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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
of the requirement for the Degree of Doctor of Philosophy

DEVELOPMENT OF A MICROWAVE INSTRUMENTATION SYSTEM
FOR THE DETERMINATION OF MOISTURE CONTENT IN OIL PALM
FRUITS

By
LEE KIM YEE

February 2008

Chairperson : Zulkifly Abbas, PhD

Faculty : Science

This thesis describes the development of a microwave instrument for moisture
content determination of oil palm fruits. The developed PC-based Six Port
Reflectometer provides a simple, fast and accurate solution to the more expensive
and bulky Vector Network Analyzer for monitoring the ripeness of oil palm fruit at
various stages based on the moisture content measurement. The Microwave Office
software (MWO) was used to design and analyzed the Six Port Reflectometer.
Various coaxial sensors were simulated using FEMLAB to study the reflection
coefficient of the sensor corresponding to the moisture content and ripeness stage of
oil palm fruit. The developed Six Port Reflectometer operating at 2 GHz consists of a
stripline ring junction, three diode detectors and an Analog to Digital converter. Two
types of coaxial sensors were selected for this work: the open ended coaxial and
monopole sensors. A computer software was developed using Agilent Visual

Environment Engineering (VEE) graphical programming for hardware control and
iii



implement all computation work. The performance of the developed Six Port
Reflectometer in reflection coefficient measurement was tested. The empirical
equations which relate the measured reflection coefficient and moisture content were
found. The comparison of a batch of 200 fruit samples was done and it is found that
the empirical equations is in the best agreement with the samples follow by finite
element method (FEM) simulation and capacitance model. The monopole sensor
phase shift measurement was found to be the best for moisture content measurement
of oil palm fruits with 3.5% mean error. In bunch measurement, the apical region has
the highest accuracy of moisture content measurement with 2.7% mean error
followed by equatorial region, 3.0%, and basal region, 5.8%. For whole bunch
moisture content measurement, the mean error was found to be 3.8%. The
uncertainty of the developed Six Port Reflectometer system is calculated to be 5.5%
for reflection coefficient measurement. This study shows that the Six Port
Reflectometer is suitable for moisture content measurement of oil palm fruit and
bunch. It is simple, fast, accurate, and a portable instrumentation system. It is

suitable for early quality check of fruit and bunch ripeness.
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PEMBANGUNAN SISTEM INSTRUMENTASI MICROGELOMBANG
UNTUK PENENTUAN KELENGASAN DALAM BUAH KELAPA SAWIT

Oleh
LEE KIM YEE

Februari 2008

Pengerusi . Zulkifly Abbas, PhD

Fakulti : Sains

Tesis ini memperihalkan tentang pembangunan sistem peralatan mikrogelombang
untuk menentukan kandungan kelegasan dalam buah kelapa sawit. Meter pantulan
Enam Pangkalan mikrogelombang berkomputer yang menyediakan penyelesaian
mudah, cepat dan tepat berbanding Penganalisis Rangkaian Vektor yang mahal dan
besar untuk penentuan kematangan buah kelapa sawit berasaskan pengukuran pekali
pantulan. Perisian Microwave Office (MWO) telah digunakan untuk reka-bentuk dan
analisis meter pantulan Enam Pangkalan. Pelbagai peranti deria sepaksi disimulasi
dengan menggunakan FEMLAB untuk mengkaji pekali pantulan dengan
berpandukan kelegasan dan tahap kematangan buah kelapa sawit. Meter pantulan
Enam Pangkalan yang beroperasi pada 2 GHz yang dibina ini terdiri daripada satu
simpang cincin garislucutan, tiga pengesan diod, satu litar penukaran analog ke
digital. Dua jenis pengesan sepaksi telah dipilih untuk kerja ini iaitu:

pengesansekutub dan sepaksi hujung terbuka. Satu program komputer telah
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dihasilkan dengan mengunakan perisian program bergambar Agilent VEE untuk
mengawal perkakas dan menerapkan semua kerja pengiraan dalam meter pantulan
Enam Pangkalan. Prestasi dari meter pantulan Enam Pangkalan yang dihasilkan telah
diuji. Persamaan empirika yang menghubungkan pekali pantulan yang terukur dan
kelegasan telah diperolehi. Perbandingan telah dilakukan dengan data pengukuran
kumplan 200 biji buah kelapa sawit dan didapati persamaan empirika ini adalah
dalam persetujuan terbaik diikuti dengan simulasi kaedah unsur terhingga (FEM) dan
model kapasitan. Pengukuran anjakan fasa bagi peranti deria sekutub didapati adalah
yang terbaik untuk mengukur kelegasan dalam kelapa sawit dengan purata ralat
3.5%. Dalam pengukuran tandan, bahagian pucuk mempunyai ketepatan tertinggi
dengan 2.7% purata ralat diikuti dengan bahagian pertengahan, 3.0%, dan bahagian
hujung, 5.8%. Bagi pengukuran kelegasan keseluruhan tandan purata ralat adalah
sebanyak 3.8%. Ketidapastian sistem meter pantulan Enam Pangkalan adalah
sebanyak 5.5% dalam pengukuran pekali pantulan. la adalah ringkas, cepat, tepat dan
adalah sistem instrumentasi mudah alih. la sesuai untuk pemeriksaan awal kualiti

kematangan buah dan tandan.
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