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ABSTRACT

With the increase of the global demand for palm oil, mechanizing oil palm
plantations is becoming more and more significant. Even after almost a century since
the first oil palm plantation in Malaysia, these plantations still rely almost-completely
on manual labour for many of the harvesting and collection of the fresh fruit bunch
(FFB) and the loose fruit (LF). Loose fruits that fall away from the FFB have the
highest oil content since they are originally from the outer layer of the bunch. Due to
its economic value, collectors have to manually collect these fruits which can result in
many musculoskeletal disorders due to the bad back, hip and knee postures they have
to endure on daily basis. Increasing the productivity and minimizing these issues of
LF collection can be achieved by developing machines that can carry out the collection
process seamlessly. Although many mechanisms like vacuum type collecting as well
as racking tools have been implemented, each of which comes with constraints and
issues like debris filtering and intensive manual labour. With the evolvement of
robotics as well as machine vision and their applications in recent years, robotic
collection of these fruits became more and more viable. In this work, automatic
collection of these fruits using a delta robot along with a vision system for detection
and localization is explored. A proof of concept of the collection process using a
parallel delta link robot under a controlled environment is simulated. Additionally, a
more versatile YOLO based LF detection system is explored. Although the robot
displayed a capability of collecting over 50 LFs per minute, the integrated vision
system for the delta robot proved incompetent when presented with different variations
of LF and hence, a separate YOLO-based LF detection system is introduced.
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ABSTRAK

Dengan peningkatan permintaan global untuk minyak sawit, mekanisasi ladang
kelapa sawit menjadi semakin ketara. Walaupun selepas hampir satu abad sejak ladang
kelapa sawit pertama di Malaysia, ladang-ladang ini masih bergantung hampir
sepenuhnya kepada buruh kasar untuk kebanyakan penuaian dan pengumpulan tandan
buah segar (FFB) dan buah lepas (LF). Buah gembur yang jatuh dari BTS mempunyai
kandungan minyak yang paling tinggi kerana ia berasal dari lapisan luar tandan. Oleh
kerana nilai ekonominya, pengumpul perlu mengumpul buah-buahan ini secara
manual yang boleh mengakibatkan banyak gangguan muskuloskeletal akibat postur
belakang, pinggul dan lutut yang buruk yang perlu mereka tanggung setiap hari.
Meningkatkan produktiviti dan meminimumkan isu pengumpulan LF ini boleh dicapai
dengan membangunkan mesin yang boleh menjalankan proses pengumpulan dengan
lancar. Walaupun banyak mekanisme seperti mengumpul jenis vakum serta alat
racking telah dilaksanakan, setiap satu daripadanya datang dengan kekangan dan isu
seperti penapisan serpihan dan kerja manual intensif. Dengan perkembangan robotik
serta penglihatan mesin dan aplikasinya dalam beberapa tahun kebelakangan ini,
koleksi robotik buah-buahan ini menjadi lebih berdaya maju. Dalam kerja ini,
pengumpulan automatik buah-buahan ini menggunakan robot delta bersama-sama
dengan sistem penglihatan untuk pengesanan dan penyetempatan diterokai. Bukti
konsep proses pengumpulan menggunakan robot pautan delta selari di bawah
persekitaran terkawal disimulasikan. Selain itu, sistem pengesanan LF berasaskan
YOLO yang lebih serba boleh diterokai. Walaupun robot itu memaparkan keupayaan
mengumpul lebih 50 LF seminit, sistem penglihatan bersepadu untuk robot delta
terbukti tidak cekap apabila dibentangkan dengan variasi LF yang berbeza dan oleh

itu, sistem pengesanan LF berasaskan YOLO yang berasingan diperkenalkan.
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CHAPTER 1

INTRODUCTION

1.1  Problem Background

Malaysia is the second biggest producer and exporter of palm oil in the world.
In 2019, with over 5.74 million hectares of land, palm oil was the major contributor to
the value added to the agriculture sector, contributing around RM38.3 billion to the
Gross Domestic Product (GDP) [1, 2]. These huge prospects of the palm oil industry
showcase the importance of it to the Malaysian economy and how crucial it is to
integrate sustainable solutions for problems that arises to ensure economical security

as well as its future potential value.

The process of harvesting in the majority of oil palm plantations is consisted
of six stages namely: branches cutting, fronds stacking, fresh fruit brunches (FFB)
collection, loose fruit (LF) collection, and finally the transportation to the mill [3]. The
loose fruit collection stage stands out compared to the rest of the stages as they contain
the highest amount of oil extraction rate (OER). FFBs alone can turn out an OER of
around 25%, which can be significantly increased — up to 40% — with careful LF
collection [4]. Therefore, careful collection of the loose fruit without any debris

involved is significant for palm oil industry.

It is clear that aspects like harvesting procedure, efficiency of the oil mill, and
plantation practices can impact the total OER [3]. Many commercial plantations now
have long harvesting round in order to increase the overall collection of the leftover
LFs. This behaviour is an indication of how crucial LF collection is and how improper
implementation of this task can be the reason bring about huge loss of potential
income. In order to ensure the highest possible OER, it is important to make sure the
LF collection is handled properly, meaning that LF integrity and lack of debris is

ensured.



1.2 Problem Statement

Harvesting for palm oil industry is a process that is carried out all-year round.
The cycle consists of multiple stages as the FFBs as well as the subtending fronds have
to be cut first, then the fronds are stacked. Next, the FFBs are collected then later the
LFs are collected. Finally, both are sent to the mill. LFs are typically scattered in the
field and collected manually either by picking or raking.

Multiple studies have shown that more than 70% of the harvesting labor time
us dedicated just for collecting LF. additionally shows that 30% of the total fruit
handling time is just time spent in LF collection [3]. Hand picking of LF is still the
preferred method of collection as it ensures that the least number of debris is involved.
Palm oil industry in Malaysia is a labor-intensive industry that is dependent on foreign
labor. In April 2020, 337,000 migrant workers, worked on Malaysian plantations,
which constitutes 80% of the workforce [5]. With the COVID-19 pandemic and the
closure of international borders, labor shortage hit the palm oil industry harshly as the

supply dropped by around 30% in 2021 [6].

Manual LF collection is a very laborious work that exposes the collectors to
ergonomic risks because of the awkward and repetitive posture they have to endure
especially when hand picking the LF is the method of collection. In 2021, a study
investigated possible musculoskeletal disorders the collectors might be facing, and the
result showed that collectors displayed poor and discomfort posture during both LF
and FFB collection [7].

The heavy dependance on manual labor for physically demanding tasks like
LF collection has a negative effect on the production due to its inefficiency. Due to a
multitude of economic and social factors, it is believed that Malaysia’s reliance on
foreign workers should not last for long term [8]. Manual LF collection is also time
consuming and exposes workers to musculoskeletal disorders due to the bad back, hip
and knee postures they forced to endure on daily basis. Thus, mechanizing the century
long industry is a consistent problem that now attract many businesses that want to

utilize the financial prospects of an efficient and reliable process.



1.3 Project Objectives

This project serves as the first stage in the development of a mechanized
solution that can carry out LF collection by utilizing a robotic system (a parallel delta

robot). Thus, this project’s objectives are simply:

1) To simulate a proof-of-concept (POC) of a robotic loose fruit collection system

based on a delta (parallel link) robot.

2) To test out the efficiency of the robot’s integrated vision system and explore

other LF visual detection methods.

1.4 Project Scope

A robotic LF collection system involves a lot of subsystems that all need to
work together effectively and efficiently in scenarios similar to that in the field. This
indicates that solution requires a detailed research and development process for each
of the subsystems which is carried out on a timeline that exceeds that of this project.
Thus, the project has a limited scope where only a proof of concept is simulated, one
that shall discover the challenges presented for the given task in terms of the robotic
application for mechanical picking as well as the visual detection and localization of
the LFs themselves. The robot selected for the simulation is the Omron Hornet 565 (3-
axis) as it is present and available for future experimentation in Centre for Artificial
Intelligence & Robotics lab in Kuala Lampur. Unfortunately, since the robot lacked
the equipment and software needed to implement the integrated vision system during
the project timeline, the trials were emulated on the OMRON software which has a
feature where the emulation can be used to program the robot using a single click.
Although the robot is a fixed robot which differs from the mobile collaborative robotic
solution that suits the proposed overall collection system, the Hornet 565 is suitable
for the objectives of this project where a simulation of picking and visual detection is
explored to understand the challenges that need to be overcome and refine the overall

solution accordingly in order to achieve an efficient robotic LF collection solution.



[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

REFERENCES

A. K. Din, “Malaysian Oil Palm Industry Performance 2016 and Prospects for
2017,7 2017.

D. S. D. M. U. MAHIDIN, “Department of Statistics Malaysia Press Release,”
Dep. Stat. Malaysia, vol. 2019, no. July, pp. 5-9, 2020, [Online]. Available:
https://www.dosm.gov.my/v1/index.php?r=column/pdfPrev&id=b3ROY 1d;S
VROS2ZhclZaUWhLUVp5QT09.

M. Z. Mohd Yusoff, “Loose Fruit Collector Machine in Malaysia: A Review,”
Int. J. Eng. Technol. Sci., vol. 6, no. 2, pp. 65-75, 2019, doi:
10.15282/ijets.v6i2.2909.

D. El Pebrian and M. Fairulnizam, “Effects of Collecting Systems and
Plantation Environment on Debris Accumulation in a Collected Oil Palm
Loose Fruits,” in Proc. of Int. Conf. Plt. Phy. 2014., 2014, no. August 2014,
pp. 147-151.

M. M. Chu, “Analysis: Malaysia’s palm oil producers adjust to labour
shortages, higher recruitment costs,” Reuters, 2021.

Y. Shao Loong and W. A. Wan Usamabh, “The Malaysian Economy and
COVID-19 : Policies and Responses from January 2020 — April 2021, 2022.
Y. X. Teo, Y. S. Chan, D. Gouwanda, A. A. Gopalai, S. G. Nurzaman, and S.
Thannirmalai, “Quantification of muscles activations and joints range of
motions during oil palm fresh fruit bunch harvesting and loose fruit
collection,” Sci. Rep., vol. 11, no. 1, pp. 1-13, 2021, doi: 10.1038/s41598-021-
94268-4.

D. N. A. Mohiddin and D. El Pebrian, “Exploring mechanization degree and
capacity in malaysia’s oil palm plantations,” Agric. Eng. Int. CIGR J., vol. 23,
no. 2, pp. 220-228, 2021.

M. R. KHALID, A. R. SHUIB, and N. KAMARUDIN, “Mechanising oil palm
loose fruits collection - A review,” J. Oil Palm Res., vol. 33, no. 1, pp. 1-11,
2021, doi: 10.21894/jopr.2020.0069.

N. S. Mohd Nawi, B. Md Deros, M. N. Ab Rahman, N. Nordin, and E. H.

Sukadarin, “Mechanized Tools and Technovation Machinery in Palm Oil

33



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Plantations: Utilization Or Rejection?,” 2015.

A. R. Jelani, A. Hitam, J. Jamak, M. Noor, Y. Gono, and O. Ariffin, “Cantas
™ _ A tool for the efficient harvesting of oil palm fresh fruit bunches,” J. Oil
Palm Res., vol. 20, no. DECEMBER, pp. 548-558, 2008.

A. Awaludin, A. H. Zainal Abidin, S. S. Syed Ali, and A. Aris, “Conceptual of
Mobile Oil Palm Fresh Fruit Bunch Catcher,” Int. J. Agric. Innov. Res., vol. 4,
no. 6, pp. 1159-1163, 2016.

M. H. M. Hazir and A. R. M. Sharift, “Oil palm physical and optical
characteristics from two different: Planting materials,” Res. J. Appl. Sci. Eng.
Technol., vol. 3, no. 9, pp. 953-962, 2011.

I. E. Henson, “Ripening, Harvesting, and Transport of Oil Palm Bunches,”
Palm QOil Prod. Process. Charact. Uses, pp. 137-162, 2012, doi:
10.1016/B978-0-9818936-9-3.50008-3.

L. T. Gan, C. Y. Ho, J. S. Chiew, and K. S. Lam, “Optimum harvesting
Standards to Maximise Labour Productivity and Oil Recovery,” in Proc. Int.
Palm Oil Congress Agricultur, 1993, pp. 195-221.

Seedlink, “Loose Fruit vs Lost Income.pdf.” Sime Darby Plantation Sdn Bhd,
Subang Jaya, 2008.

N. M. R. Fadilah, A. C. Er, K. Rewathi, H. I. Yaakob, and A. Amran, “Good
Agricultural Practices amongst Oil Palm Smallholders - A case study in
Sabah,” Religacion., vol. 4, no. July 2019, pp. 347-355, 2020.

Abd Rahim Shuib, “Development of Oil Palm Loose Fruit Collecting Machine
with Elevated Discharge Mechanism (Mark Iii),” Int. J. Eng. Res., vol. V7, no.
10, pp. 225-234, Nov. 2018, doi: 10.17577/IJERTV7IS100017.

A. R. Shuib, M. R. Khalid, and M. S. Deraman, “Innovation and Technologies
for Oil Palm Mechanization,” in Further Advances in Oil Palm Research
(2000-2010), MPOB, 2010, pp. 569—597.

M. A. Ismail, “Design and Development of Coconut Palm Collector,” 2011.
M. K. A. Shaharuddin, “Design and Fabrication of Handy Disc Loose Coconut
Palm,” 2013.

F.S.A,R. S, and Y. R, “Effect of Chopping Oil Palm Fruit Spikelets on the
Free Fatty Acid Content Release Rate and Its Mechanical Properties,” Int. J.
Res. Eng. Technol., vol. 03, no. 01, pp. 511-516, 2014, doi:
10.15623/ijret.2014.0301086.

34



[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

I. Zainuddin, “Loose fruit picker,” MY 152054, 2014.

M. Y. Ahmad Zamri, M. Y. Mohd Zulfahmi, W. Kamal, A. Ahmad Jaril, and
T. Shawaluddin, “Motorised Device for picking and collecting Loose Fruit,”
WO02016072829A1, 2016.

D. Mohd Solah and A. Rahim, “Roller-Type Oil Palm Loose Fruit Picker,”
MPOB, pp. 1-2, 2009.

A. R. Shuib, M. R. Khalid, D. M. Solah, and A. Mohamed, “Oil Palm Loose
Fruits Collector (MK III),” MPOB, no. 505, pp. 3—6, 2012.

M. Z. M. Yusoff, A. Zamri, M. Z. A. Abd Kadir, W. Z. Wan Hassan, and N.
Bin Azis, “Development of integrated loose fruit collector machine for oil
palm plantations,” Bull. Electr. Eng. Informatics, vol. 9, no. 2, pp. 500-506,
2020, doi: 10.11591/eei.v9i2.2087.

M. Ramdhan and A. Rahim, “Determination of Minimum Suction Level for
Collecting Oil Palm Loose Fruits,” pp. 198-201, 2019.

C. Schiitz, J. Pfaff, J. Baur, T. Buschmann, and H. Ulbrich, “A Modular Robot
System for Agricultural Applications,” in Proc. of the International
Conference of Agricultural Engineering, Zurich., 2014, pp. 1-8.

L. Rey and R. Clavel, “The Delta Parallel Robot,” pp. 401417, 1999, doi:
10.1007/978-1-4471-0885-6_29.

J. Gallardo-Alvarado, “Kinematic analysis of parallel manipulators by
algebraic screw theory,” Kinematic Anal. Parallel Manip. by Algebr. Screw
Theory, no. 1997, pp. 1-377, 2016, doi: 10.1007/978-3-319-31126-5.

Y. Zhao, L. Gong, Y. Huang, and C. Liu, “A review of key techniques of
vision-based control for harvesting robot,” Comput. Electron. Agric., vol. 127,
pp. 311-323, 2016, doi: 10.1016/j.compag.2016.06.022.

R. Girshick, J. Donahue, T. Darrell, and J. Malik, “Rich feature hierarchies for
accurate object detection and semantic segmentation,” Proc. IEEE Comput.
Soc. Conf. Comput. Vis. Pattern Recognit., pp. 580-587, 2014, doi:
10.1109/CVPR.2014.81.

R. Girshick, “Fast R-CNN,” Proc. IEEE Int. Conf. Comput. Vis., vol. 2015
International Conference on Computer Vision, I[CCV 2015, pp. 1440-1448,
2015, doi: 10.1109/ICCV.2015.169.

S. Ren, K. He, R. Girshick, and J. Sun, “Faster R-CNN: Towards Real-Time
Object Detection with Region Proposal Networks,” IEEE Trans. Pattern Anal.

35



[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

Mach. Intell., vol. 39, no. 6, pp. 11371149, 2017, doi:
10.1109/TPAMIL.2016.2577031.

W. Liu et al., “SSD: Single shot multibox detector,” Lect. Notes Comput. Sci.
(including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol.
9905 LNCS, pp. 21-37, 2016, doi: 10.1007/978-3-319-46448-0 2.

T. Y. Lin, P. Goyal, R. Girshick, K. He, and P. Dollar, “Focal Loss for Dense
Object Detection,” IEEE Trans. Pattern Anal. Mach. Intell., vol. 42, no. 2, pp.
318-327, 2020, doi: 10.1109/TPAMI.2018.2858826.

M. Tan, R. Pang, and Q. V. Le, “EfficientDet: Scalable and efficient object
detection,” Proc. IEEE Comput. Soc. Conf. Comput. Vis. Pattern Recognit.,
pp. 10778-10787, 2020, doi: 10.1109/CVPR42600.2020.01079.

J. Redmon and A. Farhadi, “YOLOV3: An Incremental Improvement,” 2018,
[Online]. Available: http://arxiv.org/abs/1804.02767.

M. H. Junos, A. S. Mohd Khairuddin, S. Thannirmalai, and M. Dahari,
“Automatic detection of oil palm fruits from UAV images using an improved
YOLO model,” Vis. Comput., vol. 38, no. 7, pp. 2341-2355, 2022, doi:
10.1007/s00371-021-02116-3.

Omron Adept Technologies Inc., “Hornet 565 Robot User ° s Guide.”

C. Li, H. Wu, H. Eskelinen, and H. Ji, “Mobile parallel robot machine for
heavy-duty double-walled vacuum vessel assembly,” Ind. Rob., vol. 48, no. 4,
pp- 523-531, 2021, doi: 10.1108/IR-10-2020-0228.

K. M. Saipullah, W. H. M. Saad, S. H. Chong, M. . Idris, and S. A. Radzi,
“ROS 2 Configuration for Delta Robot Arm Kinematic Motion and Stereo
Camera Visualization,” J. Robot. Control, vol. 3, no. 3, pp. 320-327, 2022,
doi: 10.18196/jrc.v3i3.14436.

C. Liu, B. Zheng, C. Wang, Y. Zhao, S. Fu, and H. Li, “CNN-based vision
model for obstacle avoidance of mobile robot,” MATEC Web Conf., vol. 139,
pp- 4-7, 2017, doi: 10.1051/mateccont/201713900007.

B. X. Duong, “Deep Learning based 6DOF Robot Arm Control with
Computer Vision,” vol. 10, no. 02, pp. 531-536, 2021.

F. Ebert, C. Finn, S. Dasari, A. Xie, A. Lee, and S. Levine, “Visual Foresight:
Model-Based Deep Reinforcement Learning for Vision-Based Robotic
Control,” vol. 14, no. 8, pp. 1-14, 2018, [Online]. Available:
http://arxiv.org/abs/1812.00568.

36





