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Abstract

Electromagnetic wave technology has been widely studied and applied
in various works, e.g. communications industries, medical treatments, food and
chemical applications, etc. Therefore, investigations on electromagnetic wave
technology are of importance particularly in specific applications to agricultural
products of Thailand. This research was conducted with the target to solve the
country’s problem. Hence, a number of researchers from various universities, with
different expertise in a common interest, was invited to conduct collaborative
researches in electromagnetic wave technology. The project aimed to establish basic
knowledge which is a significant foundation in problem solving of the country. As
results, several works were published in high quality international journals.
Furthermore, some research outputs were applicable to the society for sustainable
development of Thai society. This project was divided into three crucial parts suitable

for Thai industry: communication, agricultural and defense Applications.

Several wireless communication systems are commonly used in
Thailand including WiFi, mobile and satellite communications. Recently, 4G mobile
communication and digital television (DTV) broadcasting systems have been also
implemented. Antenna is one of key components which is needed for all wireless
communications and can be produced in Thailand. Therefore, researches on various
antenna types were conducted in this project. Especially, due to DTV systems were
just installed in Thailand, the demand for use of DTV antennas is still huge. The
research on DTV antennas was taken in order to increase efficiency suitable for
Thailand. Several techniques to improve antenna characteristics were employed in this
work, resulting in high performance DTV antennas. Many other antennas were also
developed for wireless communication systems including wideband and multiband
antennas. The frequency selective surface (FSS) and electromagnetic bandgap (EBG)
structures were employed to increase antenna gain and bandwidth. The metasurface-
based technology was also studied and used to increase the performances of planar
antennas including higher gain, larger bandwidth and more stable radiation
characteristics. All designed antennas could be used for current and future wireless

communications in Thailand.

In second part, agricultural applications using electromagnetic were
studied. With the location in the center of the continental part of ASEAN, Thailand is

an important hub for main regional products including rice, palm oil (Thailand is the
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3rd world largest raw palm oil manufacturer), natural rubber and other agricultural
products. One of the biggest challenges of such products is the value-addition which
comprises many aspects such as quality control, preservation as well as processing
them as raw materials to be the end products. In addition, the range of agricultural
industries has been constantly broadened to many sectors. In general, there are two
categories of the agricultural industry namely “food” and “non-food”. ASEAN food
industry as a traditional sector will face several challenges including fulfilment of the
standards for exported food products, traceability, pest control and price fluctuation.
In case of non-food sector, the agricultural industry of ASEAN countries provides natural
raw materials for numerous downstream industries such as automotive, chemical,
pharmacy, cosmetic and other industries. In addition, the increasing demand for
alternative and renewable energy in order to decrease fossil energy dependency has
significantly increased the demand of various agricultural products or their derivations
such as palm oil and alcohols which are important feedstocks of biofuels. From the
reasons described above, it is obvious that agricultural industry is a major industry of
ASEAN countries while the manufacturing technology will need to be more optimized.
In this regard, microwave and radio frequency technology based on electromagnetic
field and wave theory can provide important contribution for the agricultural industry.
Therefore, this work proposed three research topics including microwave heating,
testing for dielectric properties of agricultural products and electromagnetic wave
absorber using natural rubber. The effective 915 MHz microwave applicator and system
for heating in biodiesel production was successfully designed. The proposed applicator
can accelerate the biodiesel reaction very well. Also, the high efficient power amplifier
as a subsystem for material characterization was developed. The microwave sensor
system for identifying the pure and impure of palmyrah palm juice was then
constructed. The sensor shows the difference of transmission signal magnitude with
the different kinds of juice and total soluble solid (TSS), resulting in distinction of pure
and impure palm juice. The sensor prototype is now employed for trial to identify the
palmyrah palm juice in some areas of Phetchaburi province. The final sub-project is a
development of electromagnetic wave absorber made by natural rubber for
communication industries. The chemical formula for forming rubber foam from the
natural latex was found. Then the pyramidal shape absorber was implemented. It was
found that the size of developed absorber was significantly smaller than the
commercial absorber and the reflectivity was comparable to commercial absorber for

all frequency ranges up to 18 GHz.
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For the last research part, we utilized electromagnetic wave technology
for the defense applications. It is known simply as unrest in southern Thailand including
Yala, Pattani and Narathiwat provinces. Nearly 6,000 people have died and about
10,000 have been injured since 2004 in an ethnic separatist insurgency. Therefore, we
investigated the devices to protect the fatal incidents by using electromagnetic
technology. The ground penetrating radar (GPR) used to detect buried objects under
road section was constructed. Also, the efficient target classification of buried objects
was developed. The developed GPR system could be employed to accurately detect
the objects under the ground with less processing time and low cost compared to the

existing techniques.

The project was very successful in term of techniques using
electromagnetic wave technology to develop devices, prototype and systems that can
be employed for communication, agriculture and defense applications. In addition,
many high quality papers related to the electromagnetic wave technology were
published in international journals and two patents were also submitted. Also, this
project creates potential human resources with a number of trained master and
doctoral graduates in this area to support Thailand industry. Several special lectures
and workshops were organized during the project period for not only the research
members but also engineers in industry. As a result, the forum and research network
in electromagnetic technology was formed. This may result in some collaborative

researches between university and industry in the near future.
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