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PROJECT OVERVIEW

Al4Work investigates practical methods and tools for optimal sharing of work between humans
and Al/robots. Due to the high level of uncertainty in modern organisations, an appropriate
balance between human and machine activities must be found. To cope with the required
flexibility and dynamics, Sliding Work Sharing (SWS), where this balance varies during the
operation, depending on the situational context, machine-based confidence levels and human
interactions, is likely to be the most appropriate for modern organisations.

The vision of AI4Work is to improve communication and collaboration between humans, Al and
robots, allowing for an improvement of the working conditions within different processes in
organisations in several domains in terms of increased efficiency of work, reduction in stress
upon employees, increased confidence in decision-making processes, etc.

The key challenge of AI4Work is to develop a set of common methods and tools (methodological
framework, digital twin service platform, software building blocks for SWS) that can be applied
in diverse sectors and with different Al/robotics services. The project is driven by six pilots in
different sectors: logistics, manufacturing industry, construction, healthcare, education, and
agriculture.

EXECUTIVE SUMMARY

This deliverable serves as the foundational blueprint for implementing six sector-specific pilots
aimed at integrating human-centric Al and robotics to enhance workplace efficiency, decision-
making, and well-being. Each pilot addresses unique challenges within logistics, manufacturing,
construction, healthcare, education, and agriculture, leveraging advanced technologies such as
digital twins, context-aware systems, and sliding work-sharing mechanisms. The logistics pilot
focuses on optimizing yard management through Al-driven scheduling and performance
analysis while enhancing user-Al interfaces for diverse expertise levels. The manufacturing pilot
targets packing line efficiency by introducing troubleshooting tools, personalized training
systems, and dynamic activity scheduling. In construction, the integration of Building
Information Modelling (BIM) with Al aims to improve task allocation and scheduling in
unstructured environments. The healthcare pilot employs wearable devices and predictive
models to monitor staff health and optimize shift schedules to reduce stress. In education, stress
monitoring tools for students and staff are developed using wearables and digital twins to adjust
workloads dynamically. Finally, the agriculture pilot utilizes drones and Al for vineyard
management in steep-slope terrains, reducing physical strain on workers while improving grape
production consistency.

Each pilot follows an iterative development process beginning with early prototypes that validate
core functionalities in controlled environments before progressing to final prototypes tested
under real-world conditions. These prototypes incorporate key technologies such as explainable
Al for transparency and digital twins for simulation and predictive analysis. The document
outlines detailed use cases for each sector, specifying objectives, scenarios, key requirements, and
integration plans for the technologies involved. The timeline includes milestones for prototype
development, validation, and full-scale deployment by 2026. This structured approach ensures
that the solutions are tailored to address sector-specific challenges while maintaining a focus on
human-AI collaboration to foster improved working conditions across industries.

31.03.2025 Version 1.0 Page X
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1 Introduction

1.1 Purpose of this document

The purpose of this document is to outline the initial plan for the implementation of six sector-
specific pilots within the AI4Work project. These pilots aim to integrate human-centric Al and
robotics technologies to enhance workplace efficiency, decision-making, and well-being across
logistics, manufacturing, construction, healthcare, education, and agriculture sectors. This
deliverable serves as a foundational guide for the development process, detailing the objectives,
scenarios, and key requirements for each pilot. It also establishes the relationship with other
project deliverables by building upon previous research and methodologies introduced in earlier
stages of the AI4Work initiative. Additionally, as a public deliverable, it provides sufficient
context for external audiences to understand the scope, goals, and structure of the document. This
ensures transparency and accessibility while setting the stage for subsequent iterations and
refinements as the pilots” progress toward full deployment.

1.2 Overview

The document begins with a description of the project's vision, objectives, and challenges, setting
the context for the subsequent sections. The core of the document is dedicated to describing the
six pilots—Logistics, Manufacturing, Construction, Healthcare, Education, and Agriculture—
each presented with detailed use cases, objectives, scenarios, and integration plans for advanced
technologies like digital twins, Al-driven decision support systems, and sliding work-sharing
mechanisms. Each pilot section is followed by an implementation strategy outlining iterative
prototype development cycles. Finally, the document concludes with milestones for prototype
validation and deployment, ensuring a systematic approach to achieving project goals while
maintaining human-centric collaboration with Al systems. This logical structure ensures clarity
and accessibility for both internal stakeholders and external audiences.

31.03.2025 Version 1.0 Page 1
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2 Implementation Strategy

The implementation strategy for the Al4Work pilots emphasizes a unified approach that
integrates iterative development cycles, human-centric Al technologies, and sector-specific
adaptations. Across all six pilots—Logistics, Manufacturing, Construction, Healthcare,
Education, and Agriculture—the strategy is characterized by several commonalities that ensure
scalability and consistency while addressing unique sectoral challenges.

A key similarity across the pilots is the iterative development methodology, which begins with
early prototypes aimed at validating core functionalities in controlled environments. These
prototypes are refined through stakeholder feedback and real-world testing before progressing
to full-scale deployment. This approach ensures that each pilot evolves in response to practical
requirements and operational insights while maintaining flexibility for adjustments.

Another shared aspect is the integration of human-centric Al technologies, including digital
twins, context-aware systems, and sliding work-sharing mechanisms. Digital twins play a central
role in simulating environments, predicting outcomes, and supporting decision-making
processes. Context-aware systems dynamically adapt Al recommendations based on real-time
data, ensuring relevance and accuracy. Sliding work-sharing mechanisms balance human
expertise with machine capabilities, allowing for adaptive collaboration based on situational
needs.

Furthermore, all pilots prioritize explainable Al to enhance user trust and facilitate decision-
making. Whether optimizing logistics operations or monitoring stress levels in healthcare
settings, the Al systems provide transparent reasoning behind their recommendations. This
feature is critical for sectors where human oversight remains essential.

Sector-specific adaptations are incorporated to address unique challenges. For example, the
Logistics pilot focuses on optimizing yard management through Al-driven scheduling and
performance analysis, while the Manufacturing pilot targets packing line efficiency with
troubleshooting tools and training systems. Similarly, the Healthcare pilot employs wearable
devices to monitor staff well-being, and the Agriculture pilot uses drones for vineyard
management in steep-slope terrains.

Overall, the implementation strategy combines technological innovation with human-centric
design principles to ensure that Al4Work solutions are effective, adaptable, and tailored to
diverse industrial contexts. By leveraging shared methodologies and technologies while
addressing sector-specific needs, the project aims to foster improved working conditions across
industries.

31.03.2025 Version 1.0 Page 2
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3 Pilot1 - Logistics

3.1 Pilot Introduction

The pilot addresses improvements of the working conditions within the yard logistics and yard
management. Yard logistics includes a number of processes with diverse employees involved.
Yard management, plant logistics, and dispatch automation covers the planning, organisation,
control, processing, and supervision of the entire flow of materials and goods. Yard automation
aims at automation of the yard management. The Yard management includes the time windows
for delivery, supervision, and control of the delivery traffic at the receipt of goods. It further
includes the assignment of parking spaces in coordination with the operations required in the
warehouse to take stock in and out. The management of the gates (docks) and waiting areas for
lorries (at the yard) plays a role, as well. The work within the yard logistics includes a number of
decisions to be made at various levels of yard management. The pilot will involve the company
OAS and their customers in the logistic sector. OAS is developing turn-key equipment solutions
for chemical and food industry with emphasis in highly automated process technology and
logistics in combination with weighing, measuring and control technology. The key challenge
with OAS products is to provide, in addition to standard services, such as those for remote
diagnostics, maintenance of equipment etc., also services for complex reconfiguration and
effective customisation of equipment and control systems. To provide such services there is a
need to use unexploited big volumes of data from logistics processes. Specifically, data allow
building of advanced Al modules of the control systems, e.g. for reconfiguration of systems,
operation of yard, etc.

The working conditions in yard systems often produce high pressure upon employees, both those
in charge of yard management and lorry drivers and workers at the yard, especially concerning
required decision making at different levels. There is an obvious advantage of application of Al
technology, using the data streams, in supporting decision making within the yard processes. The
acceptance of Al technology in this sector is relatively low. The work, and especially decision-
making processes must be shared between humans and Al. However, the optimal sharing of
work between humans and Al has to be very differently established at different levels, depending
on complexity of the tasks, time windows, user/operators” expertise and skills, etc. On top of that,
the user-Al interface, explainability of the Al proposals must be strongly adapted to the different
users’ background. There is a need for methodological framework and tools to build such Al
based solutions at various levels. The changes in the context under which the decisions are made
are big and at some levels very dynamic, which require to adapt both AI solution
recommendations and sharing work between humans and Al management to the current context.

31.03.2025 Version 1.0 Page 3
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3.2 Description of Use Cases

3.21 UC-LOG-1: Support designer in optimizing the Yard Setup
Objective:

To design and analyse a yard, it is necessary to take rules and constraints into account. The
existing tool! should be extended this way, so a yard designer can setup a new yard, concerning
those rules and constraints. Afterwards an interpretation of the setup and also the actions on the
yard should be possible.

Scenario:

Before a new yard is implemented, an engineer has to construct it. Depending on the complexity
of rules and constraints in a yard, the set up of a yard can become rather complex. Based on this
basic runtime configuration, any tool trying to analyse the performed actions on a customer’s
yard does not have any information about what should be expected or where potential
improvements are possible.

Key Requirements:

e A setup tool shall provide suggestions for optimal yard setup based on historical data.

e Based on a yard configuration, the AI4Work solution shall be able to parse and analyse
logfiles from the yard management system.

e It should provide actionable insights to optimization of the yard.

e It should support transforming the setup configuration into runtime configuration for a yard
management system.

e Based on a configuration and historical data it may offer what-If-scenarios to test und
forecast the operational efficiency of different yard layouts.

e Itmay provide a comparison for the current system vs a suggested configuration.

3.22 UC-LOG-2: Support engineer in identifying yard performance issues for yard
optimization

Objective:

It's the objective to identify performance issues concerning the processes of dialog workflows.

Scenario:

When truck drivers enter a yard, they are required to process dialog workflows on a terminal.
For many reasons there are scenarios in which the truck driver needs a lot of time to complete
these tasks. The AI4Work solution shall identify and inform the yard operator about these issues
including possible relevant context information.

Key Requirements:

e The Al4Work-solution shall identify dialog steps that are causing delays.
o It shall inform the engineer about the amount of historical data the suggestion is based on.

I'The OntoCommons setup support tool was developed within the EC project OntoCommons (GA 958371).
It can be used by a yard designer to support setting up a yard using templates (e.g. truck scale, barriers,
login terminal, etc.). The tool produces a configuration that could then be used for the OAS yard
management system.
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e The solution should provide tools for continuous analysis.
e It should provide analytics detailing time savings to the engineer.

3.2.3 UC-LOG-3: Provide suggestions for Short-Term Scheduling to yard operator
Objective:

For optimizing the schedule of trucks, a AI4Work-Solution shall be provided, which analyses the
list of trucks currently on the yard and suggests an optimized sequence, based on context-
information.

Scenario:

While trucks on the yard are waiting to be served for loading or unloading, a forklift driver has
to decide which truck to be served next. This decision is made based on his experience and
knowledge about parameters of the yard (e.g. stock of material, duration of
loading/unloading/...). The AI4Work-Solution shall analyse available context information and
suggest an optimized sequence the forklift driver can adapt or not, i.e. the human will have the
final decision.

Key Requirements:

o It shall provide real-time suggestions of the scheduled list to support the forklift driver.

e The AI4Work-Solution shall be able to read current yard state information.

e The solution should provide real-time information updates which may be used to inform
truck drivers.

e The solution should provide its certainty when suggesting prioritisation of trucks.

3.24 UC-LOG-4: Support real-time adaptation of information for truck drivers
Objective:

A solution shall be provided to get a decision, if a truck driver requires more detailed information
or if less detailed information is required, while the truck driver processes to dialog at yard
entrance.

Scenario:

Every truck driver is required to process a dialog workflow before entering the yard. Most of the
drivers just visit the same yard just once in their lifetime, some are recurring. To optimize the
dialog workflow for the truck drivers, so they only need to process really required dialogs but
get all needed Information, the AI4Work solution shall consider available context Information
and decide if to process the detailed workflow or the minimal required one.

Key Requirements:

e The Al4Work solution shall analyse data to identify the experience level of the truck driver.
e The solution shall be able to read current state information from the yard management

system.

e Information about safety regulations should be offered, based on the experience level of the
driver.

e A user tailored interface should be provided, which can adapt to the experience level of the
driver.
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3.3 Plan for Integration of Technologies

3.3.1 UC-LOG-1: Support designer in optimizing the Yard Setup

The early prototype of use case 1 will focus on pilot-specific technologies to support the yard
setup. On this first step, the existing yard setup tool will be used to create the first configuration
of a yard, which can be further used by the OAS yard management and control system as well as
the Al4Work tools. The yard setup tool will make use of ontologies modelling the typical
processes and terminals in the yard and all standard components that can be used to build up a
yard (based on previous experience of OAS engineers). The relevant activities related to
technologies’ development and integration in the early prototype phase will be:

e Optimising the OAS domain ontology instantiation of the PSS ontology? that models the
standard elements to take into account in a basic yard setup.

e Updating /extending the OntoCommons yard setup tool with rules for yard optimisation.

e Updating/extending a basic Ul to present the yard configuration elements to the OAS
engineer.

e A basic conversion tool to transform the yard configuration into runtime configuration for a
yard management system.

These prototypes will allow OAS engineers to be guided/supported and define an optimal yard
configuration, getting suggestions based on past experience and optimisation rules. It is expected
that after this setup phase and the development and ramp-up of the yard, the OAS engineer could
revisit this configuration, considering runtime log data to be able to identify bottlenecks,
supported by the full prototype of this software.

3.3.2 UC-LOG-2: Support engineer in identifying yard performance issues for yard
optimization

The early prototype for this UC will focus on pilot-specific technologies for collection and
interpretation of data from distributed logs and databases. The adaptation of the general
Al4Work architecture to this use case is planned for the full prototype.

The relevant technologies to be developed and integrated in the early prototype phase will be:

e a middleware/API that provides log data from the Yard Management System, containing
information about:

o the "timing patterns" of historical dialog workflows
o the respective context under which the dialog workflows have been logged

e a prototype of a log-analysis tool to find performance issues in the historical log data
e abasic Ul to present the performance issues patterns and allow their analysis

These prototypes will allow yard engineers to understand typical patterns of performance issues
that can be found in the data. It is expected that these learnings will allow to improve the early
prototypes towards a more targeted performance issues search, laying the foundation to move

2 The PSS Ontology (A. Correia & Stokic, 2024) began as an effort started in the DIVERSITY project (GA no.
636692) and the FALCON project (GA no 636868) (A. T. Correia et al., 2017) and was further continued
with the IOF (IOF Consortium, 2019), building a standard PSS ontology to foster engineering of PSS
especially in manufacturing, by modelling all the aspects that affect, or could affect a PSS.
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from a "manual offline analysis" of historical log files towards a continuous analysis of log files
in a later phase.

3.3.3 UC-LOG-3: Provide suggestions for Short-Term Scheduling to yard operator

The planned EP architecture to support the short-term scheduling is shown in Figure 1. The pilot-
specific middleware is responsible for all communication between the existing Yard Management
System and the AI4Work components.
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- Al components
Specific
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Component
I

- trigger

+——— dataflow
Figure 1. AI4Work Architecture adapted for the EP of the Logistics Pilot — Use Case 3

The Context Awareness component will access the middleware to continuously observe the
current situation in the yard and provide context information to the Human-aware Task Planner.
This component will provide suggestions for the short-term scheduling, based on context
information about the:

e Pickup/delivery orders for the trucks that are currently waiting in the yard
e Stock levels of the materials that the trucks are about to deliver/pick-up

e Current occupation of relevant loading points.

e Expected duration of each (un-)loading operation

A new scheduling task may be triggered whenever the current situation changes, e.g. when a
truck arrives in the waiting/parking space, a truck leaves a loading point so that it becomes
available, or when a material stock level changes. Depending on the frequency of context
situation changes, several context change events may be combined before doing a re-scheduling,
to avoid “overloading” the scheduler.

Based on the current context information, the Human-aware Task Planner will suggest a short-
term sequence of the trucks to serve next, in order to optimize the scheduling depending on
defined criteria, e.g. minimize the average time that trucks spend on the yard. Due to the variety
of yard layouts and processes, these optimization criteria may differ between yards.

The suggested schedule will be passed to the Yard Management System via the middleware, so
that the yard operator (e.g. a forklift driver) will see the suggested sequence in the Yard
Management System. The final decision about "which truck to serve next" is expected to be made
by the human operator, so the human will always be "in the loop". This will be especially
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important in case the specific situation on the yard may not allow the schedule suggested by
Al4Work.

334 UC-LOG-4: Support real-time adaptation of information for truck drivers

The planned EP architecture to support the real-time adaptation of information for truck drivers
is shown in Figure 2. The pilot-specific middleware is responsible for all communication between
the existing Yard Management System and the AI4Work components.
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Figure 2. AI4Work architecture adapted for the EP of the Logistics Pilot — Use Case 4

The process starts when a truck arrives at the yard and the truck driver uses a check-in terminal
to announce their arrival. In the first steps of the dialog workflow on the terminal, the driver has
to insert identifying information about the truck and themselves. This information can be used
by the Yard Management System to collect historical information about the driver from logs and
databases, which is provided as context information to AI4Work. Examples of such information
are the country/language of the truck driver, if it is the first or a recurring visit of the driver, time
intervals between previous visits, time spent between two terminals in the past, etc. This
information is received by the Context Awareness component and forwarded to the Sliding Work
Sharing Management component, which applies a set of rules in order to estimate the experience
level of the driver based on the input information. Based on this estimation, the SWS Management
component provides a suggestion about the level of information detail that should be presented
to the truck driver. This suggestion is given to the Yard Management System, which can adapt
the dialog workflow accordingly, e.g. dynamically insert steps for safety instructions into the
terminal’s dialog workflow.

3.4 Initial Plan - Early Prototypes

For developing the early prototype of the logistics pilot, an iterative approach will be used.
However, to have an easier overview, only the final dates, when the early prototype of each
technical component is expected to be finalised, are listed in the following plan.

Overall Milestones for the logistics pilot:

e December 2024: Data Model

e March 2025: Initial EP components available
e June 2025: Integrated EP

e December 2025: EP validated
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e June 2026: Initial FP components
e December 2026: Validated and integrated FP

341 UC-LOG-1: Support designer in optimizing the Yard Setup

¢ Define data model: Dec 2024

e Data Collection API: Jan/Feb 2025

e Extended/updated ontology March 2025

e Updating the Yard Setup Tool with rules for optimisation: April/May 2025
e EP of Yard configuration conversion tool: April/May 2025

e Preparation of EP pilot specific infrastructure: March 2025

e Integrated EP: June 2025

3.4.2 UC-LOG-2: Support engineer in identifying yard performance issues for yard
optimization

¢ Define data model: Dec 2024

e Data Collection API: Jan/Feb 2025

e Preparation of EP pilot specific infrastructure: March 2025

e Log Analysis Tool: April/May 2025

e Early Prototype Ul: May 2025

e Integrated EP: June 2025

3.4.3 UC-LOG-3: Provide suggestions for Short-Term Scheduling to yard operator

e Define data model: Dec 2024

e Data Collection API: Jan/Feb 2025

o Context Awareness: March 2025

¢ Human Aware Task Planning: March 2025

e Preparation of EP pilot specific infrastructure: March 2025
e Integrated EP: June 2025

3.4.4 UC-LOG-4: Support real-time adaptation of information for truck drivers

¢ Define data model: Dec 2024

e Data Collection API: Jan/Feb 2025

e Context Awareness: March 2025

e Sliding Work Sharing: March 2025

e Preparation of EP pilot specific infrastructure: March 2025
e Integrated EP: June 2025

3.5 Prototype Iteration Cycle

The development of the logistics pilot follows an iterative approach emphasizing a collaborative
interaction between technology providers and the end-user (OAS). Two prototypes are planned,
the early prototype and the full prototype. The early prototype will include crucial functionalities
in order to validate the core innovations of AI4Work technologies in the logistics pilot. The full
prototype will include all defined functionalities of the logistics pilot. The full prototype will be
in detail defined in deliverable D5.2 — Pilots Plan Final Version.
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Both prototypes will be evaluated in a virtual environment. A real yard from OAS' customers will
be made available as a virtual yard, so that both, OAS personnel as well as technology developers
can use the yard management software.

Table 1 gives an overview on the activities planned for Early and Full Prototype.

Table 1. Prototype iteration cycle of the Logistics Pilot

Activities Outcomes

Stage Phase

Early prototype | Development OAS develops an API to
make functionality and
access to data accessible

for AI4Work
technologies.

Integration OAS and technology Integrated Early
developers integrate their | Prototype.
technologies into a virtual
copy of a real yard.

Testing OAS personnel perform | Identified areas for
the activities described in | improvement (e.g.
the Use Cases (see Section | usability issues, missing

3.1.2). features).
Feedback Technology developers Feedback for Full
Collection monitor and collect Prototype Development.
feedback.

Full Prototype Development OAS improves their API
based on Early Prototype
testing feedback and Full
Prototype requirements.

Integration OAS and technology Integrated Full Prototype.
developers integrate their
technologies into a virtual
copy of a real yard.

Testing OAS personnel perform | Identified improvements
the activities described in | tailored to real-world
all use cases defined for needs.

their pilot.
Feedback Technology developers
Collection monitor and collect
feedback.
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Refinement

Developers apply
refinements to optimise
full prototype
performance and
reliability in actual
workflows.

Optimised Full Prototype.

31.03.2025

Version 1.0
Confidentiality: Public Distribution

Page 11



[ J
4WG rk D5.1 Pilots plan - Initial Version

4 Pilot 2 - Manufacturing

41 Pilot Introduction

The e-commerce sector has experienced rapid growth, prompting medium to large-sized
companies to adopt automation technologies and enhance human resource capabilities to meet
increasing demands in procurement, packaging, and delivery operations. These enterprises aim
to boost the efficiency of their packing lines through advanced automation while also recruiting
personnel ranging from machine operators to line supervisors and production managers.
However, recruitment poses challenges due to a shortage of specialized workers and the
monotonous nature of many machine-related tasks, leading to high turnover rates, limited
employee expertise, and unclear role definitions. To address these gaps, highly automated
systems are being introduced to reduce the need for manual operations.

Yet, the shift to advanced automated equipment introduces a new set of challenges compared to
traditional manufacturing. Operators and maintainers must now manage unforeseen situations
and devise solutions for complex issues, while production managers face increased difficulty in
coordinating plant activities and aligning workforce skills with operational needs. Automated
packing technologies can simplify workers' tasks, but they also demand a higher level of problem-
solving and planning expertise.

In this context, artificial intelligence (AlI) can play a pivotal role in supporting inexperienced
operators and assisting managers in decision-making. The AI4Work initiative, both during and
after its implementation, aims to address packaging challenges by focusing on three key areas:
troubleshooting unexpected failures, guiding operators in routine tasks, and optimizing plant
activity planning to improve productivity. Although these objectives may appear straightforward
or align with existing practices, AI4Work envisions innovative methods to effectively balance
human resources with Al and robotic systems.

This approach aligns seamlessly with the challenges identified. While human labour remains a
vital resource for plant managers, its availability and skill level are often inconsistent and
insufficient. By integrating Al with tools like digital twins, companies can enhance collaboration
between humans and machines, streamline human-machine interactions, and develop optimal
strategies for scheduling tasks, taking into account employees’ skills and availability.

4.2 Description of Use Cases

421 UC-MAN-1: Troubleshooting
Objective:

To address the high turnover rate among machine operators, which hinders the development of
in-depth expertise, a Digital Assistant is proposed. This tool will leverage accumulated
knowledge from past operator experiences to offer real-time guidance during troubleshooting
activities.

Scenario:

When a fault occurs in an E-CO Flex machine that exceeds the expertise of the maintenance
operator, a maintenance ticket is created. This ticket captures information about the machine’s
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status, production data, and sensor readings. The Digital Assistant analyses these inputs,
combines them with historical fault data, and recommends optimal troubleshooting steps.
Historical data may include prior tickets with fault resolutions, enabling operators to learn from
past scenarios.

Key Requirements:

e A troubleshooting tool must analyse faults and provide recommendations using machine
status and historical data (Shall).

e It should identify new or unknown faults not yet present in the database (Should).

e A digital twin should simulate machine behaviour, enabling fault association with operating
conditions (May).

4.22 UC-MAN-2 Training

Objective:
To provide machine operators with effective, customized training that reduces learning curves,
minimizes errors, and enhances productivity through an interactive virtual assistant.

Scenario:

Operators, aiming to improve their skills in machine operations and maintenance, access a virtual
assistant. This assistant uses natural language processing to extract information from operating
manuals and offers step-by-step guidance tailored to the operator’s skill level. It supports users
in understanding common machine procedures, making onboarding smoother and more
efficient.

Key Requirements:

e The virtual assistant must facilitate training activities and support operators in developing
expertise (Shall).

e It must accept and respond to natural language queries to ease user interaction (Shall).

e Answers provided should consider the user’s skill level to tailor responses effectively (May).

e The assistant may also identify machine conditions requiring human intervention to offer
proactive support (May).

4.2.3 UC-MAN-3: Activity Scheduling

Objective:
To optimize production line operations by automating scheduling processes while considering
human and machine resources, raw material availability, and operational constraints.

Scenario:

Al4Work processes input orders specifying product details, urgency levels, and resource
availability. It generates dynamic production line plans, balancing workloads between human
operators and machines. Line managers can introduce new constraints, such as resource
shortages or skill mismatches, and the system adjusts plans in real-time to maintain efficiency.

Key Requirements:

e The tool must generate automated production plans that optimize resource utilization
(Shall).

e It should consider constraints like raw material availability and human resources (Shall).

e Plans must dynamically adapt to workload balancing requests (Shall).
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e Digital twins should simulate production line scenarios, modelling both human and
machine performance (Shall).

4.3 Plan for Integration of Technologies

The "AI4Work" initiative leverages a robust suite of advanced technologies to meet the specific
objectives outlined in its three core use cases. This chapter outlines the integration of these
technologies within the systems developed for Troubleshooting, Training, and Activity
Scheduling, ensuring a cohesive approach to addressing operational challenges in the e-
commerce packaging environment. The following sections detail the integration for each use case.

4.3.1 UC-MAN-1: Troubleshooting

The Troubleshooting system combines several advanced technologies to create a cohesive
solution:

e Data Collection and Handling for AI/Robotics Services: Collects and processes real-time
machine data to identify and analyse faults.

¢ Human-Centred Digital Twins: Simulates machine behaviour and past fault conditions,
allowing operators to visualize and test solutions virtually.

e Context Awareness: Adapts troubleshooting recommendations based on the machine's
current operating context and historical data.

e Sliding Work Sharing: Enables flexible collaboration between humans and machines,
allowing operators to focus on high-priority issues while AI manages routine
troubleshooting.

By integrating these technologies, the system empowers operators with enhanced diagnostic
tools, reduces downtime, and bridges the gap in expertise caused by workforce turnover.
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Figure 3. AI4Work Architecture adapted for the EP of the Manufacturing Pilot — Use Case 1
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4.3.2 UC-MAN-2: Training

The Training system incorporates the following technologies to achieve its goals:

e Data Collection and Handling for Al/Robotics Services: Centralizes training data from
operator manuals and real-time machine usage to create adaptive training modules.

e Pilot-Specific Digital Twin: Provides virtual environments where operators can practice
procedures and interact with simulated machines.

e Context Awareness: Personalized training content to match the operator's skill level and the
machine's current state.

e Sliding Work Sharing: Allows the system to distribute training tasks dynamically, balancing
human learning efforts with automated guidance.

e Natural Language Processing: Facilitates intuitive, conversational interactions between
operators and the virtual training assistant.

e Machine HMI: Hardware/software component that enables humans to interact with the
primary functions of the packaging machine.

This integrated approach ensures that operators can quickly gain the expertise needed to operate
complex machinery effectively while minimizing errors during training.
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Figure 4. Al4Work Architecture adapted for the EP of the Manufacturing Pilot — Use Case 2

4.3.3 UC-MAN-3: Activity Scheduling

The Activity Scheduling system employs the following technologies:

e Data Collection and Handling for AI/Robotics Services: Gathers data on resource
availability, production demands, and operational constraints.

¢ Human-Centred Digital Twins: Simulates production scenarios including human operators
to test and refine schedules before implementation.

¢ Human-Aware Task Planning: Plan the workflow of operators and machines, considering
human expertise and availability.
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e Context Awareness: Is aware of a context change, such as machine status, order priorities,
and resource availability, and sends this context change in real-time to the Sliding Work
Sharing building block.

e Sliding Work Sharing: Ensures flexible task allocation, enabling efficient collaboration
between human operators and automated systems. It eventually adjusts the schedule or
triggers the Human-Aware Task Planning for rescheduling.

Through this integration, the system enables line managers to optimize resource utilization and
maintain high productivity while responding dynamically to operational challenges.
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Figure 5. AI4Work Architecture adapted for the EP of the Manufacturing Pilot — Use Case 3

The integration of advanced technologies across all three use cases ensures that AI4Work delivers
comprehensive, scalable solutions to address the unique challenges of e-commerce packaging
operations. By leveraging these technologies in tandem, the project enhances operational
efficiency, supports workforce adaptability, and enables seamless collaboration between humans
and intelligent systems.

4.4 Initial Plan - Early Prototypes

44.1 UC-MAN-1: Troubleshooting

O1.1 Define data model for 100% of available analytics [December ‘24]. Machine records and
production statistics, including context and troubleshooting, are produced in a variety of formats.
In order to populate a proper digital experience repository, it is necessary to define a common
data model for this information.

01.2 Populate the experience storage with 500 entries [March “25]. Experience data are collected
from the field, although in the early stages of development, in the absence of full-scale
installations, most historical data is generated in protected environments or laboratory setups.
Collected entries may or may not include faulty conditions that require troubleshooting. A
significant part of them, however, must be suitable for training and use case proofing.
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01.3 Assistance success rate of 80% in a virtual environment [June ‘25]. At the end of the early
prototype stage, the quality of collected information must be sufficient to provide evidence of
successful troubleshooting in the 80% of the fault conditions recorded. More detailed metrics will
be defined to assess the model performance.

442 UC-MAN-2: Training

02.1 Supervised service training for 50 situations [December “24]. In an initial phase, the specific
Al will be trained using the troubleshooting manuals of the machines concerned. This specific
training process will enable the system to gain an in-depth understanding of at least 50 technical
issues and applicable solutions to restore the plant operational efficiency.

02.2 Assistance success rate of 80% in a virtual environment [March ‘25]. In the event of an
alarm, the machine stops, and the specific Al activates its training support function. Through the
machine interface, the system provides the operator with detailed advice on how to solve the
problem. During the system validation phase, an experienced machine operator evaluates the
proposed solution. A positive evaluation rate of 80% is expected.

02.3 Replicate previous goals adopting continuous training [June ‘25]. During the training
process, the specific Al will store the actions performed by the operator that led to the actual
resolution of the problem through a semantic representation. This information will be integrated
into the system's knowledge base, enabling the specific Al to constantly improve and provide up-
to-date, accurate and reliable solutions.

4.4.3 UC-MAN-3: Activity Scheduling

03.1 Optimise a 1-obj. problem involving 1 line, N packaging operators, 1 replenishment
operator [December “24]. The Early Prototype aims to schedule the replenishment of a packaging
line, which includes one E-CO Flex machine, N packaging operators (with N > 2) and one
replenishment operator. Replenishment refers to restocking the drawers of the machine. This
activity is limited to specific designated slots and can be performed even when the drawers are
not completely empty. The optimization metric aims to minimize the number of replenishment
actions.

03.2 Implement 3D DES interfacing with O3.1 assessing plan execution time [June “25]. The
Early Prototype aims to simulate a single line with N packaging bays and one E-CO Flex machine.
The dispatching of boxes is based on a threshold-based rule, where a specific box size is assigned
to each bay. The main objective of the EP is testing the integration with data coming from IMA
(CAD and designs) and FBK (production plans), estimating the execution time and testing the
replenishment policy. The model provides operators’ saturation and machines’ states.

4.5 Prototype Iteration Cycle

The development of the Al4Work prototypes follows an iterative methodology emphasizing a
collaborative interaction between technology providers and the end-user (IMA). Each iteration
involves testing, feedback collection, and refinement, ensuring that the prototypes progressively
align with operational needs. The process begins with early prototypes deployed in controlled
environments, such as virtual or testbed setups, where proxy operators (i.e. IMA technicians)
perform predefined tasks while closely monitored by the development team. Feedback from
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these sessions informs adjustments in the system's functionality, user interface, and integration

with existing workflows.

Subsequent iterations involve deploying improved prototypes in real machine scenarios. During
these phases, operators interact with the prototypes in industrially relevant environments, while
technology providers gather real-world performance data and feedback. This iterative loop
continues until the final prototype meets the desired performance and usability metrics.

The iterative process leverages key mechanisms, such as digital twins and context-aware systems,
to simulate and anticipate the impact of changes before implementation. By engaging R&D and
business unit staff throughout, this approach ensures the solutions are industry-driven, human-
centred, and scalable.

Table 2. Prototype iteration cycle of the Manufacturing Pilot

Stage Phase Environment @ Activities

Outcomes

Early Testing Virtual or IMA technicians perform Identified areas for
prototype testbed predefined tasks (e.g. start, improvement (e.g.
stop, daily maintenance, weak points,
packing trials, well-known critical usability
fault solving procedures) issues, missing
features)
Feedback | Virtual or Technology developers
collection | testbed monitor and collect feedback
Refinement | Virtual or Technology developers Enhanced
testbed refine algorithms based on algorithms and
user interactions user interfaces (e.g.
stability,
responsiveness,
performance)
Final Testing Industrially | IMA technicians use Identified
prototype relevant prototypes in daily tasks and | improvements
complex scenarios (e.g. tailored to real-
recovery procedures from world needs (e.g.
severe faults, stress tests with | difficulty to adapt
variable workloads, handling | to specific
of unexpected situations/ situations, poor
requests) performance)
Feedback | Industrially | Technology developers
collection | relevant monitor and collect feedback
Refinement | Industrially | Developers apply Ready-to-deploy
relevant refinements to optimise prototypes with
prototype performance and | validated
reliability in actual performance (e.g.
workflows succeeding on-field
testing protocols)
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5 Pilot 3 — Construction

5.1 Pilot Introduction

Working conditions in the construction sector are often tough and risky, reducing efficiency and
productivity. Robotization and Al on construction sites can improve efficiency, working
conditions, and environmental impact. The main challenge of Robotics and Automation in
Construction is the unstructured work environment, involving heavy objects, large tolerances,
low standardization, medium industrialization, pre-fabrication, and many non-coordinated
actors. Increasing automation and better process coordination are crucial for improving
productivity. In the coming decade, new inventions in construction automation and Al will likely
revolutionize the industry. Robots can operate autonomously or with human input, but effective
cooperation between Al/robots and humans remains a challenge, particularly in construction.

The integration of Building Information Model (BIM) with Al and digital twin technologies
allows for a more efficient and streamlined construction process. BIM provides detailed
information about the building's structure, which can be used by Al algorithms to optimize
construction schedules and resource allocation. The digital twin technology enables real-time
monitoring and simulation, allowing for proactive maintenance and issue resolution.

The AI4Work solution in this Pilot aims to create a safer and more efficient working environment
by reducing errors and improving overall productivity through the use of advanced algorithms
and software technologies.

5.2 Description of Use Cases

5.21 UC-CON-1: BIM - Validation
Objective:

The construction robot should receive its instructions from the specifications within a BIM. The
BIM, generated by a building architect, contains detailed information regarding the building’s
construction, as well as the location and type of interior wall installations. A validation system
checks this information to verify it can be correctly translated into a format compatible with the
construction robot’s control system.

Scenario:

1. An architecture is defining the building’s construction and interior wall installations into the
BIM (.ifc data format).

a. Geometry
b. Type of Material

2. These definitions are validated and parsed to the allocation module.

Key Requirements:

e Validate the tasks defined in the BIM and verify if they are compatible with the allocation
system (e.g. if they contain all the needed information).

e Automatically parse tasks from the BIM model, processing information (such as dimensions
and material requirements).

e Provide feedback (e.g., textual report) to fix possible errors in task definition.
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5.2.2 UC-CON-2: BIM - Task allocation
Objective:

The Task allocation module provided by AI4Work allocates tasks during construction, overseeing
required capabilities and assigning tasks to workers. Currently, a site manager would manually
allocate tasks to the different agents on the construction site.

To orchestrate the work schedule, knowledge of both human and robot capabilities is essential.
Tasks are categorized based on estimated time, site accessibility, worker availability, and other
socio-technical factors. This allocation of tasks needs human oversight to allow adjustments to
task classifications.

Scenario:

Before creating a work plan for the day and fitting it into the bigger picture of the work plan of
the project, the allocation module uses a knowledge base and a deeper understanding of task
definitions to allocate the tasks according to estimated time, site accessibility, worker availability,
and other socio-technical factors. This allocation can be changed by the site manager who is
responsible for the construction site.

Key Requirements:

e Produce one or multiple task allocation plans.

e Evaluate the feasibility of each task derived from the BIM both for the human (using data
stored in the HDT, as the capabilities) and for the robot, categorising each task as “must be
done”, “can be done” and “cannot be done”.

e Translate the tasks that can be executed by the robot into machine-ready part programs.

e Evaluate the execution time of the tasks that can be executed by the robot using the
corresponding simulation digital twin.

e Estimate approximately the execution time of the tasks that can be executed by the human
based on historical data.

e Support the acquisition of the up-to-date context data that could affect the allocation
(feasibility, execution times, etc.). For instance, the breakdown of a robot tool that could
prevent the allocation of specific tasks to the machine.

e Provide feedback to the human to understand the attributes (utilities) corresponding to the
decision made for task allocation.

e Support human intervention to interfere or reconfigure allocation if necessary.

5.2.3 UC-CON-3: Task scheduling
Objective:

Once tasks are planned, the site manager provides a schedule showing who is responsible, the
time allocated, and the sequence. AI4Work should automate this process and offer the site
manager and operator optimized schedules targeting different specifications (e.g., fastest, best
quality, most energy efficient, cost optimized, most reliable). The site manager and operator can
then choose the best schedule. Explanations for each schedule's pros and cons should be
provided. After selecting a final schedule, there should be an option to reschedule based on
changes at the construction site.

Scenario:
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2.

The input from the allocation model and the knowledge base is used to create an optimized
schedule for a specific value.
The schedule and tasks are validated and compiled to a PLC readable output.

Key Requirements:

5.3

Generate a set of task schedules that satisfy the boundary constraints (e.g., completion due
dates) and the resources availability (e.g., human operator presence), optimizing different
objective functions (e.g. time, accuracy, energy, safety, conflicts, ...)

Validate optimized schedules with the simulation digital twin to assess the overall feasibility
and performance (using specific KPIs) of each plan.

Support the acquisition of the up-to-date context data that can affect the scheduling to re-
generate adapted plans.

Support the human intervention to interfere or reconfigure the scheduling optimization
process, e.g. tweaking the objective function parameters allocation if necessary.

Support the human intervention to modify the chosen final plan.

Plan for Integration of Technologies

5.3.1 UC-CON-1: BIM - Validation

For the early prototype of the BIM validation, the plan is to integrate the following technologies:

Orchestrator Sliding Work Sharing Management: Orchestrates the requests to the other
components during the validation phase routing the requests and harmonising results into a
unique validation report.

Long Term Adaptation (LTA): Interpreting the Building Information Model input (provided
in IFC format), validates the tasks defined by the operator, verifying that each requested
operation is correctly defined.

Pilot-specific digital twin: Validates the building 3D model converting it into a format
compliant with the construction robot simulation digital twin that will be activated in the next
use cases.

EP (Early Prototype) UI: provides the end user the front end to interact with the underlying
system, sending the IFC file of the BIM and requesting its validation.

The main interactions of these technologies are shown in Figure 6, where the numbers from 1.0
to 1.6 indicate the planned sequence of steps.
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Figure 6. Al4Work Architecture adapted for the EP of the Construction Pilot — Use Case 1

The key requirements that will be addressed by the components of the early prototype are shown

in the following table.

Table 3. Key requirements for the Use Case 1 — Construction Pilot

Key Requirement Components

Automatically parse tasks from the BIM model, processing LTA, Pilot Specific DT,
information (such as dimensions and material requirements). | Orchestrator
Validate the tasks defined in the BIM and verify if they are LTA, Pilot Specific DT,
compatible with the allocation system (e.g. if they contain all Orchestrator
the needed information).
Provide feedback (e.g., textual report) to fix possible errorsin | LTA,
task definition. Orchestrator,
EP Ul

5.3.2 UC-CON-2: BIM -

Task allocation

The early prototype for the task allocation will employ the following technologies:

¢ Human-Centred Digital Twins: Provides operators capabilities, time estimation for human

allocated tasks based on historical data, estimates of times and feasibility for tasks allocated

to the construction robot.

¢ Site Simulation Digital Twin: simulates the construction robot motions within the building
model estimating the time needed to complete each single operation.

¢ Long term adaptation: Handles the task allocation request, generating a set of valid allocation
plans, verifying the compatibility of the construction tasks with the operator and the robot
and activating the digital twins. Each generated plan contains information about the drivers

that have been applied to

generate it.
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e Context Awareness: Is aware of a context change, such as robot status and operator
availability, and sends this context change in real-time to the site manager through the front

end in order to notify changes in the operation conditions.

e Orchestrator Sliding Work Sharing Management: orchestrates the requests received from
the EP Ul, routing them to the LTA and collecting the computation result for the final

presentation to the site manager.

e EP (Early Prototype) UI: provides the end user the front end to interact with the underlying
system, requesting the generation of an allocation plan, presenting the result (together with
the drivers that have been applied to generate each plan) and allowing the site manager to

select the preferred alternative.

The main interactions of these technologies are shown in Figure 7, where the numbers from 1.0

to 1.7 indicate the planned sequence of steps.
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Figure 7. Al4Work Architecture adapted for the EP of the Construction Pilot — Use Case 2

The key requirements that will be addressed by the components of the early prototype are shown

in the following table.

Table 4. Key requirements for the Use Case 2 — Construction Pilot

Key Requirement Components

human (using data stored in the HDT, as the capabilities) and for the

robot, categorising each task as “must be done”, “can be done” and
“cannot be done”.

Produce one or multiple task allocation plans. LTA,
Orchestrator
Evaluate the feasibility of each task derived from the BIM both for the LTA

Evaluate the execution time of the tasks that can be executed by the robot
using the corresponding simulation digital twin.

Site Simulation
DT

Provide the initial support to estimate approximately the execution time
of the tasks that can be executed by the human based on historical data

Human DT
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Support the acquisition of the up-to-date context data that could affect Context
the allocation (feasibility, execution times, etc.). For instance, the Awareness
breakdown of a robot tool that could prevent the allocation of specific
tasks to the machine.

Provide feedback to the human to understand the attributes (utilities) LTA
corresponding to the decision made for task allocation

Support human intervention to interfere or reconfigure allocation if EP UI
necessary

5.3.3 UC-CON-3: Task scheduling

The early prototype for the task scheduling will employ the following technologies:

e Site Simulation Digital Twin: assesses a whole scheduled plan simulating the robot motions
within the building model and the interactions with the workers estimating the time needed
to complete the plan and collecting KPI about resources utilization.

¢ Long term adaptation: Handles the scheduling request, generating a set of valid scheduling
plans, each one satisfying the constraints posed by the site manager and optimising different
objective functions.

o Context Awareness: Is aware of a context change, such as robot status and operator
availability, and sends this context change in real-time to the site manager through the front
end in order to notify changes in the operation conditions.

e Orchestrator Sliding Work Sharing Management: orchestrates the requests received from
the EP Ul, routing them to the LTA and collecting the computation result for the final
presentation to the site manager.

e EP (Early Prototype) UI: provides the end user the front end to interact with the underlying
system, requesting the generation of the scheduling alternatives, presenting the result and
allowing the site manager to select the preferred alternative.

The main interactions of these technologies are shown in Figure 8, where the numbers from 1.0
to 1.6 indicate the expected sequence of steps.
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Figure 8. Al4Work Architecture adapted for the EP of the Construction Pilot — Use Case 3

The key requirements that will be addressed by the components of the early prototype are shown
in the following table.

Table 5. Key requirements for the Use Case 3 — Construction Pilot

Key Requirement Components

Generate a set of task schedules that satisfy the boundary constraints LTA
(e.g., completion due dates) and the resources availability (e.g., human
operator presence), optimizing different objective functions (e.g. time,
accuracy, energy, safety, conflicts, ...)

Validate optimized schedules with the simulation digital twin to assess | Site Simulation DT
the overall feasibility and performance (using specific KPIs) of each

plan.

Support the acquisition of the up-to-date context data that can affect the | Context
scheduling to re-generate adapted plans. Awareness
Support the human intervention to interfere or reconfigure the EP UI

scheduling optimization process, e.g. tweaking the objective function
parameters allocation if necessary.

Provide feedback to the human to understand how a specific plan has LTA
been generated (e.g., resources availability, number of potential
conflicts, etc.).

5.4 Initial Plan - Early Prototypes

Overall Milestones for the construction pilot:

e January 2025: Data Model
e April 2025: Initial EP components available
e June 2025: Integrated EP
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e December 2025: EP validated
e June 2026: Initial FP components
e December 2026: Validated and integrated FP

5.4.1 UC-CON-1: BIM - validation

¢ Define/Create data model: Feb 2025

¢ Long-term adaptation for reliability under uncertainty April 2025
e Preparation of EP pilot specific infrastructure: April 2025

e Integrated EP: June 2025

5.4.2 UC-CON-2: BIM - Task allocation

e Define/Create data model: Feb 2025

e Long-term adaptation for reliability under uncertainty: April 2025

¢ Human-Centred Digital Twins of processes and employees: April 2025
e Sliding Work Sharing: April 2025

e Preparation of EP pilot specific infrastructure: May 2025

e Integrated EP: June 2025

5.4.3 UC-CON-3: Task scheduling

e Define/Create data model: Feb 2025

e Long-term adaptation for reliability under uncertainty: April 2025

¢ Runtime monitoring for trustworthy Al: April 2025

e Human-Centred Digital Twins of processes and employees: April 2025
e Context Awareness: April 2025

e Sliding Work Sharing: April 2025

e Preparation of EP pilot specific infrastructure: May 2025

e Integrated EP: June 2025

The Final Prototype will integrate the remaining functionalities for the Use Cases 1, 2 and 3 but
mainly focus on the Use Cases 4 and 5. This approach ensures that the pilot will have a
comprehensive sequence of use cases that can be tested and validated for the early and final
prototype, since the scenarios are built upon each other. Hereafter the pilot can demonstrate the
full potential of the integrated technologies and provide a comprehensive set of use cases that
can be applied in real-world settings.

5.5 Prototype Iteration Cycle

As a preparation for the development iterations key requirements were collected and prioritized
with alignment to business needs. All partners were involved to identify how they can support
the different requirements and to validate the suggested prioritization.

To enable a convenient usage of construction robots our main focus for the first iterations is the
extraction and scheduling from tasks based on provided BIM-files. In the first step we collected
parameters needed by the robot to fulfil a given task. Based on this, we explore how this
information can be extracted from a BIM-file. All Use Cases for the initial prototype are based on
this initial task. Further iterations of the development process allow us to integrate a wider variety
of tasks.
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As described in the previous section we are looking to start the work on the Use Cases in parallel
as there are different partners involved in the different Use Cases. For this purpose, the interfaces
of the use cases are examined in more detail, as they build on each other logically. Missing initial
data is replaced during the processing of the early prototype by assumptions that are coordinated
with the respective persons responsible.

With the Use Cases for the final prototype we are planning to further improve the capabilities of
the construction robot. Involved technologies will be further developed to support the robots’
decision making during operation and to close the loop for the BIM-file. Learnings from dealing
with BIM-files will help during this phase.
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6 Pilot 4 — Healthcare

6.1 Pilot Introduction

In this pilot, the AI4Work technologies will be used to support the monitoring of the physical and
mental health of the Hospital's personnel. Specific monitoring services using smart devices and
wearables will be used in a remote care platform. The medical IoT capabilities of the proposed
platform facilitate the continuous monitoring of participants’ bio-signals including physical
activity and stress. The platform is also equipped with Al tools for data analysis and for providing
wellness recommendations. This pilot is focused on the human resources of healthcare
organizations. The aim of this pilot is to indirectly enhance the work/life quality and overall
wellbeing of hospital staff. This is expected to foster a healthier work environment and improve
working conditions within this demanding sector. In this pilot, a remote monitoring system will
be utilized to obtain precise measurements of the physical and mental health statuses of HYGEIA
Hospital's personnel. The benefits of this solution are twofold. First, it allows for the long-term
monitoring of multiple employees. Second, it reduces the workload of managers by automating
the analysis of personnel's measurement data. The managers will then intervene only when the
system identifies significant deviations in the data, such as unusual sleep patterns or anxiety
levels.

6.2 Description of Use Cases

6.21 UC-HC-1: Shift Management - Scheduling
Objective:

To optimize shift scheduling in hospitals by implementing a predictive system that considers
workload, availability, skills, preferences, and health data of employees to create efficient shift
scenarios.

Scenario:

Hospital administrators input scheduling requirements into the system, which then employs
algorithms to optimize shift assignments based on staff preferences, skills, and current workload.
The platform synchronizes with wearable devices to incorporate real-time health data into
scheduling decisions.

Key Requirements:

¢ Health data extraction and synchronization from wearable devices (Shall)

e Collection of bio-signals and self-reported stress data during shifts (Shall)

e Optimization of schedules considering stress levels and preferences (Shall)

¢ Provision of multiple scheduling scenarios based on different utility functions (Should)
e Secure handling of personal and health data with GDPR compliance (Shall)

6.22 UC-HC-2: High Anxiety Reduction

Objective:

To detect and reduce high anxiety levels among staff members by providing early intervention
and appropriate suggestions before burnout occurs.
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Scenario:

The system monitors metrics to predict high anxiety possibilities. Based on prediction reliability,
either the system or occupational doctor provides necessary suggestions for anxiety reduction.

Key Requirements:

e Health data extraction from wearable devices (Shall)

e Stress level prediction using algorithms (Shall)

e Automated notifications for excessive stress levels (Shall)

e Stress reduction suggestions for occupational doctors (Shall)
e Self-assessment questionnaire support (Shall)

e Stress level dashboard display (Shall)

e Conversational Al for mental health support (Should)

e GDPR-compliant data handling (Shall)

6.2.3 UC-HC-3: Stress Management
Objective:

To enable health managers and occupational doctors to effectively intervene and manage
excessive stress levels of staff members following detection of burnout symptoms.

Scenario:

The system predicts potential burnout cases based on monitoring metrics and notifies relevant
personnel. Predefined suggestions are then provided to occupational doctors for handling the
burnout case.

Key Requirements:

e Health data extraction from wearables (Shall)

e Burnout prediction algorithms implementation (Shall)

e Predefined suggestion system for doctors (Shall)

e Stress level measurement through questionnaires (Shall)
e Dashboard display of stress levels (Shall)

e Conversational Al integration (Should)

e Secure data handling with GDPR compliance (Shall)

6.3 Plan for Integration of Technologies

The healthcare pilot integrates advanced technologies across three use cases to address workplace
wellness and scheduling challenges.

6.3.1 UC-HC-1: Shift Management - Scheduling

e Sliding Work Sharing: Enables dynamic shift scheduling managed by either system
algorithms or human managers.

e BioAssist platform integration: Collects user data and preferences.

e Wearable device integration: Measures Biosignals for objective stress and physical strain
recording.

The main interactions of the above technologies are presented in Figure 9.
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Figure 9. Al4Work Architecture adapted for the EP of the Healthcare Pilot — Use Case 1

6.3.2 UC-HC-2: High Anxiety Reduction

e Digital twin: Creates virtual representations of stress monitoring procedures of nurses.

e Context awareness: Provides current context for appropriate suggestions based on user
metrics and activity levels.

e Sliding work sharing: Facilitates guidance delivery from occupational doctors or system.

[ ]

Decision Making Model: Selects optimal suggestions for anxiety reduction.

The main interactions of the above technologies are presented in Figure 10.
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Figure 10. AI4Work Architecture adapted for the EP of the Healthcare Pilot — Use Case 2
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6.3.3 UC-HC-3: Stress Management

¢ Burnout prediction model: Analyses patterns to identify potential burnout cases.

¢ Digital twin: Simulates workplace scenarios and stress factors.

o Context awareness: Provides current context for adapting interventions based on real-time
conditions.

e Sliding work sharing: Enables flexible guidance delivery, either from the occupational doctor
or the system.

e Decision Making Model: Enhances stress coping abilities and reduces occupational stress.

The main interactions of the above technologies are presented in Figure 11.
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Figure 11. AI4Work Architecture adapted for the EP of the Healthcare Pilot — Use Case 3

6.4 Initial Plan - Early Prototypes

To achieve the aforementioned objectives for the three use cases of the Healthcare Pilot, the
proposed implementation plan will be followed. The plan includes several milestones (tasks to
be done) for both Early and Final Prototypes phase as described on the project proposal.
Specifically, Table 6 presents the Early and Final prototype aims of this project pilot.

Table 6. Early prototypes aims for the Healthcare Pilot
Milestone Deliverable Timeframe Details

Early Prototype | D5.6 Healthcare | Due Month 18 | Integration of wearable data
Development Pilot — Early (May 2025) collection and synchronization with
Prototype the BioAssist platform for monitoring
staff health metrics.

Final Prototype | D5.12 Due Month 36 | Full-scale deployment featuring Al-
Development Healthcare Pilot | (November driven decision-making tools, real-
— Full Prototype | 2026) time monitoring dashboards, and
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personalized wellness
recommendations.

For the Early Prototype the development milestones include the initial deployment of the
BioAssist Platform for data collection, the selection of suitable wearable devices and the
development of test versions of stress prediction tool and shift scheduler. More details about the
tasks of the Early prototype development are described on the following table.

Table 7. Early prototype development milestones for the Healthcare Pilot

Timeline Development Milestones

October - Design and select BioAssist Platform functionalities for healthcare pilot
December needs.

2024 Initial deployment of BioAssist Platform for data collection.

Selection of suitable wearable devices.

Creation of Consent Forms.

January - Data collection and initial development and testing of stress prediction
March 2025 algorithms.

Collaboration with the technical partners on finalizing the shift schedule
attributes.

Completion of first version of the shift schedule procedure prototype.

Scientific/Ethics Committee Approval.

April - May Finalization of stress prediction algorithms based on collected data.
2025 Validation of shift schedule attributes and results.

Testing of early prototype.

The following table describes the implementation stages and the timeline of the development of
the prototype system of the Healthcare Pilot.

Table 8. Development of the prototype system of the Healthcare Pilot.

Stage Description Duration Dates
Data Collection | Deployment of wearable devices and IoT data | 6 months October
Setup integration to support monitoring during the 2024 -
shifts. March 2025
Early Initial testing of early prototypes within a 3 months April - June
Prototype controlled hospital environment to collect user 2025
Testing teedback.
Feature Integration of other AI4Work developed 6 months July -
Enhancement frameworks, such as the Digital twin December
framework, and advanced functionalities, such 2025
as the predicted stress levels of nurses for shift
replanning.
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Final Prototype | Large-scale testing to validate the final 9 months January -
Validation system's effectiveness in real-world scenarios. September
2026

6.5 Prototype Iteration Cycle

The project begins with the identification and prioritization of key requirements for each use case
of the pilot (Requirement Gathering and Prioritization). The requirements are classified as
essential ("shall") and are prioritized accordingly to guide the development process. Initial
designs are focusing on the integration of wearable data into a remote monitoring system and the
creation of predictive models for stress and burnout detection (Prototype Design and
Development Approach). The development of the early prototype follows a structured timeline
from October 2024 to May 2025, with clear milestones for each phase.

In more detail, prototypes are developed iteratively, starting with the early prototype stage,
which includes basic data collection and health monitoring functionalities from October to
December 2024. From January to March 2025, the focus is on collecting various data types through
wearables and questionnaires to develop stress prediction algorithms and collaborating with
partners to define and finalize the necessary attributes for the shift schedule system. The final
phase, from April to May 2025, involves refining algorithms and validating shift schedule
components. Iterative testing will be conducted after each development cycle, focusing on
validating the system's functionality, accuracy and user experience. Feedback from stakeholders,
including hospital managers, occupational doctors and IT support staff, informs modifications to
improve the system’s effectiveness. This phase also emphasizes user-centred design principles to
ensure that the platform meets the operational demands of healthcare organizations. The early
prototype will deliver features including individual health data visualization, basic shift schedule
display and stress level monitoring capabilities. The full system (final prototype), integrating all
advanced functionalities such as real-time dashboards and Al-driven decision-making, is
scheduled for deployment by Month 36. The aforementioned development approach will be
utilized to ensure a systematic development progress and to maintain the flexibility for
improvements based on testing results between the prototypes.
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7 Pilot 5 — Education

7.1 Pilot Introduction

In this pilot, as previously described at D1.1, the impact of Digital Twins and Al technologies
within the Education Sector will be explored. Moreover, an assessment on how the project’s
technologies can monitor the health and mental status of university staff and students will be
conducted. University staff and students will be monitored using a remote system for stress levels
and workload. Each participant in the study will be equipped with wearable devices that track
physical and mental activities. These devices will also measure additional variables such as sleep
patterns, heart rate variability (HRV), and stress levels, which will be integral in developing
models for the Digital Twins approach. The remote monitoring platform will also include manual
data entry and surveys to collect additional information about the individuals health status and
workload.

As LUT cannot provide wearable devices to university students and staff, another device will be
used to monitor and collect data for the education pilot. The device will be used in the same use
cases, although conducted separately at LUT, and will follow the same initial plan and prototype
iteration cycle as UPRC, so the rest of the pilot plan described here can be applied to LUT as well.

7.2 Description of Use Cases

72,1 UC-EDU-1: Course Workload Adjustment
Objective:

To predict and optimize student workload scenarios through the semester by analysing stress-
related data and course parameters, enabling adjustments to course workload and scheduling
that promote student well-being and academic performance.

Scenario Description:

This use case focuses on improving the educational experience by dynamically analysing
multiple factors influencing student stress levels. The system collects bio-signal data from
wearable devices, responses from stress-related questionnaires, information about current course
workload, classroom hours, self-study hours, and the perceived difficulty of course materials.
Using this data, the What-if algorithm predicts workload scenarios throughout the semester,
highlighting stress-inducing patterns. Based on these insights, course workload adjustments are
made reactively at the end of the semester to improve alignment with student capabilities and
minimize stress, thereby enhancing educational outcomes.

Key Requirements:

e The AI4Work solution offers decision support for adjusting workloads (such as modifying
class hours or homework assignments) by analysing the aggregated stress levels of users in
each course (Shall).

e The BioAssist platform shall be capable of collecting health data during courses through
wearable devices and self-reported stress data (e.g., questionnaire responses). These data will
be provided to the predictive and scheduling algorithms (Shall).
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7.2.2  UC-EDU-2: Stress Management of Students
Objective:

The aim of this use case is to predict and monitor stress levels among students, identify primary
stressors, and recommend interventions that enhance student well-being and academic success.

Scenario Description:

This use case focuses on empowering students by providing a proactive stress management
solution. The system aggregates bio-signal data from wearables, emotional and workload-related
questionnaire responses, personal characteristics, and academic performance histories. Using
these inputs, a stress prediction algorithm calculates a stress index for each student, enabling
continuous stress level monitoring. The system identifies the key educational and environmental
factors contributing to elevated stress levels and suggests tailored interventions, such as
workload redistribution, personalized study plans, or access to counselling services, aiming to
mitigate stress and improve academic outcomes.

Key Requirements:

e The BioAssist platform shall be capable of collecting health data during courses using
wearable devices and provision of health and self-reported stress data (e.g. responses to
questionnaires) to the predictive algorithms (Shall).

e Prediction algorithms shall estimate high stress levels on students based on current health
and self-reported data (e.g. questionnaires) (Shall).

e The BioAssist platform shall be able to provide assessment questionnaires and evaluation by
occupational doctors and psychologists to measure stress at the beginning and end of a course
or exam (Shall).

e Individual and aggregated stress levels of students must be displayed on dashboards (Shall).

e The system must notify students if they have high stress levels and provide suggestions for
breaks or relaxing activities to reduce stress (Shall).

e The secure handling of personal and health data, ensuring compliance with relevant
regulations like GDPR, must be achieved through restricted access to stress data and decision
support outputs to authorized personnel only (Shall).

7.2.3 UC-EDU-3: Stress Management of Professors/Researchers
Objective:

To identify, monitor, and mitigate stress factors affecting professors and researchers by
quantifying stress levels and enabling personalized interventions.

Scenario Description:

This use case aims to address the stress challenges faced by academic staff. The system collects
physiological data from wearables, psychological questionnaire responses, personal
characteristics, detailed work history, and performance data. A stress prediction algorithm
calculates a "stress index" that quantifies the staff member's stress levels and identifies key
triggers, such as excessive workload, administrative demands, or lack of resources. Insights from
the analysis guide university administrators in implementing changes, including workload
redistribution, role adjustments, and improved support services, creating a healthier work
environment for academic staff.
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Key Requirements:

e The BioAssist platform shall be capable of collecting health data using wearable devices and
provision of health and self-reported stress data (e.g. responses to questionnaires) to the
predictive algorithms (Shall).

e DPrediction algorithms shall estimate high stress levels on professors/researchers based on
current health and self reported data (e.g. questionnaires) (Shall).

e The BioAssist platform shall be able to provide assessment questionnaires and evaluation by
occupational doctors and psychologists to measure stress over time (Shall).

e Individual and aggregated stress levels of professors/researchers must be displayed on
dashboards (Shall).

e The system must notify professors/researchers if they have high stress levels and provide
suggestions for breaks or relaxing activities to reduce stress (Shall).

e The secure handling of personal and health data, ensuring compliance with relevant
regulations like GDPR, must be achieved through restricted access to stress data and
decision support outputs to authorized personnel only (Shall).

724 UC-EDU-4: Stress Management of University Admin Staff
Objective:

The scope of this use case is to proactively monitor, predict, and manage stress levels among
university administrative staff, enabling targeted interventions for stress reduction and well-
being improvement.

Scenario Description:

This use case is designed to address the unique stressors experienced by administrative staff. The
system collects and analyses data from wearable devices, psychological and workload-related
questionnaire responses, personal characteristics, and historical data on work and stress levels.
A stress prediction algorithm calculates a "stress index," providing insights into individual and
collective stress trends. The system identifies key stressors, such as peak workload periods or
process inefficiencies, and recommends tailored strategies to reduce stress, such as workflow
optimizations or additional support resources. The proactive, data-driven approach ensures that
stress levels are managed effectively throughout the academic year.

Key Requirements:

e The BioAssist platform shall be capable of collecting health data using wearable devices and
provision of health and self-reported stress data (e.g. responses to questionnaires) to the
predictive algorithms (Shall).

e Prediction algorithms shall estimate high stress levels on university admin staff based on
current health and self reported data (e.g. questionnaires) (Shall).

e The BioAssist platform shall be able to provide assessment questionnaires and evaluations by
occupational doctors and psychologists to measure stress over time (Shall).

e Individual and aggregated stress levels of university admin staff must be displayed on
dashboards (Shall).

e The system must notify university admin staff if they have high stress levels and provide
suggestions for breaks or relaxing activities to reduce stress (Shall).

e The secure handling of personal and health data, ensuring compliance with relevant
regulations like GDPR, must be achieved through restricted access to stress data and
decision support outputs to authorized personnel only (Shall).
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The Use Case 5 “Curriculum Development” will not be examined in this pilot as initially

proposed in D1.1, due to the long time required for monitoring, intervention and assessment.

7.3

Plan for Integration of Technologies

The education pilot integrates the advanced technologies of the AI4Work project across the 4 use
cases to promote workplace wellness and to address workload management issues.

7.3.1 UC-EDU-1: Course Workload Adjustment

The Data Collection and Handling for AI Services ensures seamless acquisition and
processing of diverse data sources, including bio-signal data from wearables, questionnaire
responses, and course parameters. It forms the foundation for the workload prediction and
adjustment processes by providing accurate and reliable inputs for Al analysis.

The Digital Twin technology creates a virtual representation of students' stress levels and
workload dynamics. By simulating various workload scenarios, the system can assess the
impact of potential adjustments and recommend optimal strategies to balance academic
requirements with student well-being.

Explainable and Transparent What-If Analysis. This feature enables educators and
administrators to explore alternative workload distribution scenarios and their impact on
stress levels. The transparent nature of the analysis builds trust in the recommendations and
helps stakeholders understand the rationale behind suggested adjustments.

By integrating Context-awareness capabilities, the system continuously adapts
recommendations based on real-time workload and stress metrics. This ensures that
adjustments are both relevant and responsive to the changing academic environment and
student needs.

Sliding Work Sharing innovative approach supports workload adjustments throughout the
semester, either through automated system interventions or manual adjustments by
professors. It ensures that workload distribution remains dynamic and flexible, minimizing
stress during critical academic periods.

BioAssist Platform Integration. The integration with the BioAssist platform enables
comprehensive data management and analysis.

Wearable Device Integration. Wearable devices play a critical role in collecting real-time bio-
signal data, providing insights into physiological stress indicators. This data feeds into the
Al4Work system, enhancing the accuracy of workload predictions and adjustments.

The main interactions of the above technologies are presented in Figure 12.
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Figure 12. AI4Work Architecture adapted for the EP the Education Pilot — Use Case 1

7.3.2 UC-EDU-2: Stress Management of Students

Data Collection and Handling for AI Services technologies facilitate the seamless acquisition
and management of diverse data types, including bio-signal data from wearables, stress-
related questionnaire responses, and contextual academic information. These inputs are
essential for calculating an accurate stress index and identifying key stressors.

AI4Work Digital Twin provides a dynamic virtual representation of each student’s stress
profile. By simulating different scenarios, such as academic load variations or intervention
strategies, the system can predict their impact and guide decision-making for stress
mitigation.

Context Awareness capabilities analyse students’ stress index and key stressors in real-time,
ensuring the system identifies the most critical factors affecting student well-being. This
targeted approach allows for the precise identification and prioritization of stressors to
deliver effective interventions.

Sliding Work Sharing feature provides personalized guidance for students experiencing
high levels of anxiety. Interventions can be initiated by the system or occupational health
professionals, offering tailored advice, workload redistribution, or referrals to appropriate
support services.

The BioAssist platform facilitates the collection, storage, and analysis of student data.

The Wearable Devices provide real-time physiological data, enabling the system to
continuously monitor stress indicators and detect early signs of elevated stress. This ensures
timely interventions that are responsive to students’ needs.

The main interactions of the above technologies are presented in Figure 13.
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Figure 13. Al4Work Architecture adapted for the EP of the Education Pilot — Use Cases 2, 3, 4

7.3.3 UC-EDU-3: Stress Management of Professors/Researchers

Data Collection and Handling for AI Services technologies support the efficient collection
and management of multi-source data, including bio-signal data from wearables, responses
from psychological questionnaires, work-related metrics, and performance history. It
provides the input for calculating the stress index and analysing stressors.

AlI4Work Digital Twin technology creates a virtual model of each professor’s or researcher’s
stress profile, simulating the effects of stressors and interventions over time. This predictive
capability helps in designing strategies tailored to individual needs, enabling effective stress
management.

Context-aware capabilities allow the system to analyse each professor’s stress index and
identify the most critical stressors affecting their well-being. This targeted analysis ensures
that interventions address the root causes of stress, such as excessive workload,
administrative demands, or lack of resources.

Sliding Work Sharing feature facilitates dynamic adjustments to workload and
responsibilities for professors or researchers experiencing high stress levels. Interventions can
be triggered either by the system or occupational health professionals, offering support
through workload redistribution, role modifications, or access to counselling services.

The BioAssist platform serves as the backbone for data integration and analysis. It enables
seamless aggregation of stress-related data, supports monitoring, and delivers actionable
insights to university administrators for stress mitigation strategies.

Wearable devices provide continuous, real-time physiological data, enabling the system to
detect early signs of elevated stress. This ensures timely and responsive interventions,
promoting a healthier and more supportive work environment for academic staff.

The main interactions of the above technologies are presented in Figure 13.
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7.34 UC-EDU-4: Stress Management of University Admin Staff

e Data Collection and Handling for AI Services ensure seamless acquisition, processing, and
management of diverse data, including bio-signal data from wearables, psychological
questionnaire responses, workload metrics, and historical stress patterns. These data sources
are integral to calculating an accurate stress index and identifying key stressors.

e Al4Work Digital Twin will create a dynamic virtual representation of each staff member’s
stress profile. By simulating stress-related scenarios and potential interventions, the system
provides actionable insights that help mitigate stress in a personalized and effective manner.

¢ The Context-awareness capabilities enable the system to analyse the stress index and identify
the most critical stressors affecting each staff member. This targeted approach ensures
interventions are tailored to address the root causes of stress, such as workload surges,
process inefficiencies, or interpersonal challenges.

e Sliding Work Sharing supports the dynamic redistribution of workload and responsibilities
for administrative staff experiencing high stress levels. Interventions, initiated either by the
system or occupational health professionals, provide practical solutions such as workload
balancing, workflow adjustments, or access to tailored support services.

e The integration with the BioAssist platform enables efficient data aggregation, monitoring,
and analysis. It ensures that stress-related insights are accessible and actionable for university
administrators, facilitating data-driven decisions to support staff well-being.

e Wearable devices provide real-time physiological data, allowing the system to monitor stress
levels continuously. This ensures timely detection of elevated stress and enables immediate,
personalized interventions to prevent prolonged stress exposure.

The main interactions of the above technologies are presented in Figure 13.

7.4 Initial Plan - Early Prototypes

For the education pilot the following implementation plan is proposed. The plan includes several
milestones (tasks to be done) for the Early Prototype. Specifically, Table 9 presents the Early and
Final prototype aims of this project pilot.

Table 9. Early prototypes aims for the Education Pilot

Milestone Deliverable Timeframe Details

Early Prototype | D5.7 Education | Due Month 18 | Integration of wearable data
Development Pilot — Early (May 2025) collection and synchronization with
Prototype the BioAssist platform for monitoring
students/staff health metrics.

Final Prototype | D5.13 Education | Due Month 36 | Full-scale deployment featuring Al-

Development Pilot — Full (November driven decision-making tools, real-
Prototype 2026) time monitoring dashboards, and
personalized wellness
recommendations.

For the Early Prototype the development milestones include the initial deployment of the
BioAssist Platform for data collection, the selection of suitable wearable devices and the
development of test versions of stress prediction tool and course workload adjustment tool. More
details about the tasks of the Early prototype development are described on the following table.
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Table 10. Early prototype development milestones for the Education Pilot

Timeline Development Milestones

October - Design and select BioAssist Platform functionalities for healthcare pilot
December needs
2024 Initial deployment of BioAssist Platform for data collection

Selection of suitable wearable devices

Creation of Consent Forms

January - Data collection and initial development and testing of stress prediction
March 2025 algorithms

Collaboration with the technical partners on finalizing the What-if related
attributes

Completion of first version of the course workload prototype

Scientific/Ethics Committee Approval

April - May Finalization of stress prediction algorithms based on collected data
2025 Validation of course workload adjustment and results

Testing of early prototype

The following table describes the implementation stages and the timeline of the development of
the prototype system of the Education Pilot.

Table 11. Development of the prototype system of the Education Pilot.

Stage Description Duration Dates
Data Collection | Deployment of the data collection platform 6 months October
Setup (may include wearable devices and IoT data 2024 -
integration) to support continuous stress and March 2025
performance monitoring.
Early Initial testing of early prototype by a limited 3 months April - June
Prototype number of test users (students and staff) to 2025
Testing collect their feedback.
Feature Integration of other AI4Work developed 6 months July -
Enhancement frameworks, such as the Digital twin December
framework, and advanced functionalities, such 2025
as the predicted stress levels of students for
workload adjustment.
Final Prototype | Large-scale testing to validate the final 9 months January -
Validation system's effectiveness in University of Piraeus September
and LUT. 2026

7.5 Prototype Iteration Cycle

The education pilot begins with the identification and prioritization of key requirements for each
one of the four use cases to ensure a clear alignment with the objectives of the pilot. This phase
involves the needs collection and analyses from stakeholders such as students, university staff
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(ex. professors), university managers/administrators, and university's health care professionals.
Requirements are categorized and prioritized to guide the iterative development process of the
tools of this pilot.

The initial designs focus on integrating questionnaire responses and other data collection
technologies (ex. wearable devices) into a remote monitoring system. In parallel, predictive
models are developed to assess stress levels and identify key stressors for students and staff,
forming the basis for tailored recommendations (Prototype Design and Development Approach).
The iterative development of the prototype follows a structured timeline, spanning from October
2024 to May 2025, with well-defined milestones for each phase.

The prototype development process may be divided into three phases:
Early Prototype Development (October 2024 — March 2025):

During this phase, the primary focus is on establishing basic data collection and health
monitoring functionalities. In addition, basic visualization tools are developed to provide early
insights into stress levels for students and staff. Meanwhile, the What-if technology early
prototype will be examined for its fitness on this pilot.

Intermediate Development Phase (April - December 2025):

This phase emphasizes expanding the system’s capabilities to collect and process diverse data
types. Stress prediction algorithms are developed using questionnaires, academic parameters
such as workload and performance, as well as wearable data. Collaboration with university
partners ensures the definition and refinement of attributes for workload adjustment systems.
Key features, such as scenario-based stress analysis and preliminary recommendations, may be
introduced.

Final Prototype Refinement (January — September 2026):

In the final phase, the predictive models and algorithms are refined, ensuring higher accuracy
and reliability in stress level predictions. The system integrates advanced features, such as
tailored workload adjustments and detailed stressor analysis. User feedback from stakeholders
(including students and university's staff) is incorporated to validate system functionality,
accuracy, and usability. Iterative testing ensures the platform meets educational needs and
adheres to user-centred design principles.

The early prototype delivers basic features, including individual health data visualization, stress
level monitoring, and preliminary workload insights. The final system, incorporating advanced
functionalities such as real-time dashboards, predictive stress models, and Al-driven workload
optimization, is scheduled for full deployment by Month 36. This systematic and iterative
development approach aims to ensure that the prototype evolves in response to stakeholder
feedback and testing results, balancing flexibility with progress. The methodology emphasizes a
user-centred design to ensure the platform effectively addresses the challenges of stress
management in the educational context.
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8 Pilot 6 — Agriculture

8.1 Pilot Introduction

Viticulture is an important source of employment in Portugal. However, the growing lack of
human labour to manage vineyards effectively has become a concern., namely in the Douro
Demarcated Region (DDR), the oldest demarcated wine region in the world. Managing a
vineyard requires a significant investment of workers’ time and energy.

This is a problem because human labour is essential in this region, where a mountain viticulture
is practiced, that is, where the vineyards are located on steep slopes, in which modern machinery
cannot manoeuvre.

In this sense, the intent of this agricultural pilot is to reduce workers” physical stress to make this
trade more attractive while, at the same time, to improve the consistency of grapes / wine
production and to reduce the grapevine mortality rate. For this, a novel solution for high-
performance sustainable management of the old, terraced vineyards of Quinta do Crasto (QDC),
is expected to be developed that will be supported on advanced trustworthy digital technologies.

The goal is to: i) ensure that human workers remain central to the process, with Al and robotics
serving as tools to enhance their capabilities; ii) use Al and robotics to assist personnel in their
tasks, improving efficiency and accuracys; iii) use leverage data and Al insights to help workers
make more informed decisions about vineyard management.

8.2 Description of Use Cases

8.2.1 UC-AGR-1: Identification of grape varieties in Quinta do Crasto’s old
vineyards

Objective:

To accelerate the preservation of old vineyards, this approach will use human-centred digital
twins, Al-powered decision support, and explainability mechanisms to identify all grape
varieties. The system will operate during the summer, assisting workers by performing tasks
during the hottest hours of the day. Autonomous drones will play a key role in this process,
enabling efficient data collection by covering large vineyard areas quickly and ensuring
consistent, high-quality imagery for Al analysis. Preserving this terroir is only possible through
the identification of its varietal diversity. Since some grapevines are expected to die due to their
advanced age, this identification process ensures that each lost vine can be replaced with a
genetically identical one, maintaining the vineyard's unique characteristics.

Scenario:

In this use case, vineyard conditions will be analysed, and grape varieties will be identified based
on collected photographic data. Leaf morphology, a critical factor in varietal identification, will
be assessed primarily using images captured from drones but may also be provided by other data
sources, such as ground-based cameras or mobile devices. The collected data includes leaf images
for morphological analysis, which are essential for varietal identification. The Al-powered
classification models process these images and function as an extension of the researcher’s vision,
assisting in the identification of grape varieties. The decision support system ensures transparent,

31.03.2025 Version 1.0 Page 43
Confidentiality: Public Distribution



[ J
4WG rk D5.1 Pilots plan - Initial Version

explainable predictions, allowing vineyard experts to validate Al recommendations. When
uncertainty arises (e.g., overlapping vines or difficult classifications), task-sharing mechanisms
will shift the task to a human expert for final verification.

Key Requirements:

e The identification of grape varieties shall be transparent, explainable, and validated by
human experts through a context-aware decision support system (Shall).

e Task planning shall balance Al-driven automation and human intervention when uncertainty
is high, while also ensuring that worker presence data is acquired and used to adjust
operations accordingly to maintain safety (Shall).

e A digital twin shall manage grape variety data, ensuring traceability and supporting
autonomous vineyard operations (Shall).

e Varietal identification data shall be provided in a GIS-compatible format to enable direct
integration into Quinta do Crasto’s management system.

8.2.2 UC-AGR-2: Monitoring of remote steep-slope vineyard plots
Objective:

Enhancing vineyard management through Al-driven monitoring and decision-making that
provides accurate insights into key vineyard conditions. By automating data collection and
analysis, the system minimizes manual labour, particularly in hard-to-reach areas such as QDC’s
old vineyards. The integration of drones and other sensing technologies ensures comprehensive
and timely data acquisition, enabling precise assessments of vine health, environmental
conditions, and weather-related risks.

Scenario:

A monitoring system analyses vineyard conditions in remote steep-slope vineyard plots, where
traditional monitoring is difficult and labour-intensive. Using multispectral imaging and
environmental sensors, drones and other data sources capture information on vine vigour, air
temperature, humidity, radiation, precipitation, and wind speed. Data processing algorithms
detect trends, identify anomalies, and support routine vineyard monitoring, phenology tracking,
and post-weather event assessments (e.g., after heatwaves or heavy rainfall).

Key Requirements:

e Vineyard conditions - including environmental factors and vegetation indices (e.g., NDVI,
SAVI) — shall be collected, analysed, and integrated into a site-wide assessment using drone
imagery and sensor data (Shall).

e A digital twin shall manage vineyard monitoring data, supporting predictive environmental
analysis and long-term vineyard health assessments (Shall).

e Vineyard monitoring shall be explainable and validated by human experts through a decision
support system that integrates Al-driven analytics for detecting environmental anomalies
and tracking vineyard health trends over time (Shall).

e Vineyard monitoring data shall be provided in a GIS-compatible format to enable its
integration with Quinta do Crasto’s vineyard management system for decision-making
(Shall).
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8.2.3  UC-AGR-3: Transport of the grapes in a steep-slope vineyard during the
harvest season

Objective:

To improve harvest efficiency and worker safety in steep-slope vineyards by integrating Al-
powered grape transport and monitoring of worker fatigue. Automation reduces the need for
manual carrying of grape boxes, alleviating physical strain, and optimizing harvest operations
through intelligent scheduling and adaptive workload distribution.

Scenario:

Harvesting grapes in steep-slope vineyards requires workers to manually transport 22 kg boxes
up difficult terrain, leading to fatigue and injury risks over 40-50 days of continuous work. To
reduce strain, an Al-powered cargo drone will assist with grape transport, reducing the number
of manual trips required.

Additionally, workers will wear IoT sensors that track fatigue, repetitive movements, and sun
exposure. The system will analyse collected worker fatigue data to optimize task distribution and
ensure sustainable harvesting conditions. Fatigue and transport efficiency data shall be
integrated into a vineyard management system, allowing vineyard managers to adjust workload
distribution as needed.

Key Requirements:

e Worker fatigue can be assessed using wearable sensor data, enabling informed adjustments
in task scheduling where applicable (Shall).

e The Al system shall dynamically adjust transport task allocation at predefined intervals,
ensuring optimized drone dispatch while allowing workers to validate and refine scheduling
suggestions based on operational conditions (Shall).

e The system shall provide clear reasoning for its recommendations, ensuring workers
understand why breaks or task adjustments are suggested (Shall).

e The system should provide vineyard supervisors with tools to optimize worker allocation
and auxiliary equipment use, particularly when labour shortages impact demanding tasks
(Should).

e The Al transport scheduling shall prioritize drone dispatch based on worker fatigue levels,
harvest rates, and terrain constraints (Shall).

8.3 Plan for Integration of Technologies

This section explains the envisaged use of the AI4Work technologies in each UC.

8.3.1 UC-AGR-1: Identification of grape varieties in Quinta do Crasto’s old
vineyards

Several advanced technologies are required to promote the success of this use case:

e Data Collection and Handling for AI/Robotics Services: Captures and processes leaf images
from drones and other photographic sources, integrating additional sensor data where
applicable, to support Al-driven grape variety identification.

¢ Long-Term Adaptation: Al models can be updated periodically based on new data and user
feedback to refine predictions and improve adaptability.
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Runtime Monitoring for Trustworthy AI: Ensures the consistency and accuracy of collected
data, validating image quality and detecting anomalies during processing.
Digital Twin: Digital Twin models of grapevine varieties by integrating morphological and
environmental data, supporting identification and long-term preservation.

e Context Awareness: Al models analyse visual and environmental data to enhance grape
variety classification, adapting to seasonal and vineyard-specific variations.

e Sliding Work Sharing: Al collaborates with vineyard researchers by providing automated
variety identification while allowing human experts to refine, validate, and improve Al-
generated results.
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Figure 14. AI4Work Architecture adapted for the EP of the Agriculture Pilot — Use Case 1

8.3.2 UC-AGR-2: Monitoring of remote steep-slope vineyard plots

Several advanced technologies are required to promote the success of this use case:

Data Collection & Handling for AI/Robotics Services: Drones and environmental sensors
collect high-resolution images and real-time data (e.g., temperature, precipitation, humidity).
Al processes these datasets to create vineyard maps and monitor conditions.

Long-Term Adaptation: Al models can be periodically updated to analyse drone data,
supporting improvements in vine health tracking, seasonal trend detection, and
environmental analysis.

Run-Time Monitoring: Collected data is processed to validate accuracy in environmental and
vine health assessments. Machine learning detects anomalies and identifies risks, aiding
vineyard management decisions.

Digital Twin: A Digital Twin of the vineyard integrates multispectral drone data and
environmental monitoring to assess vine health and support decision-making.

Context Awareness: Al models factor in slope orientation, climate variations, and terrace
layouts, refining predictions based on real-world environmental influences. Continuous
learning ensures adaptive monitoring and improved forecasting accuracy.
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Sliding Work Sharing: The Al system collaborates with vineyard personnel, assisting in data
interpretation and decision support. The drone gathers field data, while vineyard workers
provide expert insights and validation, ensuring the monitoring system remains as accurate
and reliable as possible.
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Figure 15. AI4Work Architecture adapted for the EP of the Agriculture Pilot — Use Case 2

8.3.3 UC-AGR-3: Transport of the grapes in a steep-slope vineyard during the

harvest season

Several advanced technologies are required to promote the success of this use case:

Data collection and handling for AI/Robotics Services: Wearable sensors track worker
fatigue levels throughout the harvest and grape transport process. This data can be used to
analyse physical strain, optimize task assignments, and enhance workplace safety.
Long-Term Adaptation Al models and robotic systems can be updated periodically based on
new data and user feedback to refine transport efficiency, adapt to vineyard conditions, and
improve coordination between drones and workers.

Digital Twin: A Digital Twin of vineyard logistics integrates grape transport dynamics,
worker activity, and environmental conditions to support decision-making in harvest
operations.

Context Awareness: Al models can incorporate terrain conditions, weather data, and
operational constraints to adjust drone performance and optimize transport decisions.
Sliding Work Sharing: The system can dynamically balance transport tasks between drones
and vineyard workers, improving workflow efficiency and resource utilization.
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Figure 16. Al4Work Architecture adapted for the EP of the Agriculture Pilot — Use Case 3

8.4 Initial Plan — Early Prototypes

In this section, the early prototype development milestones were identified, as well as the
timeline showing the implementation stages of each early prototype.

8.4.1 UC-AGR-1: Identification of grape varieties in Quinta do Crasto’s old
vineyards

01.1 Define data model for grape variety classification [December “24]

e Select a set of representative grapevines for initial identification and classification.

e Define basic metadata requirements for recorded grapevine images, including location, time
of capture, and environmental conditions.

e Ensure that GPS coordinates of selected grapevines are recorded for integration with
vineyard monitoring systems, including drone navigation and Digital Twin updates.

01.2 Develop ground truth database for grape variety identification [March “25]

e Collect photographic and sensor-based data of known grapevine varieties.
e Manually validate and label datasets with the assistance of vineyard researchers and
agronomists.

01.3 Train and validate Al-based image analysis model for grape variety detection [June “25]

e Implement a preliminary Al model for leaf morphology analysis, leveraging deep learning
for classification.

e Conduct pilot testing on drone-acquired imagery combined with synthetic datasets,
comparing Al outputs with expert-labelled data.

e Define Al accuracy targets before full deployment into vineyard management.

O1.4 Prototype integration of Al results into a Digital Twin of grape varieties [June “25]

e Develop an initial Digital Twin that catalogues classified grape varieties and preserves
historical vine data.
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e Ensure Al-Digital Twin integration enables future analysis of variety distribution and
vineyard planning.

8.4.2 UC-AGR-2: Monitoring of remote steep-slope vineyard plots

02.1 Identify critical vineyard locations for monitoring [March 2025]

e Identify high-priority monitoring areas based on historical data, expert input, and key risk
factors (e.g., steepness, wind exposure, disease susceptibility, soil variation). Validate these
locations through ground truthing or analysis of existing high-resolution imagery.

02.2 Select and configure drone for vineyard monitoring [March 2025]

e Select a drone with GPS navigation, high-resolution imaging, and multispectral sensors to
support UC-AGR-1 and UC-AGR-2. Document the selection rationale, including sensor
capabilities, flight time, and payload capacity.

02.3 Integrate GPS coordinates of monitoring locations [June 2025]

e Store and manage pre-selected critical vineyard locations in a central monitoring system,
ensuring consistent route planning across multiple drone flights.

e Flight paths shall be optimized for elevation changes, weather conditions (e.g., wind, fog),
and data quality requirements (e.g., image overlap for orthomosaics).

02.4 Define flight conditions and restraints [June 2025]

e [Establish monitoring routes based on key objectives (e.g., pest and disease detection, soil
condition monitoring, microclimate tracking).

e Set altitude and obstacle avoidance guidelines to ensure safe drone operation.

02.5 Digital Twin Development & Human-AI Collaboration [June 2025]

e Develop a preliminary Digital Twin that consolidates drone-collected environmental and
plant health data for vineyard assessment and strategic planning.

8.4.3 UC-AGR-3: Transport of the grapes in a steep-slope vineyard during the
harvest season

03.1 Define worker fatigue monitoring and Al-assisted task allocation [March 2025]

o Identify wearable IoT devices to track worker fatigue based on exertion levels, allowing Al to
analyse fatigue trends and suggest task adjustments at predefined intervals.

e Establish fatigue thresholds to inform task balancing between drones and human workers.

03.2 Select and test cargo drone for vineyard transport [March 2025]

e Choose a cargo drone with sufficient payload capacity and test flight stability in vineyard
terrain.

03.3 Develop Digital Twin prototype for transport logistics [June 2025]

e Create a Digital Twin to simulate grape transport scenarios, integrating:

o Drone activity
o Worker fatigue levels

¢ Environmental constraints (e.g., slope steepness, wind speed)

03.4 Implement Al-driven context awareness and Sliding Work Sharing [June 2025]
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e Train a system to factor in environmental conditions (wind, slope, weather) for adaptive
drone transport planning.

¢ Develop Sliding Work Sharing, where Al assists but workers review and refine transport task
assignments.

8.5 Prototype Iteration Cycle

The development of the AI4Work prototypes for UC-AGR-1, UC-AGR-2, and UC-AGR-3 follows
an iterative methodology, ensuring a progressive refinement of Al-driven solutions for vineyard
management. The process involves continuous collaboration between technology providers and
vineyard stakeholders, integrating real-world feedback to improve usability, efficiency, and Al-
assisted decision-making.

Each use case undergoes three key phases: initial testing in controlled conditions, deployment in
real-world vineyard environments, and final optimization to ensure Al and human collaboration
remain central to operations.

Phase 1: Early Prototype Development and Baseline Testing (December 2024 — June 2025)

¢ Controlled deployments begin in designated vineyard plots, where AI models, drones, and
Digital Twins undergo initial validation.

e Data collection focuses on grape variety identification (UC-AGR-1), vineyard monitoring
(UC-AGR-2), and Al-assisted grape transport (UC-AGR-3).

e Proxy operators (vineyard researchers and managers) interact with the system, providing
feedback on Al-generated recommendations.

e Initial Sliding Work Sharing mechanisms are introduced, where Al assists but vineyard
personnel retain final control over interventions.

Phase 2: AI Refinement, Human-AI Interaction, and Context-Aware Learning (June -
December 2025)

e Almodels are improved using real-world data, allowing them to adapt to seasonal variations,
environmental changes, and operational needs.

e The Digital Twin evolves from a static model to a dynamic decision-support tool,
incorporating GIS-compliant data for better vineyard logistics.

e Al-driven transport scheduling (UC-AGR-3) and anomaly detection (UC-AGR-2) are tested.

e Human-Al collaboration is fine-tuned, ensuring Al-generated transport and monitoring plans
can be overridden or refined by vineyard managers.

Phase 3: Full-Scale Deployment and Optimization (January — December 2026)

e Al-assisted operations are deployed under real harvest conditions, ensuring drones, workers,
and vineyard managers interact seamlessly.

e The Digital Twin supports predictive analytics, enabling vineyard personnel to anticipate
transport bottlenecks, plant health risks, and workload imbalances.

e Sliding Work Sharing is fully optimized, where Allearns from human feedback, continuously
refining its task recommendations while maintaining human oversight.

e The iterative cycle concludes with performance validation, ensuring Al systems meet
efficiency, accuracy, and human-centred usability standards before full-scale adoption.
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9 Conclusions

This document establishes a comprehensive plan for the implementation of six sector-specific
pilots within the AI4Work project. By integrating human-centric AI and robotics technologies, it
addresses challenges in logistics, manufacturing, construction, healthcare, education, and
agriculture while fostering improved workplace efficiency, decision-making, and well-being. The
strategies outlined ensure that technological innovation is paired with human expertise through
iterative prototype development cycles, explainable Al systems, and adaptive work-sharing
mechanisms.

The proposed pilots provide tailored solutions for each sector. Logistics operations are enhanced
through Al-driven scheduling tools and real-time performance analysis. Manufacturing
processes benefit from troubleshooting systems and personalized training tools that improve
packing line efficiency. Construction workflows are optimized with BIM integration for task
validation and scheduling in unstructured environments. Healthcare staff well-being is
monitored using wearable devices and predictive models to reduce stress and improve shift
management. Stress levels in education are addressed through digital twins and wearable devices
that dynamically adjust workloads. Agriculture workers are supported by drones and Al-based
tools for vineyard management in steep terrains, reducing physical strain while improving
productivity.

The iterative approach ensures that early prototypes validate core functionalities in controlled
environments before progressing to final prototypes tested under real-world conditions. This
methodology allows for continuous refinement based on stakeholder feedback and operational
insights while maintaining flexibility to adapt to diverse industrial contexts.

The strategies presented in this document not only address sector-specific challenges but also
contribute to broader objectives of fostering sustainable practices and improving working
conditions across industries. As the pilots advance toward full-scale deployment by 2026, they
are expected to deliver transformative impacts that redefine collaboration between humans and
intelligent systems.
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