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This study discusses the application ofieans Clustering and Singl
Linkage algorithms in classifying the quality of Fresh Fruit Bunches (F
of oil palm based on four main variables: ripeness level, oil content, b
weight, and water content. The dsét consists of ten harvest recol
representing variations in FFB characteristics. The analysis process
with Mini Max normalization, followed by clustering usingMeans (k=3)
and Single Linkage (Hierarchical). The results showed thd#lddns
produ@d a lower Sum of Squared Error (SSE) (215.32), indicating r
compact and homogeneous clusters, while Single Linkage achiev
higher Silhouette Score (0.914) compared tdl&ans (0.892), reflecting
clearer separation between clusters. This implies kheans is more
suitable when compactness is prioritized, whereas Single Linkage per
better when the goal is natural separation. The implementation was ¢
out through a welbased system at PT. Teguh Karsa Wanalestari 2 F

Web-Based Information Syster Siak Regency, Riauptaddress the problem of manual and subjective |

quality assessment. The system enablestireal data input, automate
calculations, evaluation with SSE and Silhouette Score, and presents |
in tables, graphs, accuracy reports, and Gmail notifinati With this
system, FFB quality can be consistently grouped into three grades (
C), supporting decisiemaking in harvesting, distribution, and processi
more objectively and efficiently to maintain Crude Palm Oil (CPO) qual
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1. Introduction

The increasingly complex development of technology has made artificial intelligence and data mining
crucial in improving competitiveness, efficiency, and productivity. Educational institutions and companies in
Indonesia are required to be atie® to rapid digital transformatiofi]. Companies now not only focus on
operational efficiency, but must also be responsive talregghnological changedn the palm oil industry,
data mining with cluster analysis is used to group the quality of Fresh Fruit Bunches (FFB) that are
influenced by environmental factors such as monthly raifi2dll The goal is to produce higduality FFB
with maximum oil yield, low Free Fatty Acid (FFA) content, and efficient production ¢8jsts

PT. Teguh Karsa Wanalestari 2 Pom, located in Belutu Village, Kandis District, Siak Regency, Riau
Province, is a research site engaged in the progesdi oil palm fruit, often referred to as Fresh Fruit
Bunches (FFB). To date, it still faces obstacles in the quality classification system for oil palm Fresh Fruit
Bunches (FFB). Quality assessment of FFB at this company is still done manually basedeshecords
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without standardized quality measurement parameters. As a result, the assessment process is subjective,
inconsistent, and increases the risk of errors in determining fruit quality, which impacts the potential for
reduced oil yield, decreasedPO quality, failure in optimal FFB harvest and distribution planning, and
decreased FFB and CPO selling prices in the market due to unmaintained dalipyoblem of grading the
quality of fresh fruit bunches (FFB) at PT. Teguh Karsa Wanalestari 2bieoomes increasingly complex
during the dry season (Julgeptember), when water shortages cause low moisture content, uneven ripeness,
and many fruits drying before ripening. These quality variations make manual assessment difficult due to the
lack of obpctive standards, resulting in inconsistent classification, risk of errors, and reduced production
yields, as well as operational losses. Therefore, a more accurate, objective, and efficient tettasaidgy
system is needed to assess FFB quality. Fromatieve problems, the verse that corresponds to this
discussion is QS. Yusuf: 47.

Yus uf Ysuawiildauyltivafe for seven years (consecutively) as usual. Then whatever you harvest,
leave it (store it) on the branches, except for a little for you to @t explained in QS. Yusuf verse 47,
Prophet Yusuf emphasized the importance of careful management of harvests in order to face difficult times.
This is relevant to the research conditions, where the quality of fresh fruit bunches (FFB) of oil palm tends to
decline during the dry season, thus requiring an appropriate grouping system to support efficient and
sustainable harvest management strategies. This study aims to develop ahesiesitesystem capable of
processing FFB quality data in raahe, with irtegrated input from all oil palm land units of PT. Teguh
Karsa Wanalestari 2 Pom. The data used includes ripeness level, oil content, bunch weight, and moisture
content, which are then objectively grouped using tHddans Clustering algorithm. This clustey aims to
separate good and bad FFB quality to support deeisiking in the harvesting, distribution, and processing
processes so that oil yield is optimal and CPO quality is maintained. This system is equipped with graphical
and tabular visualizatianthat help evaluate FFB quality systematically, accurately, and more consistently
than manual methods, which are often subjective anddonsuming.

A significant difference compared to previous studies that used dedts method. The study by
WahyuniEk a Sar i ent i t | e-MeafsAgagrithm to &roup the Matufity Leviels of &il Palm
Fresh Fruit Bunches Based on Coloro only used the c
produced an accuracy of 90%]. The study by Si bar aMeans and Hierardhieal i Co mg
Clustering in Medication Stock Clusteringo used med
(Silhouette Score 0.976) compared tdvieans 0.954) with an average time of 4 seconds and an accuracy of
90%[5]. Meanwhile, unlike previous studies, this study not only applied tMeKns algorithm for grouping
the quality of palm oil fresh fruit bunches, but also expanded the data variables used, including fruit skin
color, oil content, bunch weight, and moisture content. Additionally, this study applied two evaluation
models, namely SSE (Sum of Squared Error) aiidoGette Score, to assess the accuracy level of the
clustering resultsThe grouping results are displayed in the form of an interactive website that presents
cluster graphs, analysis result tables, and accuracy comparison reports. The system ispged ®aafii
automatic report notifications via Gmail to PT. Teguh Karsa Wanalestari 2 Pom.

2. Research Method
2.1.Research methods

This study employs a mixeshiethods embedded design, which is a type of mirethod approach
that integrates qualitative anmgluantitative methodologies within a single research framework [6]. The
embedded design is characterized by the deliberate combination of two different types of data, where one
method plays a dominant role and the other is embedded to support, enriclariéythe primary findings.

In this study, one approach is positioned as the main focus of analysis, while the complementary approach is
used to strengthen interpretation, provide contextual depth, and enhance the validity of the results obtained
[7]. By integrating these two approaches, the research is able to capture both numerical trends and contextual
insights, allowing for a more holistic and comprehensive understanding of the phenomenon under
investigation.

The use of a mixethethods embedded designparticularly relevant for studies that aim to examine
complex processes or systems, as it enables researchers to explore not only measurable outcomes but also the
underlying conditions, perceptions, and operational practices that influence those sutCbroeigh this
approach, quantitative data provide objective evidence and patterns, while qualitative data help explain the
reasons behind those patterns, thereby reducing potential bias and increasing the robustness of the
conclusions. As a result, thiesign contributes to a more nuanced and reliable interpretation of research
findings.

Third, secondary quantitative data in the form of TBS quality records for the period Jakugurgt
2025 were utilized as the primary quantitative data source. Thiselgieovided measurable indicators to
support statistical analysis and trend evaluation. The integration of these three data collection techniques
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ensures that the findings are wellpported and systematically analyzed. The overall research stages and
metodological flow are illustrated in the following figure.

Indentifikasi Masalah
Studi Dokumen
Pengumpulan data Kuantitatif
(data utama)

Pengumpulan data Kualitatif
(data pendukung)
Analisis data

Figurel. Research Stages

Research Stages
1. Problem Identification

PT. Teguh Karsa Wanalestari 2 Pom has difficulties in classifying the quality of palm oil fresh fruit
bunches (FFB) because the assessment process is still manual and subjective, thereby affecting the quality of
crude palm oil (CPO), oil yield, and selling price.

2. Document Study

Previous studies such as Implementation of théldééans Algorithm for ClusteringOil Palm
Productivity Data[8] were used as references to understand the application of clustering methods in
assessing agricultural product quality.

3. Quantitative Data Collection (Main Data)

TBS harvest data from JanuaryAogust 2025 was used, including variables such as maturity level,
oil content, bunch weight, and moisture content. The data was analyzed usingMtbank Clustering
algorithm to objectively group TBS quality.

4. Qualitative Data Collection (Supporting Data)

Field observations and interviews with plantation managers and sorting officers were conducted to
understand the harvesting process, weather factors, and constraints in manual TBS quality assessment.
5. Data Analysis

The K-Means algorithm was used to groBpB into three grades: A (good), B (fair), and C (poor).

The results were evaluated using SSE (Sum of Squared Error) and Silhouette Score to measure accuracy and
consistency.
6. Research Results
The research produced a weased information system capable of:
a. Grouping TBS quality in redime using kMeans.
b. Displaying results in graphs and tables.
c. Providing harvesting and sorting recommendations to maintain CPO quality and operational
efficiency.
The methods used to collect data in this study are descrilfellioags:
1. Observation

Field observations were conducted at PT. Teguh Karsa Wanalestari 2 Pom, Belutu Village, Siak
Regency, to understand the harvesting process and quality assessment of Fresh Fruit Bunches (FFB). The
observations showed that quality assemst was still carried out manually by sorting officers without
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objective standards, relying only on experience and visual inspection. Harvest data recording also still used
simple methods that were unable to provide automatic analysis or predict FRB.quab situation causes
inconsistent FFB grouping and has the potential to reduce oil yield and CPO quality. These observation
findings emphasize the need for a wWedsed information system capable of analyzing FFB quality data in
reattime, including casidering weather and seasonal factors, to support more accurate and efficient
harvesting and sorting decisions.
2. Interview

Interviews were conducted with plantation managers, sorting officers, and operational staff of PT.
Teguh Karsa Wanalestari 2 Poto gather information related to the harvesting process and quality
assessment of Fresh Fruit Bunches (FFB). From the interviews, it was found that quality assessment is still
subjective and highly dependent on the experience of the officers, withostaamtiard measurement criteria.
Respondents also said that variations in FFB quality often occur due to changes in weather, dry seasons, high
rainfall, and other environmental factors that affect moisture content, ripeness, and oil yield. These conditions
make manual management unable to maintain consistent FFB quality. These interview findings form an
important basis for the design of a wef#ised system that integrates thévikans algorithm to group TBS
quality automatically and objectively. The system Jigpected to improve the accuracy of assessments,
facilitate harvesting and sorting decisions, and maintain TBS quality and oil yield more consistently and
efficiently.
3. Collection of Harvest History Data

Quantitative data collection was carried out to obtain measurable information about FFB quality based
on numerical values that could be analyzed statistically. In this study, quantitative data was obtained from
historical FFB harvest data from PT. Teguhré&@Wanalestari 2 Pom for the period JanuAngust 2025,
covering the variables of maturity level, oil content, bunch weight, and moisture content. All data was then
processed using the-Means Clustering algorithm to produce an objective and systenmatipigg of FFB
quality. The results of this analysis provide accurate, structured, and accountable information, thereby
supporting a more efficient decisionaking process related to harvesting, sorting, and processing FFB.

2.2.Research Methodology

The Waterfl model is a system development method that runs in stages and sequentially, starting
with requirements analysis, followed by design, then coding, and finally testing. This approach is known as
one of the earliest software development methodologies ama éghly systematic work structure in the
information technology industi®].

This study uses a modified Waterfall motielsed system development method tailored to the
requirements. Waterfall was chosen because it has a structured workflow, starting from analysis, design,
implementation, to testing. However, this studglyo focused on system design and testing, so the
maintenance stage was not applied. This modification was made so that the development model was more in
line with the research objectives, namely to build and test the system without -enplesbentation
management proce$$0].

Figure 2. Waterfall Development Method

From the development method diagram above, there are five stages carried out by the author, including:
1. Requirement Definition

Requirements are the initial stage in the Waterfall methodchwiiocuses on analyzing the
requirements of the system to be developed so that all requirements can be clearly understood14y. users
In this study, system requirements were obtained through direct observation at PT. Teguh Karsa Wanalestari
2 Pom, which included harvesting, sorting, and recording the quality of fresh fruit bunches (FFB). The results
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of the obseration showed the need for a system that can manage FFB quality datatimeegroup FFB

based on maturity, oil content, bunch weight, and moisture content, and present data visualization to support
decision making.

2. System Software Design

At the System Software Design stage, the design focuses on the technical aspects of the system,
including hardware management, software, and user interface design. In this study, the system design is
described through Unified Modeling Language (UML) diagsa such as use case diagrams, activity
diagrams, and class diagrams, which show the flow of user interactions with the system, the TBS quality
grouping process, and the relationships between database entities. This design aims to produce an
information sytem that meets the needs of PT. Teguh Karsa Wanalestari 2 Pom, namely, one that is capable
of classifying TBS accurately and consistently, supporting TBS quality evaluation, and assisting in the
planning of CPO harvesting and distribution with optimaldsge
3. Implementation

The implementation stage includes coding the system using HTML, PHP, and CSS, as well as creating
a database with MySQ[12]. The author used Visual Studio Code as a development tool and XAMPP as a
local server.

After the system design was completed, the TBS grouping logic was integrated usind/en&
algorithm, which analyzed historicharvest data, such as maturity level, oil content, bunch weight, and
moisture content, to form grade A, B, and C quality categories. This implementation resulted Hbaseaeb
system capable of providing ret@he TBS grouping, supporting more efficiesrting decisions, harvest
planning, and TBS distribution.

4. Integrationand Tasting

At this stage, the author conducts testing on the developed program. Testing is carried out to ensure
that every function in the system runs without errors and produgesits that meet the previously defined
requirementd.3]. At this stage, the author applied the blackbox testing method to test the system. This test
focused on examining the functionality of the system based on the specified specifications, without the need
to view or analyze the program source code. fEsewas conducted by observing whether each feature in the
system worked according to user expectations and previously defined requirEidgnisie main objective
of this method is to ensure that the system is able to respond to inputs correctly and produce appropriate
outputs, as well as to identify any errors in the apptic&t functionality{14].

5. Opration and maintenance

This stage covers possible maintenance of the system after implementation. In this study, maintenance
is not the main focus, and will only be carried out if there is a fellpwagreement with PT.Teguh Karsa
Wanalestari 2 Pom regarding pdsiplementatiorsystem management. This phase is optional, depending on
the needs and cooperation between the researchers and the company.

3. Result and Discussion
3.1. Collection of Palm QOil Fruit Bunch Data

The data for this study was obtained from records of fruit bunackiests from January to August
2025, which contained information on the maturity level of fresh fruit bunches (on a scale of 1 to 5), oil
content (%), bunch weight (kg), and water content (%). The following are the results of the fruit bunch data
collecion:

Tablel. Results Of Tbs Data Collection

Kada' Ber ¢ Kada
Tanggal Tingkat Kema' Minys TBS A r
(%) (kg

Wednesday, Cukup matang ( 18,9 19,¢ 20,0
2025 tengah, 15%

Monday, 02602, Sangat matang 20,8 11,:¢ 18,7
tengah, 10%

Saturday, 11 Kurang matang ( 20,5 10, 18, 3

tengah, 20%
Thursday, 16 Matang (57% lu¢ 23,7 20, 17,1
16% dal am)
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Kadal Ber ¢ Kada
Tanggal Tingkat Kema Minys TBS AT
(%) (kg
Tuesday, 21 Matang (57% lu¢ 23,5 16, ¢& 22,1
16% dal am)
Sunday, 26 . Matang (57% lu¢ 20,1 24, 24,3
16% dal am)
Friday, 31 Kurang matang ( 20,9 16,7 21, 2
tengah, 20%
Wednesday, | Matang opti mal 23,0 16, 20, 0
2025 tengah, 15%

Monday, 10 F Cukup matang ( 18,9 19,¢ 20,0
tengah, 15%
Saturday, 1 Cukup matang ( 23,0 11,: 26, 8

2025 tengah5% dal :

Saturday, 1 Kurang matang ( 22,7 16, 27,0
2025 tengah, 20%

Thursday, 1 Sangat matang 21,1 23,¢ 24,3
2025 tengah, 10%

Tuesday, 23 Kuramad ang (45% 18,7 14,7 26,0
2025 tengah, 20%

Sunday, 28 Kurang matang ( 24,4 18,: 16, 2
2025 tengah, 20 %

Friday, 03 Matang opti mal 23,0 16, 20, 0

tengah, 15%
Wednes dexyt,o0b Cukup matang ( 22,4 15, ¢ 25,0
2025 tengah, 15%
Monday, 13 ¢ Cukup matang ( 18,9 19,¢ 20,0
tengah, 15%

Saturday, 18 Cukup matang ( 20,5 21,:. 24,7
tengah, 15%

Thursday, 23 Matang opti mal 19,9 11,7 26, 2
tengah, 15%

Tuesday, 28 Cukup matang ( 18,9 24,7 20, 9

tengah, 15%

3.2. Data Transformation Maturity Level
The maturity level must be converted into numbers so that it can be calculated tdieank. The
following is a conversion table for maturity levels

Table2. Maturity Level
Tingkat K Sko

Kurang m
Cukup ma

Mat ang
Mat ang o
Sangat m

gabhwnN B

3.3. Maturity Level Conversion Data

At this stage, the Fresh Fruit Bunch (FFB) maturity level category data, which was previously in
qualitative form, was converted into quantitative values. This convepsamess was carried out because the
K-Means algorithm can only process numerical data in Euclidean distance calculations and centroid
formation.

Table3. Maturity Level Conversion Data

No KematarSkcKadar NBer Kadar
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