since
the orthogonal property in general is not held among pilot
sequences across different cells. Pilot contamination
constitutes a performance bottleneck that impairs the
advantage of MIMO system in cellular networks and
especially in Massive MIMO system

In this report, we propose a novel pilot contamination
elimination scheme for Multi antenna multi-cell cellular
networks that completely eliminate pilot contamination.
Exact closed-form expression for average MSE is provided.
More importantly, the proposed estimators does not relay
on the assumption that each BS knows the second-order
statistics of desired and/or interfering user channels.

Two estimators are proposed to completely remove pilot
contamination:
A. The proposed estimator 1
The idea behind this proposed estimator is to promote the
BS to run channel estimation as soon as it receives
interference. It is realized that all interference in every cell
received in 2 phases be subtracted for each other: In the
first phase all mobile in all cell transmit the pilots, in the
second phase only mobile in this cell does not play. We
obtain, for example at cell 1:

Y, =Y(0)-Y{1)=XH, , +Z,,
Where  Z, = Z(0) - Z(1)
Applying the LS estimation
ﬁr_‘,‘E_] = I:XHX]_'[X”?] =Hii1+ %X_IJ‘Z].

It is observed that the pilot contamination is completely
eliminated
B. The proposed estimator 2
The proposed estimator 2 aims to exploit all L+1 channel
observations in order to improve the channel estimation
accuracy. During L - 1 phases 2 < | <L, Y(l) does not

contain interference from users in the I-th cell. If we take
the sum of all Y(I) for 2 < | < L, it yields which contains L -1
times the pilot signal of interest XH;.; and L - 2 times the
sum of all inter-cell interferences. Based on this
observation, the proposed estimator 2 that reads:
L
Yo =Y(0)+ ) Y(l) - (L—1)¥(1)
=2
=i_I_I1_] b1 1 ig.
Then applying LS estimation
ﬁ{‘E—? ={ini}_]i”?2
L <uz
LEI\'X Zy.
o : ; : '

=H;, +

~—— Proposed 1
—&— Proposed 2
| —=—=Classical

Achievable rate (bpa/Hz)

B 10 15 mn 25 30
No. antennas

Compared to the previous works our scheme is not
requires the covariance matrices of both desired user
channels and interfering user channels and saves some pilot
symbols and does not suffer from the peak power problem.

Although support less maximum number of users than
classical scheme, the proposed one shows more advance
when active users number per cell is not too large. Two
estimators are proposed to completely remove pilot
contamination. The exact closedform expression for average
Mean Square Error (MSE) of both estimators are provided.
The gains over existing channel estimation scheme are
confirmed via simulated results.

More information on our proposal can be found in [1].

[1] Vu, T. X., Vu, T. A., & Quek, T. Q. Successive Pilot Contamination Elimination in Multiantenna Multicell Networks.
IEEE Wireless Communications Letters, Vol.3(6),617-620, Dec. 2014. ISSN: 21622337
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Flexible and Efficient Wireless Sensor Network for Detecting
Rainfall Induced Landslides

Research topics: Wireless Sensor Network (WSN)

Chinh D. Nguyen (VNU), Tan D. Tran (VNU), Nghia D. Tran, Tue Huu Huynh, Duc T. Nguyen

ABSTRACT: Landslide is the dangerous phenomena. There are some studies about landslide
monitoring system based on WSN technique. But no WSN is the preferred standard for landslide
monitoring system. This paper focuses on the development of a flexible and efficient WSN for
detecting rainfall induced landslides. A flexible switching between star and tree topologies is
used to adapt to weather conditions in order to maximize the reliability of the transmission.
Moreover, the power management is desighed concurrently with the weather condition to

improve both the operation reliability and the power efficiency.

These landslide monitoring systems can split into two
groups: long term and short term monitoring. For short
term monitoring systems, Wireless Sensor Networks (WSN)
have proved its advantages such as real-time monitoring of
different geographical regions, remote monitoring, and the
system being easily extended. There are methods proposed
to monitor and/or predict landslides.

Our WSN system consists of sensor nodes that are capable
of data acquisition, data storage, data processing, and
wireless data transmission. The proposed WSN provides
method to collect data on soil pore water pressure, moisture
content, vibration of earth, soil movement and temperature
of the environment.

Figure 1: Illustration of the system connection in our proposed WSN

The software modules implemented in WSN include three
main modules: Data acquisition module, Data processing
module (sensor sampling, health monitoring, power saving)
and Data communication module. In our work, for detecting
rainfall induced landslides we propose a flexible and efficient
configuration as illustrated in Fig.3. The total average power
of a sensor column in the active mode is comgiven by
>(IxV) = 100.255 mW, and the total average power of a
sensor column in the sleep mode is calculated as 0.18 mW.

In practice, the lifetime of the sensor columns will vary from
161 to 1162 days (depend on the weather in this year).
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Figure 2. Block diagram of a sensor column
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Figure 3: The working principle of the proposed WSN that shows the
flexible configuration to the weather condition

Based on OMNeT++, this network is simulated including
network topology (e.g. star), network protocol and
parameters of hardware. Some simulation parameters in the
physical layer are shown as: the output power level is 10
dB, the received sensitivity is -100 dBm, the system
operating margin is 99.9%, the gain of the antenna is 6 dBi,
and the range of frequency is 2.405-2.465 GHz.

A flexible switching between star and tree topologies is used
to adapt to the weather condition in order to maximize the
reliability of the transmission.

More information on our design can be found in [1].

[1] Chinh D. Nguyen, Tan D. Tran, Nghia D. Tran, Tue Huu Huynh, Duc T. Nguyen, “Flexible and Efficient Wireless Sensor Networks for
Detecting Rainfall-Induced Landslides,” International Journal of Distributed Sensor Networks, vol. 2015, Article ID 235954, 13 pages,

2015. doi:10.1155/2015/235954 [SCIE, Q2-SCImago].
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Self-Deployment Strategy for a Swarm of Robots with Global Network
Preservation to Assist Rescuers in Hazardous Environments

Research topics: Multirobot Systems, Connectivity Control, Network Preservation

D-H. Pham (VNU), M-T. Pham (VNU), Q-V. Tran (VNU), T-D. Ngo

ABSTRACT: We present a self-deployment strategy for a

victims in an

unknown structured environment while preserving a global

robot swarm to explore and identify
network

interconnectivity. The strategy reduces swarm population while increasing its capacity of

exploration and coverage. It is conducted in two phases: self-displacement and then self-
dispersion and aggregation for exploration and coverage in each room. A decentralised control is

built up by decentralised node control

governing the dispersion and aggregation and

decentralised connectivity control guaranteeing the global network preservation.

Swarm robotics has been received a lot of attentions due to
its challenges and potential applications. A swarm of mobile
robots can be utilised in hazardous environments for
exploration and rescue services, surveillance and
reconnaissance and patrolling. Deployment strategy for
exploration, search and rescue services in large-scale
unknown environments is one of the most challenges of
swarm robotics. Existing deployment algorithms are
classified into three main streams: Voronoi graph based
unifying geometric method, probabilistic model based
controllers, and artificial potential field (APF) based
controller. APF was widely used, such as for deployment of
mobile sensor networks in [1], where robots automatically
disperse out to cover all areas in the environment. However,
this neither guarantees the global robot network
preservation nor controls mobility of the robots and their
connectivity.

Figure 1: a) Environment map b) Exp/orat)'on result

We propose a self-deployment strategy for a swarm of
mobile robots in unknown structured building environment
and design a decentralized controller for two primary
objectives: preserving the global network integrity during
deployment and reducing the number of robots used for
exploration and coverage, compared to the strategy in [1].
The decentralised control for all mobile robots is synthesised
in a hierarchical structure: decentralised node control
(DNC), added on behavioural control to keep the swarm
connected robustly, and decentralised connectivity control,
implemented on top of the DNC to allow for connectivity
topologies minimisation by selectively removing redundant
connectivities in global network. The self-deployment
algorithm includes two phases. In self-displacement phase
the swarm shifts from room to room in three stages:
moving along the corridor to explore victims, anchoring the
robots to establish the network backbone, and recognising
the doors for the self-dispersion and aggregation.

In self-dispersion and aggregation phase, robots are first
dispersed away, then the swarm is self-formed to hexagons
in the presence of obstacles so that the swarm can adapt to
disperse in different structured areas. If victims are
identified, the information is sent to the base station via the
well maintained backbone. Once the room is fully covered,
the whole swarm will be aggregated to displace to the new
room for exploration. The self-displacement is reactivated
when the last robot was out of the room. If the swarm
reaches one end of the corridor, it moves backwards until
observing an unexplored branch. When all branches are
explored, the swarm follow the backbone to escape the
structured building.

We used 80 robots (compared to 316 in [1]) for
experiments in the scenario as seen in Fig. 1a. The robotic
swarm successfully explored all the room and identified all
24 random distributed victims as shown in Fig. 1b while
preserving the global network integrity through all the
robots as illustrated in the Fig. 2. Time consuming
is proportional to the size of the explored rooms and the
relative distance of two nearby rooms (Fig. 3). The
simulation results demonstrated great potential of the
strategy for applications of exploration, search and rescue
services.
Cannectivity properties of the system with children only
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Figure 2: Connect/wty properties of the robotic swarm
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Figure 3: Time consuming for the deployment strategy

More information about our work can be found in [2].

[1] M. J. M. Andrew Howard and G. S. Sukhatme, Mobile sensor network deployment using potential fields: A distributed, scalable solution
to the area coverage problem, in Proceedings of the International Symposium on Distributed Autonomous Robotic Systems, pp. 299-

308, 2002.

[2] D-H. Pham, M-T. Pham, Q-V. Tran and T-D. Ngo, Self-Deployment Strategy for a Swarm of Robots with Global Network Preservation
to Assist Rescuers in Hazardous Environments, International Conference on Robotics and Biomimetics (ROBIO), pp.2655-2660, 2014.
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Tran Duc-Tan (VNU), Tue Huu Huynh, Sébastien Roy and Dzung Viet Dao

ABSTRACT: This paper presents a technique to optimize with constraints, the performance of
three-degree of freedom silicon accelerometers. A flexure configuration has been proposed in
order to meet requirements of small cross-axial acceleration, high and linear sensitivity. The
purpose of this constrained optimization process is to achieve the highest sensitivity or

resolution while imposing conditions on other parameters. It has been done based on
considerations of the junction depth, the doping concentration of the piezoresistor, the
temperature, the Signal to Noise Ratio, and the power consumption. Such an optimized
accelerometer offers a much better performance compared to others.

Accelerometers are in great demand for many applications
ranging from guidance and stabilization of spacecraft to
research on vibrations of Parkinson patients’ fingers.
Generally, it is desirable that accelerometers have high
sensitivity and fine resolution. Among several technological
alternatives, silicon piezoresistive accelerometers are
noteworthy since it is compatible with microelectronic batch
fabrication technology [1], and therefore, the die size and
the cost are reduced. There is an extensive research on
silicon piezoresistive accelerometer to improve its
performance and further miniaturization. However, up to
now, there is no available analysis on the impact of physical
parameters, such as the size, doping concentration and the
temperature coefficient sensitivity of piezoresistor, noise,
and power consumption on the sensitivity and resolution.
High sensitivity and small cross-axis sensitivity are
important requirements for the 3-DOF accelerometer. We
proposed a configuration as shown in Fig. 1 to meet these
critical characteristics. It consists of a proof mass connected
to four surrounding beams, which are fixed to the outer
frame at the centers.

Figure 1: 3D model of the 3-DOF piezoresistive accelerometer
Figure 2 shows the flowchart of the sensitivity/resolution
optimization process. This process is implemented via a
MATLAB program. The structure of this 3-DOF
accelerometer is fixed with specific dimensions and two
parameters, that is, resistor length and impurity
concentration were used as independent variables. An
important constraint imposed in the optimization process is
the power consumption. Indeed, in various types of
applications which require wireless sensors, such as
structure health monitoring or patient monitoring, low
power consumption is a crucial requirement.

Fig. 3 shows the results of the AZ acceleration component
for this second experiment along with the theoretical results
of the optimum structure presented in this paper.

Obviously, the new optimum design yields higher sensitivity
at lower power.
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Figure 2: Flowchart of the sensitivity/resolution optimization process
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Figure 3: Comparisons among previous experiment, previous
calculation, and new proposed design
Table 1 summarizes the optimal results on the sensitivity
and resolution of the sensor. By applying our optimization
procedure, we can both enhance the sensitivity or the
resolution.
Table 1: Sensor Parameters for fabrication process

Ax, Ay Az
Previous Optimum Previous Optimum
calculation design calculation design
Sensitivity
(mv/q) 0.76 0.89 1.68 1.91
Resolution | ) 35 0.86 0.49 0.33
(mg)

More information on our design can be found in [1].

[1] Duc-Tan, T., Huynh, T. H., Roy, S., & Dao, D. V. (2014). Constrained Optimum Design of 3-DOF Micro accelerometers. IETE Journal of

Research, 60(4), 309-318.
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for Smart Mobile Phones

Research topics: Dual- band Antenna, 4G-LTE, Smart Mobile Phones

T.V.B. Giang, N.M. Tran (VNU)

ABSTRACT:

In this project, a dual-band antenna that works at 1780 MHz and 2610 MHz has been proposed
for 4G-LTE mobile devices. The antenna has been designed on FR4 substrate with sizes of
20x50x1.2 mm to fit the mobile casing. The simulation and measurement results of both return
loss and radiation patterns have also been presented. Good agreement between simulated and
measured data has been obtained.

Table 1. 0
Allocated Frequency Bands for 4G-LTE in Vietham 1
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Fig. 3: Measurement using a vector network
analyzer in an anechoic chamber

Fig. 5: The radiation pattern

[1] N.M. Tran and T.V.B Giang. Dual-band Microstrip Antenna for 4G-LTE Handheld Devices, VNU Journal of Science: Comp. Science &
Com. Eng. Vol. 31, No. 1, pp. 55-59, 2015.

[2] D.N. Hoan, N.M. Tran, T.Q. Nhuong and T.V.B Giang, Design and Fabrication of a Microstrip Antenna for IEEE 802.11 b/g/n
Applications, The 2013 International Conference on Integrated Circuits, Design, and Verification (ICDV 2013), HCM city, Nov., 2013,
pp. 268-271.
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Influence of ASE noise on performance of DWDM networks using low-
power pumped Raman amplifiers
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Trung Ninh Bui (VNU), Quoc Tuan Nguyen (VNU), Van Hoi Pham (VAST)

ABSTRACT: We present the results of investigation of influence of amplified spontaneous
emission (ASE) noise, noise figure (NF) and dispersion chromatic on the performance of middle-
distance Dense-wavelength-division-multiplexing (DWDM) networks using low-power pumped
distributed Raman amplifiers (DRAs) in two different pump configurations, i.e., forward and
backward pumping. We found that the pumping configurations, ASE noise, and dispersion play an
important role for inproving network performance by redution of noise figure and bit error rate

(BER) of the system. Simulation results show that the lowest bit error rate and low noise figure
were obtained, when using forward pumping configuration. Moreover, we have also compared
ASE noise powers of the simulation with these of the experiment. These results conclude that
DRA with low pump power (<1W) is the promising key technology for short—- and/or middle-
distance DWDM transmission networks.

Optical nonlinear effects within optical fiber such as

stimulated Raman scattering, stimulated Brillouin scattering
or stimulated four-photon mixing may be employed to
provide optical amplification by injecting a high-power laser
beam into optical fiber. Among these, Raman amplification
exhibits advantages of self-phase matching between the
pump and signal together with a broad gain-bandwidth in
comparison with the other nonlinear processes. Thus it is
attractive for current dense wavelength division multiplexed
(DWDM) systems since it provides gain over the entire fiber
band.

Several transmission experiments using distributed Raman
amplification technology have been reported, but so far,
there are very few theoretical nor experimental reports on
the noise performance comparison between the pumping
configurations of the Ilow-power pumped Raman
amplification system for the middle-distance networks.

we use theoretical and simulation model of distributed
Raman optical amplifier in SMF-28 bidirectional optical fiber
with two different pumping configurations at pump
wavelength of 1470 nm and pump power of 880mW, which
is smaller than traditional Raman amplifier's pump. We
calculated ASE noise powers and its affection to bit error
rate and noise figure of the system. Moreover, we also
compare these noise powers with experimental results of
the real WDM network system.

Bidirectional
Optical Fiber

Co-Propagating Counter-Propagating|

1470nm 14700m

Figure 1: Block diagram of a DWDM system using distributed Raman
amplifier.

Simulations have been carried out to estimate the effects of
ASE noise, noise figure, and chromatic dispersion on
performance of network in different pump configurations.
Key parameters used for this simulation are listed in Table
1.

Name Symbol Value
Length of DRA L 0-+90 km
Effective area Aett 80 ,u2
Bit rate Rp 10Gbps
Signal frequency £ 193.1 - 193.85 THz
Pump wavelength i,, 1470 nm
Pump power P, 880mwW
Dispersion chromatic D 14, 15, 16 ps/ nm.km

We found that the different pumping configurations and ASE
noise play an important role in network performance.
Simulation results show that the low bit error rate and noise
figure were obtained when using forward pumping
configuration for the fiber amplifier length of 90 km. The
calculation results are also compared with the experimental
one, and they are well matched. In addition, the
amplification of DRA depends on both power and
wavelength pump. From this study, we conclude that DRA
with low-power pump (<1W) is the promising key
technology for short- and/or middle-distance DWDM
transmission networks.

More information on our design can be found in [1].

[1] Bui Trung Ninh, Nguyen QuocTuan, Pham Van Hoi, "Influence of ASE noise on performane of DWDM networks using low-power pumped
Raman amplifiers" IETE Journal of Research, Wolx, Mo, x ISSM:0574 — 780 [(Online)
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Hardware Implementation for Entropy Coding and Byte Stream
Packing Engine in H.264/AVC

Research topics: H.264/AVC, entropy coding, CAVLC, Exp-Golomb, Video byte stream

N-M. Nguyen, E. Beigne, S. Lesecq, P. Vivet, D-H. Bui (VNU-UET), X-T. Tran (VNU-UET)

ABSTRACT: Entropy coding (EC) and data packing are the major phases in video coding. The
H.264 Advanced Video Coding (H.264/AVC) standard adopts Exp-Golomb and Context-Adaptive
coding methods to increase data compression ratio. We propose a hardware architecture of EC
and byte stream data packing engines for the H.264/AVC. Our EC engine, containing Exp-Golomb
and Context-Adaptive Variable Length Coding (CAVLC), supports the baseline and main profiles
of the standard. The proposed architecture is implemented using 180nm technology from AMS.
The design consumes only 1.56mW at the operating frequency of 100MHz.

Recommended by both the ITU-T Video Coding Experts
Group (VCEG) and the ISO/IEC Moving Picture Experts
Group (MPEG), the H.264 Advanced Video Coding
(H.264/AVC) can save approximately 50% of bit rate in
comparison with previous standards thanks to the adoption
of several features. The H.264/AVC also provides high
loss/error robustness using separated parameter set
structures, which keep key information. For instance, the
NAL unit syntax structure enables “network friendliness” to
customize the use of the Video Coded Layer (VCL) for
various systems and networks.

Many works propose hardware (HW) implementation of the
standard. However, they mostly focused on the prediction
part of encoders/decoders and on the improvements of
algorithms. It can be seen in the literature that for EC in
baseline profile (i.e. the Exp-Golomb and CAVLC coding
techniques), hardware EC engines usually only encode the
data at MB level, i.e. SPS, PPS and Slice header might be
implemented in software.

EC controller

Global

Memory,
access
unit

register Wp

MB builder

'rq:]

Figure 1: Architecture of entropy coder.

We propose a new architecture of the entropy coding and
data packing engine as shown in Figure 1. Encoded syntax
elements are transferred from entropy coding to data
packing via a FIFO. The main part of the entropy coding
engine consists of two encoders, namely, the Exp-Golomb
and Fixed-length code (EGF) and CAVLC modules [1]. SPS,
PPS, SH, and MB builders are implemented to collect the to-
be-encoded data and send them to the EGF module in the

specified order. SPS, PPS, SH's information is provided by a
global controller via system registers. The MB header
information is received from Intra-, Inter- and TQ engines.

The architecture proposed has been modeled in VHDL at
RTL level. To verify, our EC and data packing module has
been integrated into a hardware H.264 video encoding
system. Using the video encoder system with the proposed
EC NAL module, we encode raw test video sequences in the
CIF format (which is one format we target as it is used for
mobile applications). The encoded videos are received from
the output of the data packing module. For validation
purpose, these encoded videos are then successfully
decoded with the JM decoder.

The simulation is done by using ModelSim from Mentor
Graphics and the design is synthesized with AMS CMOS
180nm technology by using DC Compiler from Synopsys.
Some implementation results of our EC and byte-stream
packing data engines are presented in Table 1.

Table 1: Implementation results of the proposed design

Technology  CyclessMB Frequency Area cost Power
AMS 691 in the 100MHz 73.5 Kgates 1.56mW at
0.18pm worst case 100MHz
Due to the implementation of the table selector for

coeff_token syntax element and the full hardware
implementation of the EC, including SPS, PPS, slice header
data generators, our design occupies a slightly larger silicon
area (approximately 73.5Kgates) than the ones found in the
literature.

However, in terms of throughput, our EC engine encodes an
MB in maximum 691 cycles (151 cycles for the worst case of
MB header plus 540 cycles for the worst case of residual
data). With this speed and at the operating frequency of
100MHz, the design is suitable for 720HD video format.
Moreover, in average, the encoding process only requires 25
to 90 cycles for MB header and 450 cycles for MB residual.
In terms of power consumption, at 100MHz, it only
consumes 1.56mW which is less than most of the low-power
designs that operate at 27MHz.

More information on our design can be found in [2].

[1] N.-M. Nguyen, X.-T. Tran, P. Vivet, and S. Lesecq. An efficient Context Adaptive Variable Length coding architecture for H.264/AVC
video encoders. International Conference on Advanced Technologies for Communications (ATC), pp. 158-164, 2012.

[2] N.-M. Nguyen, E. Beigne, S. Lesecq, P. Vivet, D.-H. Bui, X.-T. Tran, Hardware implementation for entropy coding and byte stream
packing engine in H.264/AVC, International Conference on Advanced Technologies for Communications (ATC), pp. 360-365, 2013.
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Study of the Climate Change Impacts on Water Quality in the
Upstream Portion of the Cau River Basin, Vietham

Ha Ngoc Hien'? & Bui Huy Hoang! & Tran Thi Huong' & Tran Thanh Than! & Pham Thi Thu Ha'
& Ta Dang Toan! & Nguyen Minh Son?
Institute of Environmental Technology, Vietnam Academy of Science and Technology
2University of Engineering and Technology, National University of Hanoi

ABSTRACT: Simulation results of climate change impacts on water quality in the upstream
portion of the Cau River Basin in the North of Vietnham are presented. The integrated modeling
system GIBSI was used to simulate hydrological processes, pollutant and sediment wash-off in
the river basin, and pollut-ant transport and transformation in the river network. Three
projections for climate change based on emission scenarios B1, B2, and A2 of IPCC Special
Report on Emission Scenarios (SRES) were considered. By assuming that the input pollution
sources and watershed configuration were constant, based on 2008 data, water quality in the
river network was simulated up to the terminal year 2050. For each climate change scenario,

patterns of precipitation in wet and dry year were considered. The change in annual and monthly
trends for dissolved oxygen (DO), biochemical oxygen demand (BOD), and ammonium ions
(NH4+) load and concentration for different portions of the watershed have been analyzed. The
results of these simulations show that climate change has more impact on changing the seasonal
water quality parameters than on altering the average annual load of the pollutants. The percent
change and change pattern in water quality parameters are different for wet and dry year, and
the changes in wet year are smaller than those in dry year.

The combined effects of temperature and precipitation cases, the mean monthly BOD concentrations may increase
under climate change conditions on water quality in Cau in some portions of the basin during the dry period (Table 1).

River basin in the North of Vietham have been studied. The
main conclusions drawn are the following:

e The total annual NH4+ load increases in all portions of the
basin. The change in mean mont hly NH4+ load depends
largely on the change in precipitation. It increases during
periods of high water and decreases during periods of low
water.

Climate change has more impact on changing the seasonal
water quality parameters than on altering average annual
load of the pollutants. In general, the change of water quality

parameters displays a similar trend for all climate change
scenarios. ®  The CCimpact on water quality in the study area is significant

and should be taken into account when considering water
quality change tendency in the future. Moreover, according
to the data of the period 2005—- 2011, it can be concluded
that economic development or pollution control measures
have implications that are an order of magnitude larger than
climate change.

the watershed during the dry period. The re_sult_s are only valid under currently used climate
. . scenarios in the study area. The model results cannot be
The total annual BOD load also decreases in all portions of used directly for planning works, but they can be useful to
the Cau River basin. A|th0ugh BOD load decreases for most predict potential Changes of the water System and provide
insight into possible strategies to adapt to related climate

change scenarios. More information can be found in [1,2].

Table 1 Annual BOD load change (%) at stations in 2050

The percent change and change pattern are different for wet
and dry year; the changes in the wet year are smaller than
those in the dry year.

The total DO annual load decreases in all portions of the Cau
River basin, and the mean monthly DO concentrations
decrease for most of cases except for the higher portions of

Base run (ton) Bl A2
Station

Dry year Wet year Dry year Wet year Dry year Wet year
CauVat 1500.89 3506.97 -8.10 -3.60 -9.20 -4.14
GiaBay 2396.93 4117.81 -4.22 -2.08 -4.82 -2.39
GiangTien 179.99 317.18 -1.23 -0.99 -1.40 -1.16
ThanSa 171.08 426.70 -1.23 0.67 -1.46 0.72
ThacRieng 768.38 1260.60 -2.14 -1.16 -2.45 -1.36

[1] Ha MNgoc Hien B Bui Huy Heang B Tran Thi Huong & Tran Thanh Than B Pham Thi Thu Ha B Ta Dang Toan & Mguyen Minh Son, Study of
the Climate Change Impads on Water Cuality in the Upstream Portion of the Cau River Basin, Vietnam, Environ Model fssess [2016)
21:261-277.

[2] Ha MNgoc Hien, Integrated water resources management in Caw River basin, WA5T: Fnal Report of project (2012),
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Abstract: Explicit expressions of either frequency equation or frequency response function have been derived for multiple
cracked bar. The expressions allow thoroughly investigating effect cracks on the modal parameters such as natural
frequencies and frequency response function of bar with different boundary conditions. The exact expression of frequency
response function provides a basis to propose an efficient procedure for multi-crack detection in pile by modal testing
technique. Numerous examples are numerically examined for illustrating the developed theory and an experimental study
is accomplished for validating the proposed crack detection procedure.

This work aimed to develop a procedure for crack
localization based on the measured frequency response
function in longitudinal vibration of bar. The crack is modeled
as an axial spring of stiffness calculated from the crack depth
[4]. First, the effect of position and depth of multiple cracks
on frequency response function is thoroughly investigated.
The revealed change in frequency response function is
crucially important for FRF-based crack detection. An
efficient procedure is proposed to identify multiple cracks in
pile by measurement of frequency response function. This
procedure was validated by an examined experimentation.

Concluding remarks
Thus, in this study the following results have been

obtained:

1. An explicit expression is constructed for either the
characteristic equation or frequency response function of
multiple cracked bar that allows studying not only the
change in natural frequencies but also deviation of
frequency response function induced by multiple cracks;

2. Based on the expression of frequency response function,
an iteration procedure is developed for multiple crack
localization in pile by measurement of frequency
response function.

3. Numerical analysis shows that deviation of the frequency
response function induced by multiple cracks is typical
and useful for crack detection from measured frequency
response function;

4. An experimental model of concrete pile with two cracks
has been fabricated and employed for crack localization
by measured frequency response function;

5. The numerical and experimental results demonstrate that
frequency response function is really promising for multi-
crack detection and it is worthy to further development
and implementation.

Acknowledgement: This paper was completed with support
from UET-VNU under the project of number CN.14.10.
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Khoa Viet Nguyen

Abstract

This paper [1] presents the influence of a crack on the dynamic behavior of a beam-type bridge subjected
to separately or simultaneously a moving vehicle and earthquake excitation. In this study, the bridge is
modelled as a 3D beam by the finite element method. The stiffness matrix of a cracked beam element
with rectangular section adopted from fracture mechanics is presented. The influences of crack
appearance time, crack location, crack depth, and vehicle speed on the dynamic response of the bridge are
investigated. When a crack is induced during external excitation the stiffness of the structure is changed
leading to a change in natural frequencies during vibration. This change in the frequency is analysed by
wavelet spectrum, a time-frequency analysis which can examine locally a signal in both time and
frequency domains. The relationship between the crack depth and the instantaneous frequency (IF) of the
structure is established which may prove useful for assessment of the crack depth. Numerical simulation
results are presented to investigate the efficiency of the method.

Khoa Viet Nguyen, Anh Ngoc Dang

Abstract

This paper [2] presents the dynamic response of a triple-beam subjected to a moving load. The triple-
beam system consists of a main beam with a moving force, and two auxiliary beams, with a uniform
distributed spring k£ and dashpot ¢ in parallel between the three beams. In this study, Euler — Bernoulli
beam is used for modelling the three different beams. Since the finding of exact solution for the dynamic
response of the triple-beam system consists of three different beams is not an easy task, then the finite
element method is applied to analyse the triple-beam system subjected to a moving load. The influences
of the medium stiffness and damping on dynamic response are studied. The effect of the variation of the
stiffness of the auxiliaries beam on the dynamic responses is also investigated. Numerical illustrations are
provided in this paper.

Khoa Viet Nguyen, Quang Van Nguyen, Mai Van Cao

Abstract

This paper [3] presents the effect of dynamic wind load on a high cracked slender structure. When the
slender structure is located at a high location in comparison with the sea level, the effects of dynamic
wind load on the structure need is of importance. Especially, when the structure has damages such as
cracks, the effects of dynamic wind load on the structure need to be investigated carefully to avoid the
collapse of the structure due to the self-excited vibration. In this study, the flutter phenomenon of the
structure under the dynamic wind load is analyzed using the finite element method. In this paper the
dynamic response of the structure at flutter speed is also calculated. The theory of flutter phenomenon and
dynamic response of the high cracked slender structure are presented and the numerical simulation results
are provided.
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Khoa Viet Nguyen, Oluremi A Olatunbosun, Anh Tuan Bui

Abstract

This paper [4] presents the dynamic response of a double cracked beam subjected to a moving load. The
model of a double cracked beam is modelled by using finite element analysis. The dynamic response of
the double beam depends on many parameters such as medium stiffness and damping, the surface
irregularity depth and length, and the speed of moving load. In this study, the simultaneous influence of
these parameters on the dynamic response of the beam is investigated. Numerical results are also
provided in this paper.

Khoa Viet Nguyen, Quang Van Nguyen

Abstract

In this paper [5], a method using “element stiffness index distribution” for multi-crack detection of a
beam like structure is presented. The element stiffness index distribution is defined as a vector of norms
of sub-matrices corresponding to element stiffness matrices calculated from the reconstructed global
stiffness matrix of the beam. When there is a crack at an element, the element stiffness index of that
element will be changed. Therefore, by monitoring the change in the element stiffness index distribution,
the crack can be detected. A significant peak in the element stiffness index distribution is the indicator of
the crack existence. The crack location and the crack depth can be determined from the location of the
peak and the height of the peak. In this study, the global stiffness matrix is reconstructed from the
measured frequency response functions instead of mode shapes to avoid some limitations of the mode
shape based methods for crack detection. Numerical simulation results for the cases of single crack and
double cracks are provided. The results showed that cracks with a depth as small as 10% of the beam
height can be detected by the method. The proposed method can be applied with the noise level up to
10%.

Khoa Viet Nguyen, Mai Van Cao

Abstract

This paper [6] presents the dynamic response of the damaged slender structure under the centrifugal
excitation. The dynamic response of the damaged slender structure is analyzed in the time domain using
finite element method. The trajectories of nodes on main columns of the structure at resonant frequencies
before and after the damage appearance are compared together. The simulation results showed that the
trajectories of nodes on the main columns change when there is damage. This is useful for damage
detection of the structure subjected to the centrifugal excitation.
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Khoa Viet Nguyen, Quang Van Nguyen, Mai Van Cao

Abstract

This paper [7] presents the effect of dynamic wind load on a cracked slender structure. When a slender
structure is located at height levels, the effects of dynamic wind load on the structure are of importance.
Especially, when the structure is damaged the dynamic response of structure under wind load needs to be
investigated carefully to avoid the collapse of the structure. In this study, the dynamic response of
damaged structure under dynamic wind load is analyzed in the time domain using finite element method.
The trajectories of nodes on main columns of the structure before and after the damage appearance are
compared together to assess the influence of the wind load on the dynamic response of structure. The
simulation results showed that the trajectories of nodes on the main columns are useful for damage
detection of the structure under wind load. The theoretical background of time domain buffeting analysis
and vibration analysis of the cracked high slender structure are presented and the numerical simulation
results are provided.

Khoa Viet Nguyen, Anh Ngoc Dang

Abstract

This paper [8] presents the dynamic response of triple-beam on an irregular elastic foundation
subjected to a moving vehicle. The triple-beam system consists of three different single beams connected
by uniform distributed spring £ and dashpot c in parallel between. In this study, Euler — Bernoulli beam is
used for modelling triple-beam. Since the finding of exact solution for the dynamic response of the triple-
beam system consisting of different beams is complicated, the finite element method is applied to analyze
the triple-beam system resting on irregular elastic foundation subjected to a moving vehicle. The effect of
the variation of the foundation stiffness on the dynamic respond of the vehicle is investigated. Numerical
illustrations are provided in this paper.
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Organic Solar Cells based on Nanocomposite and Quantum
Dot Photoactive Layers
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Tran Thi Thao, Nguyen Nang Dinh (VNUH), Vo-Van Truong (Canada), Tran Quang Trung (VNU-HCM)

ABSTRACT: With the aim to find out an enhanced operating-temperature range for photovoltaic
device parameters, two types of the photoactive layer were prepared: MEHPPV-CdS/Cdse and
P3HT+nc-TiO,. For a quantum solar cell (Q-SC) with the laminar structure of Al/MEHPPV-
CdSe/PEDOT/ITO, the photovoltaic conversion efficiency was reached a value of 1.52%.
Whereas the enhancement obtained for the photoelectrical conversion efficiency of the solar
composite-based cells (SCC) is attributed to the presence of nano-heterojunctions of TiO,/P3HT.
For the temperature range of (30 - 70) °C, the decrease of the open-circuit potential was
compensated by an increase of the fill factor; and the increase in the short-circuit current

resulted in an overall increase of the energy conversion efficiency. At elevated temperatures of
60 - 80°C the efficiency of the P3HT-organic solar cell and SCC reached a maximum value of
1.6% and 2.1%, respectively. Over this temperature range the efficiency of P3HT-based SCC
decreased strongly to zero, while for the SCCs it maintained a value as large as 1.2 % at the
temperature range of (110 - 140) °C. The improved thermal stability of the composite-based
device was attributed to the lowered thermal expansion coefficient of the nanocomposite

photoactive layer.

INTRODUCTION

Organic solar cells (OSC) can be processed from solution
have been investigated as a low-cost alternative. Among
conducting polymers, poly(3-hexylthiophene) (P3HT)
is used for flexible polymer electronic devices and
OSC. P3HT with an energy bandgap of 1.9 eV is often
used as the electron donor in a bulk heterojunction,
while the electron acceptor was [6,6]-phenyl Cgi-
butyric acid methyl ester (PCBM). The enhanced
solubility of PCBM compared to Ceo allows a high
fullerene/conjugated polymer ratio and strongly supports
the formation of bulk donor—acceptor heterojunctions. As
compared to inorganic solar cells like Si-single crystalline
cells, the production technology for either materials or
devices of OSCs is much cheaper. By embedding
inorganic nanocrystalline oxides like TiO, nanoparticles
(nc-TiOy) into polymer matrices, one can enhance the
efficiency and service duration of the organic devices.
The embedded oxides can substantially influence both
the electrical and optical properties of the polymer, for
instance MEH-PPV + nc-TiO, composite thin films were
studied as a photoactive material.

We here have combined CdSe and CdS QDs with the
conjugated  Poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-
phenylene vinylene] (MEH-PPV) to create charge transfer
junctions with high interfacial area. From the schematic
energy level diagram for CdSe, CdS and MEH-PPV, it can
be seen that CdSe is electron accepting and MEH.PPV is
hole-accepting. QDs are used as the electron transport
material, whereas MEH-PPV is an effective hole transport
material. This kind of organic solar cells is called Q-SC.
For OSCs, it is very important to improve the thermal
stability of the device performance under operating
conditions. In particular the thermal expansion of the
polymeric layer plays an important role in the thermal
stability of the devices.

In this paper, we demonstrate the advantage of
both the Q-SC and composite-based SC (SCC) under
operating conditions of temperatures.

EXPERIMENTAL

ITO-coated glass with a sheet resistance of 10 Q
were used for substrates. MEH-PPV:QDs solution (with a
ratio of 10:1) were prepared by dissolving it’s powders in
xylene as follows: 10 mg of polymer in 10 ml of xylene.
PEDOT:PSS was used for the acceptor layer. Spin-
coating layers PEDOT-PSS/ITO and MEH-PPV:QD/
PEDOT-PSS were made. The films used for
photoluminescence (PL) characterization were spin-
coated onto glass pieces with 1.2 cm x 1.2 cm in size. To
dry the films, the samples were put in a flow of dried
gaseous nitrogen for 4 hours. Then a 100 nm-thick Al-
electrode on the top was thermally evaporated in a
vacuum of 1.33x10-3 Pa, using a mask with windows of
4 mm < 5 mm in size. Therefore, the active area of a
cell is 0.20 cm? By this way, two type of
nanocomposites, namely MEH-PPV+CdSe and MEH-
PPV+CdS (abbreviated to MC1 and MC2, respectively)
were prepared for devices. Q-SCs made from MC1 and
MC2 are called Q-SC1 and Q-SC2 which have a structure
of AI/PEDOT/MC1/ITO and AI/PEDOT/MC2/ITO,
respectively. And AI/PEDOT/MEH-PPV/ITO is called P-SC.

To compare the photoactive behavior of the pure P3HT
and a composite consisting of P3HT and TiO;
nanoparticles (abbreviated to PTC) and also the
performance of the devices. In our work ITO-coated
glass substrates used for spin-coating nanocomposite
films were ultrasonically cleaned in distilled water,
followed by cleaning in ethanol and acetone. For
improvement of the ITO contact, the ITO was coated
with a 70 nm-thick layer of polyethylene dioxythiphene
(PEDOT). To deposit the active layers onto PEDOT,
the P3HT solution was prepared by dissolving 8 mg of
P3HT powders in 1 ml of chlorobenzene. For the
composite, TiO, nanoparticles of 5 nm in size were
embedded in the P3HT solution according to a weight
ratio TiO,/polymer of 0.05 (5 wt. %). For the acceptor
layer, a 50 nm-thick PCBM layer was spin-coated onto the
P3HT and PTC layers. The thickness of the P3HT:PCBM
and PTC:PCBM active layers was about 100 nm. The
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samples were put in a flow of dried gaseous nitrogen for
12 hours. As electrodes, a PEDOT/ITO film on one side
and a LiF/Al bilayer contact on the other side were used.
A LiF/Al electrode was chosen instead of pure Al in order
to ensure a good ohmic contact between the metal and
the organic layer. A 80 nm-thick Al-electrode on the top
was thermally evaporated in a vacuum of 1.33x10°Pa,
using a mask with windows of 2.5 mm %< 3 mm in size.
Therefore, the active area of a cell was 0.09 cm?. By this
way, organic solar cells with respective structures of
ITO/PEDOT/P3HT:PCBM/LIF/Al and
ITO/PEDOT/P3HT:PTC/LiF/Al (respectively abbreviated to
SCC-1 and SCC-2) were prepared, where the active layer
of the SCC-1 and SCC-2, respectively is P3HT and PTC
films. To heat up the devices, we used a thermoelectric
heater plate, the temperature of which can be setup and
automatically controlled.

RESULTS AND DISCUSSION

Figure 1 shows the absorption spectra of pure MEH-PPV,
CdS and CdSe quantum dots solutions. The absorption
peak was found at ~ 470 nm for CdS, 520 nm for MEH-
PPV and CdSe has a peak at 610 nm for CdSe. All these
three broad spectra are in the solar visible range, thus
the combinations of MEH-PPV and both two QDs are
suitable for use in Q-SCs. However, comparing bandgap
diagrams of CdSe and CdS relative to MEH-PPV and their
absorption wavelength range, CdSe-QDs exhibit a better
electron accepting material. In comparison with the pure
MEH-PPV, the absorption spectra of both MC1 and MC2
occupy a much larger area of wavelengths range and
intensities of their absorption peaks are also much
higher than that of MEH-PPV (Fig. 1).

The largest absorptance was observed at bright green
wavelengths (530 nm) for MC1 sample. With two
nanocomposites opposite shifts were obtained, the red
shift for MC1 and the blue shift for MC2. The values of
the wavelength shifts constitute ~ 7 nm (for blue) and
~15 nm (for red). From the seperated absorption
spectra (see Fig. 2) and bandgap (Eg) values (Fig. 1a) of
three components, these shifts are clearly related to
their bandgap structures: Blue shift occured in MC2 and
red shift in MC1, where Eg (CdS) > Eg (MEH-PPV) > Eg
(CdSe). In some cases, the blue shift was explained due
to a reduction of the conjugation chain length in a
conducting polymer (PPV), when nanoparticles (SiO;)
were embedded in the polymer as reported in [15].
However, QDs used in our work have too small size to
break the conjugation chains of MEH-PPV.

0.12| MC1_ »71™

Absorptance (a.u)

Wavelength (nm)

Fig. 1. The absorptance spectra of pure MEH-
PPV, nanocomposite MC1 and MC2.

From the measurement of the performance of three
devices P-SC, Q-SC1 and Q-SC2 one can get J-V curves
in a dark and illuminated regimes (here these curves are
not showed). From the J-V curves we calculated the
values of all parameters of three devices, such as fill
factor (FF), open-circuit voltage (Vo), short-cut current
density (Jsc) and photoelectrical conversion efficiency (n).
In fact, there is a competition between charge carrier
recombination and transport. The FF can be determined
by:

__ (JxV)max

JseXVoc

FF (€

where (JxV)max IS the rectangle having the largest area.
n can be determined by:

FFx]scXV
n

where Pj, is the density of the illuminating power, in
mW/cm? (in our experiments P,= 56 mW/cm?).
Characterization of the performance device parameters
(namely Vg, Jsc and FF) was carried out with the Auto-
lab.potentiostat using cyclic voltammetry (CV)
measurements in both the dark and illumination states.
Herein the CV-curves for Q-SCs are not showed,
however the calculated results are listed in Table 1. This
table shows that by embedding of inorganic
nanoparticles as QDs, the performance efficiency of Q-
SCs is much enhanced. The fact that both the fill factor
and photoelectrical conversion efficiency of Q-SC1 are
larger than that of Q-SC2 proves that CdSe-QD is a
better additive embedded in conjugate polymer than
CdSs-QD for Q-SCs.

Table. 1. Parameters of Q-OSC obtained from J-V
characteristic for three devices.

Device | Voc Jse FF n (%)
) (mA/cm2)

P-SC 0.45 0.28 0.21 0.18

Q-SC2 0.46 0.75 0.43 1.05

Q-SC1 0.48 0.94 0.65 1.52

The CV-curves for SCCs shown in Fig. 2 revealed the
current-voltage (1-V) characteristics of the two devices,
SCC-1 and SCC-2, under an illumination with a power
density of 56 mW/cm?.

The fill factor and photoelectrical conversion efficiency
which were calculated by Eq. (1) and Eq. (2), together
with Vi and Jsc taken from the I-V curves are displayed
in Table 2. The V.. of the two cells have almost the same
value (namely 710 and 715 mV), but the Js. of the
composite cell, SCC-2, is larger (2.34 mA/cm?) than that
of the polymer cell, SCC-1 (2.13 mA/cm?). The fact that
the FF of the SCC-2 is larger than that of SCC-1 proves
that the PTC nanostructured composite is a good matrix
where TiO; particles are tightly surrounded.
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Fig. 2. I-V characteristics obtained in the
illumination regime for the cells with a
structure of ITO/PEDOT/P3HT:PCBM/LiF/Al
(SCC-1) and ITO/PEDOT/P3HT:PTC/LiF/Al
(SCcC-2).

This is because during the spinning process, the TiO;
nanoparticles can adhere by strong electrostatic forces to
the polymer , and the capillary forces can then draw the
P3HT solution around the nanoparticles into cavities
without opening up pinholes through the device. This
results in an increase of the Js, and consequently the
efficiency, n, of the composite based devices. The n-
value (1.73%) is small in comparison with solid-state
PbS-QDs/TiO; heterojunction solar cells. However, it can
be comparable to the efficiency of a solid-state
photovoltaic device using a surface-adsorbed dye
complex for light absorption and electron injection to
the TiO; layer, in which an extremely thin absorber is
sandwiched between two wide-band gap
semiconductors, one n-type and the other p-type.

Table 2: Solar cell data for SCC-1 and SCC-2
devices

Device Voc Jsc FF n (%)
(mv) (mA/cm?)
SCC-1 715 2.13 0.52 1.45
SCC-2 710 2.34 0.58 1.73
Figure 3 illustrates the detailed temperature-

dependence of n for SCC-1 and SCC-2 in a temperature
range of (30 — 140)°C. A similar positive dependence of
nfor OSC-1 and OSC-2 is observed in a temperature
range of (30 - 60) °C. From 60°C, n of SCC-1 decreased
with dn/dT = 0.04%/K with increased temperature and
almost diminished to zero at 140°C. For the composite-
based SCC-2 the maximum efficiency was reached at
70°C, then decreased with dn/dT = 0.02%/K which is
much smaller than that of SCC-1. Moreover, n had a
critical value of ca. 1.2%. This means that the
performance of the SCC-2 was maintained at
temperatures as large as (120 - 140) °C. This clearly
demonstrates the advantage of the nanocomposite-
based solar cells when the devices are exposed outdoor
at high temperatures of solar illumination. In the

P3HT+nc-TiO, film, the TiO, nanoparticles filled up the
cracks, creating numerous heterojunctions of
TiOx/polymers. These junctions favor the injection of the
generated electrons from the active layers (P3HT) to the
Al-electrode, resulting in an enhancement of the so-
called charge separation. This would enable performance
parameters of the SCC such as Vo, Jsc and FF to be
improved. Thus n of the SCC-2 is much larger than that
for SCC-1 (Fig. 3).
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Fig. 3. Temperature dependence of the
photoelectrical conversion efficiency of SCC-1
(curve "a") and SCC-2 (curve "b").

The fact that over 70 °C the efficiency of SCC-1
decreased strongly and the device stopped working at
over 110 °C, while by SCC-2 the photoelectrical energy
conversion process was continued with a value n = 1.2
% (at 140 °C), demonstrates an excellent thermal
stability of the composite-based devices. At such a high
temperature of 140 °C, the nanocracks in P3HT would
grow further, creating numerous large canals which can
block the charge transport in the P3HT active layer. For
the composite film where nanocracks do not exist and a
is very small, the increase of temperature up to 140°C
did not affect much the performance of this active layer.
Thus n of SCC-2 decreased about 30% from 1.73% (at
room temperature) to 1.20% (at 140°C) and possessed a
largest n at 70°C (namely — 2.1%). These results showed
that the effective temperature range (60 - 80 °C) for
polymeric photovoltaic devices is much lower than that for
some types of inorganic solar cells (100 -170 °C).

CONCLUSION

A large photoelectrical conversion efficiency of the SCCs
was attributed to the presence of nano-heterojunctions
of TiO,/P3HT. For the temperature range under
investigation, the increase of the fill factor compensated
the decrease of the open-circuit voltage, and the
increase in the short-circuit current resulted in an overall
increase of the energy conversion efficiency with
increasing temperature. At elevated temperatures (60 -
80) °C the efficiency of the polymeric and composite cells
reached a maximum value of 1.6% and 2.1%,
respectively. Over these temperatures the efficiency
decreased strongly, however for the composite cells, it
maintained a critical value of 1.2 % in a temperature
range from 110 to 140 °C. Compared to polymeric
devices, composite-based solar cells exhibited much
better thermal stability. This fact is closely related to the
lowered thermal expansion coefficient of the photoactive
P3HT+nc-TiO; layer in the composite-based devices.
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Research topics: Nanocomposites for OLED, Microfluidic,
Opto-Biomedical Analysis
Nguyen Nang Dinh (VNU), Vo-Van Truong (Canada), Do Ngoc Chung. Tran Thi Thao (VNU)

ABSTRACT: With the aim to use a “flat film-like shape” excitation source in the opto-biomedical analysis system
(OBMAS), a deep-blue organic light emitting diodes (OLED) with 240 mm? in size and an emission wavelength of
455 nm were fabricated by vacuum evaporation of low-molecular-weight polymers. In the devices polymer NPB was
used for hole transport layer (HTL), MADN) — for emitting layer (EML) and Alq3 — for electron transport layer (ETL).
The output power, the luminous efficiency, the peak wavelength and the full width at half-maximum (FWHM) of the

deep-blue OLED were 1.5 mW, 1.0 cd/A, 455 nm and 100 nm, respectively, at a forward current of 30 mA. Under
excitation of this excitation source, the photoluminance of the CdSe-QDs attached with listeria monocytogenes
bacteria exhibit clear orange colour light. The image of the luminance was detected by a 1.3 Mpx sensitive webcam.
This can be used in the biomedical analysis by using an optic microscope acting like an opto-biomedical
microanalysis system (OBMAS). With use of the OBMAS one can qualitatively detect the presence of bacteria

attached to the QDs through specific antibodies.

INTRODUCTION

As an excitation light, OLED possess another
advantage in comparison with LEDs in the flat film-like
shape that makes OLED easy to integrate
monolithically with microfluidic mixers made on flat
glass substrates. Kopelman et al reported a
fluorescent chemical sensor platform integrating an
OLED device light-source with a fluorescent probe for
oxygen sensor. Qiu and co-workers presented an
integrated PDMS microfluidic device with a 520 nm
(peak wavelength) green OLED and optical fibers. Kim
et al reported an advanced and compact microchip
coupled with a green OLED of 530 nm (peak
wavelength) and a PIN photodiode for fluorescence
detection which achieving a detection limit of 10° M
Rhodamine 6G (10 uM) as reported. In a lab-on-a-chip
(LOC) the cross-polarized technique is needed, as it
can distinguish excitation light from emission light by
polarization, even if the excitation and signal light
overlap in wavelength.

In this work we present recent results on the
preparation and characterization of the large-pixel
size OLEDs that can be served as the flat film-like
shape excitation sources in the LOC for the opto-
biomedical analysis. The working principle of the opto-
biomedical analysis system (OBMAS) has also been
investigated.

EXPERIMENTAL

Conducting polymers or organic semiconducting
materials used in this work are the “low-molecular-
weight” polymers like tris(8-
hydroxyquinolinato)aluminum(lll) or N, N-
Bis(naphthalen-1-yl)-. N,N-bis(phenyl) benzidine. Thin
or/and ultrathin films of these polymers can be made by
sublimating (evaporating) in vacuum. The initial
materials used for the evaporation are the polymers
purchased from Sigma-Aldrich Ltd. The chemicals, their
abbreviation and function in devices are listed in Table 1.
All the layers in devices were made by evaporation in
high vacuum, the pressure in the vacuum chamber is of
~ 2.5x10™ Pa.

Table 1. Conjugate polymers used gor OLEDs
preparation

Name Abbreviation Function

N, N-Bis(naphthalen-1-yl)-. | NPB HTL
N,N-bis(phenyl) benzidine

2-methyl-9,10- MADN EML
bis(naphthalene-2-

yDanthracene

Tris (8-hydroxyquinolinato) | Alg3 ETL or EML
aluminum (111)

Bis(10-hydroxybenzo[h] Bebqg2 ETL

quinolinato)-beryllium

The ITO-coated glass pieces with 25x25 mm? in size
were used as substrates, further as the transparent
anode. The ITO coating was etched leaving a working
area of 9 mm?, on each ITO piece there are four square
cells. For the large-area OLED, the working area consists
of 240 mm? for one ITO piece. The substrates were
ultrasonically cleaned following three steps: 15 min in
acetone, 10 min in ethanol and 5 min in distilled water.
Finally, the substrates were dried by nitrogen gaseous
flow and kept in a argon glove-box until further use.

The organic layers NPB as HTL, MADN as EML and
Alg3 as ETL were obtained by deposition through shadow
mask in the high-vacuum chamber. Further, a shallow
contact (ultrathin LiF layer) with aluminum cathode (Al)
followed by 100 nm thick layer served as the cathode
were successively evaporated. The working area of OLED
pixels defined by the overlap of anode and cathode
layouts is 3%3 mm? (or 15%16 mm? for the larger-area
OLEDS). Finally, the fabricated samples were
hermetically encapsulated using glass with getter before
taking out of the glove-box for measurements.

The thickness of the films was automatically
controlled by using a quart crystal microbalance (QCM)
during evaporation. For comparison, the different
devices were made, as follows (the number in brackets
shows the thickness of the films in nanometer):

ITO/NPB(50)/Alg3(40)/LiF(0.5)/Al

ITO/NPB(50)/Alg3(40)/Bebq2(20)/LiF(0.5)/Al
ITO/NPB(50)/Bebg2(40)/Alq3(20)/LiF(0.5)/Al
ITO/NPB(50)/MADN(50)/Alq3(20)/LiF(0.5)/Al
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Comparing with Alg3 (Cz7H1sAIN3O3), MADN (CzsHz4)
has a less complicated molecular structure. However,
MADN is a prospective polymer that can be used for the
EML in OLEDs, because MADN is stable at temperatures
higher 330 °C and the sublimation efficiency is larger
99%. Moreover, the bandgap of MADN is larger than that
of Alg3.

RESULTS AND DISCUSSION

Comparing with A|q3 (C27H18A|N303), MADN (C35H24)
has a less complicated molecular structure. However,
MADN is a prospective polymer that can be used for the
EML in OLEDs, because MADN is stable at temperatures
higher 330 °C and the sublimation efficiency is larger
99%. Moreover, the bandgap of MADN is larger than that
of Alg3.

Fig. 1 presented EL curves of two other devices, the
first is the OLED with using Alg3 served simultaneously
as EML and ETL, while the second one is the OLED with
using Alg3 and Bebg2 served as EML and ETL,

respectively.
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Fig 1. EL spectra of different laminar OLEDs:
ITO/NPB/AIG3/LIF/Al (1) ITO/NPB/Alg3/Bedq2/LiF/Al (2),
ITO/NPB/MADN/LIF/AI (3), ITO/NPB/MADN/AIg3LIiF/Al
(4).

The luminous efficiency vs. luminance of the devices
is plotted in Fig. 2. From this figure one can see that at
the same value of the luminance, the MADN-OLED with
ETL (Alg3) exhibits much larger luminance efficiency.
The effect of both the HTL and ETL on the enhancement
of electroluminescence efficiency or (luminance
efficiency) was well demonstrated, associated with the
equalization process of injection rates of holes and
electrons. Indeed, The electroluminescence efficiency
can be determined by using an expression obtained by
Tsutsui and Saito:

Ny =V X1, %@, @
where y is a double charge injection factor which is
dependent on the processes of carrier injection and is
maximal (y = 1) if a balanced charge injection into the
emission layer of the device is achieved, i.e. the number
of injected negative charges (electrons) equals the
number of injected positive charges (holes); 7- quantifies
the efficiency of the formation of a singlet exciton from a
positive and a negative polaron, and ¢ is the
photoluminescence quantum efficiency.
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Figure 2. The luminous efficiency vs. luminance
of MADN device without ETL (bottom curve) and
with the ETL (top curve).

The deep-blue OLED with MADN as the EML was used for
a flat excitation source excitation in so called “Opto-Bio-
Medical Micro-analysis System” (OBMAS),as shown in
Fig. 3.

The abrupt increase in efficiency occurred at the
value of luminance about 110 cd/m?. This relates to the
most effective current range corresponding polarized
potentials that was applied onto the transparent anode
(ITO), where the current density in the I-V characteristic
raised with an abrupt value. For testing the working
principle of the OBMAS, the colloidal CdSe quantum dots
(CdSse-QDs) with 18 - 20 nm in size were used, this
material emits luminance with a peak at ~ 655 nm.
CdSe-QDs were attached with the DNA of some bacteria,
for instance, listeria monocytogenes bacteria (LMB). The
deep-blue light emitted from the OLED light was
polarized by the first polarizer to distinguish excitation
light and signal light (Fig. 3). The last emitted from the
sample cell containing colloidal CdSe-QDs attached with
the LMB. The signal light or luminous emission was
recorded by using a webcam with the resolution of 1.3
Mpx. The results on observing the presence of the LMB
are shown in Fig. 4.

PC

Fig. 3. Schema of an opto-biomedical analysis system
based two cross-polarizers and a photodigital camera
or a sensitive webcam.
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Without using polarizer 1, the image of the light
emitted from the deep-blue OLED is strongly bright (Fig.
4a) and with using polarizer 1 and 2, the image became
dark (Fig. 4b). This proves that the light was completely
polarized by polarize 1. When the sample cell was put on
the pathway of the polarized excitation light, we
observed the luminance image with the orange colour
(Fig. 4c). The image reflects the photoluminescence of
the CdSe-QDs under excitation of the deep-blue
polarized light from the OLED. This clearly shows that
using OBMAS one can qualitatively detect the presence
of bacteria.

a. b. C.

Figure 4. Image of the excitation beam without (a), with
polarizer 1 (b) and image of luminous emission of CdSe-
QDs attached with LMB (c).

CONCLUSIONS

Deep-blue OLEDs with 240 mm? in size and an
emission wavelength of 455 nm were fabricated. The
emission spectrum possesses a full width of half
maximum (FWHM) of 100 nm. Using these OLEDs for a
so called “flat film-like shape” excitation source, the
photoluminescence of the CdSe-QDs attached with
listeria monocytogenes bacteria exhibited clear orange
colour light. The image of the luminance was detected
due to taking a photograph by a sensitive webcam. This
suggests a very useful application for the biomedical
analysis by using an optic microscope incorporated with
two cross-polarizers that can work as an opto-biomedical
microanalysis system (OBMAS). With use of the OBMAS
one can qualitatively detect the presence of the bacteria,
once the last are attached to the QDs through specific
antibodies.
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