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determine the ripeness of the fruits. Hence, the decision of the
mature ones and the unripe ones is very subjective.

Abstract—Indonesia is the largest producer of palm oil in the
world yet losses from oil palm fresh fruit bunches (FFBs)
harvesting is still considered a notable problem. The losses
themselves are at least 15 percent and are mainly generated by
mistaking ripe FFBs for unripe FFBs when harvesting. Thus, a
method should be proposed to reduce the losses. In 2017, the
Biomedical Engineering Research Group of Bandung Institute
of Technology had created a system to measure the ripeness of
oil palm fruits hence the losses from harvesting error could be
reduced. This system was designed using photodiodes array as
the sensor system. Results acquired from this system thus be set
as the reference values in this paper. Research conducted in this
paper is using a modified system from the previous research by
Biomedical Engineering Research Group of Bandung Institute
of Technology (ITB) in 2017 to find which parameter or feature
of the image that has the most significant relation with the
reference values (photodiodes data). A system is designed with
cameras as sensors to acquire oil palm FFBs images. Then,
statistical features of the images are extracted. Those features
are compared to reference values. The correlation coefficient for
each feature towards the reference values is obtained. Based on
the correlation coefficient values obtained from every
comparison category, it can be concluded that the entropy
parameter has a significant relation when compared to other
first-order statistical parameters with correlation coefficient of
0.60 and 0.63 for red images and green images respectively
hence entropy from the images acquired can be used to estimate
the oil content of oil palm FFBs.

Visible light-based NDT system is an NDT system which
measures reflectance from an object in visible light spectrum.
Visible light spectrum is electromagnetic radiation whose
wavelength ranged from 380 to 700 nm [4].
Recently, there are proposals for determining the ripeness
of oil palm FFBs based on visible light spectrum as
summarized in Table I.
TABLE I.
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I. INTRODUCTION
Palm oil is a popular edible vegetable oil extracted from
oil palm tree (Elaeis guineensis) and is commonly used in
Indonesia. Furthermore, Indonesia is the largest producer of
palm oil in the world. According to Indonesian Palm Oil
Association (GAPKI), Indonesia had exported 31.05 million
tons of palm oil and generated USD 22.97 billion in 2017 [1].
That was the highest result ever recorded in the history of palm
oil in Indonesia [1].
However, research conducted by IOPRI (Indonesian Oil
Palm Research Institute) identified that ripeness misjudgment
of fresh fruit bunches (FFBs) was likely to happen. Workers
often harvested the unripe FFBs and missed the ripe ones.
Losses caused by those mistakes were at least 15 percent [2].
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The system used in this paper is utilizing four Fotonic P60US cameras to acquire distance-corrected images from the oil
palm FFBs. Distance-corrected images are products from
multiplication of color images and depth images acquired by
Fotonic cameras. So, pixels value in the distance-corrected
images represents corrected reflectance intensity relative to
the camera-object distance.

Given that condition, methods to reduce the mistake
should be proposed. One of the methods is NDT. NDT or nondestructive testing is a method for examining, testing, or
evaluating an object without changing or altering the object
itself in order to determine the object’s characteristics [3].
Then, a visible light-based NDT system is designed. to
Prior to using the system designed, workers used their eyes to
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Image statistical features are then extracted from the
distance-corrected images. Those features will be compared to
reference values to obtain correlation coefficient for each
feature towards the reference values. The reference values are
obtained from previous works of Biomedical Engineering
Research Group of Bandung Institute of Technology [12].

Statistical
Features

Equations
(3)

Variance,

Standard

(4)

deviation,

II. THEORY
A. Distance-Corrected Image
Principle of how distance camera works to acquire
distance-corrected image is shown in Fig.1. Part [1] is an
infrared emitter or projector. This part is responsible for
emitting patterned infrared. Part [2] is an RGB (red, green,
blue) camera and is responsible for acquiring images in visible
light spectrum. Part [3] is a depth camera. Depth camera is a
camera to capture the projection of the emitted infrared in the
object. First, an infrared emitter emits patterned infrared to the
object. Then, when this patterned infrared hit the object, it will
get distorted. The distortions are then captured by the depth
camera and converted to the depth image [13]. Distancecorrected image is then acquired by multiplying the color
image by the depth image.

Kurtosis, Κ

Κ

Entropy, Η

Η

where,

∑

(5)
(6)

log

is number of possible gray levels.

Mean measures average intensity of the image region.
Variance measures contrast of the image region. Standard
deviation measures deviation of gray levels from the mean.
Kurtosis measures histogram tail and histogram peak shape.
Entropy measures histogram disorder.
III. METHOD
A. Previous Research [12]
In 2017, Biomedical Engineering Research Group of
Bandung Institute of Technology had created a system to
measure the ripeness of oil palm fruits to reduce the losses
from harvesting error. The system used photodiodes array as
the sensor system. The sensor system was designed as follows.

Legends:

Fig. 1. Distance camera.

B. First-Order Statistics
The histogram of an image region ,

is defined as:
Fig. 2. Photodiodes array sensor system.

(1)

To perform the measurement, the photodiodes array
should be placed on top of the trucks as follows.

whereas:
:
:
:
:
:

image region;
gray levels of image region ;
histogram of image region ;
number of pixels with gray level ;
total number of pixels in the region.

The first-order statistical features are shown in Table II.
TABLE II.
Statistical
Features
Mean,

Fig. 3. Measurement position.

FIRST-ORDER STATISTICAL FEATURES

The result from the photodiodes data acquired from this
previous research were then compared to the oil content
extracted from the same batch of FFBs by palm oil extractor
facility. The result is shown in Fig. 4.

Equations
(2)
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START

Acquire color image
and depth image
from FFBs

Color image;
depth image

Multiply color
image by depth
image

Fig. 4. Results of previous research.

Yield is weight of oil content extracted from the FFBs to
weight of FFBs ratio. From the result above, oil content
extracted from oil palm FFBs could be estimated by using the
photodiodes data.

Distancecorrected
image

Acquire the first-order
stati stical parameters
from the i mages

First-order
statistical
parameters of the
image

END

Fig. 7. First-order statistical parameter acquisition flowchart.

IV. RESULT AND DISCUSSION
The amount of the data used is 469 data acquired from
seven days measurement. The data is then compared to the
reference data. Reference data is the data acquired from the
previous experiment using photodiodes array as the sensor to
estimate the oil contain from oil palm FFBs. First-order
statistical features of an image are then compared to the
average photodiodes value of each truck.

B. Sensor System Design
In this research, four cameras are used as sensor system to
acquire oil palm FFBs images. Those cameras are arranged as
shown in Fig. 2.

A. Mean

Fig. 5. Camera configuration.

Optical filter is installed on each camera. Red light filter
(590-730 nm) is installed on Camera 1 and Camera 2. While,
green light filter (525 nm) is installed on Camera 3 and
Camera 4. Four cameras are used in order to cover the whole
measurement area. Those four cameras are then integrated to
the previous photodiodes array sensor system as shown in Fig.
6.
Fig. 8. Plot of image mean vs average photodiodes value (a) red images, (b)
green images.

B. Variance

Legends:

Fig. 6. Modified sensor system configuration.

C. System Work
Acquisition process of the image statistical features is
represented as a flowchart shown in Fig. 3.
Fig. 9. Plot of image variance vs average photodiodes value (a) red images,
(b) green images.
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TABLE III.

C. Standard Deviation

CORRELATION COEFFICIENT BETWEEN THE FIRST-ORDER
STATISTICAL FEATURES AND THE AVERAGE PHOTODIODES
VALUES

Correlation
Coefficient
Average Photodiodes
vs Mean
Average Photodiodes
vs Variance

Correlation Coefficient
Red

Green

0.035908382

-0.085873416

-0.146416927

-0.175981004

-0.039401512

-0.089456713

-0.270156575

-0.306674248

0.600360015

0.631318522

Average Photodiodes
vs

Standard

Deviation
Average Photodiodes
vs Kurtosis
Average Photodiodes

Fig. 10. Plot of image standard deviation vs average photodiodes value (a)
red images, (b) green images.

vs Entropy

V. CONCLUSION

D. Kurtosis

Among the first-order statistical features extracted from
the distance-corrected images, based on the obtained
Pearson’s correlation coefficient, entropy is shown to have
Pearson’s correlation coefficient nearest to the value of 1
which are 0.60 for red-filtered images and 0.63 for greenfiltered images.
In other words, entropy has the strongest positive
correlation with the reference data acquired from the
photodiodes array sensor system, hence we can conclude that
image entropy is able to estimate the oil content of oil palm
FFBs.
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Fig. 11. Plot of image kurtosis vs average photodiodes value (a) red images,
(b) green images.

E. Entropy

Fig. 12. Plot of image entropy vs average photodiodes value (a) red images,
(b) green images.

F. Correlation Coefficient of Every First-Order Statistical
Feature
The correlation coefficient between the first-order
statistical features of the image and the average photodiodes
value is shown in Table III. In this paper, Pearson’s correlation
coefficient ( ) is used.
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