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Summary: One of the main challenges in modern industrial environments is managing the large amount of physical
documentation obtained during the production process, with companies increasingly seeking to adopt paperless alternatives.
In the shop floor, each production line typically uses forms to check parameters conditions before and after production starts.
The volume of paper documentation generated from these forms has created the need for a digital platform to streamline and
digitize records, making the process more sustainable and efficient. This new interoperable web application provides various
features for enhancing productivity, including form creation, customization, submission, and approval. Additionally, it
automatically generates notifications and alerts to address specific situations, helping users react more quickly to production
needs. By unifying all processes related to form management within a digital infrastructure, this solution modernizes the factory
floor, reducing reliance on paper and incorporating innovative digital and industrial advancements.
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1. Introduction

The transition to the factories of the futures in the
era of the fourth industrial revolution based on digital
transformation is a significant topic at both academic
and industrial levels [1-2]. As a term adopted globally
over the past decade, Industry 4.0 is characterized by a
paradigm shift in the production environment through
the digitalization and integration of the entire value
chain throughout the product lifecycle, leveraging key
technological trends such as the Internet of Things
(10T) and Cyber-Physical Production Systems (CPPS)
[3-4].

However, alongside all the advantages associated
with this revolution and with unprecedent innovation
and efficiency, new challenges have emerged in
modern society, and the importance of social and
ecological sustainability is taking on a leading role.
This is how Industry 5.0 emerges to combine the
technological tools and capabilities developed over the
past decade with the need to place the worker at the
center of the manufacturing/production process,
aiming to promote a fundamental balance between the
efficiency associated with Industry 4.0 and the
sustainability related to Industry 5.0 [5].

One of the main challenges in modern industrial
environments is managing the large amount of
physical documentation produced during the
production process, with companies increasingly
seeking to adopt alternative policies and
methodologies to this type of physical documentation
[6]. In the industrial context of this study, each
production line has an associated paper form where

parameters related to the state/condition of production
and equipment are recorded [7].

This study proposes a digital platform configured
as an efficient interoperable web application where all
procedures associated with the production line forms
will be unified and centralized [8-9]. This platform is
designed to streamline the creation, customization,
submission, and approval of digital forms, and it
incorporates features such as automatic notifications
and alerts for specific situations. Despite the barriers
that will need to be overcome, as this is a disruptive
solution at the organizational level, the web application
is a promising step in replacing the current paper-based
approach, increasing production efficiency, facilitating
the effective integration and collaboration of different
stakeholders, and achieving the goals associated with
digital transition and sustainable production [10-11].

The paper is structured as follows: Section 2 covers
the technological context and academic work, Section
3 details the case study and the proposed solution,
Section 4 discusses the impact on the factory and
establishes a brief conclusion.

2. Background

The digital transformation promoted by Industry
4.0 technologies has highlighted the role of machines
in the industry however, the need presented by
Industry 5.0, to combine the efficiency and
productivity of modern manufacturing with the
principles of sustainability and human-centric
production, promotes solutions capable of reconciling
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the human-machine connection and the symbiotic
relationship between them [12-13].

The adoption of these solutions implies significant
changes, particularly in terms of Document
Management System (DMS) and the use of
technologies capable of promoting their digital
transition [14]. Therefore, DMS are evolving into
electronic DMS (eDMS), offering a digital solution
capable of improving operational efficiency and the
management of data, allowing companies to control
the increasing amount of documentation produced,
with benefits such as cost and time savings [15].

The ramp-up checklist, a term used in literature to
define the type of forms filled out by the operators on
the production lines, is a document commonly used at
the beginning of shifts or during changes in the
production flow [7, 16]. These checklists assist
operators and maintenance teams in executing
procedures related to equipment, processes, and the
production system. While specific items may vary
according to operational requirements, using an
information system that integrates with asset
management processes on the factory floor can
improve maintenance strategies efficiency, reduce
costs, enhance equipment reliability, and optimize
overall asset use [16].

The existence of case studies related to the design,
development, and implementation for information
systems based on DMS constitutes a fundamental
premise in assessing the feasibility of developing a
solution capable of addressing the industrial process
described in this study [17-18]. These approaches
demonstrate the ability of different stakeholders in the
system to perform actions, such as updates and
modifications of documentation, simultaneously and
automatically. Additionally, these eDMS can adapt to
required demands and overcome intrinsic barriers to
physical document management, such as inefficiencies
associated with manual processes and record loss.

Through the integration of the digital checklist with
workflow management tools, it is possible to provide
the system with functionalities for task coordination
related to completing these records. Situations where
anomalies or deviations from the standards for proper
production are detected can trigger notification and
alert mechanism for the responsible teams, initiating
procedures and actions to address the disruptive fields
quickly [16]. This is also related with the system’s
ability to store previously reviewed and validated
documentation, maintaining a record of the activities
and changes made. This history can be accessed and
reviewed at any time for auditing purposes or to
conduct performance analysis based on historical data
[16, 19].

In summary, all studies and work conducted during
the contemporary industrial revolutions, focusing on
process digitalization and the transition to paperless
factories, contribute to a solid scientific background,
supporting the development of the solution that will be
described in the next section.

3. Web Application Proposal

The solution described in this section considers a
specific use case at Continental Advanced Antenna
(CAA). CAA is part of the Continental group,
operating at level 1 of the Automotive sector, primarily
collaborating with the premium segment of automotive
industry brands, with an annual production of
approximately 15 million car antennas. The need for a
document digitization solution emerged to streamline
form creation and management on the production lines.

3.1. Industrial Use Case

At the factory floor level, there is a final stage of
production where the Printed Circuit Boards (PCBSs)
are individualized, and the final assembly is
performed. Typically, each type of antenna produced
for a specific customer is associated with a dedicated
assembly line. At CAA, the startup checklist, Fig. 1, is
a document that must be mandatorily and carefully
filled out at the beginning of each shift, with every
reference change, and after extended
maintenance/intervention in the process or quality
issue. The purpose of this document is to verify
compliance with the defined criteria for all production
requirements.

CHECK LIST - PRODUCTION CONTROL

PRODUCT NO.:

LINE No. SHIFT: - 4
HOUR h m

DATE: I I

Start of Shift

Verification operation before starting production:

| 1 Are the employees able to perform the tasks they will perform (Check
Polyval matrix and line -ILU)?

2 Is the electric model OK on the EOL? ke
3 Is the welding program the right one? Check Programs List
4 s the objective programme the correct one (Antenna reference)?

§ Are the status of the FDs correct? (Check status listing) —

| ¢ Check the date of the fd's (the production date must correspond to the
| date stated in the fd)

7 Do Poka-Yoke detect NOK models? s
8 Are IFCs visible and placed throughout the process? =t
9 Are the boxes for analysis and scrap empty? Lt 1l

10 Do operators comply with ESD protection rules? |NEREE

Fig. 1. Example of a Paper-based Ramp-up Checklist
in CAA.

3.2. Paperless Solution

This checklist is filled out by the first operator on
the production line, and despite having access to a
computer, this record is manually kept on paper. The
introduction of digital forms would make their
completion more intuitive and less prone to errors.
Regarding communication flow, the automatic
notification of responsible teams, such as supervision
and maintenance, and the creation of alerts would add
value to the constant and effective monitoring of
production line equipment and communication process
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efficiency. Retaining a history of completed and
validated forms could enable the formulation of
analyses and conclusions about potential systematic
issues in processes and/or equipment, facilitating more
appropriate planning of the production process and
preventive maintenance.

The envisioned solution is characterized by its
cross-departmental use within the factory, contributing
to the efficiency and integrity of operations and
workflow. This improvement in data accuracy equips
teams with the capability to make appropriate
assessments and conclusions, instilling a sense of
reassurance and confidence.

The main functions of this software would be
digitizing  forms, allowing  their  creation,
customization, completion, validation, and
management; generating notifications and alerts;
retaining a computerized document history; managing
traceability and access; and preserving data associated
with backup and recovery plans.

The access to the system would be subject to a
login system through Windows authentication for all
level of the corporate hierarchy: production operators,
versatile operators, supervisors, coordinators and
backoffice managers. Thus, it is possible to define
different access levels and permissions based on the
hierarchy and the functions assigned to each user. This
authentication and permissions methodology enables
the maintenance of records related to accesses and
modifications, ensuring greater traceability and data
security, with the generation of logs for situations such
as accessing documentation history or changes in
parameters and document structures.

In Fig. 2 we have a projection regarding the use of
the software by production operators responsible for
completing the start-up checklist.

UNENa[-2]  sHIFT[ ]  PRODUCT No 1)

Verification Operation ( starting production)

1. Are the emaloyees able to perlorm the tasks they will perform (Check Polyvalence matrix nd
line forr n- I

Iy

2. 15 the eletric madel OK an the EOL?
3,15 the welding program the right ane? Check Programs List
4,15 the objective programme the correct one (Antenna referance)?

5. Ara the status of the FD3

totus fsting]

. Check the date of the 73 [tne praduction dete Must correspond to the date stated i the fd)

7. Do Poka Yake detect NOK models?

o e @ @ e @ @ |e
® @ ® @ @ ® ® @
0 |9 (@ |®@ |0 (@ @ (@

8. Are IFCs visible and placed throughaut the process?

Fig. 2. Example of a Ramp-up Checklist Web Projection.

Through correct access to the software, this page is
presented to the operators to complete the checklist
digitally. This page displays the parameters that need
to be verified before, during and after starting
production. Each parameter has two verification
components associated in order to record the status of

the respective parameter. Each parameter also has an
option if the operator wishes to write an observation,
and if the operator needs to consult a document
inherent to the verification of a parameter, this
document can be consulted directly on the page.

In turn, Fig. 3 presents a screenshot of the software
for some hierarchical superiors, who due to their work
and functions need to have an active role in managing,
supervising and maintaining the workflow. In the case
presented, supervisors can maintain control over
different validations and notifications through a single
page, with a fixed vertical menu that allows intuitive
navigation over different pages dedicated to specific
functions.

Validations 30108

Notifications Records 6D ovnzs

Fig. 3. Example of a Supervision Dashboard

3.3 Restrictions

To meet the needs and expectations of users and
comply with all applicable norms and regulations for
software development and work conducted in this
industrial context, it is necessary to evaluate
constraints that may limit or potentially limit both the
development and implementation of this system.

When it comes to the data produced and stored
during the use of the system, robust and adequate
authentication and authorization mechanisms are non-
negotiable. These mechanisms ensure the privacy,
security, and compliance of personal data according to
applicable laws and regulations and protect sensitive
and confidential information through security and
encryption methodologies against unauthorized access
and/or cyber-attacks.

Configuring controlled access based on
hierarchical  authorizations  requires  defining
differentiated access levels, ensuring that authorized
users only perform specific actions. This access control
is complemented by the need to log and trace activities
for auditing and monitoring purposes.

The system's importance and criticality for the
proper functioning of the production process implies
that its use must be efficient to avoid processing
overloads, operate in parallel with other processes, and
ensure the continuity of operations 24/7. This demands
designing a simple system that minimizes risks and
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failures that may arise not only from the software but
also from the factory hardware.

Continuous system performance monitoring is a
key aspect of system reliability. It should be conducted
to identify and/or resolve potential problems that may
arise, ensuring the system's continuous operation and
minimizing the impact on the production process.

4. Conclusions

Implementing  digitalization and  electronic
document management systems (eDMS) in an
industrial environment represents a structural shift in
how operational efficiency can be maximized by
adopting systems capable of simplifying document
processes.

The proposed solution will provide more intuitive
document verification and completion, automate
notification methodologies, and communicate critical
events to the appropriate individuals and teams.
Monitoring the production process in real-time will be
possible in maintenance and supervision by analysing
production conditions and necessary interventions,
creating or customizing forms from existing templates,
and consulting completion histories.

The web application's interoperability and
interconnection of processes will enable the integration
of systems and workflows, ensuring communicational
efficiency. The digital records of information will
promote  better  coordination and internal
communication, with more proactive and responsive
management of production processes. Regarding
sustainability, the significant reduction in the amount
of paper used will also be a notable benefit. Another
advantage of adopting the application is the quality and
accuracy of the data collected, reducing errors
associated with the manual completion of paper forms.

All these advancements converge on the need to
balance productive efficiency and sustainability in the
context of Industry 5.0. Given the significant
restructuring that the implementation of such a
solution entails, it's crucial to plan adequately. This
will ensure seamless integration with existing systems,
processes, and workflows, enabling the transition to a
new industrial paradigm. It will also ensure that all
stakeholders benefit significantly, justifying all efforts
and investments made.

Acknowledgements

The study was developed under the Mobilizing
Agenda “A-MOVER - Development of Products &
Systems towards an Intelligent and Green Mobility”,
operation n.o 02/C05-i01.01/2022.PC646908627-
00000069, approved under the terms of the call n.o
02/C05-i01/2022 — Mobilizing Agendas for Business
Innovation, financed by European funds provided to
Portugal by the Recovery and Resilience Plan (RRP),
in the scope of the European Recovery and Resilience
Facility (RRF), framed in the Next Generation UE, for
the period from 2021-2026.

References

[1]. T. Masood, P. Sonntag, Industry 4.0: Adoption
challenges and benefits for SMEs, Computers in
Industry, Vol. 121, 2020, 103261.

[2]. B. Bajic, A. Rikalovic, N. Suzic, V. Piuri, Industry 4.0
Implementation Challenges and Opportunities: A
Managerial Perspective, IEEE Systems Journal,
Vol. 15, Issue 1, 2021, pp. 546-559.

[3]. M. Ghobakhloo, Industry 4.0, digitization, and
opportunities for sustainability, Journal of Cleaner
Production, Vol. 252, 2020, 119869.

[4]. M. Golovianko, V. Terziyan, V. Branytskyi, D. Malyk,
Industry 4.0 vs Industry 5.0: Co-existence, transition,
or a hybrid, Procedia Computer Science, Vol. 217,
2023, pp. 102-113.

[5]. M. Javaid, A. Haleem, R. P. Singh, R. Suman, E. S.
Gonzalez, Understanding the adoption of Industry 4.0
technologies in improving environmental
sustainability, Sustainable Operations and Computers,
Vol. 3, 2022, pp. 203-217.

[6]. S. Prasetyo, G. Damaraji, S. Kusumawardani, A
review of the challenges of paperless concept in the
society 5.0, International Journal of Industrial
Engineering and Engineering Management, Vol. 2,
Issue 1, 2020, pp. 15-24.

[7]. J. Cosme, T. Pinto, A. Ribeiro, V. Filipe, E. V.
Amorim, Paperless Checklist for Process Validation
and Production Readiness: An Industrial Use Case, in
Proceedings of the 19™ International Conference on
Web Information Systems and Technologies
(WEBIST), Rome, Italy, 15-17 November 2023,
pp. 95-103.

[8]. S. Doltsinis, P. Ferreira, M. M. Mabkhot, N. Lohse, A
Decision Support System for rapid ramp-up of industry
4.0 enabled production systems, Computers in
Industry, Vol. 116, 2020, 103190.

[9]. S. Bulut, T. G. Giese, M. Wende, R. Anderl, The
Paperless Factory: From Document Driven Factories
to Model Driven Factories, in Proceedings of the IEEE
International Conference on Teaching, Assessment,
and Learning for Engineering (TALE' 2020),
Takamatsu, Japan, 08-11 December 2020,
pp. 725-730.

[10]. A. Errida, B. Lotfi, The determinants of organizational
change management success: Literature review and
case study, International Journal of Engineering
Business Management, Vol. 13, 2021,
18479790211016273.

[11]. M. Ghobakhloo, M. Iranmanesh, M. E. Morales,
M. Nilashi, A. Amran, Actions and approaches for
enabling Industry 5.0-driven sustainable industrial
transformation: A strategy roadmap, Corporate Social
Responsibility and Environmental Management,
Vol. 30, Issue 3, 2023, pp. 1473-1494.

[12]. X. Xu, Y. Lu, B. Vogel-Heuser, L. Wang, Industry 4.0
and Industry  5.0-Inception, conception, and
perception, Journal of Manufacturing Systems,
Vol. 61, 2021, pp. 530-535.

[13]. P. Johri, J. N. Singh, A. Sharma, D. Rastogi,
Sustainability of Coexistence of Humans and
Machines: An Evolution of Industry 5.0 from Industry
4.0, in Proceedings of the 10" International
Conference on System Modeling & Advancement in
Research Trends (SMART’ 2021), Moradabad, India,
10-11 December 2021, pp. 410-414.

[14]. P. Ranjan, S. Chaudhari, S. Singh, Challenges in
Digital Transformation of Business Processes Towards

45



[15].

[16].

5% IFSA Winter Conference on Automation, Robotics & Communications for Industry 4.0/5.0 (ARCI' 2025)
19-21 February 2025, Granada, Spain

Creating a Paperless Environment: Case of an Aircraft
Manufacturing Firm, in Proceedings of the IEEE
European Technology and Engineering Management
Summit  (E-TEMS’ 2023), Kaunas, Lithuania,
20-22 April 2023, pp. 85-90.

S. Jordan, S. S. Zabukovsek, I. S. Klanénik, Document
Management System - A Way to Digital
Transformation, Nase gospodarstvo/Our economy,
Vol. 68, Issue 2, 2022, pp. 43-54.

S. Biffl, S. Kropatschek, E. Kiesling, K. Meixner, A.
Liider, Risk-Driven Derivation of Operation
Checklists from Multi-Disciplinary  Engineering
Knowledge, in Proceedings of the IEEE 20%
International Conference on Industrial Informatics
(INDIN’ 2022), Perth, Australia, 25-28 July 2022,
pp. 7-14.

[17].

[18].

[19].

D. J. C. Sihombing, Implementing an Agile Document
Management System to Improve Efficiency and
Compliance in the Cargo Industry, Jurnal Ekonomi,
Vol. 13, Issue 1, 2024, pp. 2374-2384.

F. Nurpandi, R. A. F. A. Koswara, Analysis and design
of electronic document management system (case
study of faculty of engineering, Suryakancana
University), AIP Conference Proceedings, Vol. 2865,
Issue 1, 2023, 050001.

M. Saglain, M. Piao, Y. Shim, J. Y. Lee, Framework
of an loT-based Industrial Data Management for Smart
Manufacturing, Journal of Sensor and Actuator
Networks, Vol. 8, Issue 2, 2019, 25.

46



