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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment
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USE OF TRIPLE FLAT-TYPE AIR COIL INDUCTIVE RESONANCE AS
AN OIL PALM FRUIT MATURITY SENSOR

By

NOR AZIANA BINTI ALITEH

May 2018

Chairman : Norhisam bin Misron, PhD
Faculty : Engineering

Conventionally, a human inspector is used to inspect the ripeness of oil palm fresh
fruit bunch (FFB) which can be inconsistent and inaccurate. There are various new
methods that are proposed to grade the ripeness of the oil palm FFB such as
spectroscopy imaging techniques. This research aims to improve the oil palm
maturity detection inductive resonance method using triple series flat-type air coil.
The first objective of this research is to design triple flat-type air coil for oil palm
fruit maturity sensor. Besides that, the thesis also aimed to investigate the
relationship between oil palm fruitlet sample resonance frequency and fruitlet
capacitance against progressing week and moisture content. In addition, its
effectiveness with single flat-type air coil configuration is compared in terms of
sensitivity and precision in order to select the best triple series flat-type air coil
among two types of coil series tested. The method used for oil palm fruit maturity
detection in this study is inductive sensor concept based on a resonant frequency
technique. From the resonant frequency value, the fruitlet capacitance is identified
by subtracting the self-capacitance of the coil with the sample and without the
sample. There are three types of evaluation used in this study, namely: direct ripe-
unripe, week, and moisture comparison. From these three evaluations, the
differences between ripe and unripe were identified and compared. The sensitivity
performance was assessed using the differences value and the precision was
assessed by using the value of the coefficient of variation cy. Based from the results
obtained, the peaks from inductance-frequency curve shifted closer to the peak
curve of the air as the oil palm fruitlet ripens but the fruitlet capacitance decreased
as the oil palm fruitlet matures due to the reduction of moisture content in the
fruitlet. Depending on the coil configuration, the triple series technique was able to
influence its sensitivity obtained in comparison to the single flat-type coil structure.
The Triple 1, a triple series coil with fixed number of turns N=200 with different
length (3mm, 5mm, 10mm), showed better results than the Triple Il coil with fix
length I=5mm and different number of turns (N=140, 200, 400). Triple 1 and Il also



improved the sensitivity performance of its equivalent single coil by 353% and
63% respectively for 1% peak resonance frequency average differences. In addition,
Triple | also proved to be more precise with small average coefficient of variation
value for all three peaks (c,=0.2284) when compared to Triple Il (c,=0.8401). In
conclusion, the development of this sensor proves the capability of inductive
elements such as coil to be used as a detection element to determine the ripening
stages of the oil palm FFB sample.
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PENGGUNAAN ARUHAN RESONANS TIGA GEGELUNG TERAS
UDARA JENIS RATA SEBAGAI PENDERIA KEMATANGAN BUAH
KELAPA SAWIT
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NOR AZIANA BINTI ALITEH

Mei 2018

Pengerusi : Norhisam bin Misron, PhD
Fakulti : Kejuruteraan

Penggredan kematangan tandan buah kelapa sawit segar (FFB) secara konvensional
menggunakan pemeriksa manusia boleh menyebabkan pemilihan yang tidak
konsisten dan tidak tepat. Terdapat pelbagai kaedah baru yang telah dicadangkan
untuk menggredkan kematangan buah kelapa sawit, misalnya teknik pengimejan
spektroskopi. Penyelidikan ini bertujuan untuk meningkatkan keberkesanan
penderia kematangan buah kelapa sawit menggunakan aruhan resonans tiga
gegelung teras udara jenis rata. Objektif kajian yang pertama adalah untuk
merekabentuk penderia kematangan buah kelapa sawit tiga gegelung teras udara.
Selain itu, tesis ini juga bermatlamat untuk mengkaji hubungan antara frekuensi
resonans dan kemuatan sampel buah kelapa sawit terhadap minggu dan kandungan
kelembapan buah. Tambahan pula, konfigurasi tiga siri dan tunggal gegelung teras
udara jenis rata dibandingkan dari segi kepekaan dan kepersisan untuk memilih
gegelung bersiri terbaik di antara dua jenis gegelung yang diuji. Kaedah yang
digunakan dalam kajian ini untuk pengesanan kematangan buah adalah dengan
menggunakan konsep penderia aruhan berdasarkan teknik frekuensi resonans.
Melalui nilai frekuensi resonans, kemuatan buah dapat dikenalpasti dengan
menolak kemuatan diri gegelung dengan sampel dan tanpa sampel. Terdapat tiga
jenis penilaian digunakan dalam kajian ini, iaitu: perbandingan terus buah masak
dan muda, mingguan dan kelembapan. Melalui ketiga-tiga penilaian ini, perbezaan
antara buah masak dan muda dapat dikenalpasti dan dibandingkan. Prestasi
kepekaan ditaksir menggunakan perbezaan nilai dan kepersisan pula ditaksir
menggunakan pekali kelainan c,. Berdasarkan keputusan yang diperoleh, puncak
aruhan daripada lengkung aruhan-frekuensi beralih menghampiri lengkung puncak
aruhan udara apakala buah kelapa sawit semakin matang, namun demikian
kemuatan buah berkurangan apabila buah kelapa sawit semakin matang yang
disebabkan oleh pengurangan kandungan lembapan dalam buah. Bergantung



kepada konfigurasi gegelung, teknik tiga gegelung bersiri dapat mempengaruhi
hasil kepekaan berbanding struktur gegelung tunggal jenis rata. Triple I ialah tiga
gegelung bersiri dengan jumlah lilitan tetap N=200 dengan panjang yang berbeza
(3mm, 5mm, 10mm) telah menunjukkan keputusan yang baik berbanding gegelung
Triple Il dengan panjang tetap I=5mm dan bilangan lilitan yang berbeza (N=140,
200, 400). Triple I dan Il juga telah meningkatkan prestasi kepekaan gegelung
tunggal dengan perbezaan purata frekuensi resonans puncak pertama masing-
masing meningkat sebanyak 353% dan 63%. Di samping itu, Triple I juga telah
terbukti lebih persis dengan nilai pekali kelainan yang kecil untuk ketiga-tiga
puncak (cy = 0.2284) berbanding Triple Il (cy = 0.8401). Kesimpulannya, hasil
penyelidikan penderia ini membuktikan keupayaan unsur aruhan, seperti gegelung,
untuk digunakan sebagai elemen pengesanan untuk menentukan tahap kematangan
buah kelapa sawit.
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CHAPTER 1

INTRODUCTION

1.1 Background

Year 2017 marks the 100-year anniversary for Malaysia’s oil palm industry after
Henri Fauconnier began to commercialize the oil palm plantation at Tennamaram
Plantation, Selangor in 1917. Malaysia currently accounts for 39% of world palm
oil production and 44% of world exports. Therefore, Malaysia has an important
role as one of the biggest palm oil products producers and exporters in fulfilling the
growing sustainable global needs for oils and fats [1]. Oil palm tree is well-known
as one of the most efficient oilseed crop in the world. One hectare of oil palm
plantation is able to harvest up to ten times more than the other oilseed crop [2].
The Elaeis guineensis is the most common species of oil palm in oil palm
plantation due to its thick mesocarp and thin endocarp, making it suitable for
commercialization [3]. Oil palm fresh fruit bunch (FFB) will undergo crude palm
milling process to extract the palm oil as well as palm oil by-products. The
standard procedure to grade the oil palm procedure is commonly done through
visual inspection by human graders based on the oil palm grading manual
published by Malaysian Palm Oil Board (MPOB). The ripeness of the oil palm
FFB is identified primarily from the colour of the oil palm fruit exocarp as well as
the number of loose fruit or empty socket of the bunch [4]. Furthermore, it is
important to pluck the oil palm FFB at the optimal maturity stages in order to
maximize the rate of extraction. Various methods for oil palm fruit maturity
grading detection method have been introduced and the most popular method is
spectroscopy method with RGB visual imaging techniques and software analysis
[5-10]. Laser-based imaging ripeness detection method [11] have also been
introduced as well as using fluorescent technique [12]. M. Saufi et al. [13]
introduced oil palm fruit grading using Near Infrared (NIR) imaging and D.
Silalahi et al. [14] presented Genetic Algorithm Neural Network (GANN) software
to analyse NIR spectral data. In addition, S. Zolfagharnassab et al. [15] initiated a
comparison using thermal sensor to detect changes in mean temperature as the oil
palm FFB ripens. Moreover, S. Shaarani et al. [16] proposed oil palm fruit ripeness
monitoring development with the use of magnetic resonance imaging (MRI)
together with bulk nuclear magnetic resonance (NMR). Besides that, microwave
moisture sensor was introduced for in-situ measurement of complex permittivity of
moisture content using six and five-port reflectometer [17-19]. This study is a
continuation from N. Hasmiza et al. that introduced a new inductive concept using
circular coil [20], single flat-type air coil with various dimension [21] and dual
resonance frequency effect [22]. This thesis aims to develop triple series flat-type
air coil with triple resonance peak in order to increase the sensor’s sensitivity and
precision as compared to their matching single coil.



1.2 Problem Statement

Grading the oil palm fruit ripeness stages is one of the most frequently stated
problems in the oil palm industry. The dependency on human grader to grade the
maturity of the oil palm fresh fruit bunch has been a traditional way of determining
the ripeness of the fruit [4]. Nevertheless, human graders are prone to errors when
objectifying the ripeness of the fruit by looking at its skin colour and the number of
fruitlets that are loose and have fallen onto the ground. The main challenge faced
by researchers is to differentiate the oil palm FFB ripeness category so that the oil
palm mill can maximize the extraction rate and speed up the grading process. Thus,
this problem opens up another study area by using coil sensor to detect changes by

utilizing the coil’s resonance frequency as was done previously by N. Hasmiza et al.
[20-22].

The previous study looked into the use of flat-type air coil and the coil dimension
that showed the best results was obtained with coil wire 0.12mm and 5mm length
[21]. A further study by the previous researcher found that the dual resonance
capability produced better performance than the single coil by using two coils in
series that produced dual peak resonance, with coil configuration 140-200 showing
the best results [22]. Therefore, this thesis aims to investigate whether the triple
series resonance can show better performance as compared to the single coil.
Previous study also showed improvement for dual series coil with different number
of turns [22], but in this study, the effect of both length and the number of turns in
triple series are tested for their performances. Furthermore, the previous study also
did not study fruit moisture content and self-capacitance evaluation. Hence, this
thesis aims to investigate their relationship further with respect to the ripeness of
the oil palm FFB and finally select the coil configuration that has the best potential
in terms of sensitivity and precision.

1.3 Objectives

The objectives of this research are as follows:

1. Todesign and fabricate triple flat-type coil series configuration for oil palm
fruit maturity sensor

2. To investigate the relationship between oil palm fruitlet sample resonance
frequency and fruitlet capacitance against progressing week and moisture
content.

3. To compare the performance between single and triple flat-type coil and to
identify the best triple series flat-type air coil configuration among two
types of coil series tested.



1.4 Thesis Contributions

The primary contribution of this thesis is the development sensitivity improvement
of the inductive resonance coil sensor to differentiate the maturity stages of the oil
palm FFB. This thesis compares triple flat-type and its respective single flat-type
coil. Two types of triple flat-type air coil structure are designed and fabricated.
Triple 1 has same number of turns N=200 but different length (10-5-3mm) and
Triple Il have same length 1=5mm but different number of turns (400-200-140).
The single flat-type is constructed and tested in order to replicate previous studies’
findings and to compare its performance evaluation used in this study. Previously,
the dual resonance frequency [22] comparison emphasised on different number of
coil, which is replicated by Triple Il configuration. The sensitivity of the inductive
oil palm fruit sensor is observed with the analysis on triple resonant frequencies
from three equivalent single flat-type air coil structure.

The development of this sensor verifies the improved capability of the inductive
element as a detection element for determining the maturity stages of oil palm FFB.
Furthermore, the relationship between the resonance frequency and its respective
air coil self-capacitance with week and moisture content of the fruitlets were
investigated and analysed in order to determine the best coil configuration for
sensor application.

1.5 Scope of Work and Limitation

The triple flat-type air coil sensor are developed based on the best structure
mentioned in the previous study basic structure and principle from single [21] and
dual coil structure [22]. The proposed structure used in this study is fabricated with
two types of coil configuration: single and triple series. The single air coil
configuration is constructed based on the individual triple series in order to
compare their performance. There are two types of triple flat-type series introduced
namely Triple I and Triple Il. Triple I consists of constant number of turns N while
Triple 11 with constant air core length |. Both types require the peak to be within
10MHz due to the limitation of impedance analyser. The oil palm fruitlet samples
species used for this experiment is Elaeis guineensis with commercial Tenera
cultivar. The fruitlet samples are tested weekly and its moisture content is
measured. All the experiments are conducted at room temperature (25°C), where
the permittivity and permeability of air is assumed to be constant in laboratory
condition.

1.6 Thesis Outline

The outline of each chapter is described as follows:



Chapter One provides research overview that includes background, problem
statement, objectives, thesis contribution, scope of work and limitation. The
background introduces briefly regarding the oil palm industry in Malaysia and the
current research related to the oil palm ripeness grading method and technology.
The problem statement in this thesis emphasises on the research motivation and
thesis objectives. The scope of work briefly introduces the type of sensor structure
used and the research limitation.

Chapter Two reviews about general non-destructive techniques for fruit quality
analysis which involves spectroscopy analysis, mechanical characteristic analysis,
and miscellaneous methods used other than the mentioned analyses. The next
section consists of oil palm fruit related topic, such as its botany, chemistry of oil
palm fruit, and the grading guidelines by MPOB. The overview of related research
from various study are reviewed and summarised. Moreover, the last section of the
chapter talks about the air coils inductor behaviour at high frequency and its self-
resonance frequency. Lastly, the sensor characteristics are briefly explained for
accuracy, sensitivity, and precision.

Chapter Three contains methodology description used throughout this research.
Basic concept detection and design process consideration are also explained. The
next section discusses about data collection methods that includes sample selection,
weekly field experiment, and moisture content determination using oven-drying
method. The following section describes the single and triple flat-type air coil
structure that comprises of its basic structure, electrical diagram, and experiment
setup. Then the basic mathematical estimation for inductance and self-capacitance
are briefly introduced. Experiment results analysis section involving peak
resonance frequency, self-capacitance, and fruitlet capacitance along with
comparison parameter analysis are also explained.

Chapter Four comprises of result analysis and discussions. The chapter begins with
weekly oil palm FFB sample timeline, FFB moisture content against week and
sample data selection. The coil characteristics are further examined with the value
of measured inductance at 100Hz and air coil characteristics for both triple and
single coil. The subsequent section consists of result analysis for single and triple
flat-type air coil inductance-frequency graph characteristic, peak resonance
frequency, and fruitlet capacitance. The triple and single coils are compared for
peak resonance frequency and fruitlet capacitance difference to evaluate sensitivity
and coefficient of variation comparison to evaluate precision. Finally, a
benchmarking section is added to compare the previous design and the triple flat-
type air coil performance.

Chapter Five presents the conclusions to sum up the findings obtained through this
study. Additionally, this chapter also contains suggestion and recommendation for
future study in this research.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

REFERENCES

M. S. Awang, “100 Tahun Industri Sawit Malaysia,” Warta Sawit, pp. 4-6,
2017.

“Palm Oil Facts and Figures,” Sime Darby Plantation: Profile and Fact
Sheets, pp. 1-8, 2014.

W. Verheye, “‘Growth and production of oil palm.” Land use, land cover
and soil sciences,” Encyclopedia of Life Support System (EOLSS), vol. 2.
UNESCO-EOLSS Publishers, pp. 1-32, 2010.

M. P. O. B. (MPOB), Oil Palm Fruit Grading Manual, 2nd ed. Kajang,
Selangor: Malaysian Palm QOil Board (MPOB), 2003.

O. M. Ben Saeed et al., “Classification of oil palm fresh fruit bunches based
on their maturity using portable four-band sensor system,” Comput.
Electron. Agric., vol. 82, pp. 55-60, 2012.

Y. A. Tan, K. W. Low, C. K. Lee, and K. S. Low, “Imaging technique for
quantification of oil palm fruit ripeness and oil content,” Eur. J. Lipid Sci.
Technol., vol. 112, no. 8, pp. 838-843, 2010.

M. K. Shabdin, A. R. M. Shariff, M. N. A. Johari, N. K. Saat, and Z. Abbas,
“A study on the oil palm fresh fruit bunch (FFB) ripeness detection by using
Hue, Saturation and Intensity (HSI) approach,” IOP Conf. Ser. Earth
Environ. Sci., vol. 37, p. 12039, 2016.

M. Makky, “Trend in non-destructive quality inspections for oil palm fresh
fruits bunch in Indonesia,” Int. Food Res. J., vol. 23, no. December, pp.
S81-S90, 2016.

M. Makky and P. Soni, “Development of an automatic grading machine for

oil palm fresh fruits bunches (FFBs) based on machine vision,” Comput.
Electron. Agric., vol. 93, pp. 129-139, 2013.

M. Makky and P. Soni, “In situ quality assessment of intact oil palm fresh
fruit bunches using rapid portable non-contact and non-destructive
approach,” J. Food Eng., vol. 120, no. 1, pp. 248-259, 2014.

M. Shiddig, Fitmawati, R. Anjasmara, N. Sari, and Hefniati, “Ripeness
detection simulation of oil palm fruit bunches using laser-based imaging
system,” AIP Conf. Proc., vol. 1801, no. 1, pp. 500031-500037, 2017.

M. H. M. Hazir, A. R. M. Shariff, and M. D. Amiruddin, “Determination of

oil palm fresh fruit bunch ripeness-Based on flavonoids and anthocyanin
content,” Ind. Crops Prod., vol. 36, no. 1, pp. 466-475, 2012.

110



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

M. Saufi, M. Kassim, W. Ishak, W. Ismail, and L. H. Teik, “Oil Palm Fruit
Classifications by using Near Infrared Images,” Res. J. Appl. Sci. Eng.
Technol., vol. 7, no. 11, pp. 2200-2207, 2014.

D. D. Silalahi, C. E. Reano, F. P. Lansigan, R. G. Panopio, and N. C.
Bantayan, “Using Genetic Algorithm Neural Network on Near Infrared
Spectral Data for Ripeness Grading of Oil Palm (Elaeis guineensis Jacq.)
Fresh Fruit,” Inf. Process. Agric., vol. 3, no. 4, pp. 252-261, 2016.

Zolfagharnassab S., Vong C.N., Mohamed Shariff A.R., J. H. Z. E. Ehsani
R., and A. 1, “Comparison of mean temperature taken between commercial
and prototype thermal sensor in estimating mean temperature of oil palm
fresh fruit bunches,” Int. Food Res. J., vol. 23, no. December, pp. 91-95,
2016.

S. M. Shaarani, A. Cardenas-Blanco, M. H. G. Amin, N. G. Soon, and L. D.
Hall, “Monitoring development and ripeness of oil palm fruit (Elaeis
guneensis) by MRI and bulk NMR,” Int. J. Agric. Biol., vol. 12, no. 1, pp.
101-105, 2010.

Y. K. Yeow, Z. Abbas, and K. Khalid, “Application of Microwave Moisture
Sensor for Determination of Oil Palm Fruit Ripeness,” Meas. Sci. Rev., vol.
10, no. 1, pp. 7-14, 2010.

K. Y. Lee, Z. Abbas, Y. K. Yeow, M. D. Nur Sharizan, and C. E. Meng, “In
situ measurements of complex permittivity and moisture content in oil palm
fruits,” Eur. Phys. J. Appl. Phys., vol. 49, no. 3, p. 31201, 2010.

L. K. Yee, Z. Abbas, M. A. Jusoh, Y. K. Yeow, and C. E. Meng,
“Determination of moisture content in oil palm fruits using a five-port
reflectometer,” Sensors, vol. 11, no. 4, pp. 4073-4085, 2011.

N. H. Harun et al., “Investigations on a novel inductive concept frequency
technique for the grading of oil palm fresh fruit bunches,” Sensors
(Switzerland), vol. 13, no. 2, pp. 2254-2266, 2013.

N. Misron et al., “Improvement in sensitivity of an inductive oil palm fruit
sensor,” Sensors (Switzerland), vol. 14, no. 2, pp. 2431-2448, 2014.

N. H. Harun, N. Misron, R. Sidek, I. Aris, H. Wakiwaka, and K. Tashiro,
“Dual Resonant Frequencies Effects on an Induction-Based Oil Palm Fruit
Sensor,” Sensors, vol. 14, no. 11, pp. 21923-21940, 2014.

P. Butz, C. Hofmann, and B. Tauscher, “Recent developments in
noninvasive techniques for fresh fruit and vegetable internal quality
analysis,” J. Food Sci., vol. 70, no. 9, pp. R131-R141, 2005.

S. Bureau, “The Use of Non-destructive Methods to Analyse Fruit Quality,”
Fresh Prod., vol. 3, no. Special Issue 1, pp. 23-34, 2009.

111



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

J. D. Myers, “Electromagnetic Spectrum - Introduction,” High Energy
Astrophysics Science Archive Research Center, 2013. [Online]. Available:
http://imagine.gsfc.nasa.gov/science/toolbox/emspectruml.html. [Accessed:
18-Nov-2017].

I. U. Bron, R. V. Ribeiro, M. Azzolini, A. P. Jacomino, and E. C. Machado,
“Chlorophyll fluorescence as a tool to evaluate the ripening of ‘Golden’
papaya fruit,” Postharvest Biol. Technol., vol. 33, no. 2, pp. 163-173, 2004.

B. Loll, J. Kern, W. Saenger, A. Zouni, and J. Biesiadka, “Towards
complete cofactor arrangement in the 3.0 A resolution structure of
photosystem IL,” Nature, vol. 438, p. 1040, Dec. 2005.

N. R. Baker, “Chlorophyll fluorescence: a probe of photosynthesis in vivo.,”
Annu. Rev. Plant Biol., vol. 59, pp. 89-113, 2008.

J. A. Abbott, “Quality measurement of fruits and vegetables,” Postharvest
Biol. Technol., vol. 15, no. 3, pp. 207-225, 1999.

L. Nedbal, J. Soukupova, J. Whitmarsh, and M. Trtilek, “Postharvest
Imaging of Chlorophyll Fluorescence from Lemons Can Be Used to Predict
Fruit Quality,” Photosynthetica, vol. 38, no. 4, pp. 571-579, 2000.

Y. G. M. Kongbonga, “Characterization of Vegetable Oils by Fluorescence
Spectroscopy,” Food Nutr. Sci., vol. 2, no. 7, pp. 692-699, 2011.

W. Chayaprasert and R. Stroshine, “Rapid sensing of internal browning in
whole apples using a low-cost, low-field proton magnetic resonance sensor,”
Postharvest Biol. Technol., vol. 36, no. 3, pp. 291-301, 2005.

B. P. Hills, K. M. Wright, and D. G. Gillies, “A low-field, low-cost Halbach
magnet array for open-access NMR,” J. Magn. Reson., vol. 175, no. 2, pp.
336-339, 2005.

Food And Drug Administration, “Food Irradiation,” USA, 2016.

E. W. Tollner et al., “Nondestructive detection of interior voids, foreign
inclusions and pests,” in Nondestructive technologies for quality evaluation
of fruits and vegetables, 1994, pp. 84-96.

K. S. Lim and M. Barigou, “X-ray micro-computed tomography of cellular
food products,” Food Res. Int., vol. 37, no. 10, pp. 1001-1012, 2004.

C. Yu, S. Fan, Y. Sun, and E. Pickwell-MacPherson, “The potential of
terahertz imaging for cancer diagnosis: A review of investigations to date,”
Quant. Imaging Med. Surg., vol. 2, no. 1, pp. 33-45, Mar. 2012.

G. L. Carr, M. C. Martin, W. R. McKinney, K. Jordan, G. R. Neil, and G. P.

112



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Williams, “High-power terahertz radiation from relativistic electrons,”
Nature, vol. 420, p. 153, Nov. 2002.

A. Dinovitser, D. G. Valchev, and D. Abbott, “Terahertz time-domain
spectroscopy of edible oils,” R. Soc. Open Sci., vol. 4, no. 6, Jun. 2017.

H. Zhan, J. Xi, K. Zhao, R. Bao, and L. Xiao, “A spectral-mathematical
strategy for the identification of edible and swill-cooked dirty oils using
terahertz spectroscopy,” Food Control, vol. 67, pp. 114-118, 2016.

S. E. Prussia and Y. C. Hung, “Improved Laser-puff Food Firmness
Detector,” Acta Hortic., no. 562, pp. 151-155, Nov. 2001.

R. Lu and J. A. Abbott, “A Transient Method for Determining Dynamic
Viscoelastic Properties of Solid Foods,” Trans. ASAE, vol. 39, no. 4, pp.
1461-1467, 1996.

S. Benedetti, C. Pompei, and S. Mannino, “Comparison of an Electronic
Nose with the Sensory Evaluation of Food Products by ‘Triangle Test,””
Electroanalysis, vol. 16, no. 21, pp. 1801-1805, Nov. 2004.

S. O. Nelson, “Frequency and Temperature Dependent Permittivities of
Fresh Fruits and Vegetables from 0.01 to 1.8 GHz,” Trans. ASAE, vol. 46,
no. 2, pp. 567-574, 2003.

M. O. Nyanjage, H. Wainwright, and C. F. H. Bishop, “Effects of hot water
treatments and storage temperatures on the ripening and the use of electrical
impedance as an index for assessing post-harvest changes in mango fruits,”
Ann. Appl. Biol., vol. 139, no. 1, pp. 21-29, Aug. 2001.

H. J. Hellebrand, H. Beuche, and M. Linke, “Determination of Thermal
Emissivity and Surface Temperature Distribution of Horticultural Products,”
Proc. 6th Int. Symp. Fruit, Nut Veg. Prod. Eng., pp. 363-368, 2001.

W. B. Herppich, “Effects of temperature and water relations on carrots and
radish tuber texture,” J. Appl. Bot., vol. 78, no. 1, pp. 7-11, 2004.

M. Ishida and O. Abu Hassan, “Utilization of oil palm frond as cattle feed,”
JARQ, Japan Agric. Res. Q., vol. 31, no. 1, pp. 41-47, 1997.

D. J. Murphy, “Oil palm: Future prospects for yield and quality
improvements,” Lipid Technol., vol. 21, no. 11-12, pp. 257-260, 20009.

T. J. Tranbarger et al., “Regulatory Mechanisms Underlying Oil Palm Fruit
Mesocarp Maturation, Ripening, and Functional Specialization in Lipid and
Carotenoid Metabolism,” Plant Physiol., vol. 156, no. 2, pp. 564-584, 2011.

A. Pohekar, “Understanding Anticlinal and Periclinal Cell Division,” toppr,

2017.  [Online].  Available:  https://www.toppr.com/bytes/anticlinal-
periclinal-cell-division/. [Accessed: 12-Jul-2017].

113



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

M. S. M. Alfatni, A. R. M. Shariff, H. Z. M. Shafri, O. M. Ben Saaed, and
O. M. Eshanta, “Oil palm fruit bunch grading system using red, green and
blue digital number,” Journal of Applied Sciences, vol. 8, no. 8. Asian
Network for Scientific Information, pp. 1444-1452, 2008.

“Measuring Self Resonant Frequency,” 2002. [Online]. Available:
http://www.coilcraft.com/pdfs/doc363_measuringsrf.pdf. [Accessed: 23-
Nov-2017].

“Investigating Inductor Requirements For Power And RF/Microwave
Designs,” Penton Media, pp. 1-4, Mar-2014.

Y. Hoshino, “Tips for COIL users,” SAGAMI ELEC Co Ltd, 2009. [Online].
Available: www.sagami-elec.co.jp/file/tech/coil_doc_100e.pdf. [Accessed:
27-Nov-2017].

K. Kalantar-Zadeh, “Sensors Characteristics,” in Sensors: An Introductory
Course, New York: Springer Science & Business Media, 2013, pp. 11-29.

J. V. Uspensky, Introduction to Mathematical Probability. New York:
McGraw-Hill Book Company, 1937.

A. Massarini and M. K. Kazimierczuk, “Self-capacitance of inductors,”
IEEE Trans. Power Electron., vol. 12, no. 4, pp. 671-676, 1997.

B. Jakoby and M. J. Vellekoop, “Physical sensors for water-in-oil
emulsions,” Sensors Actuators, A Phys., vol. 110, no. 1-3, pp. 28-32, 2004.

H. Nagaoka, “The Inductance Coefficients of Solenoids,” Journal of the
College of Science, Imperial University, vol. 27, no. 6. pp. 1-33, 1909.

K. Tashiro et al, “Experimental Confirmation of Cylindrical
Electromagnetic Sensor Design for Liquid Detection Application,” Sens.
Technol. Curr. Status Futur. Trends 1V, vol. 12, pp. 235-252, 2015.

B. S. Everitt, Cambridge Dictionary of Statistics. Cambridge University
Press, 1998.

114



	Blank Page
	Blank Page
	Blank Page
	Blank Page



