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Abstract  This paper is to introduce the novel method of procedure and analysis in study the relationship of the meso-
carp oil content with the colour skin of oil palm fruit with respect to it maturity. The Nikon digital camera and the Keyence 
machine vision were used to capture the FFB images with two different settings of natural environment and direct sunlight. 
The species of oil palm tree used for the experiments were Elaeis Oleifera and Elaeis Guineensis Jacq. The images from the 
Nikon digital camera were analysed for optical properties of Red, Green, Blue (RGB) and then convert to Hue value using 
developed graphical user interface (GUI). The Hue values will then be compared to the value obtained from Keyence ma-
chine vision. The images of oil palm FFB in plantation were captured with setting cameras parameter namely shutterspeed 
which set to 0.125 seconds, image sensor’s sensitivity (ISO) was set to Normal and white balance were calibrated using the 
standard white calibration CR-A74. The lighting intensity under oil palm canopy was simultaneously recorded and moni-
tored using Extech Light Meter Datalogger. Using Analysis of Variance (ANOVA), the ratio of test statistic of F with F 
critical for experiments under natural environment of oil palm plantation indicated the best differences of the hue optical 
properties among different maturity level of unripe, ripe and overripe FFB. Using the SAS programming for statistical 
analysis, the Hue and Red color values were found had significant effect to distinguish the maturity level (fm) of FFB with 
Pr > F are showed less than 0.01. The Green and Blue color values were not significant effect to differentiate the FFB ma-
turity level which indicated the value of Pr > F showed 0.0243 and 0.9938 respectively. The Hue and Blue color values 
were not interaction with different lighting condition and the maturity level which indicated Pr > F for ml*fm showed 
0.0668 and 0.1667 respectively. From the ANOVA analysis, the Hue is the best color values to distinguish different matur-
ity levels of FFB under direct sun lighting and natural environment conditions in oil palm plantation. From this experiment 
analysis, the technique is used for the application of the novel oil palm fruit bunch maturity detection system.  

Keywords  Maturity Prediction Technique, Computational Illumination, Hue Optical Properties, Oil Palm Fruit Colour, 
Colour Vision 

1. Introduction 
The evidence of the Almighty of Allah could be seen via 

His creations such as trees, mountains, animals and the earth. 
In Al-Quran, eighty three verse were mentioned about ag-
riculture and it could be a kind of our worship to the creator 
of all creators; Allah Subhanahuwataala and refer to Imam 
Nawawi on Kitab Sahih, the best work or effort for the hu-
man being is agriculture[1]. The most agriculture crop pro-
duction in Malaysia, oil palm (which is the most widely 
traded edible oil in the world[2]) was produced 17.7 million 
tonnes of palm oil on 4.5 million hectares of land in Malaysia 
for years of 2008. The production was less compared with 
Indonesia but still the largest exporter of palm oil in the 
world and currently accounts for about 55 % of world palm 
oil production and about 62% of world exports, it was 
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occupied 8% and 22% of the world’s total production and 
exports of oils and fats, respectively[3].  

Oil palm is normally monoceous; with both male and 
female flowers on the same tree. It produces bunches bearing 
thousands of fruits normally 200, and weigh between 10 and 
40 kg per bunch[4]. Environmental factors like radiation 
from sunlight, temperature, water, humidity, nutrition and 
length of growing season affect plant growth and develop-
ment[5]. The sunlight are filtered by oil palm leaf before it 
reaches the fruit surface. Under outdoor conditions, a sur-
face's apparent color is a function of the color for the incident 
daylight, the surface reflectance and surface orientation, 
among several other factors[6]. 

The first task to ensure quality in oil milling is to select a 
good quality FFB for processing which means the only right 
mature FFB should be harvested. Various techniques to 
gauge the ripeness of oil palm fruits have been developed 
such as percentage or number of harvested fruits per 
bunch[7], floatation technique[8], percentage detached fruits 
from the bunch[9]. These methods do not clarify oil quality 
and quantity. Kaida and Zulkifly[10] developed the applica-
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tion 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[11]. Abdullah et al., used 
computer vision model in order to inspect and grade the oil 
palm fresh fruit bunches[12]. Balasundram et al., used 
camera vision to investigate the relationship between oil 
content in oil palm fruit and its surface color distribution[13]. 
Idris et al., use colorimeter and found a strong correlation 
between mesocarp oil content and color values[14].  

Besides imaging objects in the visible (VIS) color region, 
some machine vision systems are also able to inspect these 
objects in light invisible to humans, such as ultraviolet (UV), 
near-infrared (NIR), and infrared (IR). The information 
received from objects in invisible light regions can be very 
useful in determining preharvest plant maturity, disease, or 
stress states. It is very useful in determining plant and 
vegetable variety, maturity, ripeness, and quality. Even 
though they have potential for detecting the fruit ripeness, 
their applications in the agricultural sector are limited be-
cause of the high cost of equipment investment and low 
operational speed.[15 and 16].  

Advantages of using imaging technology for sensing are 
that it can be fairly accurate, non-destructive, and yields 
consistent results. At the moment there was no research 
carried out vision systems test on actual oil palm plantation 
for maturity recognition[17]. 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. This paper discusses the assessment of the 
color parameters to be used for determining the oil palm fruit 
maturity in real time basis application. 

2. Methodology 
The experiment was conducted under two different con-

ditions. In the first condition, the FFB images were captured 
under direct sunlight and in the second condition the FFB 
images were captured on its tree in an oil palm plantation. 
The source of light from the sun varied over the time, 
therefore the values of optical properties of FFB images from 
different stage of maturity were somehow fluctuated. The 
analyses of variance were carried out on the result of optical 
properties of R, G, B and Hue to determine the significance 
of relation between FFB skin color and maturity level.  

2.1. Experimental Set-Up 

The NIKON Digital Camera with Nikon 3x Tele Con-
verter TC-E3ED, Keyence vision system and Minolta color 
reader were the equipments used in this experiment to cap-
ture FFB image. In this experiment the image of FFBs were 
taken from twenty, sixteen and five year old palm trees. 
During the experiments, the camera was set to manual mode 

to make constant image output. The shutterspeed in the 
camera parameter and the vision were set to 1/8 with con-
trolled exposure value. This parameter value was experi-
mentally suitable for capturing FFB images during day 
light[17 and 18]. Before the FFB image in oil palm planta-
tion can be captured, the automatic color balance on the 
Nikon camera needs to be disabled and calibrated manually 
by capturing the white color on white balance mode. For this 
study, the Minolta white color was used into white balance 
calibration of this camera. Figure 1 shows the calibration of 
Keyence camera before start the experiment. The term of 
white balance is if we can tell the camera which object in the 
room is white and supposed to come out white in the picture, 
the camera can calculate the difference between the current 
color temperature of that object and the correct color tem-
perature of a white object, then shift all colors by that dif-
ference.  

 
Figure 1.  The white balance setting on Keyence vision during experiment 
set up 

The selected FFB was first selected from unripe stage, 
until it became overripe, which was indicated by up to 50% 
to 90% fruit detached from the bunch. 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 position of 
the camera was fixed so that it was within 1.5 to 3 meters 
from the oil palm tree. In fact, the oil palm tree canopy would 
usually cover an area of up to 3 to 7.5 meters in length and 
the radiation from the sunlight was intercept by inter crop-
ping systems for growth resources of solar radiation[4].  

2.2. Simulation of Hue Value Determination 

The images captured were fed into the software and these 
images were analysed using RGB histogram module. Figure 
2 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 for-
mula depicted as mentioned[19]. 
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Figure 2.  Algorithm flow chart of hue value simulation model 

2.3. Measurement of Optical Properties of R,G,B and 
Hue in Different Ripeness of FFB – An Overview 

The experiment to determine the optical properties of 
main categories of FFB namely unripe, underripe and ripe 
were conducted under two different settings. The first setting 
was the experiment of FFB at its natural environment of oil 
palm plantation and the second setting was the experiment of 
FFB fruitlet under direct sunlight. The species of oil palm 
tree used for the experiment were Elaeis Oleifera and Elaeis 
Guineensis Jacq. Figure 3 shows the image of FFB used in 
the experiment on natural environment setting and experi-
ment 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. 

The captured images were uploaded into the software for 
analysis as shown in Figure 4. The small circle on the FFB 
images indicate the point where one can click on it using 
mouse in order to get the pixel value of matured fruit. The 
size of the images captured was 461 X 613 image pixels. The 
analysis software was developed in order to automatically 
analyze image data, calculate result of an equation and fi-
nally produce graph in Excel[20].  

3. Result and Discussion 
In this study, the developed graphical user interface 

software was used to convert the RGB of matured FFB im-
age into Hue. The formula for converting RGB to Hue op-
tical properties for matured FFB in outdoor condition is as 
follows[19]; 
if B ≥ G; H0 = 3600 – cos-1[-0.5[(R-G) + (R-B) / 

[(R – G)2 + (R – B)(G – B)]0.5 X 255/360  (1) 
if B<G; H0 = cos-1[-0.5[(R-G) + (R-B) / 

[(R – G)2 + (R – B)(G – B)]0.5 X 255/360  (2) 

3.1. Result on Measurement of R, G, and B Optical 
Properties for Matured FFB in Outdoor Condition  

Figure 5 shows the graph of Hue correlation with the in-
tensity in outdoor condition. The optical properties of ma-
tured FFB which was monitored in outdoor environment was 
almost constant with Hue Foptical properties. From the 
graph, the correlation of R2 is low. The variances of lighting 
intensity did not effect the Hue value, which were also stated 
by previous researchers[21 and 22]. This is due to the fact the 
Hue colorspace system separates the color information of an 
image from its intensity information. The Hue value of ma-
tured FFB was below than 70 and similar average was also 
found by Abdullah et al.[12] who tested under controlled 
condition. 

   

   
Figure 3.  Shows the image of FFB used in the experiment on natural environment setting (A-C) and experiment under direct sunlight(D-F) 
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Figure 4.  Developed Software for Color Modeling Analysis 

 
Figure 5.  Hue value for matured FFB in outdoor condition 

3.2. Result on Measurement of Optical Properties of 
R,G,B and Hue in Different Ripeness of FFB  

Regression analysis shows significant relationship be-
tween pixel value and intensity for FFB exposed to direct 
sunlight because R2 value was considered high. For the ripe 
FFB, R=0.0016x + 142.39 with R2=0.6255, G=0.002x + 
82.916 with R2=0.5824 and B=0.002x + 86.729 with 
R2=0.5156. Blue band is the most significant parameter to 
that can be used in order to determine ripe Elaeis Guineensis 
when exposed to direct sunlight. The lowest R2 for Blue color 
component indicated the best color component for differen-
tiation the ripe FFB in outdoor condition. 

For the unripe FFB for this species, R=0.0009x + 186.67 
with R2 =0.5229, G=0.0015x + 125.1 with R2 = 0.4644 and 
B=0.0017x + 119.7 with R2=0.4405. The Blue band is the 
highest significant factor that can be used in order to deter-
mine the unripe fruit. The lowest R2 meant that the blue color 

component of FFB was less affected due to varying of the 
sunlight intensity.  

The correlation between pixel value and intensity for 
overripe FFB when exposed to direct sunlight. The fruit is 
overripe when R=0.0012x + 179.83 with R2=0.1804, 
G=0.002x + 104.54 with R2 = 0.5069 and B=0.0022x + 
91.436 with R2=0.5485. Red band is the highest significant 
factor that can be used in order to determine the overripe fruit. 
The lowest R2 meant that the red color component of FFB 
was less affected due to varying of the sunlight intensity.  

The correlation regression (R2) values still higher for FFB 
exposed to direct sunlight than R2 for FFB in natural envi-
ronment. However, this R2 value was not elevated enough to 
be used as the parameter to predict oil palm maturity because 
the good correlation between the light intensity and the RGB 
would produce high R2 value. Same problem was also re-
ported by many researchers when facing light variance[11]. 
Many researchers prepared constant light source during the 
capturing of the FFB image in a controlled experiment in the 
laboratory and found that the FFB ripeness have significant 
correlation with the fruit color[11, 12, and 13]. 

3.2.1. Significant Analysis for Analysis in Direct Sunlighting  

The purpose of the analysis is to test the most significant 
optical properties component in order to determine the 
ripeness of FFB. Table 1, show the summary of significant 
optical properties for distinguishing the ripeness of FFB 
namely ripe, underripe and overripe. The means of each of 
the component of R, G, B and Hue for each categories of ripe, 
unripe and overripe FFB (Elais Guineensis Jacq.) were 
calculated by using ANOVA single factor analysis.  From 
the result of ANOVA test, the hue value was highly sig-
nificant in identifying the optical properties of each of the 
categories of FFB namely ripe, unripe and underripe. In 

Hue optical properties versus light intensity (foot candles) 
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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 1.  Test statistic result for hypothesis of FFB Optical properties 
which exposed into direct sun lighting in outdoor condition 

Optical Properties\Test Statistic F F critical 

Hue 11.51 3.14 

Red 10.57 3.14 

Green 2.70 3.14 

Blue 1.21 3.14 

Refer to the F test result above, only hue and red compo-
nent were having significant relationship with FFB maturity. 
Similar result was produced by Hudzari et al. and Rashid et 
al.,[15,21], which stated that the optical properties of FFB 
image was having significant relationship with FFB maturity. 
The highest F value, which is Hue, indicates the highest 
optical properties that can be used to distinguish the maturity 
stage of oil palm color in direct sun lighting of outdoor 
condition.  

3.3. Analysis of an Experiment for FFB under Natural 
Environment in Oil Palm Plantation 

The unripe FFB is determined when R=0.0613x + 40.3 
with R2 = 0.3349, G=0.0685x + 38.404 with R2 = 0.3338 and 
B=0.0701x + 71.356 with R2=0.3662. Green color compo-
nent is significant to predict unripe FFB because fruit at this 
stage shows lower value when regression analysis was done. 
The lowest R2 meant that the green color component of FFB 
was less affected due to varying of the sunlight.  

The FFB is ripe when R=0.0839x + 211.61 with 
R2=0.3838, G=0.1417x + 96.208 with R2= 0.2926 and 
B=0.1022x + 83.613 with R2= 0.2322. Blue color component 
is significant to predict unripe FFB because fruit at this stage 
shows lower value when regression analysis was done. The 
lowest R2 meant that the blue color component of FFB was 
less affected due to varying of the sunlight.  

The fruit is classified as overripe if R=-0.005x + 158.71 
with R2=0.0009, G=0.033x + 91.72 with R2=0.0286 and 
B=0.05x + 104.69 with R2=0.0525. The low value of R2 
indicates that there are no significant relationship between 
pixel value and intensity for ripe FFB. Red color component 
is significant to predict overripe FFB because fruit at this 
stage shows lower value when regression analysis was done. 
The lowest R2 meant that the red color component of FFB 
was less affected due to varying of the sunlight. 

The experiment conducted for FFB in outdoor environ-
ment showed that RGB values are totally influenced by the 
intensity. The higher the intensity of the sunlight, the higher 
the RGB value would be. Therefore the fruit which is ex-
posed more to the sunlight would have higher RGB value. It 
can be seen that the R2 value is considered high which in-
dicates strong correlation between pixel value and it maturity 
stage. This is one apparent problem when using the RGB as a 
colorspace as mentioned before. 

3.3.1. Significant Analysis for Analysis in Natural      
Environment  

The purpose of the analysis is to test the most significant 
optical properties component of RGB in order to determine 
the ripeness of FFB. The significant of differences among 
optical properties of Hue on FFB images due to different 
lighting intensity in oil palm plantation were also predicted. 
Table 2 shows the summary table of significant optical 
properties for differentiating ripeness of FFB namely ripe, 
underripe and overripe.The hue value was highly significant 
in identifying the optical properties of each This is shown in 
Table 10. In general all the test showed that the F value is 
larger than F crititical value and hue was the highest fol-
lowed by red, green and blue respectively.  

Table 2.  Test statistic result for the Hypothesis of FFB Optical properties 
in Natural Environment of Oil Palm Plantation 

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.,[15,21], which stated that the optical properties has 
significant relationship with FFB maturity. Hue has the 
highest optical properties, is a good mechanism for distin-
guishing 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.  

3.4. Statistical Result for FFB Color Value Exposed to 
Direct Sunlight and Natural Environment  

The data obtained during the processing of images was 
analyzed using statitical data analysis software. The 
ANOVA single factor analysis was executed using SAS 9.1. 
Table 3,4, 5 and 6 show the ANOVA result analysis for the 
colors values of different maturity stages (namely unripe, 
ripe and overripe) with two lighting intensities (namely 
direct sun lighting and natural environment).  

Table 3.  AVOVA analysis for Hue  

Source1 DF SS Mean Square F Value Pr > F 
ml 1 33836.23 33836.2340 4.61 0.0344 
fm 2 518963.82 259481.9136 35.35 <.0001 

ml*fm 2 40898.53 20449.2671 2.79 0.0668 

1ml represent lighting intensities 
fm represent maturity stages 

Table 4.  AVOVA analysis for Red  

Source1 DF SS Mean Square F Value Pr > F 
ml 1 54991.98 54991.9886 60.40 <.0001 
fm 2 121463.02 60731.5138 66.71 <.0001 

ml*fm 2 100265.68 50132.8419 55.07 <.0001 

1ml represent lighting intensities 
fm represent maturity stages 
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Table 5.  AVOVA analysis for Green  

Source1 DF SS Mean Square F Value Pr > F 
ml 1 52672.76 52672.76 22.98 <.0001 
fm 2 17750.53 8875.26 3.87 0.0243 

ml*fm 2 22706.89 11353.44 4.95 0.0090 

ml represent lighting intensities 
fm represent maturity stages 

Table 6.  AVOVA analysis for Blue  

Source1 DF SS Mean Square F Value Pr > F 
ml 1 30247.10 30247.10 10.97 0.0013 
fm 2 34.35 17.17 0.01 0.9938 

ml*fm 2 10068.05 5034.02 1.83 0.1667 

1ml represent lighting intensities 
fm represent maturity stages 

The significant level of 1% was chosen for this calculation, 
which is traditionally used by researchers[23]. From table 11, 
the Hue color values was not significant at different lighting 
condition with value of Pr > F showed more than 0.01. 
Compare to the color values of R, G and B, the Pr > F 
showed less than 0.01 which means that the R, G and B were 
highly significant with the effect on different lighting inten-
sity level that shown in tables 12, 13 and 14 respectively. The 
conclusion from this analysis was that only the Hue color 
value can be used to determine the FFB color on variance 
lighting condition while the color value of R, G and B cannot 
be use due to effect of the intensity changing. That was 
agreements with other researches which mentioned that the 
change in intensity would change all the digital value of R, G 
and B accordingly and this is due to high correlation between 
each component with the intensity[22]. 

The Hue and Red color values had significant effect to 
distinguish the maturity level (fm) of FFB with Pr > F are 
showed less than 0.01 as shown in Table 3 and 4 respectively. 
This was agreement which produced by Abdullah et al., 
(2002), Wan Ishak et al., (2000); Rashid et al., (2004) and 
Choong et al., (2006), which stated that the digital value of 
FFB image was having significant relationship with FFB 
maturity[11,12,13 and 14]. The Green and Blue color values 
were not significant effect to differentiate the FFB maturity 
level as shown in Table 5 and 6 which indicated the value of 
Pr > F showed 0.0243 and 0.9938 respectively.  

The Hue and Blue color values were not interaction with 
different lighting condition and the maturity level which 
indicated Pr > F for ml*fm showed 0.0668 and 0.1667 re-
spectively. From the ANOVA analysis, the Hue is the best 
color values to distinguish different maturity levels of FFB 
under direct sun lighting and natural environment conditions 
in oil palm plantation which as shown in Table 3. Differ-
ences in lighting intensity did not affect the Hue color value 
of the object color which also stated by David (1990), Gevers 
and Smeulders (1999), because this color system separates 
the color information of an image from its intensity infor-
mation[19,22]. 

3.4.1. Means Table 

Table 7 show the Mean table for the Hue color value to 

indicate the percentage of the range among different maturity 
level of FFB. 

Table 7.  Mean table analysis for Hue color value 

ml fm N Mean Std Dev 
1 1 10 244.90 4.03 
1 2 10 17.17 6.87 
1 3 10 6.30 4.32 
2 1 23 100.17 112.88 
2 2 23 172.43 115.79 
2 3 23 28.61 69.62 

From the Table 7, the means of the Hue value for unripe 
FFB showed between 100 to 170.7, for the ripe FFB showed 
between 172.434 to 244.90 and overripe FFB showed be-
tween 6.3 to 28.61. The result was similar to Abdullah et al 
(2001) which indicated the Hue value for overripe maturity 
level was at lower values of 50[12]. The percentage of the 
unripe to ripe FFB was at 30% to 42% while for ripe to 
overripe FFB was at 83% to 97%.  

From that experiment analysis, the technique is used for 
the application of the Personal Digital Assistant on making a 
portable oil palm fruit bunch maturity detection system[25]. 
Figure 6 show the Personal Digital Assistant which is de-
veloped to simulate the oil palm fruit bunches at different 
stages of fruit maturity. The advantage of this development 
will help harvesters to increase the yield and quality of the oil 
palm product. 

 
Figure 6.  Novel technology in maturity prediction system  

4. Conclusions 
Finding of the research stated that the optical property of 

digital image has significant relationship with FFB maturity 
stage. Hue has the highest optical properties, is a good 
mechanism for distinguishing maturity stage of oil palm 
fruits. The ratio of test statistic of F with F critical for ex-
periment in natural environment of oil palm plantation in-
dicated the best differences of the hue optical properties for 
among different maturity level of unripe, ripe and overripe 
FFB. The hue value was the best color digital component to 
differentiate the maturity level of FFB in real time oil palm 
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plantation. The variances of lighting intensity were not af-
fecting 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[21 and 22]. The experiment conducted in an oil 
palm plantation had showed good result on significance of 
optical properties with maturity level. The extreme intensity 
of light happened during imaging of FFB under direct 
sunlight, was sheltered by oil palm leaf canopy. Protecting 
the tree from light is the main role played by an oil palm 
canopy and it is a fundamental requirement for crop growth, 
which was achieved up to 90% at maximum[5]. So, taking 
this into account, by using the application of photography 
from digital image, the maturity prediction based on the 
mesocarp oil content can run on real-time basis in oil palm 
plantation[17 and 24]. The suitable time for harvesting 
means the oil content produce at optimum quality with low 
fatty acid developed for benefit of mankind. 
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