Hue Optical Properties to Model Oil Palm
Fresh Fruit Bunches Maturity Index

Wan Ishak Wan Ismail
Professor,
Department of Biological and Agriculture Engineering,
Faculty of Engineering, Universiti Putra Malaysia,
43400 UPM, Serdang, Selangor, Malaysia.

Mohd. Hudzari Razali
Special Graduate Research Assistant,
Institute of Advanced Technology, Universiti Putra Malaysia,
43400 UPM, Serdang, Selangor, Malaysia.

ABSTRACT

Harvesting of the oil palm fresh fruit bunches (FFB) at correct
stage of ripening is important in maximizing the quality of oil
of the oil palm FFB. A non-destructive and real time simulation
method is necessary to predict the FFB maturity stage while on
the tree. Three colors form the basis for the RGB-colorspace
and it can also be transformed into one common basis for the
color space in HSIL In the HSI coordinate system, a color is
described by its hue (average wavelength), saturation (the
amount of white in the color), and intensity. This color space
makes it easier to directly derive the intensity and color of
perceived light. Furthermore it can be used as an optical
property of digital value. The experiment was conducted to
determine the Hue optical properties of the three categories of
Fresh Fruit Bunches (FFB) namely unripe, underripe and ripe.
Nikon Coolpix 4500 digital camera with tele-converter zooming
and the Keyence vision system were used to capture the FFB
images in actual oil palm plantation. The relationship of the oil
content for mesocarp oil palm fruits with the digital value of
Hue was analysed. The lighting intensity under oil palm canopy
was simultaneously recorded and monitored using Extech Light
Meter Datalogger. Using Analysis of Variance (ANOVA), the
ratio of test statistic of F with F ;. for experiments under
natural environment of oil palm plantation indicated the hue
value was the best color digital component to differentiate the
maturity level (unripe, ripe and overripe) of FFB in real time oil
palm plantation. On the same day, the fruitlets were plucked
from FFB and analysed for its oil mesocarp content using the
Soxhlet Extractor machine. The calculations to determine the
mesocarp oil content was developed based on the ratio of oil to
dry mesocarp. The equation model obtained was Y = -0.0116X>
+ 5.2376X — 514.88 and R? = 0.884. Y is the mesocarp oil
content, X is the Hue value and R? is the Regression Squared
respectively. From this finding, the knowledge based method
can be developed for communication of management strategy
of oil palm plantation by estimation the days harvesting of FFB
with the highest oil content and quality in the fruit.
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1. INTRODUCTION

Agriculture in Malaysia is still one of the biggest enterprise and
the most important sector in Malaysia’s economy. In the last 35
years, Malaysia has emerged as the number one producer of
palm oil. Currently, Malaysia accounts for about 55% of world
palm oil production and about 62% of world exports [1]. As the
largest producer and exporter of palm oil and palm oil products,
in general, Malaysia plays an important role in fulfilling the
growing global need for oils and fats. The Malaysian oil palm
industry continues to contribute significantly to the country’s
economic development and foreign exchange earnings.
However, the Malaysian oil palm industry needs more emphasis
on its research and development to meet the world challenge
and to maintain Malaysia as the top world producer of palm oil.
The major problem faced by the oil palm plantation is shortage
of labor, which will only be solved with the introduction of
appropriate machineries.

Harvesting oil palm fresh fruit bunches (FFB) at the right stage
of ripeness is critical to ensure optimum quality and quantity of
oil production, and thus profitability of the industry. The most
critical process in FFB grading is to categorize the bunches into
ripe, under ripe and unripe. The MPOB manual on FFB grading
defines a ripe bunch when the mesocarp colour is reddish
orange and the bunch has 10 or more empty sockets of detached
fruitlets; an under ripe bunch has yellowish orange with less
than 10 empty sockets; and an unripe bunch has yellow
mesocarp with no empty sockets [2]. A fruit bunch normally
takes perhaps 20 to 22 weeks to ripen and those less than 17
weeks old could be classified as unripe or black bunches[3].
The skin color of the fruit bunch will change from black to
reddish and orange during ripeness process. The change in the
mesocarp colour is due to the accumulation of the carotene
pigments, which also corresponds to the oil content of the
mesocarp when analysed. Kaida and Zulkifly [4], mentioned
that the fruit bunch with 7-11 weeks after anthesis had black
color skin, 15 — 17 weeks had black mixed reddish black, after
18-19 weeks had color of reddish orange, at 20-22 weeks had
color of reddish orange mixed orange and 21 — 24 weeks will
mostly orange of color skin of the fruits.



Kaida and Zulkifly [5] developed the application of microstrip
sensor to determine the moisture content which will indicate or
approximate the oil content of fresh mesocarp oil palm. This
destructive method is not possible to be applied for tall palm
trees age 10 years or above. Using non-destructive technique
such as vision to determine the oil palm ripeness, Wan Ishak et
al., used camera vision to categories six oil palm FFB [6].
Abdullah et al., used computer vision model in order to inspect
and grade the oil palm fresh fruit bunches [7]. S.K Balasundram
et al., used camera vision to investigate the relationship between
oil content in oil palm fruit and its surface color distribution [8].
Idris et al., use colorimeter and found a strong correlation
between mesocarp oil content and color values [9]. Advantages
of using imaging technology for sensing are that it can be
fairly accurate, nondestructive, and yields consistent
results. At the moment there was no research carried out vision
systems test on actual oil palm plantation for maturity
recognition. The advantage of predicting the oil palm fruit
maturity in real time oil palm plantation will help harvesters to
harvest the oil palm FFB at the correct maturity stage.

Advantages of using imaging vision technology for sensing the
maturity stage of agriculture products are that it can be fairly
accurate, nondestructive, and yields consistent results [6]. Wan
Ishak et al., [9] reported that 6 categories of Oil Palm Fruit
Bunches were determined by mean of RGB value and tested
indoor environment condition using machine vision technology.
This project was conducted to determine and differentiate
between the colour properties of oil palm fruit bunch. S.K
Balasundram et al., [8], used camera vision to investigate the
relationship between oil content in oil palm fruit and its surface
color distribution. He found that the surface color of oil palm
fruits correlated significantly with total oil content and ripeness.

2. METHODOLOGY

The experiment started by capturing of images of FFB from
unripe stage until overripe stage. The NIKON coolpix 4500
digital camera was used to digitally capture fruit images. The
camera was set to manual mode and the shutterspeed of the
camera was set to 1/8, while the white balance was set using
standard white calibrator CR-A74. This parameter value was
experimentally suitable for capturing FFB images during day
light [11]. The FFB image was photographed from under the
canopy of 5, 16 and 20 years old oil palm tree in the actual
plantation condition. The position of the camera was fixed
within 3 meters from oil palm tree and this was due to fact that
the area covered by leaves was within 3 to 7.5 meters radius in
length [12]. Figure 1 shows the camera setup during the
experiment to monitor the five years old palm tree. The camera
was placed at the distance with no obstructions view of the
fruits, therefore a clear FFB image. It emulates the visibility of
the worker in manual harvesting on plantation. The data logging
light meter recorded the light intensity during image capturing.
Distances and heights between cameras and fruits and reference
point were fixed for all samples.

Figure 1: The camera setup during experiment process
(Small picture: top-left: Nikon Digital camera, down-right- Keyence Vision System).



Figure 2 shows the images of FFB used in the experiment on
natural environment setting and experiment under direct
sunlight. Picture (A) shows unripe FFB under natural condition,
Picture (B) shows ripe FFB under natural condition, Picture (C)
shows overripe FFB under natural condition, for experiment on
natural environment, Picture (D) shows ripe FFB under direct
sunlight, Picture (E) shows unripe FFB under direct sunlight,
Picture (F) shows overripe FFB under direct sunlight.

Figure 2: FFB images used in the experiment on
natural environment setting and experiment under
direct sunlight

This equipment was used to determine the oil content of fruits.
The process starts with the samples being weighed and dried at
75°C in the oven a day before being packed with filter paper.
The dry nuts and mesocarp were weighed and blend to get
particle before pack into filter papers; (brand of Whatman Cat
No 1001 150) and the oil was extracted in soxhlet machine
using chemical solvent namely hexane. The remnant fibre and
thimble were dried under 75°C for 3 days to remove the
remaining hexane. The samples were weighed. All the weight
of measurements was recorded in the form for mesocarp oil
content calculation [13]. In this study, three samples of fruits
from different stage of maturity were harvested from 5, 16 and
20 years palm tree.



Software Analysis Development

The visual basic programming language version 6 is the
platform to develop the software analysis to be used in this
project. It contains an excel worksheet programming software
and populate it with sample scientific data. Next it will draw a
chart and modify the charts location and dimensions [14]. To
read and manipulate the pixel value of image, the function of
windows API (Application Programming Interface) called
GDI32 (Graphic Device Interface: 32-bit version) was applied
and the Hue pixel value was determined by the total value (0 to
255) assigned for each colour bands of red, green and blue as
calculated here [15];

if B> G; H® =360° - cos™'[-0.5[(R-G) + (R-B) / [(R - G)* + (R -
B)(G -B)]** x 255/360

if B<G; H® = cos'[-0.5[(R-G) + (R-B) / [(R - G)* + (R — B)(G
- B)]™ x 255/360;

where R is red component pixel value, G is green component
pixel value, B is blue component pixel value. The embedded
histogram application that was developed by software was use
to determine the maximum R,G and B pixel value of captured
FFB images. This R,G and B value will then be converted to
single Hue value as average value for overall FFB images.
These histogram methods which basically just a graphing of the
frequency of each intensity of red, green, blue or luminance in
an image is used [11].

Simulation of Hue Value Determination

The images captured were fed into the software and these
images were analysed using RGB histogram module. Figure 6
shows the Hue digital value simulation model. The Hue value
of the images obtained from RGB conversion value would then
go through validation process by comparing the value obtained
from Keyence vision. The histogram method which basically
just a graphing of the frequency of each intensity of red, green,
blue or luminance in an image is used. The Hue value was
calculated from conversion using formula depicted as

mentioned.

Generate histogram for analysis image

'

Define the average pixel value of R, G and B

'

Calculate hue value using Gonzalez formula

End

Figure 3: Algorithm flow chart of hue value
simulation model

3. RESULTS AND DISCUSSION

The data obtained during the processing of images was
analyzed using statitical data analysis software. The ANOVA
single factor analysis was executed using Microsoft Excel.

Table 1 shows the significant analysis for Hue color component
of oil palm FFB Since the F statistic (F) is larger than the
critical value (F critical), therefore the null hypothesis (hg)
which states that the means of the groups are equal was
rejected. From the summary above, the conclusion that can be
derived is that the Hue component highly can be used to
differentiate between the ripe, unripe and overripe FFB.

Table 1: Analysis for Hue color component of FFB

Anova: Single Factor

SUMMARY

Groups Count Sum  Average Variance
Hue

(ripe) 10 2449 2449 4721111
Hue

(unripe) 10 1707  170.7 16.23333
Hue

(overripe) 10 63 6.3 18.67778
ANOVA

Source of

Variation SS Df MS F
Between

Groups 298209.9 2 149104.9  5446.94
Within

Groups 739.1 27 27.37407

Total 298949 29

P-value 6.41E-36

F critical 3.354131

Table 2 shows the analysis for red color component of the oil
palm FFB. Since the F statistic (F) is larger than the critical
value (F critical) as shown in Table 2, the null hypothesis (hg)
which states that the means of the groups are equal was
rejected. From the summary above, the conclusion that can be
derived is that the Red component also was highly can be used
to differentiate between the ripe, unripe and overripe FFB.

From the overall result of ANOVA test, the hue value was
highly significant in identifying the optical properties of each of
the categories of FFB namely ripe, unripe and underripe. This is
shown in Table 3. In general all the test showed that the F value
is larger than F crititical value and hue was the highest
followed by red, green and blue respectively.



Table 2: Analysis for Red color component of FFB

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance

RED
(ripe) 10
RED
(unripe) 10
RED
(overripe) 10

1578.778  157.8778 171.47

546.1111 54.61111 313.58

2255 225.5 163.57

ANOVA

Source of

Variation SS df MS F

Between
Groups
Within
Groups

148132.6 2 74066.3 342.57

5837.605 27 216.2076

Total

P-value 6.51E-20

F critica0 3.354131

While for Green color component was resulted, F statistic (F) is
larger than the critical value (F critical) with 27.24 and 3.35
respectively which means the green component can be used to
differentiate between ripe, unripe and overripe. The Blue color
component is the lowest with 4.61 and 3.35 respectively as
shown in Table 3.

Table 3: Statistical Test Result on FFB Optical properties

(Outdoor Condition)
Optical Properties\Test Statistic F F critical
Hue 5446.94 3.35
Red 342.57 3.35
Green 27.24 3.35
Blue 4.61 3.35

This result was similar to that of Hudzari et al. and Rashid et
al., [11,16], which stated that the optical properties has
significant relationship with FFB maturity. Hue has the highest
optical properties, is a good mechanism for distinguishing
maturity stage of oil palm fruits. The F value for Hue on natural
environment testing was too high compared to the testing done
on direct sunlight and this is due to the fact that the lighting
from the sunlight was too intense. The phenomenon was
different for the natural environment which was covered with
tree canopies.

Figure 4 shows the correlation analysis as a measure of the
reliability of relationship between the optical properties of fruit
skin, hue (X) and the percentage of mesocarp oil content (Y)
values. High correlation of R? was founded for a relationship of
Hue digital value versus mesocarp oil content with equation of
Y =-0.0116X> + 5.2376X — 514.88 and R =0.884. The value of
R?=0.884 show high correlated of hue value and the oil content
of FFB.

y=-0.0116x" + 5.2376x - 514.88

—— Poly. (Oil ContentVS Hue
Value (D X P ; By Nikon))

100.00 - Meso Oil Content VS Hue
80.00 - N
° ¢
g\_
)
c
@  60.00
=
c
o
[®)
S 40.00
2 R>=0.884
o
S
©
(8]
O  20.00 -
(7,]
()]
S
000 T T ]? T T 1
) 50 100 7* 0 200 250
2000 Hue digital value

300

Figure 4. The relationship of optical properties for fruit color versus mesocarp oil content.



The relationship of mesocarp oil content with optical properties
for the fruit was illustrated using trendline analysis of
polynomial second order method. The result showed that the
hue value of FFB image was highly significant in determining
the oil content of oil palm fruit.

4. CONCLUSIONS

These experiment were conducted so as to determine and model
an equation between the Hue optical properties of the oil palm
fruits at different stages of maturity. The maturity stages were
based on mesocarp oil content. Finding of the research stated
that the optical property has significant relationship with FFB
maturity. Hue has the highest optical properties, is a good
mechanism for distinguishing maturity stage of oil palm fruits.
The hue value was the best color digital component to
differentiate the maturity level of FFB in real time oil palm
plantation. The variances of lighting intensity were not affecting
the Hue value of the target color which also stated by David,
Gevers and Smeulders; because this color system separates the
color information of an image from its intensity information
[17,18]. The experiment conducted in an oil palm plantation
had showed good result on significance of optical properties
with maturity level. The procedure in monitoring the image
pixel value of different maturity stages for real oil palm fruit
was determined. The prediction model for harvesting based on
Hue’s value used in this project is more advanced as compared
to the used of Microstrip sensor on previous research. This
method is a non-destructive application. This method of work
can be used in real time prediction in an actual oil palm
plantation.
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