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Abstract

This study offers an online traceability framework for continuous monitoring of critical
environmental factors, using IoT, smart sensors, drones and open-source technology,
integrating real-time data in four organic olive groves. This data-driven approach
promotes more sustainable agricultural practices and supports the acquisition of
evidence for improved traceability. Supply chain steps include organic olive cultivation,
olive fruit processing, standardization, and production of biofunctional foods. The
software ensures adherence to EU organic agricultural laws by facilitating real-time
data collecting on environmental conditions, soil management, irrigation, and
harvesting procedures. For smooth user interaction, it combines a responsive Bootstrap
5 web user interface, a lightweight PHP framework (Codelgniter 4), and a relational
open-source database (MariaDB). The system's capacity to enhance farm management
and decision-making is demonstrated. The platform maximizes resource use, improves
product quality, and fortifies customer trust by automating data collection and
guaranteeing transparency. The system ensures complete supply chain visibility of
organic table olives by recording important traceability data, such as fertilization
management, irrigation, harvesting and transportation specifics, fruit quality, and
processing activities. According to preliminary results, the suggested system greatly
enhances operational effectiveness, regulatory compliance, and traceability in organic
olive farming.

Keywords: smart agriculture, data collection, data analytics, innovative technologies,
organic table olives.

1. Introduction

Smart farming combines advanced technologies such IoT, smart sensors, drones, GIS,
RFID, and Al to create connected, efficient farms. Sensors monitor and collect real-
time data on crop health, soil conditions, weather, and pests, critical parameters for
plants growth, transmitting it to cloud-based analytics for decision-making (Soussi et
al., 2024). This involves on-farm dynamic management of irrigation, fertilization, pest
development, and resource management. Major benefits from this include increased
traceability, sustainability, food safety, and cost-effectiveness with reduced
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environmental impact (Pradeep & Tyagi, 2024; Kalfas et al., 2024; Mushtaque, 2024;
Kalyani et al., 2024; Ali et al., 2024).

Smart sensor systems enhance agriculture by providing real-time data on soil, climate
and crop health. They monitor moisture, temperature, humidity and weather, optimizing
farm management, improving efficiency and enabling data-driven decision-making for
better yields (Hassan et al., 2024).

New technologies provide opportunities for local food development. With the rise of
state-of-the-art technology, a new range of food and agricultural solutions emerges
through innovations in traceability technologies. The implementation of an organized
traceability system helps to record and maintain all information related to the route
followed by a product from the original supplier to the consumer (Vlontzos et al., 2024).

Integrated smart technology in agriculture allows the production process to be
monitored and managed toward product quality and safety traceability. In this case,
traceability ensures food safety (Charlebois et al., 2024). Traceability is, therefore,
defined as tracking a product from the time it is grown on the farm until it reaches the
consumer's plate, where it involves several processes from QR codes to certifications
and audits. The merits of traceability include food safety, quality control, consumer
confidence, compliance with regulations, efficiency of operations, sustainability, risk
management, and competitive edge (Tarjan et al., 2014; Le, 2024). This system builds
trust and transparency, utilizes all the data available in a better way, and guarantees the
provision of good-quality agricultural products, bringing along better standards and
efficiency of operations (Victor et al., 2024). Organic production is a holistic system of
farm management and food production, whereby environmental and climate policy,
biodiversity, the conservation of natural resources, animal welfare, and high production
standards are combined in order to meet the growing demand for foods from the ever-
increasing population of consumers, produced by natural substances and processes (EU
2018/848, 2018). The basic principles of organic farming are in several aspects stricter
than those of conventional agriculture.

Organic producers are a crucial group of operators on the platform, as they provide
essential information about the first stage of the supply chain. Without their input,
accurate traceability would not be possible. Therefore, a highly user-friendly platform
is necessary to enable them to record information for monitoring and decisions making
purposes, emerging dynamics for a mini, real-time, regulatory, consulting basis, digital
agricultural extension which benefits all parts in the food chain (Li et al., 2024). Within
this context, participatory footprint of the farmers, processors and distributors in
organic production chain had always a high return on investment advantage in addition
to potential peer leaning and co-evolving among the stakeholders (Lasdun et al., 2025;
MacPherson et al., 2025).

This paper presents an initial concept of traceability for organic food, highlighting its
key features and parameters related to organic farming and sustainability. The primary
advantages of this platform lie in its transparency and full traceability. It provides
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consumers with clear visibility of the food produced by organic farmers and enables the
rapid identification of any issues, allowing for swift recalls of affected products. In the
EU, various information systems can capture traceability in the organic food supply
chain. Their implementation depends on the specific requirements and complexity of
the supply chain. Integration enhances management from production to consumption.
Stakeholders range from small farmers to large companies, which require simple, cost-
effective systems (Latino et al., 2022). Robust IoT and sensors functionality coupled
with the preciseness of digital agriculture applications can secure the positive outcome
for farmers and consumers (Mohapatra et al., 2025; Slettli, 2024).

Herein, we established and tested a reliable smart traceability system for the organic
table olive production chain from farm to fork.

2. Methods

This study is aimed primarily at the conception and execution of an integrated platform
conceived for organic table olive supply chains with the latest processes. In the
platform, data collection moves through different stages requiring validation, and
critical points of intervention mark information recording and retrieval throughout
organic table olive production processes to support better and informed decision-
making. The platform has been set to use new technologies, namely sensors and drones,
while it gives end consumers direct access to a full and comprehensive range of
information covering aspects from location to production and distribution processes
along the entire journey from field to shelf.

The first step to establish an effective traceability system by which biofunctional foods
safety and quality features will be elicited was to identify key stakeholders and set forth
their roles, responsibilities, contributions, activities and interactions based upon
experience. The Operational Team of Patras University, following Executive
Regulation (EU) 2021/279 on traceability in organic production, conducted continuous
discussions and interviews with all members involved in implementation. These
stakeholders included the Agricultural Cooperative of Organic Olive Growers, the
Agricultural Cooperative of Organic Products and the Processing Business.

The initial research phase involved organic table olive farmers participating in on-site
studies to improve organic farming practices through innovative technologies. Four
organic farms with different irrigation systems were selected for the study, where
sensors were installed to record soil parameters, while meteorological stations
monitored climatic conditions. Throughout the organic table olive chain,
comprehensive data was collected from farm operations, cultivation, harvesting, olive
processing techniques, etc. The Operational Team of the FP analyzed this data and
proposed a list of functions that the application would offer for each user based on their
role.

The platform development process involved extensive stakeholder engagement, with
multiple rounds of discussions and exchanges of views on specific use cases and general
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functionality. This iterative process, including several redesign phases, led to the
creation of the platform's final form. The system, built on PHP programming language,
utilizes open-source technologies to ensure long-term sustainability through
community-based updates and support and establishes trust to the stakeholders through
code transparency. To be more specific, the open source accompanied software libraries
that were utilized during the process of developing the web application are the
Codelgniter 4 framework, the MariaDB Relational Database Management System and
the Bootstrap 5 framework that offers a responsive web user interface on the web
application. Finally, the web application is hosted on an Ubuntu Server Operating
System based cloud Virtual Private Server based in Germany, ensuring both compliance
with GDPR and fast data transfer and access (being geographically in a central
European country). The VPS’s resources are comprised of 8 virtual CPU cores, 16GB
of RAM and 240GB of Solid Storage Disk based storage ensuring more than enough
computing power for the web application’s real-time needs. Should the need for
computational resources rise in the future, the server is fully scalable and can be
upgraded in a manner of minutes via the web hosting provider’s administration
environment.

The data collection system includes various parameters, such as geographical location,
soil management (humidity, temperature and salinity), meteorological data, and good
organic farming practices, which include all aspects of plant nutrition, plant protection,
pruning, irrigation, and harvesting. To guarantee traceability, each farm is assigned a
Unique Global Location Number (GLN), with GLN barcode labels involved in
enhancing the transparency of the supply chain. Organic farmers form an important part
of the supply chain, producing organic table olives, keeping agricultural records,
managing environmental conditions, and carrying out harvesting and transportation to
the processing business.

The traceability system goes as far as harvesting and transporting; the table olives are
hand-harvested and placed into traceable plastic crates.

A farm dispatch chart or harvest delivery note serves as a consignment note, recording
essential information including the SSCC of boxes/pallets, date/card number, transport
vehicle license plate, farm GLN, olive variety, quantity, weight, and the person
responsible for loading. This system also addresses potential farm operation risks,
including inferior-quality fruit harvesting, improper transport conditions, and incorrect
quantity recording.

At the processing company's reception area, quality control procedures are
implemented, with detailed reports recording consignment note numbers, GLN, SSCC
packing list, receipt quantities, total batch quantities, and processed or rejected olives.
Organoleptic characteristics, including appearance, color, smell, taste and texture, are
carefully documented. The processing and packaging stage emphasizes the importance
of high-quality raw materials for producing biofunctional foods, with comprehensive
data recording of production orders, quantities, weights, tank usage, and batch
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characteristics. The development of biofunctional products using organic table olives
involves careful documentation of mixing ratios and ingredient quantities.

The platform ensures complete traceability in the organic table olive subchain by
recording key data, integrating with other distribution and production systems, and
enabling sharing of files. This integrated approach tracks data from the farm right
through to processing, ensuring consistent quality control and regulatory compliance
along the entire supply chain. The adopted methodology implements a solid frame to
provide traceability, quality assurance, and transparency to the organic table olive
production, while novel technologies are embedded and stakeholder engagement is part
of the production process.

3. Results and Discussion

In this work, a web-based application to aid traceability and streamline organic olive
farming management processes is presented: Farm registration and cultivation practices
are addressed by the tool, and supply chain steps involve organic table olive farming,
processing, standardization, and the production of biofunctional foods. By integrating
real-time data from sensors installed in four prototype organic table olive orchards,
technology continuously checks critical environmental factors. In this way, the model
puts the emphasis on more sustainable farming practices and supports informed
decision-making for improved traceability (Visconti et al., 2020). The system is built
using the PHP programming language and Codelgniter 4 framework, using open-source
technologies, with MariaDB Relational Database Management System behind and a
user-friendly, responsive front-facing interface built with Bootstrap 5. Real-time sensor
data is integrated step-by-step throughout the production process, from farming to final
distribution. Preliminary experiments have shown that the platform could positively
impact traceability, resource optimization, and offer compliance with global best
practices. By automating data collection and increasing clarity throughout the supply
chain, the system will develop implementation solutions for more sustainable and
efficient organic table olive farming. Integrated monitoring allows the application to
follow the olive fruits from farming, through processing to the distribution of
biofunctional foods. In addition to implementing traceability practices that allow the
tracking of the table olives' origin to their journey on store shelves, the system integrates
measurement data coming from four pilots in organic table olive farms, ensuring
openness at various cultivation stages and the reinforcement of sustainable organic
farming practices.

3.1 Web Application

As aforementioned, the web application is built on PHP programming language
accompanied by open-source software libraries and the MariaDB Relational Database
Management System and is hosted on an Ubuntu Server OS powered cloud VPS (Figure

1.
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PHP v8.1 was utilized, bringing several improvements in performance, security, error
handling, debugging, and overall capabilities compared to earlier versions. PHP,
originally released in 1995, is a reliable and still relevant choice to build web
applications with having over 76% of the websites run on it (W3Techs, 2024), several
Content Management Systems like WordPress, Drupal, and Joomla coded with it, and
many companies like Meta, Wikipedia, Slack, and Etsy having their web applications
(partially) written in PHP.

The Codelgniter library works complimentary to the PHP programming language
offering a Model View Controller developing environment. The MVC architecture
offers a developing environment which provides distinct entities that handle different
things throughout the web application: 1) the Models which contain the code that in
charge of retrieving data from the database, 2) the Controllers which process the data
passed by from the Models and 3) the Views that define the rendering of the user
interface on the user’s device. This type of architecture offers the developer extended
scalability, efficiency and easy maintenance (Kalelkar et al., 2014).

Regarding data storage, bearing in mind the needs of this particular web application, a
relational database management system was chosen. Considering the structured nature
of the data, information of farms, traceability, and data acquired from the sensors
installed on the organic farms, a relational database was the chosen approach. To begin
with, ACID transactions ensure no data inconsistencies. Furthermore, data can be
acquired and joined from multiple database tables when needed, ensuring an efficient
retrieval of related data. Finally, SQL databases provide the ability to execute advanced
filtering and aggregations (Jatana et al., 2012).
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Figure 1: Part of the web application's database schema
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3.2. System Architecture

The system consists of these elements (Figure 2):

Organic Farms where olives are grown.
Sensors collect real-time data on organic farms.

xaraktiistika_elias VARCHAR(250)

>

The Web Server hosts the web application which consists of the database

and the digital user interface which the users utilize to interact with the

system.

others (e.g. logistics companies or olive processing unit).

The Stakeholders, namely producers (organic farmers), consumers, and
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Figure 2: System Architecture
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In a more detailed manner, farm sensors, based on the Internet of Things technology,
are installed on various organic table olive farms to collect real-time data such as
humidity, temperature and salinity, and send this information to the web server. This
data is sent every ten minutes to the web server. The web server stores the data on the
database alongside the organic farm details, the traceability data (tracking information),
and details on the user accounts (user authentication system). Finally, the stakeholders
can access the web application through a web user interface which enables them to do
various tasks according to their user role. Multivariable roles and multilevel data
analysis secure avoidance of quantitative and qualitative risks in the production chain
as previously projected in smaller group of farming processes (Dwivedi & Sherly, 2025).

To be more specific, the organic farmer registers their farm on the platform and
documents cultivation processes which enable them to initiate the declaration of
traceability records for their harvest. Inclusion of these processes and data analysis lead
to minimalization of organic olive fruits heterogeneity in space and time converting
strict agroecological management into financial advantage (Zhang et al., 2025).
Optimization of micro-service irrigation and fertilization schemes coupled with climate
monitoring resulted in successful resources management tactics in our case as it shown
in high density olive orchards for conventional, non-organic olive oil production and
other horticultural crops (Jamshidi et al., 2025; Massaoudi et al., 2022).
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Then the logistics company that has taken on the task of transferring the yield from the
organic farm to the processing company delivers the organic table olives for processing.
The processing company receives the olives and transforms them into the final product.
The actual tracing pattern of pre- and post- harvested organic olives, conceptualized
and realized in this work, guarantees food authenticity improving transparency for the
consumer (Liu et al., 2025).

Every single step of the process is registered and documented on the traceability
platform ensuring that the consumers have the ability to verify and validate the
product’s authenticity tracing every step of its way from farm to fork; joint
comprehensibility by the farmer and consumer leads to business resilience in the market
and sustainable quality trust of the final product (Kirikkayis et al., 2024; Seo, 2025).

3.3. Challenges

During initial stages of system design and deployment, sensors had limited or unstable
internet connectivity which was one of the first major challenges to overcome. In areas
where 4G connectivity was not stable enough, LoRa radio technology was utilized to
transmit the sensors’ data to a central gateway installed inside the farmhouse (Suji
Prasad et al.,, 2021). Caching mechanisms and asynchronous uploads were also
deployed to enhance data transmission (Bouras et al., 2019).

Sensors integration on the system was an additional challenge for the development of
monitoring process. Log files from sensors activities did not provide records in an easily
human-readable format. The information was not readable and capable of being sorted
by the database structure. The research group solved these compatibility problems by
developing PHP script to transform the output’s data towards appropriate format;
imported data were integrated smoothly into the functional database.

The final major challenge was not a technical one; stakeholders expressed their
hesitation towards actual technological advancements. Some of them expressed their
skepticism about adopting the system; projecting the argument of a non-justifiable
burden for their entrepreneurial activities. This type of behavioral response was
expected in people with low technological adaptation profile. The lack of digital skills
temporarily decreased the social acceptance of smart technologies (Qian & Zhang,
2022). Training sessions helped to emerge in public the importance of the current work
and push further gradual change in olive farming.

3.4. Future Work

Despite the challenges faced, while the system was greatly appreciated by the testing
groups, there are some advancements that could be made to further enhance the user’s
experience, namely Blockchain integration, Al-powered Data Analysis, and
interoperability with existing systems. This approach will enhance farm-based profit
predictability and robust food quality standards via sustainable water, soil and olive
resources governance (Parra-Lopez et al., 2025).
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Literature reviews suggest that the integration of Blockchain technology can have a
great impact on the ecosystem. As a decentralized and distributed ledger technology,
Blockchain introduces redundancies and reduces the risk of a single point of failure
while at the same time ensures that no central authority has total control over the system
and the data it holds (Kamilaris et al., 2019; Bhat et al., 2021; Salah et al., 2019; Kamble
et al., 2020).

Furthermore, Al can be integrated in the system in an effort to utilize the data acquired
from the IoT sensors placed on the farms to generate predictive insights on farm
conditions, crop yields, and potential risks, helping the farmers in their decision-making
process (Filippi et al., 2019, Kamilaris et al., 2017; Muangprathub et al., 2019).
Moreover, the vast amount of data stakeholders (organic farmer, logistics company,
processing company, seller) generate and submit in the platform throughout the process
can be utilized in conjunction with Al to provide a tech-augmented approach into
business intelligence processes. Such a recommendation tool can provide alternative
suggestions for re-organizing the processes of the whole chain in an effort to make the
whole chain more efficient (Bharadiya, 2023; Paramesha et al., 2024).

Finally, the integration of Al in the system can offer compatibility with (future) national
or even international food traceability systems to ensure broader adoption and
compliance with European industry standards. To accomplish this, a component could
be developed that adds interoperability functionality in the platform ensuring its data
can be transferred in other (future) systems regardless of the way these systems store
their data (Aydin & Aydin, 2020; Kadadi et al., 2014).

4. Conclusion

The developed traceability platform keeps track of the entire lifecycle of olive
production, from cultivation and harvesting to processing and distribution. This enables
the stakeholders to authenticate the final product’s origins and procedures of processing
and distribution alongside the conditions present at every step of the way offering
transparency. The numerous tests that took place and the feedback received from
various stakeholders suggest that the proposed holistic ecosystem offered through a
web-based application has succeeded in achieving its purpose by providing traceability
and assisting in the management of the operations of the chain from harvesting to sale
of organic table olives. By automating data collection from [oT sensors installed on
fields, the system provides holistic monitoring capabilities contributing to the efficiency
and transparency of the chain. Utilizing contemporary technologies like Blockchain and
Al can further enhance the trust and sustainability of the application by aligning it with
best practices and the needs of the times. The system, entirely based on open-source
technologies, is perfectly aligned with the EU regulations on food traceability, ensuring
compliance and offering consumer trust.
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