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ABSTRACT
Number of fresh fruit bunches can be identified and located for each tree in
palm oil plantation. Currently, black bunch census was done manually to
estimate yield. By introducing this system, yield production of the fresh fruit
bunch in a certain palm oil plantation can be estimated with a systematic and
organized figure. This can be achieved by video acquisition using a high
resolution 360-camera integrated with MATLAB software for video image
processing to get a 360-degree view of each tree. Based from the standard crop
arrangement, it is time consuming to circle each tree to acquire the 360-view of
each tree. In order to overcome this, a new method is established with the
execution of ATV between rows in plantation area for video acquisition. As a
result, a new method for video acquisition is established as well as the method
for bunch counting for large scale plantation area.
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INTRODUCTION
World production of palm oil has increased spectacularly in the last 20 years, especially in Malaysia
(McMorrow, J. 2001). According to Corley, R. (2009), by 2050 palm oil demand will probably reach
240Mt. In order to full fill such demand an improved field management system need to be considered
especially in harvesting operation. In every cycle of harvesting operation, farmer does not have any
information on how many bunches and which oil palm tree will be harvested. By introducing this new
technology, number of fresh fruit bunches can be presented in a certain plantation area. Farmer or
plantation manager can use this information to manage their workers, machines and other agricultural
recourses. FFB weight and total number of bunches are two major parameters used to determine the
harvester pay in oil palm estates and it is therefore important to get them correct (Gan. H, et al, 2001).
Worker salary per harvested bunch and total count of bunches can be easily projected before completing
the task and yield for every harvesting cycle easily justified after completing the harvesting operation.
New trend of agricultural practices and agricultural consumer demand requires early information on
yield and quality of the agricultural product. Availability of this information enables effective field
management.
Colour imaging models to determine maturity stages of oil palm bunch were developed, with capabilities
to determine the date of harvesting, forecast FFB yield and oil palm tree performance in producing the
bunch also enable additional feature in producing the harvesting map to support the operation of site
specific harvesting. (M.Saufi, 2014; Wan Ishak, et al, (2010); Hudzari, et al, (2009)). However, the
developed imaging models were unable to be extracted for other purposes such to determine the
available nutrient in FFB or to identify the potential disease based on colour contrasting. Thus, rapid and
efficient decision-making process is one of the important aspect that need to be considered. In order to
achieve this target, the exact number of bunches of each tree need to be identified. Current imaging
system also could not be implemented in plantation scale since the operation of image data collection was
times consume and tedious process due to the height of the oil palm tree and position of the oil palm
bunches. Geographic Information Systems (GIS) have been widely utilized to manage spatial data in many
fields. It provides the capability to integrate diverse datasets from various sources and ensures the
compatibility of the data sources (Lin et al., 2008). In this research, rapid imaging system will be explored
to overcome the problems and to develop 360-view imaging system that can utilize the developed models
in such a way it will be easily implemented in plantation scale and indirectly will provide a sufficient data
for nutrient analyses and potential disease outbreak prediction.
This project focusing on the technology of image processing using vision sensor to determine the number
of bunches on each tree and at the same time plantation management can estimate the yield production
of the fresh fruit bunch. On top of that, a systematic figure of prediction of yield could be generated for a
certain area of oil palm plantation. A 360-angle camera view of oil palm tree will be captured to obtain a
best image for better analysis and interpretation of the fresh fruit bunch for each tree. The video will be
processed and analysed by using MATLAB software. Images of trees will be shared through the Google
Earth application so that farmers can retrieve the 360-view of the oil palm tree specifically. Agriculture is
adopting such changes, and several agricultural applications have been generated (Rafoss et al., 2010)
describe real-time mobile phone applications. At the same time, users can also retrieve the attributes
about specific oil palm tree in the oil palm plantation through Android application.

MATERIALS AND METHODS
Data Collection
The collection of data will be operated by using a vision sensor with 360-angle view camera. Samsung
360 Camera will be used to record videos of oil palm tree in the oil palm plantation. The 360 Camera will
be attached on a mobile platform to be execute in the plantation area.
The best moving pattern will be determined by considering the best configuration to get the whole 360view of a tree. The mobile platform with the camera will be operated along the oil palm tree in the
plantation area as shown in Figure 1. The wide angle of the dual camera will be able to cover the whole
360-view of the oil palm tree through a suitable moving pattern of the camera in the plantation area.
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Figure 1: Moving pattern of STV for video acquisition

The video will start to record when the range sensor sense particular distance between the camera and
oil palm tree. The recorded video will be stitched by using MATLAB processing software where in the end
of the product will give a 360 view of each tree. The stopwatch data from the range sensor will be acting
as a guide in order for the stitching process of each tree to be done. The stitched video will be processed
using the MATLAB software for the determination of the position of the FFB on each spiral. After the
position of the bunches had been detected, the number of oil palm bunches can be calculated using the
tools in the MATLAB software. Currently, the algorithm for the counting process is still ongoing.
To achieve the best accuracy, the video recorded must be synchronized with the time stamp of the range
sensor throughout the data collection process in the plantation area. Further improvisation can be
implemented such as to eliminate the grading and sorting process in the factory. As the videos are being
processed, a model for sorting and grading for FFB can be done in order to skip the sorting and grading of
FFB. This can improve in the aspect of data management of the oil palm plantation factory.

Bunch Counting

For the early stage, a video will be taken according to the moving pattern of the mobile platform in the
plantation. Then, image of the oil palm tree will be extracted from the video frame taken from the
external storage of the 360 Camera in MATLAB software as shown in Figure 2.
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Figure 2: Extracted frames from video.

After the extraction has been done, several sample of images will be used to be analysed for the bunch
identification process. Figure 3 shows the sample image taken from the extracted video was being
imported in the MATLAB software for further processing to be done. Those images selected will be
processed based on colour pixel intensity suing the tools in the MATLAB software. Currently, those
images were processed based on YCbCr colour space as shown in Figure 4.
Here Y is the luma component of the colour. Luma component is the brightness of the colour. That means
the light intensity of the colour. The human eye is more sensitive to this component. Cb and Cr is the blue
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component and red component related to the chroma component (Yang. J et al., 1998; Pravin. K et al.,
2006). That means “Cb is the blue component relative to the green component. Cr is the red component
relative to the green component.” These components are less sensitive to the human eyes.
Each image extracted from the video is based on three basic colour which are red, green and blue. Each
pixel in the image has their own intensity of red, green and blue respectively. By using YCbCr colour
space, the intensity of particular value of colour can be manipulated so that the bunches can be identified
as shown in Figure 5.
Threshold is a technique of image segmentation to create binary images as shown in Figure 6. Basically,
binary image represents the intensity of grayscale which the intensity varies in 256 different grey levels.
The image of bunches will be highlighted for the counting process can be done.

Figure 3: Image acquired before process

Figure 4: Image processing using YCbCr colour space
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Figure 5: Manipulating the intensity and value for each colour space

Figure 6: Image in binary

Figure 7: Coding for thresholding process
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Tree Performance
Mature oil palm which is 7 years and above produces two leaves per month in the leaves spiral (Corley, R.
2009). According to M.Saufi, (2014), pollination stage will take place on the flower at leaf number 17 up
to 20 and mature bunch will be at leaf number 30 to 32. Oil synthesis will stop a few days before the
fruitlet fall from the bunch. At this point, the oil content in mesocarp is at optimum level. Naturally, the
leaves arranged in spiral. There were found five leaf spirals and each spiral has eight leaves. Oil palm
fruits are usually black in colour when they are unripe, and they show reddish brown when they reach
maturity stages (Jaffar, et al., 2009). For this research, maturity of fruits need to be considered due to
each maturity of fruits represent different colours of fruit. This will affect for the identification of bunches
process since the colour varies based on the maturity levels.

Mapping

Based from the location detected by the phone, the coordinates and locations of each trees will be
identified in the Android-based processor. The locations and all the data will be digitized by the ArcGIS
software. ArcGIS software also will be used for the location tagging for each tree in the oil palm
plantation.
Each tree in the plantation area will store the attributes of the tree for example the age and harvesting
date for the fresh fruit bunches. A map of the plantation area will be developed includes the attributes of
the plantation area. By introducing this map, the process of harvesting FFB will be much easier in where
harvester just need to monitor each tree by only looking and referring to the mobile apps provided with
the maps of the plantation area to look for the tree that needs to be harvested. Thus, the process of
decision making for harvesting process can be eliminated thus can save time.

RESULTS AND DISCUSSIONS
Currently, this research is still in the early stage of bunch identification using MATLAB. At the moment,
the results were up to the threshold process before segmentation and classification can be done. After
several sample of images has been threshold, several models can be developed based on the maturity of
the fruits themselves. Numbers of algorithms for bunch identification need to be done due to variety of
colour of fruits depending on maturity levels.
The main idea is to implement the generated algorithm in the 360-view imaging system in order to
identify the number of bunches directly from the video recorded from the plantation. By the end of this
research, the number of bunches can be identified directly by running the videos taken from the
plantation area through the developed system equipped with the locations and other attributes related to
each targeted tree.
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CONCLUSIONS
To conclude, this project is enhancing a new technology of 360-view image to simplify the method of data
collection which refers to identify the number of bunches on each tree instead of using manual counting
using naked eye. The implementation of this technology is suitable and effective for plantation scale. The
current imaging system was time consume and tedious process due to the height of the oil palm tree and
position of the oil palm bunches. In line with the demanding for fast and efficient data collection and
processing techniques, this rapid imaging system introduced to a new technology to increase productivity
to be implemented in plantation. With current technology of vision and processing system, this new
technology could overcome all the problems involving time and labor consuming aspects. With this new
technology of bunch counting, farmers and plantation manager can use this information to manage their
workers, machines and other agricultural recourses. FFB weight and total number of bunches are two
major parameters used to determine the harvester pay in oil palm estates and it is therefore important to
get them correct (Gan. H, et al, 2001). By the end of this research, the number of the fresh fruit bunches in
a certain plantation area can be determined only by using mobile and portable devices with a powerful
and systematic processing technique.
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