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With the establishment of BU-CROCCS, one of the main fields of interest of the center 

is optics and photonics fundamental and applied research.  This was emphasized by 

making micro-photonics as one of the three main laboratories included in the center. 

Since the establishment of the center, the lab managed to train many graduate and 

undergraduate students in different areas of  research in optics and photonics.    
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Micro-photonics laboratory 

Training in optics 

The center provides practical and theoretical 

training in optics and photonics in different are-

as such as: optical sensors, nanophotonics, fiber 

optics and integrated optical systems. Several 

open courses are now hosted on the website  

http://bucroccs.bu.ac.th/courses. 

The center members provide lectures on the 

fundamentals of optics to graduate and under-

graduate students.  

One of the main three laboratories within the 

center, micro-photonics hosts several optical 

characterization apparatus for testing integrated 

and nano-technology based optical systems.  
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Micro-photonics laboratory 

 

 Photonics technology laborato-

ry (PTL), NECTEC, NSTDA. Thai-

land 

 Center of Excellence in Nano-

technology, Asian Institute of 

technology. Thailand 

 Electrical Engineering , Freder-

ick University, Cyprus  

 School of Mathematics, Com-

puter Science & Engineering , 

City University, London, UK 

 Water Research Center , Sultan 

Qabus University, Oman 

 

The microphotonics laboratory was estab-

lished in 2012 as one of three major labora-

tories at the center of research in optoelec-

tronics, communications and control sys-

tems (BU-CROCCS).  

Facilities 

The lab is equipped with several optical char-

acterization facilities: 

Waveguides and nano-wire test 
bench 

 Nine linear moving stages. 

 Three digital microscopes (coupling in/

alignment/collections). 

 Two CMOS cameras. 

 Spectrometer. 

 Broad band LED sources. 

 Large core multimode fibers with colli-

mating lenses. 

Optical scattering  

 Automated precision rotation stage. 

 Single mode/multimode fiber collima-

tion lenses. 

 Fiber coupled red laser source/broad 

band LED with multimode fiber. 

 PC connected power meter. 

Visible light communication 

 Linear automated precision stage for 

light scanning over fiber coated with 

nanorods. 

 Oscilloscopes/power meter for signal 

analysis. 

The laboratory is designed for optical characterization of micro and 

nano-scale based optical devices. 
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The research in optics at BU-CROCCS covers 

a large spectrum of topics and fields. That 

includes communication, sensing and nano-

technology.  

Nano-photonics 

Optical characterization and utilization of 

nano-structures. These structures are grown 

bottom-up (chemical growth of nanorods) or 

top-down (lithographic techniques for nano-

wire fabrication).  

Scattering of ZnO nano-rods  

Direct measurement of the scattering profile 

of chemically grown Zinc oxide nanorods 

through an in house built nephlometer ( a 

device that measures the optical power ver-

sus the scattering angle). 

Indirect measurement of scattering effect 

through measuring the optical power of the 

light side coupled into optical fibers coated 

with ZnO nanorods. 

 Optical properties of polymer nano-wires  

Characterization of optical properties of high 

aspect ratio nano-wires (widths of 1000 nm 

and 500 nm). That includes power coupling 

and spectrum analysis. This includes precise 

control for optical launching and col-

lection as well as imaging and spec-

trum measurements 

Numerical modeling of inte-

grated systems 

Modal properties of waveguides 

Numerical modeling of integrated 

optical systems and nano-structures. 

This includes  modal properties of 

light guidance inside ridge wave-

guides and nano-wires. The research 

as well investigates the device sensi-

tivity to the changes of the surround-

ing refractive index towards sensors 

applications. 
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 Nano-photonics 

 Numerical modeling  of inte-

grated systems. 

 Optical sensors 

 Visible light communications 

 Imaging and image processing 
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Propagation and scattering from nanorods 

The theoretical work investigates the guid-

ance properties of the nano-rod, scattering 

phase function of a rod and the sensitivity of 

the rod (guidance/scattering) to the changes 

of the surrounding index. 

 Optical sensors 

Surface Plasmon resonance 

Theoretical and experimental Investigation 

of surface plasmon modes in thin film of 

gold coated on nano-wire structure and the 

sensitivity of the Plasmon mode to the 

changes of the surrounding index. 

Scattering from nanorods on fiber 

Growth of ZnO nanorodsd on optical fibers 

allows light to scatter inside and leaks out-

side the fiber. Optimization of the growth 

prameters can yield to highly sensetive opti-

cal fiber based nano-sensor. The change in 

the environment alters the scattering prop-

erties of the rods and hense the amount of 

power couples in and leaks out. These 

changes are callibrated for sensing applica-

tions . 

Visible light communications 

Applications domain 

Optical Wireless Communication (OWC) is 

the airborne transmission of electronic in-

formation via a carrier that can be visible, 

infrared (IR) or ultraviolet (UV) light. Com-

pared to RF carriers, light offers benefits 

such as a prospective larger bandwidth, a 

higher degree of security as light cannot 

penetrate walls, absence of electromagnetic 

interference, and less complex transceiver 

designs. At BU-CROCCS, OWC related re-

search concentrates mainly on two scenari-

os, namely a museum setup (Figure 1) and a 

so-called Light Fidelity (LiFi) setup (Figure 2). 

In the museum setup, information about an 

exhibit is transmitted via an LED lamp that 

illuminates the item. Since LED lamps illumi-

nate visible light, this type of OWC is usually 

referred to as Visible Light Communi-

cation (VLC). The VLC modulated infor-

mation is received by means of a don-

gle that connects to a mobile device, 

which conveys the information to the 

visitor. Information can be audio, text, 

images and video. Researchers at BU-

CROCCs have succeeded in imple-

menting a setup whereby text is re-

ceived on a small LCD display. A 

presentation video of the prototype is 

available on the BU-CROCCS website 

(<URL to be added>). The setup is ra-

ther bulky since thru hole components 

were used to implement the transceiv-

er, and an FPGA development board 

was employed to process and display 

the transmitted text. Present work 

concentrates on expanding the band-

width of the transceivers and to make 

these less compact by employing Sur-

face Mount Devices (SMDs). Diversity 

detection techniques to enhance sen-

sitivity and reduce the impact of multi-

path dispersion are also being investi-

gated. To overcome the large dynamic 

range, Automatic Gain Control (AGC) is 

being integrated as well. 

A LiFi setup is a configuration where 

LED lamps for general illumination 

double as base stations of a so-called 

pico cellular network. The coverage 

area of each base station equates to 

the light beam of its LED lamp. Using 

Power Line Communication (PLC) tech-

niques, the electrical wiring between 

the LED lamps double as communica-

tion backbone. Since LED lamps have a 

high brightness, they are too intrusive 

for the uplinks.  
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Hence, signalling visible LEDs or IR Emitting 

Diodes (IREDs) are employed for up stream-

ing. Note that both visible light and IR can be 

detected by means of a large area silicon (Si) 

photodiode, which is sensitive to near IR and 

the entire visible light range. The transceiv-

ers that are used in the museum setup can 

also be used in the LiFi setup. Ongoing re-

search at BU-CROCCS concentrates on the 

integration of PLC and VLC base stations, in 

particular the investigation of less complex 

modulation schemes than the OFDM that is 

used by most contemporary PLC standards. 

Unipolar OFDM for Indoor Visible Light 

Communications  

Orthogonal frequency division multiplexing 

(OFDM) is being used widely in modern com-

munication systems, including wireline and 

wireless.  When used for low-cost indoor 

optical wireless communications (OWC) with 

a light emitting diode (LED)-based trans-

mitter, an OFDM signal is transmitted via 

light intensity.  Accordingly, a receiver em-

ploys a photodetector to convert the re-

ceived optical power back to the OFDM sig-

nal.  In this so-called intensity modulation 

with direct detection (IM/DD) scheme, the 

transmitted OFDM signal needs to be unipo-

lar, i.e., nonnegative, since signal values A 

and -A lead to the same light intensity. 

Unipolar OFDM has been investigated by 

several researchers.  In the simplest scheme 

called DC-biased optical OFDM (DCO-OFDM), 

a DC value is added to a bipolar signal to 

obtain unipolarity.  In asymmetrically clipped 

optical OFDM (ACO-OFDM), only odd-

numbered OFDM subcarriers are used to 

carry data, enabling negative signal clipping 

without losing information.  In flip-OFDM, 

the positive parts and the negative parts of 

signal values are transmitted separately.  

Both ACO-OFDM and flip-OFDM are shown 

to outperform DCO-OFDM in terms of lower 

bit error rates (BERs) for the same average 

transmit optical power. 

Researchers at BU-CROCCS (Poompat Saen-

gudomlert and Karel Sterckx) worked with 

graduate students (Eric Sauvage and Mo-

hammad Sohail) in implementing DCO-

OFDM and ACO-OFDM transmitters using 

the software defined radio/communication 

approach.  In addition, BU-CROCCS re-

searchers analyzed and compared DCO-

OFDM, ACO-OFDM, and flip-OFDM for in-

door visible light communications (VLC), 

which is a special case of OWC that utilizes 

light in the visible range.  It was shown that 

the relative BER performances of DCO-

OFDM, ACO-OFDM, and flip-OFDM depend 

on the required illumination level.  While 

ACO-OFDM and flip-OFDM outperform DCO

-OFDM at low illumination levels, the oppo-

site is true at high illumination levels.  The 

findings suggest that, to optimize the trans-

mission performance, an indoor VLC system 

may adapt its unipolar OFDM scheme 

according to the illumination level.   

Imaging and image pro-

cessing 

Camera calibration  

Cameras can be affected by chromatic 

aberration, dust and/or defect on the 

optics affecting the quality of the im-

age. To overcome this problem, calibra-

tion using image processing cn. These 

drawbacks can be overcome using im-

age processing as calibration tool. The 

raw image can be modeled as follow: 

[R]=[O]+[U*S] where [R] is the raw im-

age, [O] is the offset, [U] is the useful 

signal. The offset [O] refers to the ac-

quisition by the camera of the intensity 

values of a black. The sensor response 

[S] can be affected by non-uniform illu-

mination. Flat field correction tech-

nique removes this problem by com-

pensating the variation intensity of a 

sensor given a uniform amount of light. 

A flat-field image [F] is obtained by 

averaging multiple white targets. The 

sensor response is obtained using the 

following formula: [S]=([F]-[O])/DR, 

where [F] is the flat-field image, DR is 
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Web controlled telescope 

A remotely operat-

ed telescope is a 

combination of 

optics, robotics 

and Internet of 

things. The main 

aim during the 

initial phase of the 

project was to 

make the system 

low cost such that 

it could be operated by scholars and hobby-

ists for their study from any part of world bu 

using The Internet. To make this possible a 

regular web camera was used to make a 

telescope. Two general purpose web camer-

as are used for making the scopes one for 

telescope that is for longer distance and 

another for making scope for wider field of 

view. This system uses two green lasers for 

calculating distance up to certain limit and 

for helping in targeting of objects. Since tele-

scope shows farther object nearer which 

means that there is magnification so the 

visual angle decrease and in this case it is 

half a degree. Therefore the precise motion 

of telescope in YAW and PITCH axis should 

be less the half a degree for single click .So 

all this is achieved by using combination of 

gears and PWM of DC geared motors that 

are used as actuators. The system is mount-

ed on a rover platform that gives an extra 

degree of freedom along the linear axis of 

motion. To control the telescope remotely 

we are using a combination of HTML and 

JAVA scripts 

in Node.js. 

The embed-

ded system 

uses a com-

bination of 

Arduino 

UNO and 

NODE MCU   

Digital makeup using 3D-like dis-

play 

My project is to 

change lip, eyebrow 

and hair makeup. 

Matlab codes were 

used and the project 

is displayed with Hol-

ogram 3D display. 

Firstly, the images of 

front side view, left-

side view, and right-

side view of face are 

required. And then put these images togeth-

er in GUI control and the desired areas of 

face are selected like eyebrow mask, lip 

mask, and hair mask. We have to save and 

load these masks to apply multiple makeup 

colors. There are 7 different colors for lips, 4 

colors for eyebrows and 8 colors for 

hair. For these values, I chose random 

RGB values from internet. However, I 

changed real eyeshadow values from 

spectrometer 

to RGB values 

be more real-

istic colors. 

Additionally, 

the eyebrows 

could be 

shaped. Final-

ly, I am trying 

to detect the 

desired area 

automatically.  

Pulse Shaping for Software 

Defined Communications Us-

ing FPGAs  

The objective of 

this internship 

project is to 

implement 

pulse shaping 

for Software 

Defined Com-

munication us-

ing Field Pro-

grammable Gate 

Arrays (FPGAs). 

Pulse Amplitude Modulation (PAM) 

adopted for data transmissions, and is 
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is adopted for data transmissions, and is 

implemented on an FPGA through a Hard-

ware Descriptive Language (HDL) called Veri-

log. For pulse shaping, signal values are gen-

erated through MATLAB programming. Con-

sidered pulse shapes include rectangular, 

Gaussian, and square-root raised cosine 

pulses. Future work includes the implemen-

tation of matched filtering at the receiver for 

these pulse shapes. Since the system is re-

configurable through software, changing a 

pulse shape does not require any modifica-

tion of the hardware, which in this project 

includes an FPGA development board (DEO 

model by Altera), and a Digital-to-Analog 

Converter (DAC) developed by BU-CROCCS 

researchers. 

Light Side Coupling of Multiple 

Optical Channels by Spiral 

Patterned Zinc Oxide Coatings on 

Large Core Plastic Optical Fibers 

My research work 

integrates photon-

ics and nanotech-

nology. The aim is 

to couple light into 

a Plastic Optical 

Fiber (POF) from 

every angle of inci-

dence. Towards this 

end, Zinc Oxide 

(ZnO) nanorods are 

grown onto a small 

uncoated area of the POF’s cladding. I con-

centrate on two main objectives. One is the 

optimization of the growth process. To eval-

uate the effectiveness of the ZnO nanorod 

coating, its scattering, guidance and leakage 

properties are measured. The other main 

objective is to investigate the spectral per-

formance and to determine the wavelength

(s) at which nanoroda are most effective 

with regard to the coupling of light into a 

POF.  In order to increase the magnitude of 

light collection, this research work investi-

gates two approaches: use of a large-core 

POF to increase the scattering area; and 

structuring the scattering layer tightly 

bound to the surface of the POF in order to 

harvest light from different ZnO segments . 

Furthermore, spectral analysis is performed 

for the spiral patterned sample to identify 

the wavelength coupling maxima. A broad 

spectrum white light source and two infra-

red laser sources were used (850 and 980 

nm). The spiral pattern on the POF also pro-

vides a possibility to be used as multi-

channel excitation. 

Optical Wireless Transceiver with 

Op Amps   

My project at BU-

CROSS relates to 

Optical Wireless 

Communication us-

ing visible light, 

which is known as 

Visible Light Commu-

nication (VLC). An 

LED Lamp transmits 

the required infor-

mation by varying its 

light intensity. On the receiver side, a photo-

diode converts the light signal into an elec-

tronic signal. During my internship, I sol-

dered, tested and evaluated VLC transceiver 

circuits for which Printed Circuit Boards 

(PCBs) had been designed.   

Angular Diversity Detection for 

Optical Wireless Communication    

I am a master stu-

dent from Germany 

doing an internship 

at BU-CROCCS for six 

months taking part 

in the Erasmus Mun-

dus INTACT program. 

The main goal of my 

project is to investi-

gate and implement 

Angular Diversity 

Detection (ADD) strategies for Optical 

Wireless Communication (OWC).  To 

accomplish this, three photodiodes of 

three ADD receivers will be mounted 

such that they form a triangular pyra-

mid. The most suitable configuration 

needs to be investigated.  Before ADD, 

my work will include an implementa-

tion of an Automatic Gain Control 

(AGC) with the help of a Field Program-

mable gate Array (FPGA) that is pro-

grammed via the Quartus II design suite 

using the Verilog Harware Descriptive 

Language (HDL) as design entry. 

  Optical Wireless Transceiver 

with Op Amps   

During the three 

months of sum-

mer holidays, I 

worked on an 

internship job at 

BU-CROCCS. I 

got quite a bit of 

working experi-

ence from my 

internship. I 

worked on a 

Visible Light Communication (VLC) re-

ceiver circuit with Automatic Gain Con-

trol (AGC). VLC is a form of Optical 

Wireless Communication (OWC). It is 

the wireless transmission of data or 

information using visible light signals. 

The AGC adjusts the receiving signal 

strength. AGC effectively reduces the 

signal strength if the signal is strong 

and raises the signal strength when the 

signal is weak. I also learned about the 

Verilog Hardware Descriptive Language 

(HDL), Quartus II software to program 

the Altera DE0 FPGA development 

board, and DesignSpark software to 

create a PCB design. As an electronic 

engineering student, creating the PCB 

design of the VLC Receiver with AGC by 

using DesignSpark was my favourite 

work. 
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BU-CROCCS in brief 

The center is founded as a unit to 

carry out both fundamental and 

applied research work in diverse 

areas of photonics, optoelectronic 

devices, optoelectronics, and com-

munication and control systems. 

Involving several members of Bang-

kok University and external collabo-

rators, the center utilizes the con-

cept of shared facility and expertise 

within the unit and between affili-

ates.  

BUCROCCS updates 

ISSUE 04 November 2015 

Three BU-CROCCS members : Dr. Poompat Saengudomlert,  Dr 

Pakorn Ubolkosold and Dr Natthaphob Nimpitiwan has started 

a spin off company to develop digital communication training 

kits for vocational schools and undergraduate students levels. 

Spin off founded by three BU-CROCCS  

members 

The center has welcomed several internship students from different academic institutions during the past four month.  A total of 30 stu-

dents from:  IUT-Angoulême (France),  VIT (India), BK-BIET (india), Assam Don Bosco  University (India),  University of Malaya (Malaysia), 

TU Dortmund (Germany) , Frederick University (Cyprus), University of Oradea (Romania) ,  CESI Angouleme (France) , Asian institute of 

technology (Thailand),  Universitat Politècnica De Catalunya (Spain) ,and Mewar University (India) 

Internship students from several institutes 

Dr Charusluk Viphavakit and Dr. Kriangkrai Limthong are two new research members to join 

the center.  

Dr. Viphavakit received her Ph.D.  Degree from the electrical engineering department, Freder-

ick University, Cyprus. Her work focused on integrated optical systems. 

Dr. Limthong  received his Ph.D. degree in the Department of Informatics, Graduate University 

of Advanced Studies (Sokendai), Japan.  His work focuses on network traffic measurement, 

computer security, signal processing techniques and machine learning methods . 

New members joined the center 

BU-CROCCS highlights 
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