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ABSTRACT

In this research, an ultrasonic technique is proposed to predict oil content in a
fresh palm fruit. This is accomplished by measuring the attenuation based on ultrasonic
transmission mode. Several palm fruit samples with known oil content by Soxhlet extraction
(ISO9001:2008) were tested with our ultrasonic measurement. Amplitude attenuation data results
for all palm samples were collected. The Feedforward Neural Networks (FNNs), polynomial
regression and linear regression are applied to predict the oil content for the samples. The FNNs
have the best performance over all methods. The mean of percentage error, Root Mean Square
Error (RMSE) and Mean Absolute Error (MAE) of the FNN model for predicting oil content
percentage in range 20-60 % are 4.7654, 3.1938 and 2.1004 with the correlation coefficient (R) of

0.9461.
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2.3. szuunIavIlsza1nife (Artificial Neural Network, ANN)
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UNN 3
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3.1. MIDNUVUMINAAB
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weka.dassifiers. functions. MultilayerFerceptron
About

A Classifierthat uses backpropagation to classify instances.
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y = 0.924x — 2.908 (4.6)
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Abstract

A nondestructive testing technique based on
ultrasonic device is first applied to oil palm fruit to
measure oil content. This oil content in oil palm fruit
can be determined by measuring the attenuation in
the transmitting ultrasonic signal. To validate the
technique  concept, several experiments are
performed and difference o0il content fruit are
measured and analyzed. Correlation analyses among
ultrasonic parameters and oil content are performed.
A multiple nonlinear regression model describing the
relationship between o0il content and ultrasonic
parameter is used. The calibration equation for oil
content measurement of oil palm fruit are developed
and validated.

Key Words: Non-destructive, ultrasonic testing,
oil content, oil palm, quality determination.

1. Introduction

Oil palm plant is classified as a perennial
plant which can yield oil per unit area than any type
of oil plant. Oil palm plant is very widely planted in
southern and central parts of Thailand. Furthermore,
the oil palm fruit is an industrial fruit that Thailand
has exported to other countries approximately 8
million tons, creating such a large economy scale of
more than 500 million USD (1 USD = 30.3982 THB)
[1]. In the present, the maturity indicator in fresh
palm fruit is increasing oil content that can sense by
trained person, but currently requires destructive
method. Consumer demand for high-quality product
needs a reliable, rapid and nondestructive
measurement for quality determination. It is
necessary to develop suitable method for harvesting
asin [2].

There are many methods to determine their
fruit qualities, both in destructive and non-
destructive. Reference [3] proposed NMR (Nuclear
Magnetic Resonance) and Soxhlet extraction for

measuring the oil content of palm mesocarp.
However, this method is destructive.

Reference [4] proposed a laser air-puff
firmness detector that was used to nondestructively
measure the firmness of peaches and found that the
system performed very well in determining peach
firmness, finding very high correlation with the
results of puncture testing. However, this method
cannot be applied for oil content determination.
Reference [5] and [6] proposed the film x-ray and
MRI (Magnetic Resonance Imaging) analysis,
respectively. However, both methods need an expert.

Reference [7] surveyed the literature and
found that, in the context of food, about 20ulesiGua of
non-destructive or non-invasive techniques used
acoustic methods. Ultrasound is obviously among the
acoustic methods. Reference [8] proposed review
paper about ultrasonic technology for determining
properties of fresh fruit and vegetable. Reference [8]
included some examples of related research in their
survey,  quality-related  physiochemical  and
mechanical properties that correlated with ultrasonic
parameters. Furthermore, Reference [9] proposed
ultrasonic for determination of ultrasonic softening
process. The interesting result is good relation
between oil content and attenuation coefficient of
ultrasonic.

Previous studies with avocado fruit
suggested that there is a good correlation between the
attenuation of the ultrasonic signal and the
physiological (oil content) properties of the fruit
tissue as in [9]. The objectives of this paper is to
develop a method and a mathematical model for
analyzing ultrasonic signals, to determine oil content
in palm mesocarp based on the ultrasonic
measurements.

This paper is organized as follows. The
model  formulation, experimental setup of
nondestructive test, fruit selection and destructive
test are considered in section II. The results and
discussion are given in section III. Finally,
conclusions are drawn in section I'V.
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Figure 1. Ultrasonic system

2. Materials and Methods
2.1 Model Formulation

From an attempt to include the true wave
attenuation of a material in the classical model of
angular pressure distribution, we let (1), [10].

_ pom2D%f2A0J1(Bsin(0)) _gr
P(r,a,0) = DL AN e

Here, P(r,a,0) is the far field acoustic pressure
within the material, , 8 and « are the distance, angle
and true material sound attenuation at polar
coordinate. p, and A, are the material density and
the displacement amplitude of the crystal,
respectively. J; (B sin(0)) is a Bessel function. f is
the directivity parameter of the material.

p=n)=n @

D is a diameter of the crystal. A, f and c are the
sound wavelength, frequency of the crystal and the
sound wave velocity in the material, respectively.

The directivity expression of the suggested model
(1) is used for experimental design and result
analysis.

2.2 Experimental Setup

The pair of 40 kHz (frequency of the
crystal, f) transducers were selected for signal
generating into the system, for data acquisition of
ultrasonic attenuation and phase shift. The angle
between the probes (6) has been fixed at 120 degrees
between the axes of probes. Ultrasonic attenuation
was measured at 15 mm distance between the
probes (). The distance between the probes was
measured with a

caliper. In the through-transmission mode, one is
acting as a transmitter and the other as a
receiver. Ultrasonic signal was emitted at oil palm
fruit tissue and was measured from its (Figure 1.) 3
times. Ultrasonic signal that through the fruit tissue
was captured and collected by Tektronix TDS210
digital storage oscilloscope as machine data files. By
using Tektronix translation software (furnished by
Tektronix Corporation), the data were converted into
ASCII output and then transferred to an external
microcomputer for analysis. A signal that received
was analyzed on Matlab software (2010). The
coefficient of attenuation was calculated from the
expression equation (3) of [11].

|FFTp(40k)|
4 ‘9910 |FFTp(40Kk)| 3

Here |FFTPO(40k)| and |FFTp(40k)| are the
magnitude of fast Fourier transform (for noise
removing) at 40 kHz of the input and output signal,
respectively. The d is distance between probes and o
is the ultrasonic attenuation. The phase shift was
calculated from (4) and (5).

phase shift = % [angle(FFTy(40k)) —
angle(FFTp,(40k)] 4)

= tan—1 (EFT ()
angle(FFT,(f)) = tan (Re(FFTx(f)))
&)

Where phase shift is the phase delay of output
when compared with input signal.
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Figure 2. (a) Oil palm banch (b) Oil palm fruit

2.3 Fruit Description and Selection

The oil palm fruit is a drupe that forms in a
tight bunch see as figure 2(a). The pericarp composes
of 3 layers (Figure 2(b)): the exocarp is a skin,
mesocarp is a tissue that contains palm oil and
endocarp is a hard shell that encloses the kernel. The
kernel contains oil and stores carbohydrate for the
embryo [12].

The 18 tenera oil palm fruits (Elaeis
guineensis Jacq) were taken from an oil palm garden
during the rainy season 2010. All oil palm samples
were inspected to ensure that fruit were uniform. The
minimum and maximum weights, average weights
and standard deviation of the oil palm samples were
8.98, 20.57, 14.54 and 3.16 g, respectively as shown
in Table 1. The fruits were stored in an air-
conditioned laboratory at 20°C, for ultrasonic and oil
content tests.

2.4 Destructive Test: Oil Content

Destructive tests were conducted after the
ultrasonic tests, to determine some of the quality-
related parameters of the fruit. These included
physiological properties (oil content). The relevant
test procedures are presented below. All the oil palm
fruits were subjected to both  ultrasonic
nondestructive test and destructive tests.
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il palmtissae was miced with dichlbromethare
¥

Shake the samplewath horimadal shaker 42 honrs

¥

Eartract water with a0,
¥
| Solvent evaporation with wtary evaporator at 40 “e

¥
Bake sanplewath oven o 20 e, cool o with desiccators and
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Figure 3. Procedure of oil content measurement

The oil content of the oil palm fruit was
determined by solvent extraction. Oil palm tissue
was ground with dichloromethane to determine the
oil content. The procedure of oil content
measurement can be seen from figure 3. The oil
content was calculated from (6). The test results were
confirmed by Scientific Equipment Center
(ISO9001:2008) that located at Prince of Songkla
University (Thailand).

0il content weight (g)

x 100
(6)

wesidud0il content =

Oil palm tissue weight (g)

3. Result and Discussion

Results obtained from ultrasonic
nondestructive testing and destructive tests in
previous studies in an air-conditioned laboratory at
20°C, involving oil palm fruits after harvest ranged
between 1.99 and 3.09 dB/mm for attenuation, 0.12
and 0.83 degree for phase shift. The oil content of oil
palm fruits harvest ranges from the minimum of
20.19ules515us up to 87.72ulesigud. The mean standard
deviation, and the minimum and maximum values
obtained in the ultrasonic nondestructive test and
destructive tests, which were measured in the oil
palm received from the garden, are shown in Table 1.

Table 1. Properties of oil palm fruits.

No.
Properties of Mean | STD | Max | Min
fruit
Attenuation
coef., a 18 2.46 0.35 3.09 1.99
(dB/mm)
Phase shift | 1o | 533 | 920 [ 083 |0.12
(degree)
Oil content
(wosidud 18 51.21 | 21.51 | 87.72 | 20.19
w/W)
Weight (g) 18 14.54 | 3.16 | 20.57 | 8.98
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When the results measured of the present
study are compared with those obtained in the
previous studies, attenuation and oil content values
are found. The measured attenuation corresponds to
the oil content of the fruit. Figure 4 relates to the
attenuation and oil content measurements: the
measured attenuation was found to be greater at low
than at high oil content. As can be seen from the
graph, a second order polynomial expression was
selected for describing the relation between
ultrasonic attenuation and oil content as (7). The
correlation coefficient between ultrasonic attenuation
and oil content were 0.6952. Where x parameter is
the ultrasonic attenuation of the received signal. It
may be possible to estimate the oil content of oil
palm fruit by measurement of ultrasonic attenuation.

y = —52.07x? + 313.6x — 399
(N

The change in ultrasonic phase shift of the
received ultrasonic signals according to the oil
content of oil palm fruit are shown in Figure 5. The
ultrasonic phase shift of oil palm fruit increased with
oil content and decreased slightly at high oil content.
A second order polynomial expression was selected
to describing the relation between phase shift and oil
content as (8). The correlation coefficient between
phase shift and oil content were 0.6846. However,
the phase shift value on x-axis was too small; it
cannot be used for prediction the oil content of the
oil palm fruit.

y = —209.1x?% + 253.8x — 0.308
®)

4. Conclusions

The objectives of the present study were to
devise a method and a mathematical model for
analyzing ultrasonic signals, to determine oil content
in palm mesocarp based on the ultrasonic
measurements. The acoustic nondestructive test
results were compared with those of destructive test.

The measured phase shift was found to be
related to the oil content of the oil palm fruit.
However, with narrow degree value range on the x-
axis of Figure 5, the ultrasonic phase shift is not used
for estimate the oil content of the oil palm fruit.

The oil content determination by using
ultrasonic testing technique was successfully, as can
be seen from the relation result between ultrasonic
attenuation and oil content (Figure 4), the attenuation
increase with advancing oil content. The correlation
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coefficient between ultrasonic attenuation and oil
content were 0.6952. From this result, it was shown
that by wusing the nondestructive ultrasonic
transmission system to measure the ultrasonic
attenuation of the oil palm fruit, it might be possible
to assess its oil content. The technique for oil content
measurement based on ultrasonic attenuation may
provide a promising method for the development of
practical instrument in measuring the oil content of
the oil palm fruit.
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Prediction Oil Content in Fresh Palm Fruit based Ultrasonic Technique

Sutthawee Suwannarat’, Thanate Khaorapapong
and Mitchai Chongcheawchamnan

ABSTRACT

In this paper, an ultrasonic technique is proposed to predict oil content in a fresh palm
fruit. This is accomplished by measuring the attenuation based on ultrasonic transmission
mode. Several palm fruit samples with known oil content by Soxhlet extraction
(ISO9001:2008) were tested with our ultrasonic measurement. Amplitude attenuation data
results for all palm samples were collected. The Feedforward Neural Networks (FNNs)
are applied to predict the oil content for the samples. The Root Mean Square Error
(RMSE) and Mean Absolute Error (MAE) of the FNN model for predicting oil content
percentage are 5.8672 and 3.4731 with the correlation coefficient (R) of 0.8891.

Keywords: ultrasonic testing, oil content, palm fruit, polynomial regression, neural
network

INTRODUCTION

Oil palm plant is classified as a perennial plant which can yield oil per unit area
than any type of oil plants (Sambantamurthi ef al., 2000). Oil palm plant is very widely
planted around the world, these are some parts of ASEAN, Africa, Australia and South
America. There is a huge demand for palm oil globally which is witnessed from the
statistic data relating to the oil palm consumption. In 2010, the world total of palm oil
production was approximately 45 million tons, creating such a large economy scale of
more than 3.8 billion USD (Office of Agricultural Economics, 2010). In addition, with
the global crisis of fuel nowadays and the ever increasing need for alternative energy, it is
believed that this increase trend of the palm oil demand will be prolonged. Many
countries promote in palm plant production by launching several policies to facilitate and
create many activities to stakeholders. One of the main policies is to promote a fair fresh
palm fruit trading system.

The price value of a palm fruit currently is determined by oil content in the fruit.
Numerous reports claim that oil content of a palm fruit relates to fruit ripeness and the
fruit species. The Tenera specie has been the most chosen one for planting since it is more
productive that other species. Several researchers reported that the ripeness condition of a
Tenera palm fruit is related to the fruit color. Since there is no available reliable and rapid
measurement method for oil content determination, trading fresh palm fruit in the current
market is not based on the actual product quality. Hence to create a fair trading market, it
is necessary to develop a rapid, reliable as well as accurate oil content determination
system.

Intelligent Systems Laboratory, Department of Computer Engineering,
Prince of Songkla University, Songkhla, 90110, Thailand.
* Corresponding author, e-mail: ssutthawee @ gmail.com
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The conventional method to determine the oil content is a Soxhlet extraction. This
method is a long established, well known and widely accepted for analyzing oil content of
a fresh palm fruit. The method process begins by extracting mesocarp from fresh palm
fruit and grounding with solvent. The whole process from preparation to extraction takes
at least 48 hours per sample. This method is not yet suitable for oil content determination
in the trading market because it is slow and destructive.

Generally there are various methods be classified in nondestructive technique. It
was reported in (Butz et al., 2005) that ultrasonic is one of the mostly used methods for
analyzing fruit and vegetable internal quality. The method can provide high accurate and
rapid measurement. It was claimed that ultrasonic parameters from a sample are
correlated to the quality-related physiochemical and mechanical properties (Mizrach,
2008). Laterally attenuation parameter from ultrasonic measurement on Avocado fruit
samples was reported to be relating to the oil content of the Avocado samples (Mizrach
and Flitsanov, 1999). From this knowledge, we will apply an ultrasonic measurement
based on the transmission mode to determine oil content in a fresh palm fruit. Suwannarat
et al. (2011) proposed the oil content determination of oil palm fruit using ultrasonic. The
ultrasonic attenuation increases with advancing oil content. The second order polynomial
is used for describing the relation between their parameters. Furthermore, this paper
proposes the neural network method that is compared with previous polynomial
regression method and the performances of all method are shown on this paper.

This paper is organized as follows. The experimental setup and the experimental
results are presented in experimental setup and results section. Detail of applying a neural
network and polynomial regression method for determining oil content in palm fruit
samples based on the measured attenuation parameters will be discussed in mathematical
models section. The performance prediction will also be and the paper will be concluded
in conclusions.

EXPERIMENTAL SETUP AND RESULTS

Serial

Oscilloscope

Ultrasonic Transmitter

Ultrasonic Receiver

L. Oil Palm Fruit _

Ultrasonic Pulser

Personal Computer

Figure 1 Ultrasonic system

Experimental setup

Several Ternara oil palm fruits were sampled from several palm bunches collected
from several crop areas around Songkhla province. From the experimental setup shown in
Figure 1, a pair of 40 kHz (f) ultrasonic transducers composed of an ultrasonic transmitter
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and receiver was selected. These transducers are positioned at angle of 120 degree as
shown in Figure 1. The distance between these probes (d) measured with a caliper is 15
mm. A test sample was firmly held with a sample holder. For the ultrasonic transmission
mode, ultrasonic signal is emitted from an ultrasonic pulser through the probe, propagates
through the oil palm sample and, is collected by a receiving probe. The electrical
parameters of this collected ultrasonic signal are changed according to the physical
parameter of the test sample.

To collect the signal from the received probe, a digital storage oscilloscope
(TDS210) sampled, digitized and finally transferred the received waveform to a personal
computer using Tektronix translation software (furnished by Tektronix Corporation). A
waveform in digital format of 2500 samples for each measurement was preprocessed for
noise removal and subsequently analyzed with the developed program running on
computer. The attenuation parameter (o) can be calculated from (1) as shown
(Krautkramer and Krautkramer, 1990), Where Ay and A are the amplitude of the
transmitted and received waveform data, respectively.

A= Ayje % (1)

After the ultrasonic measurement, some physical parameters and oil content of all
test oil palm fruits were brought to measure immediately at Scientific Equipment Center
(ISO9001:2008), Prince of Songkla University. It should be noted that a standard Soxhlet
extraction method was performed for oil content determination.

Physical and electrical results

Ultrasonic measurement was performed on several fresh palm fruits at
temperature controlled laboratory. Thirty-six palm fruit of different ripeness conditions
were our test samples. Table 1 summarizes statistical calculation results of some physical
and electrical parameters of the test samples. Four statistical calculations (mean, standard
deviation, minimum and maximum) are reported. The oil content of samples ranges from
20.19ulef15ud up to 87.72ulesidud. Where the sample weight range from 8.98 g up to 20.57
g.

Figure 2 show the attenuation parameters of the propagated ultrasonic signals
from 36 samples. This parameter of each test sample was computed from the collected
time-domain waveforms. These waveforms were transformed to frequency domain by
Fast Fourier algorithm and the amplitude of each waveform is obtained from the
waveform spectrum. From Figure 2, graphs plot of the ultrasonic signal parameters
defined in (1) against the oil contents obtained from the Soxhlet extraction method.
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Table 1 Properties of fresh palm fruits.

Properties No. of fruit Mean STD  Max Min
Attenuation coef., o (dB/mm) 36 2.47 0.26 3.08 1.99
Oil content (nlefisudw/w) 36 5239  15.18 87.72 20.19
Weight (g) 36 15.00 2.99  20.57 8.98
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Figure 2 The ultrasonic attenuation in fresh palm fruit versus their oil content

The ultrasonic signal is transferred through fresh palm fruit, the output will have
difference amplitude related to their oil content. Figure 2 show the attenuation that
increase with advancing oil content.

MATHEMATICS MODELS

Neural network topology

In this research, Feedforward Neural Network (FNN) with back-propagation
learning rule is proposed to apply for our model. This section describes the most
appropriate network topology that provides the best prediction performance. Here, we
divide 36 test samples to two sets which are the training and testing sets of attenuation
parameters with known oil content percentages. In this paper: 24 (66.67ulo515uq) and 12

(33.33ule515ud) samples are defined for training and the testing sets, respectively. The

same training data set is applied to several network topologies for training network. The
network topology that provides minimum error during the training process is chosen.
Finally the testing set data will apply to validate the selected network topology.
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Attenuation % Oil content

Figure 3 A selected FNN structure with 1 neuron in the input layer, 3 neurons in the
hidden layer and 1 neuron in the output layer.

Table 2 The RMSE, MAE and R statistic of the FNN model.

Number of hidden nodes RMSE MAE R
10.0688 7.7702 0.8049
9.9750 7.9322 0.8112
9.6323 7.7479 0.8241
9.8925 7.9653 0.8145
9.6688 7.8023 0.8233
9.9857 7.9259 0.8118
9.6624 7.7907 0.8238
9.9920 7.9265 0.8120
10.0123 7.9491 0.8111
9.7303 7.9037 0.8221
10.0161 7.9442 0.8115
9.7501 7.9223 0.8219
10.0233 8.3206 0.8214
10.0441 8.2964 0.8212
10.0467 8.3119 0.8214

— e
N DE D= OO0k W=

We choose a single hidden layer for approximating function. During the testing
process, the neuron number in the hidden layer is thoroughly investigated to determine
the appropriate number that provides the minimum error. For our single input network,
the activation functions in the hidden and output layers are the hyperbolic tangent
sigmoid and linear respectively.

In this paper, Root Mean Square Error (RMSE), Mean of Absolute Error (MAE)
and correlation coefficient (R) are used to evaluate the performance of each network
topology. These statistical parameters are listed in Table 2. It is shown that the FNN
topology 3 neurons in the hidden layer offer the lowest RMSE (9.6323), the lowest MAE
(7.7479) and the highest R (0.8241). Hence the network topology with 3 neurons in the
hidden layer shown in Figure 3 is selected in this paper.

Polynomial regression

Suwannarat et al. (2011) proposed the predicting oil content of oil palm fruit and
second order polynomial regression was used for describe relation between ultrasonic
attenuation and their oil content. In this paper second order polynomial regression is used
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for modeling and compared with FNN model. The 24 (66.67uefidud) and 12
(33.33ues1dud) samples are defined for training and the testing sets. The obtained RMSE,

MAE and R results of the proposed polynomial on training data are 9.6591, 7.4105 and
0.8049 respectively. The second order polynomial equation is given by,

y = —43.21x% 4+ 266.1x — 336.5 @)

Neural network and polynomial regression performances

The statistical parameters indicating the prediction performance of the model from
the FNN model and polynomial regression model are summarized in Table 3. As can be
seen from this table, The FNN model has the better performance more than polynomial
regression method. Figure 4 and 5 shows the scatterplot of the predicted oil content from
the FNN and polynomial regression model versus their actual oil content from the Soxhlet
extraction. The square and circle symbolize the data obtained from training set and testing
set. The line equation for the plot of FNN and polynomial regression model are given by
(3) and (4).

y = 0.683x + 15.43 (3)
y = 0.68x + 18.52 4)
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Figure 4 The scatterplots of the FNN model performances with the testing and training
data
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Figure 5 The scatterplots of the polynomial regression model performances with the
testing and training data

Table 3 The RMSE, MAE and R statistic of the FNN model and polynomial regression
model for testing data.

Model

RMSE MAE

R

FNN of testing set

5.8672 3.4731 0.8891

polynomial of testing set 7.3253 5.8565 0.9295

CONCLUSION

The main objective of the paper is to show the feasibility of applying
transmission-mode ultrasonic approach for predicting oil content in fresh palm fruits. To
predict the oil content from the attenuation data, FNN topology with three neurons in the
hidden layer has been proposed to model.

The oil content determination by using ultrasonic testing technique with FNN was
promising. The obtained RMSE, MAE and R results of the proposed FNN on testing data
are 5.8672, 3.4731 and 0.8891 respectively. From this result, it has been shown that by
using the nondestructive ultrasonic operated in transmission mode can predict oil content
in a fresh palm fruit. This leads to conclude that the proposed technique can be highly
possibly used for oil content prediction system for oil-plam trading market.
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