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Abstract—Fruit harvesting and traceability are vital in fruit
crop production for maintaining quality and minimizing waste.
The proposed system integrates wearable smart devices, elec-
tronic labels, QR codes, and cloud-based software to track
the entire production process, from harvesting to distribution.
Smart devices provide relevant information to harvesters, while
electronic labels identify location and fruit type. Reading/writing
modules record data like container weights, and RFID tags
monitor crate locations. An additional study optimized RFID
tag orientation in cold storage. QR codes offer detailed product
information to consumers, and the management software ensures
data collection, storage, and analysis while prioritizing privacy
and security. In summary, the system aims to optimize fruit
production management and enhance traceability across the
supply chain.

Index Terms—Supply chain, traceability, RFID, fruit harvest-
ing
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I. INTRODUCTION

As of January 1, 2005, the European Union (EU) introduced
compulsory traceability regulations for fruits and vegetables by
enacting European Regulation 178/2002, known as the Food
Law [1]. Article 18 of this regulation imposes administra-
tive traceability requirements on all food products, whether
produced within the EU, imported, or exported. Traceability
refers to the capacity to monitor a product or a commodity
as it progresses through the entire supply chain, whether it be
from the point of production, processing, or distribution until
it reaches the hands of consumers. This involves employing
different technologies [2] and systems to record and trace
the product’s journey, ultimately enhancing transparency and
accountability within the supply chain. It plays a crucial role
in guaranteeing the safety [3], quality, and legitimacy [4] of
the product.

An effective traceability system has become an essential
requirement, particularly in consumer-centric industries where
customer loyalty, trust, and confidence hinge on guaranteeing
product quality and safety [5]. With the growing prevalence
of digital technologies and the rising expectations for trans-
parency and traceability within the supply chain, this capability
is increasingly crucial. It mitigates disruptions in production
and distribution while enhancing the capacity to track and trace
potentially problematic product batches efficiently. Therefore,
in addition to the well-being of the orchards [6] [7], it is crucial
to develop robust analytical tools to ensure food traceability,979-8-3503-8122-1/24/$31.00 ©2024 IEEE



Fig. 1. Overview of FruitGuard project. The field phase collects data about
harvesting, pruning, pesticide application, etc. Such information is integrated
with processing and storage details gathered in phase 2. Finally, consumers
can access all this information by scanning a QR code

safety, and quality, particularly for products originating from
the fruit and vegetable sector. These techniques should be
flexible, reliable, swift, and cost-effective. The system intro-
duced in the upcoming chapters addresses these challenges. It
has been developed and features the following characteristics:
it leverages wearable or easily portable smart devices, RFID
labels, reading and writing modules, QR codes, QR printers,
and cloud-based management software.

II. SYSTEM DESCRIPTION

The FruitGuard system is a comprehensive solution de-
signed for the agricultural sector, primarily focusing on op-
timizing the collection and distribution processes (Fig. 1).

A. System components

This system incorporates cutting-edge technologies to en-
hance operational efficiency, traceability, and data manage-
ment.

Fig. 2. adhesive NFC tag (on the left) to place in the field (Fig. 3) and
portable gadget (on the right) assigned to each farmworker.

The first implementation point is in the fields. Farmworkers
are equipped with wearable smart devices (Fig. 2 - right), and
these devices are armed with low-power wireless capabilities,
allowing seamless communication with other system com-
ponents and Near Field Communication (NFC) technology.
These smart devices, worn by farmworkers, act as data hubs,
collecting and transmitting vital information throughout the
production and distribution process. Every device can be
associated to the company and with an anonymous ID. The ID
can not be associated to a single worker, but the data collected
can be adopted to monitor the overall productivity. The device
is used to track the different phases of the production cycle
(for example, harvesting, pruning, pesticide application, etc.)
and how long the workers are performing the different tasks.
This monitoring capability is possible thanks to the use of
NFC tags.

Electronic labels assume a pivotal role. These adhesive tags
(Fig. 2 - left) are strategically placed at key locations, such
as the start of a field or orchard lot, and inside collection
containers, storing essential data regarding location, product
type, and processing stage (Fig. 3). The wearable smart device
is used to read the tags and store the beginning and end of
the farm worker’s operations. For example, the worker will
scan the tag labelled as ”Begin operation” and the timestamp
is registered in the device. After this step, the worker will
scan the type of operation and the crop where the task
will be performed. Similarly, the worker will scan the ”End
operation” to save the task duration in that specific field.
During the collecting stage, an additional scan is performed.
The collecting box is assigned to the worker: in this way, it is
possible to add the origin information to the fruit box. Another
device is located at the collection point in the fields. These
wireless modules are intermediaries between the electronic
labels and the system’s control software. These modules read
information from the wearable devices and write them in
the cloud. Furthermore, these modules record the container’s
weight and link this value to the other information available



Fig. 3. Selection of a processing stage. Choosing a processing phase involves
the farmworker positioning their smart device adjacent to the ”start phase” tag,
followed by placing it near the specific job description (harvesting, pruning,
etc.). Upon completing the work, the farmworker positions the device near
the ”finish phase” label.

on the box (Collection time, origin field, etc). After that, new
crates with RFID labels are shipped to the designated storage
warehouse. Once arrived, each fruit crate is placed on a pallet
in a random position. When the pallet is full, a forklift brings it
to a refrigerating room, waiting to be shipped to retail points.
To keep the traceability of the product, an RFID gateway was
implemented to automatically detect the passage (Fig. 5) of all
the crates and update this information on the product history.

B. Control Software

The control software is the system’s heart, offering a user-
friendly interface for configuring and managing smart devices,
labels and printing QR codes. It also facilitates data analysis,
presenting comprehensive, useful insights (Fig. 4). It retains
only the necessary information for subsequent actors in the
supply chain. The system relies on a dedicated remote storage

Fig. 4. example screenshots of farmer-side GUI with aggregate data about
harvesting, crate weight and total worked hours.

space for each participating company. This secure cloud server
stores data from a specific system configuration securely and
privately. All data transmissions are encrypted, ensuring data
confidentiality and security. This allows downstream actors
in the supply chain to retrieve valuable information from
electronic labels on containers and add their data regarding
production, processing, storage, and shipping.

III. STORAGE GATEWAY ANALYSIS

As already mentioned, at the storage warehouse, each fruit
crate placed on a pallet comes with its own RFID tag randomly
positioned on one of the five sides of the crate. When multiple
crates are stacked on top of each other on the pallet, it’s
possible to have a considerable number in a single stack.
This stacking arrangement can lead to some RFID tags being
hidden within the stack of fruit crates. As a result, the
signals transmitted by the RFID antennas may have difficulty
reaching and communicating with these hidden tags. This can
potentially lead to issues with reading or tracking the crates
that are not directly exposed to the RFID antennas due to their
concealed position within the stack [8] [9]. To address this
issue, we conducted experiments where we loaded a pallet with
multiple crates, each containing RFID tags randomly placed
on them. During our testing, we utilized a forklift to transport
the pallet through a designated portal equipped with three
antennas. One of these antennas was oriented in a downward
direction, placed on top of the gateway, while the other two
were situated on the sides of the pathway, facing towards the
centre (Fig. 5).

During these trials, we made several passes with varying
crate numbers, forklift speeds, and at different heights. After
each passage, we recorded the number of RFID tags suc-
cessfully read by the system. This allowed us to assess the
system’s performance and the impact of crate quantity, forklift
speed, and height on RFID tag readability. Finally, two types of



Fig. 5. RFID gateway to automatically detect fruit crates passage. Two
antennas are placed horizontally and one perpendicular to the forklift passage.

experiments were carried out. In the first one, crates filled with
approximately 7 kg of overripe or even rotten fruits were used.
In the second experiment, the crates contained neatly arranged
fruit baskets harvested just before reaching full ripeness.

IV. RESULTS AND DISCUSSION

The first experiment aimed to create a substantial mass
of water within the fruits to understand how much it would
obstruct the passage of electromagnetic waves. The results of
these passes are summarized in the Table I.

TABLE I
GATEWAY CROSSING TAG DETECTION - TEST 1

Passage No. Tag detected Forklift Speed

1 64% Normal

2 60% Normal

3 48% Faster

4 48% Faster

5 52% Normal

6 52% Normal

7 64% Slower

The first column represents the sequential pass through
the portal, ”RFID Tags Detected” indicates the percentage of
RFID tags successfully read out of 25 placed on the crates,
and ”Forklift Speed” denotes whether the forklift operated at a
normal, faster, or slower speed during the pass. Results show
variations in RFID tag detection percentages across different
passages, with correlations to forklift speeds. Passages with
normal or faster forklift speed generally correlate with a higher
successful tag detection. Faster speed (passages 3 and 4)

induces more missing reading. In the second experiment, we
focused on the readability of RFID tags on standard crates with
fruit baskets ready for the GDO. The results, summarized in
Table II, show the number of RFID tags detected out of 80
placed on crates during various passes through the portal.

TABLE II
GATEWAY CROSSING TAG DETECTION - TEST 2

Passage No. Tag detected Forklift Speed

1 66.25% Slow

2 66.25% Slow

3 56.25% Normal

4 51.25% Normal

5 38.75% Faster

6 38.75% Faster

Such data substantially confirm the results of the first
experiment because they reveal a pattern where higher RFID
tag detection percentages are associated with slower forklift
speeds. In fact, passages 1 and 2 have the highest detection
rate at 66.25% and are set to ”Slow” forklift speeds. Passages
3 and 4 have slightly lower detection percentages (56.25%
and 51.25%) and are associated with ”Normal” forklift speeds.
Overall, it can be inferred that forklift speed has a significant
impact on the readability of RFID tags. Slower forklift speeds
increase the likelihood of successful tag detection, while faster
speeds lead to decreased tag readability.

V. CONCLUSIONS

The system described offers an innovative solution for
enhancing traceability and data collection in the agricultural
industry. It utilizes wearable smart devices, electronic labels,
label reader/writer modules, and QR codes to track and
manage various aspects of the production and distribution
process. These components work together seamlessly to pro-
vide valuable information, such as company data, anonymous
IDs, hourly costs, workday timestamps, fruit types, and, if
applicable, land lot numbers. The cloud-based storage system
ensures the security and confidentiality of data, allowing au-
thorized users along the supply chain to access and contribute
to product information. Consumers can use a dedicated app
(yet to realize) or in-store displays to retrieve valuable product
details, fostering transparency and trust. An additional study
on RFID tag readability highlights the importance of RFID
technology in the fruit industry, particularly in the context of
accurate tracking, monitoring, and traceability. The insights
suggest optimizing RFID use. To enhance tag readability and
ensure effective traceability, it is necessary to study and tune
further parameters, such as forklift speed, antenna distance and
orientations, fruit water content, etc.

Overall, the developed system not only provides data col-
lection and traceability benefits but also supports informed
decision-making, quality control, and consumer engagement
within the agricultural sector. It represents a significant step



toward modernizing and optimizing farming practices while
meeting the demands of a data-driven marketplace.
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