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Abstract

The Textile and Clothing Industry (TCI) has been increasingly adopting traceability solutions to maintain competitiveness amidst
growing market demands for transparency, sustainability, and continuous improvements in quality and efficiency. This study
investigates the needs and requirements of physical traceability in Portuguese TCI companies by assessing Information Technology
(IT) companies that provide multiple solutions across various sectors of the supply chain. The findings reveal that no single solution
can encompass all variables, with IT companies instead providing multiple tracking and tracing solutions with differing levels of
granularity, interoperability, and adoption by the TCI companies. We also identify areas of intervention and innovation, as well as
the limitations that prevent their easy adoption.
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1. Introduction

Due to growing market demand for transparency, sustainability, and continuous improvements in quality and
efficiency, the Textile and Clothing Industry (TCI) has been increasingly adopting traceability solutions to better
control production and maintain competitiveness. Part of these solutions involves the physical tracking of the products
across the entire supply chain to provide quick and accurate information on location, status, quantities, and other data.
This is achieved through the use of barcodes, quick-response (QR) codes, radio-frequency identification (RFID), and
other technologies.

The malleable nature of the fabrics, combined with the diverse and often aggressive transformative processes, poses
significant challenges when it comes to tracking a product seamlessly through the entire supply chain. This is
complicated further by other issues, such as information asymmetry between clients and subcontractors. Information
Technology (IT) companies attempt to address these challenges by developing customized traceability solutions
tailored to this industry, despite the great variability in requirements that TCI companies present and the lack of a
universal technology for location and tracking in indoor environments.

To understand the needs and requirements of physical traceability in Portuguese TCI companies, we assessed
several IT companies that provide multiple solutions in this field, collectively covering the entire supply chain in this
industrial sector, which provides them with a comprehensive view of the technologies used and their degree of
adoption.

The results offer valuable insights into the current state of physical traceability practices and their alignment with
the identified criteria. Thus, we can identify which points require intervention or determine new areas of innovation
within the Portuguese TCI sector.

2. Related work

The clothing industry has progressed from basic tracking of textiles to advanced systems that ensure compliance
with sustainability, quality, ethical, and human rights standards, driven by the need for traceability. As consumer
expectations rise and regulatory scrutiny increases, the textile industry must now document the entire product lifecycle
from sourcing to distribution [1] [2]. Barcodes, and more recently, their two-dimensional version, QR codes, are the
most traditional means of tracking items used today, as they are cheap and easy to apply. The increased complexity
of production, nevertheless, has led to the employment of modern technologies such as RFID and Global Positioning
System (GPS) in addition to the former methods, with greater automation and accuracy of capture in several
production stages [3] [4].

Over the past few years, interest in blockchain and Internet of Things (IoT) technologies has become a
transformative tool for enhancing traceability in the textile sector. Blockchain ensures that data is stored in an
uncentralized manner that is transparent and tamper-proof. Manufacturers, suppliers of raw materials, and retailers
can record the relevant information in real-time, which generates an indelible product history. Also, this enhances
consumer confidence in sustainability claims [5].

RFID technology has become popular in the textile industry for non-contact automated identification and tracking,
making it particularly useful in high-speed production environments. RFID tags can store information about the
product that can be used in real-time, enabling tracking at different points of entry from raw materials to the shipping
of finished products. However, this solution has several drawbacks, including interference from the textile, damage
during production processes, and high costs [6] [7].

While subcontracting is very common in the textile industry, many companies do not use digital solutions in their
processes. Another big issue for the TCI companies is the lack of infrastructure for high-resolution traceability. This
absence of uniformity usually leads to data fragmentation, which makes it difficult to maintain complete traceability
from raw materials to finished products and interferes with today’s necessity to obtain a carbon footprint and be aware
of the entire production process [8] [9].

Traceability in the textile sector requires varying levels of granularity, depending on factors such as product type,
stage in the production process, and client specifications. Solutions typically track items at multiple levels, such as
raw materials, batches, individual products, and finished goods, with spatial granularity extending from country-level
data down to specific storage locations like shelves or boxes [10] [11].
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Enterprise Resource Planning (ERP) systems play a crucial role in business management, enabling the integrated
management of production, treasury, finance, and other key areas. It can also manage the data collected during
traceability operations, aggregating data from RFID solutions, barcode systems, and IoT devices, among others.
Combining traceability data with ERP can improve inventory levels and production scheduling, as well as enhance an
organization's decision-making capabilities. Ongoing research examines ways to achieve seamless integration into
ERPs, particularly through modular traceability solutions that can meet the varying needs of different ERPs [12] [13]
[14].

3. Methodology

For this assessment of the Portuguese textile and clothing industry's current needs and requirements in terms of
physical traceability of the production process, a sample of 7 IT companies was selected. They specialize in developing
a wide array of software and hardware track & tracing solutions for this market, each covering one or more sectors of
the supply chain, with varying degrees of granularity. As such, they provide a good representation of the variety of IT
companies that offer solutions to the TCI companies within Portugal.

Table 1. Open-ended questionnaire of the company’s physical product traceability.

Identifier  Question

1. In which sectors and subsectors of the Textile and Clothing Industry (TCI) does your company operate in?

Which stage of the production process, for each TCI sector and subsector, you already have one or more track &

2. .
trace solutions implemented?

Which type of track & trace solutions you use to identify the products, and which technologies to read the

3 identifiers, for each stage of the production process?

4. What is the granularity of the product identification for each track & trace solution used?

5. What is the granularity of the geography, or point in space, for each track & trace solution used?

6. What is the granularity of the production process phase for each track & trace solution used?

7. What is the purpose of each track & trace solution used?

3. Which phases of the production process, in each TCI sector and subsector, would you like to see track & trace

solutions implemented? And for what purpose?

Each company was presented with an open-ended questionnaire (Table 1) to identify the sectors and subsectors of
the TCI in which they operate, the type of physical product tracking & tracing each performs, and which future
solutions they consider most desirable. The answers were compiled into a preliminary comparative matrix, and each
company was presented with its column of answers in relation to all the collected responses, allowing them to both
validate and revise the results.

The feedback was used to compile a new comparative matrix, with the final validation being done through
individual, semi-structured face-to-face interviews, where each IT company was asked to confirm the answers they
gave to each question, and to provide additional context or clarification to the non-quantitative answers that were given
in the open-ended questionnaire or during the interview. Each interview was recorded and later analyzed, resulting in
the final matrix (Appendix A) and providing valuable, qualitative insight into the solutions they provide and the
limitations the TCI sector imposes, which are presented below.

4. Results

Because most of their Portuguese TCI clients are small or medium-sized ventures that focus on specific sectors of
the industry, with varying levels of technology adoption, the IT companies develop several solutions for the whole
production chain (Appendix A, Question 1). This fragmentation can represent a challenge to product traceability,
especially when TCI companies often rely on outsourcing part of the production process, as subcontractors frequently
do not use the same track-and-trace solutions or track products with the same level of detail.
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Besides these limitations on the type of solutions IT companies can offer, clothing brands and consumers are also
imposing additional pressure to increase traceability and measure the carbon footprint each product element suffers in
the processes it is subjected to.

The IT companies’ solutions track product information across multiple phases of the production process, putting
special emphasis on the movement of stock, production itself, and shipments to subcontractors (Appendix A, Question
2). This is done through either custom-made solutions or add-ons to existing ERP software. Cloud storage and online
information visualization are common in both approaches.

This diversity is due to the differing needs of TCI companies regarding the level of granularity of the tracked
information. There are also issues imposed by monetary and physical constraints, which frequently limit the IT
companies’ ability to integrate more modern solutions into already existing machines or infrastructure.

Regarding tracking technology, the barcode is still the most widely used solution, followed by the growing adoption
of QR codes (Appendix A, Question 3.1). According to the IT companies, both solutions are easy to print and can be
read with either the specialized devices the clients already own or modern phones and tablets (Appendix A, Question
3.2). Computer vision is not widely used due to the high likelihood of visual occlusions and other limiting factors,
such as the destruction of tracking labels during the dyeing or cutting stages. The TCI companies have shown interest
in adopting other solutions, with RFID being particularly common after the confection stage.

The IT companies answer this need by offering multiple solutions for indoor tracking. None of the interviewed
companies showed interest in exploring outdoor positioning (Appendix A, Question 3.1) because their clients often
outsource the delivery services.
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Fig. 1. Granularity of the products tracked by the TI companies’ solutions (Appendix A, Question 4).

As seen in Figure 1, the IT companies track various products and information, the most common being batches,
rolls, and raw materials. However, what each TCI company tracks can differ significantly, not just due to the sectors
each specializes in, but also due to the lack of standardization within the industry. Namely, each company can have a
very different interpretation of what comprises a batch, for example, or if they must receive identical or differing
identifiers, thus impacting the solutions the IT companies provide.

Most of the physical tracking performed by IT companies takes place within the client’s facilities, as Portuguese
TCI companies are typically small or medium-sized ventures confined to a single space. The most common
granularities are locating the product by the zone or area it’s in, on which shelf, or in which box it was placed
(Appendix A, Question 5), with the level of precision depending significantly on the type and size of the product being
tracked. The majority of IT companies track multiple granularities simultaneously, but they do not possess an identifier
that can survive the entire production process, having to be replaced periodically.
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Tracking errors resulting from improper identification or failure to place the product in the designated area can be
especially problematic when they occur at a subcontractor’s facilities. Many do not use the same tracking solutions as
those adopted by their TCI clients, nor do they share the same level of tracking detail. So, there is significant interest,
both from the TCI and IT companies, in developing more resilient identifiers that require less human intervention,
paired with an accessible interface to incentivize subcontractor adoption.

Regarding the tracking of which production phase the product is in, IT companies pay particular attention to when
it enters or exits the warehouse, if it’s in motion, or if it’s entering, exiting, or currently in a production stage (Appendix
A, Question 6). However, their solutions don’t track standby states, such as when the product has arrived at the
geographical location but is waiting for the machine to complete the current production process, or a machine
malfunction or a critical non-conformity is delaying the product.

The IT companies’ solutions serve a variety of purposes, but most are used to track inventory and production
management, the product’s geographical location, and the work in progress (Appendix A, Question 7). This is due in
part to the TCI companies already using parallel solutions to manage other sectors, such as administration or
accounting.

However, IT companies show great interest in exploring new traceability solutions and technologies, such as the
application of RFID in parts (Appendix A, Question 8). Some of the specific examples they cited in the individual
interviews were:

¢ Increase solution parametrization, so clients can track only the desired sectors of the production chain, while
complementing the data with information from other ERPs;

Provide information access to all associated suppliers, clients, or subcontractors;

Determine deadline compliance of each production stage, providing feedback on the time gained or lost;
Track the product through the entire value chain, with greater precision and rigor;

Allow multiple tracking solutions simultaneously, with emphasis on interoperability;

Automatically update the product’s geographical location when it changes, including subcontractors, while
reducing or eliminating human input;

Allow consultation of the product’s location at any moment in time;

List the current contents of all tracked containers by warehouse;

Automatically count the parts;

Increase the use of wireless solutions and sensor fusion.

As for the specific interest in RFID solutions, IT companies aim to use them to increase performance, reduce costs,
and fulfill deadlines by reducing the dependency on human operators and all consequent limitations. Although they
are willing to explore other technologies that achieve the same goals.

However, older TCI companies restrict this technological adoption. They are generally reluctant to invest in more
modern solutions until forced by the market. This forces IT companies to continue supporting barcodes, as they remain
the standard solution for such clients.

Conclusions

The study conducted made it possible to characterize the Portuguese market from the perspective of both TCI and
IT companies in terms of tracking and managing products during the production process.

Regarding the physical tracking of the products across the entire TCI supply chain, the analysis reveals that there
is no single solution that encompasses all variables. A perfect solution should support various product tracking
technologies, allow for the dynamic definition of granularity in terms of physical spaces, integrate with different ERPs,
be scalable and inexpensive, and ensure secure interoperability between companies, while also resolving the issue of
subcontractors.
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Until such solution is achieved the IT companies get around this issue by providing several, smaller solutions that
are tailored to each production process and the respective level of technological adoption each TCI company possesses.
The results also show the IT companies have a great interest in exploring new technological solutions, or refining
existing ones, as well as expanding into new production sectors, increase granularity and allow greater interoperability,
while also reducing human error and other sources of cost.

But as we can observe the TCI companies, and the subcontractors, can prove to be a strong limiting factor to such
evolutions. Besides having differing levels of maturity in terms of technological adoption, they often prove reluctant
in exploring new solutions unless there are very significant direct benefits that justify the investment, or if the market
imposes them.
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Appendix A. Comparative matrix of the questionnaire results

Question Identifier Answers IT Companies

A B C D E F G

1. TCI Sectors Spinning X X X X
Weaving X X X X X
Knitting X X X X
Finishing X X X X
Dyeing X X X X X
Stamping X X X X
Cutting X X X X X
Confection (Woven) X X X X
Confection (Knitted) X X X X X
Other X X X X

2. Areas of Track & Trace Product Design X
Budget X X X
Sample Orders X X X X
Tender Documents X X
Warehouse Management X X X X
Storage X X X X
Stock Movement X X X X X X
Production X X X X X X
Subcontractors X X X X X
Other X X

3.1. Identifiers Barcodes X X X X X X
QR Codes X X X X
RFID Tags X X X
Indoor Positioning X

Outdoor Positioning

Chemical/Physical

Additives X
3.2. Readers Barcodes X X X X X

RFID X X X

Wi-Fi X

Bluetooth

Smartphones/Tablets X X X

Other X
4. Product Granularity Raw Material X X X X X

Pallet X X

Container X X

Box X X X

Batch X X X X X X

Roll X X X X X X

Product X X X X
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5. Location Granularity

6. Production Granularity

7. Purpose

8. Future Solutions

Piece

Model

Production Order
Production Time
Operator

Defects

Size

Color

Country

Factory

Internal Warehouse
Subcontractor Warehouse
Zone/Area

Shelf

Cart

Box

Factory Entry

Factory Exit
Warehouse Entry
Warehouse Exit
Production Entry

In Production

In Micro-Production
Production Exit

In Motion

Between Operations
Inventory

Work in Progress
Production Management
Cost Management
Resource Management
Product Location
Certification

Quality control
Production Transparency
Sustainability

Expand in the Current
Sectors

Expand to New Sectors
External Management
Increase Granularity
Track Individual Parts
New Technologies

New Solutions
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RFID in Parts X X X X
Usability X X

Standardization X X X




