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Collaborative research

The theme of this issue of BU-CROCCS Updates relates to our involvement
in collaborative research, which is an essential component in the operation
of any modern research centre. One way in which we operate is through
people with whom members of the centre had an existing collaboration
When establishing new long lasting links, it is paramount that the partners
get to know and trust one another. In this regard, we have found it
beneficial to start through the co-supervision of internships, which may be
extended as senior projects or thesis work. It is a gentle start in which
strong ties gradually mature.
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Controllable Hologram of Late Ban Chiang Pottery at

Southeast Asian Ceramic Museum
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Three view display on the screen of the
scanned pottery at a specific angle. All
the views rotate when the visitor
interact with the unit.

The project has been conducted by the
School of Engineering,  Bangkok
University and by recording an ancient
artifact and generating as hologram to
display in special exhibition entitled
“Before Thailand: Prehistoric Pottery with
Belief in Agricultural and Farming Village
Society” at the Southeast Asian
Ceramics Museum, Bangkok University
from July 2, 2018 to June 28, 2019. A
prehistoric pottery from Late Ban Chiang
Culture is one of the ceramic selected to
be displayed.

The objective aims to provide a
controllable holographic display system.
The system allows visitors to control the
visual orientation of the ceramic pottery
image over 360 degree.

This system provides a more interactive
experience to view and understand the
surface decoration in more detail which
museums have always limited visitors
interaction on any displayed object.

Why controllable hologram-like
display?

= New Visual Effect

* |Increase visitor experience and

interaction.

= Allow virtual interactive

exploration of art objects.

= Could be developed to become
a digital portable museum.

BU-CROCCS team during the
acquisition of the ancient pottery using
an in-house built system, where the
object has a fixed position and a
micro-controller based stage
performed a 360° scan.

Ms. Pimrapat v DR R
Thanusutiyabhorn ™ & i
Project leader

In collaboration with
Dr. Atthisat Sukham
from BU Southeast
Asian Ceramics
Museum,

Dr. RomualdJolivot
and Dr. Waleed S.
Mohammed from
BU-CROCCS.
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During the January 2018 semester, Dr.
Karel Sterckx, Dr. Poompat
Saengudomlert, Dr. Waleed Mohammed,
and Dr. Romuald Jolivot jointly offered a
project-based course  on optical
engineering. The goal is to stimulate
students' interest on subjects related to
optical engineering through concrete
hands-on experiences. Twelve students
enrolled in the course.

In the first half of the course, students
worked in teams of two on implementing
a basic Visible Light Communication
(VLC) system that transmits a location
number. Such a system can be used to
create smart museum environments.

The assigned tasks included constructing
an Light Emitting Diode (LED) circuit at
the transmitter side and a photo diode
circuit at the receiver side. In addition,
each team implemented a handheld
receiver unit using an Arduino Uno
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BU-CROCCS Researchers Joined Hands in Teaching
a Project-Based Course on Optical Engineering

Student groups during the visible light
communication lab session where they
developed their own transceiver circuits

module connected to the photo diode
circuit. Data bits for location numbers
were transmitted using Pulse Position
Modulation (PPM). Students who
completed the project successfully were
able to demonstrate transmissions of
location numbers from different LED
lamps to the handheld unit at different
locations.
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Developing Web-Based

Interactive Communication
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Labs for Technical Education

Dr. Pakorn Ubolkosold from
BU-CROCCS during a session

to train E.Tech. instructors to
use web-based communication
labs

A BU-CROCCS research team, led by
Dr. Pakorn Ubolkosold, received a 0.95-
million-Baht grant  from National
Research Council of Thailand (NRCT) to
develop web-based interactive
communication labs. The developed
systems will be used for actual teaching
at Eastern Technological College
(E.-TECH) located in the industrial
Eastern Seaboard of Thailand.

The project team includes Dr. Poompat
Saengudomlert, a BU-CROCCS
researcher, and Ms. Jariya Panta, a
doctoral student. The team has been
developing interactive websites that can
illustrate various concepts in
communication systems, such as carrier
signals, frequency spectrum, signal
modulation, data representations in
terms of bits, error control coding, and so
on. The development relies on free
software, with the interactive websites
being platform independent, making it
possible for students to access from any
operating system (Windows, iOS,
Android, etc.) and from any device type
(PC, tablet, smartphone, etc.).

Contents are divided into four parts: (1)
Signals and their properties, (2) Analog
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communication systems, (3) Data bits,
and (4) Digital communication systems.
Each part contains several weekly
activity sessions, for a total of 13 weeks.
Targeted students are those in vocational
colleges whose focuses are related to
data communications. However, the final
output can also be used by university
students in related fields.

This project is the third project funded by
the Government of Thailand for BU-
CROCCS to locally develop laboratory
tools for improving the quality of
technical education in Thailand. While

the first two projects put heavy emphasis
on hardware, this project is the first to
focus entirely on software in the form of
interactive websites.

Brainstorming session between the
team and E.Tech. instructors
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Students Talk

Database management of
security images

Marion Rul
University of Montpelier
(France)

| am an engineering student from France
doing my internship at BU-CROCCS and BU-
MIT for two months. The main goal of my
project is to create and manage a database to
store and manipulate data of security images.
Yolo (You Look Only Once) is a deep learning
system for object detection created by two
researchers of the university of Washington.
The research center BU-MIT proposed a
system using Yolo that can identify a person
carrying a baggage in surveillance video and
track the movement of that person and his/her
baggage to analyze suspicious activity. The
project is to develop a GUI that can display a
statistic graph of the information resulting
from Yolo analysis such as amount of person
and baggage detected, speed of the
movement, etc. The interface allows the
selection of two types of video sources, live
camera and video file and shows a frame
where the video is displayed with bounding
boxes and labels of the detected objects.
Large amount of data need to be saved,
therefore requiring a database to store and
recover them and perform queries on all the
processes data. The target is to provide an
efficient tool to improve security.

Implementation of Text
Message Transmissions
using VLC

Benjamin Vouhé

IUT Angouléme
(France)

During my internship, | had to implement a
message text transmission protocol using
Visible Light Communication. VLC consists in
using the visible light to transmit an
information between two or more devices. To
do my project, | used one Arduino to transmit
some data (character) and another one to
receive and decode the data. The character is
displayed on an LCD screen when the
receiver has decoded the data. The system

p. 5

uses one touchscreen to read and display the
data. This project can be used in a museum
to have more information about a painting.

Y VLC Transmitter on Flyback
LED Driver

Mouhammed Diop
.. IUT Angouléme (France)
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Nowadays, we have developed new means of
communication. For example, we have radio
waves, infrared light, visible light etc. For my
project, | used the visible light as a
transmission medium. The principle of VLC is
to send an information, a message or a data
using the visible light. By visible light, we
mean all the wavelengths that go from 400
nm to 700 nm, from violet to red. The main
goal of my project was to design a VLC
Transmitter on fly-back LED Driver. It is
composed by a DC current source, an AC
current source and of course LEDs. | used a
Fly-back Converter as the DC current source.
This source allows the lighting and the
polarization of LEDS. The AC current source
is composed by a transconductance amplifier
and a current sense transformer. This source
provides the information we want to transmit.
At the end, we want to add the currents
provided by those two sources. This current
flows through LEDS and is converted into
light. In this way, there is a spread of the
information. We also want to modulate that
current between 0 and 350 mA.

Implementation of Optical
Code Division Multiple
Access for VLC
Alexandre Vaxelaire
University of Bourgogne
(France)

Visible Light Communication (VLC) is a recent
mean of communication which is currently
being researched more and morev(Example:
LIFI). However, it has drawbacks such as
sending asynchronous signhals between
several transmitters and a receiver. One of
the ways to counteract this constraint is to use
a Multiple Access (MA) protocol such as
Optical Communication Division Multiple
Access (OCDMA) which makes it is possible
to analyze a data from a precise transmitter
while attenuating the interference signals from
other transmitters.

The project involves implementing the
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OCDMA protocol for VLC. The equipment
initially used comprise of three FPGA cards
(Cyclones ), two Digital-to-Analog
Converter, and an Analog-to-Digital Converter
in order to implement the OCDMA protocol on
FPGA. FPGA programming is done using
Quartus Il software.

For the implementation on VLC, the additional
material used are two LED lamps and a
photodiode. Interferences between transmitter
signals depend of the position of the receiver
relative to the transmitters.

Implementation of CAP
Modulation for VLC

Guénaél Marchal
University of Bourgogne
s (France)

In recent years, communication supports have
been constantly evolving, as has the amount
of information to be transmitted. The project |
am working on, namely the implementation of
a carrierless phase-amplitude modulated
signal transmission, aims at making a FPGA-
based digital transceiver that can be adapted
to communicate with visible light, especially
thanks to LEDs. This modulation has the
advantage of being less energy consuming
and can be used in multichannel transmission
in order to increase the bandwidth, and
therefore the ability of a communication to
exchange more information at the same time.

Plant Acquisition System for
Testing Image of Soil
(PASTIS)

Nicolas Raff
SeaTech,University of Toulon
(France)

The purpose of my project is to develop a low-
cost solution to monitor the growth of plants.
The goal of the system is to inform farmers
about the vital health of their crops. The
embedded system aims to detect diseases at
an early stage and warns farmers to take
actions (use of pesticides, insecticides, move
to quarantine, remove...). The system is
composed of a Raspberry Pi and a PiCamera.
The software is divided into multiple stages.
The first one is to follow the growth thanks to
a time-lapse analysis. The next stage is to
perform an early detection of potential
diseases using an image processing
algorithm based on deep learning. The final
stage informs users and helps them to take
actions by providing suggestions.
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Museum Acquisition Device
(MAD)

Eyaél Phemius
IUT Dijon-Auxerre
(France)

The project aims to develop a platform that
enhances museum visit. It is composed of two
parts, the first one is to create an acquisition
device to capture 360° images of a 2,400
years old ceramic vase.

For the acquisition setup, the object is placed
on a platform on top of a lazy susan bearing
and an extension arm with a motor at its end
allows the rotation around the object. A
camera holder is positioned at the end of the
arm for the recording of the object at every
angle. All the set-up is developed on a
Raspberry-Pi using Python.

The second part of the project provides an
interactive display using 3-view pyramidal
device for holographic-like image. The image
rotation is manually controlled using a
potentiometer circuit. This allows visitor to
interact with the display for a 360°
visualization of the ceramic. This system
offers the possibility to enhance museum
experience visit while keeping the original
object safe. The final result of the project has
been presented at the ASEAN Museum
Forum 2018.

Temperature Monitoring

using Compressed Sensing

Jatin Bhate
Savitribai Phule Pune
University (India)

Compressed sensing is one of the current
trends in signal processing field which allows
acquiring and reconstructing a signal
efficiently with less number of sample as
input. The projects is about monitoring the
temperature using dht22 (temperature sensor)
taking the sample signal after a specific
interval of time and to reconstruct the signal
during the times that the signal is not
measured using compressed sensing.

The Nyquist-Shannon sampling theorem
states that to restore a signal exactly and
uniquely, you need to have sampled with at
least twice its frequency. The signal is
reconstructed using sinc interpolation which
uses fewer sample to reconstruct. After
reconstructing the signal we can compare it
with original signal and can compute the error
factor in computation. Compressed sensing is
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also used in mobile phone camera which
allows a reduction in image acquisition energy
per image, facial recognition applications, MRI
scanning for high quality images.

Development of Water
Quality Monitoring Devices
with SPR Sensors

Manish Prakash
Savitribai Phule Pune
University (India)

Water is vitally important to every aspect of
our lives. Monitoring the quality of surface
water will help protect our waterways from
pollution. Water quality issues influence
human and environmental health, so the more
we monitor our water the better we will be
able to recognize and prevent contamination
problems.

Surface Plasmon Resonance (SPR) is one of
the most commonly used optical transducer in
various sensing applications. The aim of the
SPR sensor is to measure changes in the
refractive index of the substance at the SPR
chip interface with a highly sensitive, low cost
platform. The high sensitivity is needed to
make the sensor valuable for further scientific
research while the low-cost goal lowers the
threshold for researchers, academics and
students alike to use it in the first place.

This device can be deployed in water bodies
and the user will receive the data from it thus
allowing the user to check water quality
remotely.

Home Automation using
ESP32 and Amazon AWS

' Mr. Afroz Chowki
. . Savitribai Phule Pune
University (India)

Home automation is one of the important
applications of Internet of Things, which is
making the use of technology to simplify the
human work and to take pre requisite caution.
This project focuses on the same concept as
it monitors and controls the environmental
conditions inside a room, such as room
temperature, humidity, light intensity inside
the room fallen from sunlight and a special
sensor circuit is provided for water quality
monitoring, for whichever water reservoirs or
containers used in the house. It uses different
loT Sensors such as DHT22 sensor for
temperature and humidity monitoring, LDR
(Light Dependent Resistor) sensor for
calculating light intensity and the SPR
(Surface Plasmon Resonance) sensor
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deployed within water tanks for water quality
monitoring. All these sensors are interfaced
with NodeMCU of ESP Wi-Fi module. This
ESP module comprises of controller that
gathers the sensor data and transmitted to
Amazon AWS cloud services such as Amazon
EC2, S3, AWS IloT, AWS DynamoDB etc.
These cloud services not only stores the data
but can also control the devices using
actuators via a Graphical User Interface (GUI)
like Web application or mobile applications
provided for the user.

The future improvements in the system can
be, when the room temperature rises or falls
down it should change the modes of home
appliances accordingly, similarly for
maintaining a suitable light quantity, it should
turn on/off the lights inside the room as per
the LDR senses the light. The system should
give an alert for making attention about water
guality observed by SPR to take an action.

Visible Light Communication
Transceiver for Smart
Museum Setup

Yoni Praats

Thomas More kempen
(Belgium)

Ben De Breuker
Bachelor Electronics-ICT
Thomas More kempen
(Belgium)

Our project is about VLC (Visible Light
Communications). With VLC we send data
through light and more specifically through
LEDs. The goal of our project is to implement
a smart museum environment where the
visitor can move around with a potable
receiver. On each art piece there will be one
or more LED spots. The idea is that you can
send the location of each art piece to the
portable device via the light of these LED
spots. Accordingly to the location the portable
can recall the information about that specific
art piece. So you can walk around the
museum and get all the information. Another
feature of the portable is the feedback. The
user can give a review from 1-5 where 1 is not
interesting and 5 is very interesting. With this
the museum know which art piece is popular
and which not. With VLC there is no need for
internet, installing an app or scan a QR code.
It is easy to use. The portable receiver just
need the light. Another part of our project was
research on the automatic gain control and
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Dr. Karel Sterckx, from BU-CROCCS,
delivering a tutorial related to Visible Light
Communication and its basic transceiver
design during the 14" International Days of
Thomas More Kempen (TMK,) Belgium in
March 2018.
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the negative capacitance to improve the
setting. The automatic gain control
strengthen or weakens the signal
according to a reference signal. This is
to get the data equally in the range of
the light. The negative capacitance is a

== solution for a problem that is caused by

the internal composition of an LED. An
LED is a diode. A diode has a junction.
This creates inside the LED a junction
resistance and a junction capacitance.
The combination of these two creates a
low pass filter effect which give an
energy loss if you use higher
frequencies. To remove or reduce this
issue, you place a negative capacitance
in parallel with the LED. The value of
this negative capacitance is the inverse
or almost the inverse value of the
junction capacitance.

Collaboration with
French universities

While  BU-CROCCS as a
research center collaborates with
French research laboratories, it
also provides internship
opportunities for students of
French universities to apply their
knowledge on concrete research
projects.

Over the last four years, BU-
CROCCS has welcomed more
than 30 intern students from
France, at both undergraduates
and graduates level. The on-
going collaboration have
welcome students from
University Institute of Technology
of Dijon and Angouléme for
undergraduates and from
Engineering School (equivalent
to Master degree level) from
Montpellier, Toulon and Dijon.
The length of internship varies
from 3 to 9 months.
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