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Abstract

This research aims to investigate and develop a microwave sensor for detecting maturity stage
of fruit which is limited to durian. The sensor consists of coupled patch antennas which a
microwave signal is transmitted from one antenna, through a durian fruit, to the other antenna.
We found that the coupled signal is proportional to durian’s maturity stage corresponding to the
day after full-bloom. Starch content in durian pulp increases along the day after full-bloom and
reaches the peak at a certain day, then decreases while sugar content has opposite behavior.
However, starch content is significantly higher than those of the sugar one. Consequently,
dielectric constant of durian pulp decreases and increases in opposite direction to the variation of
the starch content. The received signal strength is proportional to the dielectric constant of starch
in durian pulp. Experimental results at durian orchard in Cha-uad district, Nakornsrithamarat
province during July to August of 2008 and 2009 support the above assumption.

In practical use for warning agriculture to harvest durian in an appropriate time, the sensor
should collect data automatically. Therefore, the researchers developed a low cost sensor. An
integrated circuit was analyzed and designed to have small size and consume low power.
According to time limitation, it will be fabricated after this project. Nevertheless, a wireless
sensor network was implemented at the frequency of 2.4 GHz using the microchip available in the
local market. Field trial was conducted to collect data and compared with the reference data of
percent dry-weight of durian pulp. The reasonably good agreement was found to ensure the
warning at the appropriate time. The lesson learned from the experiment is to improve the sensor
to be robust to the severe environment due to drastically change of temperature and humidity,
particularly heavy rain in such season.

Prior to the implementation of the system, the researchers investigated radio propagation in
durian orchard at the frequency of 2.4 and 5.8 GHz by measuring signal strength and producing
channel model. This model does not exist before the project. The information was used for
designing a stable communication system. A protocol for controlling communication between
sensor nodes and the master node was developed. The data was sent to the computer at the

laboratory and displayed as a graph via the GPRS service.
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Voltage Transmission of normal size (Antenna2)
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3.5.3 3909 IS UI905 Ring VCO
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3.6 MIvONUVULA 190971111V 12905 Ring VCO

3.6.1 29913 Ring VCO ﬁ“h’x’ Differential Delay Cell
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Voltage Swing and Frequency response
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Voltage Swing and Frequency response
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Perlodic Steady State Response
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Binary 2-FSK over Rician Fading Channel
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Binary 2-FSK over Rician Fading Channel
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Binary 2-FSK over Rician Fading Channel
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Binary 2-FSK over Rician Fading Channel
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Wireless sensor network in a durian farm
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