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- Preceding tasks on stakeholder expectations (T2.2) and WP3
tasks were shifted, leading to natural shifts in T3.4 and this
related deliverable D3.2.

- Challenging timeline with other crucial tasks like architecture

Reasons causing delay definition having higher priority and serving as input to
validation plan activities.

- Additionally, initial date was in summer period where less
activity is expected (M19, July), hence request to delay the
due date.

- Some design and integration choices in WP4 and WP5 on the
powertrain components requirements could be impacted.
However, technical validation plans for specific hardware
components and interfaces and virtual modelling
requirements have been put in place in parallel tasks as much
as possible.

- No known direct impact on WP6 as related tasks on demo,
testing and validation of use cases in living labs have not
officially started.

- Specific low-level technical validation plans for specific
hardware components and interfaces and virtual modelling
requirements have been handled separately and put in place
without a critical dependency on this compliance to
stakeholder needs validation plan.

- D2.2 and D3.1 and related tasks already covered part of the
requirements and validation needs, before they have been
formally integrated in this validation plan tool of D3.2.

Effects on follow-up activities
and other WPs/tasks

Mitigation measures
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1. Executive Summary

This deliverable presents the validation plan for task 3.4 of WP3 in the GIANTS project. The objective of
this task is to develop a validation plan that allows to ensure that the technical solutions developed within
the GIANTS frugal vehicle platform remain aligned with stakeholder needs and user requirements
identified in WP2 [1].

The validation plan provides a structured approach to assess compliance with stakeholder needs, focusing
on both component-level and system-level requirements of the e-driveline. By defining clear requirements,
validation procedures, and responsibilities, the plan enables the upcoming WPs to systematically verify
whether the GIANTS platform meets the expectations of end-users, OEMs, and other stakeholders and will
aid in the evaluation and assessment of the final demonstrations in the living lab use cases as defined in
the tasks of WP6. An interaction with the use case requirements and living lab demonstrators will continue.

The methodology is based on translating stakeholder needs into traceable vehicle requirements. These
requirements address not only performance and safety aspects of the driveline, but also cost, ease of
assembly, and comfort. The validation strategy combines laboratory tests (for early verification of
components and sub-assemblies) with advanced validation in prototype test vehicles. A feedback loop is
established to integrate lessons learned into the design process, ensuring continuous improvement across
tasks and work packages.

Keywords: Validation plan, Stakeholder needs, Requirements compliance, E-driveline, GIANTS frugal
platform
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2. Objectives

The objective of the validation plan is to verify whether the GIANTS frugal vehicle platform in development
will comply to stakeholder needs, and to ensure so until/at the end of the project. The starting point for
this task were the stakeholder needs extracted from the users’ and stakeholders’ needs survey in WP2. In
Task 3.1 these survey outcome needs were translated into technical requirements for the vehicle platform
and structured according to categories such as Electric Machine & Traction Inverter, Comfort, Safety,
Vehicle Control Unit, and loT kit.

The validation plan plays a bridging role within Work Package 3 [2] [3]. Tasks 3.1-3.3 focused on defining
the baseline pathway for the GIANTS platform, specifying the e-driveline architecture, and developing
component-level requirements. Task 3.4, which is the subject of this deliverable, builds upon these
outcomes by establishing how these requirements will be verified in later stages of the project. In this way,
the validation plan connects the requirement definition process of WP3 with the experimental validation
and demonstration activities of WP4, WP5, and WP6. WP4 ‘Component & Systems optimization and
redesign / Digital Twins’ deals with component and lab car system testing and validation, and interacts with
modelling, design and sizing requirements; WP5 ‘Build up Prototypes’ focuses on component integration
and subsystem testing, assembly and safety validation; while WP6 ‘Demonstration and Evaluation’
establishes living labs and includes validation of scalability and replicability of the GIANTS vehicle platform,
and assesses benefits, implications and potentials.

This deliverable is also directly linked to the overall GIANTS objectives. The GIANTS project aims to create
a cost-effective, modular, and frugal vehicle platform for L-category vehicles, addressing mobility needs in
both advanced and emerging markets. The frugal design principle means avoiding over-engineering,
instead using right-sized, affordable, and easily integrable components. Validation is therefore essential: it
ensures that the platform was created with the end user’s needs in mind, rather than the end user’s needs
as envisioned by an Original Equipment Manufacturer (OEM).

The objectives of Task 3.4 have been met. An Excel-based validation framework was developed to trace
requirements from stakeholder needs through testing procedures. The framework organizes requirements
into categories, provides user-friendly navigation, and assigns for each requirement a validation plan, an
estimated testing duration, and a project timeline. This framework will be used in the upcoming work
packages to verify compliance with both partner and stakeholder needs.

In conclusion, the validation plan ensures traceability from stakeholder needs to test procedures and
prepares the ground for systematic verification during WPs 4-6. The draft framework is complete and ready
to be applied and further updated when experimental validation is carried out later in the project.
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3. Description of Work

3.1 Approach

The development of the validation plan was based on the requirements and specifications formulated in
Tasks 3.1-3.3, which are summarized in Deliverable 3.1 [4]. Task 3.1 identified the stakeholder and user
needs through surveys and the Mission Suitability and Social Index (MSSI). These were translated into
technical requirements that form the basis of this task. Task 3.2 defined the high-level frugal architecture
of the GIANTS platform, while Task 3.3 elaborated the component- and interface-level specification of the
e-driveline. Task 3.4 builds on these foundations by defining how each requirement can be validated.

To manage this process, an Excel-based validation matrix was created. This tool provides structured
categories (e.g. Electric Machine & Traction Inverter, Comfort, Safety, and loT) with clear navigation and
traceability. For each requirement, the matrix specifies a proposed validation test, the responsible partner,
the expected testing duration, and the project timeline. The approach follows a hierarchical structure:
abstract stakeholder needs > technical requirements > validation tests.

3.2 The GIANTS Frugal Vehicle Platform

The validation plan has been developed in the context of the GIANTS frugal vehicle platform, which is the
central outcome of WP3. The frugal platform is designed as a modular, right-sized, and scalable e-driveline
architecture for L-category vehicles (L5, L6, L7). Its guiding principle is affordability [5] and technical
simplicity, while ensuring safety and performance. The platform consists of the e-driveline, VCU, Internet
of Things (loT) device, solar kit, swappable battery system with a Battery Management System (BMS), and
charger. The validation plan ensures that these elements achieve performance and safety goals without
unnecessary cost or complexity.

3.3 Validation Plan Framework

The validation matrix organizes requirements into categories, which are split into two levels: Component
level and High-Level Needs. The Component-level includes categories such as Electric Machine & traction
inverter, loT, and battery, while the high-level categories concern topics like vehicle performance, comfort
and safety. Each requirement is assigned to a responsible partner, with a proposed validation test, a
timeline, and an estimated duration. The framework ensures traceability from stakeholder needs to test
procedures. A final feedback loop is foreseen during WPs 4, 5 and 6, where compliance with stakeholder
needs will be confirmed after execution of the validation tests. This process is explained in more detail
below.

3.3.1 Detailed explanation validation matrix

The platform’s requirements were split into categories to ensure a complete overview. Each category
handles one component or aspect of the vehicle and its environment, compartmentalizing the
requirements and their validation tests. Partners and OEMs can hereby focus on the requirements relevant
to them.

The first relevant tab in the Excel document is the ‘Categories’ tab, an overview of which can be seen in
Figure 3-1. This tab allows the user to navigate to a category by clicking on its box. The categories are split
into component-level and high-level needs and compartmentalized based on more specific topics.
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Figure 3-1: Overview of 'Categories' tab, showcasing the different validation plan categories, with user-friendly links to each tab.

Each requirement has an extensive number of characteristics to be filled in, which can be seen in Figure
3-2. The characteristics are categorized into stages, based on the progress in the task. Stage 1 outlines the
basic requirements information, the second defines the validation plan together with its timeline and
duration, while the last stage should be used as a feedback loop to confirm compliance of the requirement
with the partner and user needs.

The first component to be defined is the requirement identification code or labelled as ‘Req ID". This code
allows to keep track of the requirement during the development process and enables the partners to refer
to the requirement in question during validation and development.

Next, the requirement itself is defined in the Requirement description. This definition of the requirement
is as specific or broad as required and details the condition that is placed on the component or vehicle in
guestion. It serves as a source of information for the requirement’s responsible partner to assess what
needs to be achieved. This partner is mentioned in the next column titled "Partner responsible for the
requirement”. This column includes a dropdown menu to select a partner, but the possible options also
include ‘All partners’ and ‘OEMs’ if the requirement is the responsibility of all or multiple partners.
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Figure 3-2: Complete overview of an example requirement in the validation plan Excel document.

The next column reflects the importance of said requirement by indicating the priority. The ‘Status’ column
marks the progress of the requirement realization in the development process. The options include ‘Not
started’, ‘Requirement Formulated’, ‘Validation Formulated’, and ‘Validation complete’. This is a
characteristic that was mostly useful during the development of the task, and all requirements in the
delivered file should have the second to last option selected. During the execution of the actual validation,
the partner responsible for the validation can select ‘Validation complete’ when the formulated validation
test for said requirement is successfully completed.

The validation test populates the next column in the Excel document. It proposes a test methodology the
partners can follow to prove the vehicle, GIANTS platform or relevant component complies with the
requirement. In most cases, this validation test plan is split into three components: the test setup, the test
procedure and the success criteria. The test setup defines the necessary measurement instruments, test
chambers or environments, and the vehicle (components) under test. The test procedure outlines a
possible method of performing the validation test, while also mentioning the work package in which this
validation test is planned. The success criteria delineate how it can be evaluated whether the vehicle or
components in question passed the validation test.

The following four columns contain practical information concerning the validation test and are called
‘Validation platform’, ‘Duration’, ‘Months of the project’, and ‘Partner responsible for the test/procedure’.

The options for the validation platform are ‘Test vehicle’, ‘Lab test’, ‘Virtual platform (incl. digital twin (DT))’,
and ‘Other’. This recommends the stage of developed vehicle or component on which the test can be
performed. The duration is the estimated experiment time necessary to validate the requirement. This is
planned in the month as indicated in the column ‘Months of the project’. The name of the final column in
this stage speaks for itself.

The final stage of the validation is the feedback loop to confirm compliance and is timed to happen outside
of the timeline of task 3.4. In this feedback loop, the compliance with stakeholder needs is verified by the
relevant partners and overseen by this task’s responsible partner (VUB). This stage questions whether the
developed product complies with the partner and stakeholder needs by use of the requirements and
validation tests that have been defined in this task.
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The last column of the file is a proposed identification method for keeping track of the requirements. In
some categories there is an additional column with some notes regarding the requirement in question.

3.3.2 Component level categories

The component-level requirements are divided into categories, which are grouped under three sections:
Powertrain, Energy, and Communications.

3.3.2.1 Powertrain section

The Powertrain section encompasses all requirements related to the vehicle’s e-powertrain. These mainly
concern the electric motor and traction inverter, which are combined into a single category titled “EM &
Traction Inverter (EDU-GB)”. This designation indicates that the electric drive unit is integrated with the
gearbox, influencing requirements such as torque and power output. Additional requirements in this
category address aspects including operational temperature, voltage and humidity ranges, energy
consumption and weight limits, as well as IP? rating.

3.3.2.2 Energy section

The Energy section touches on requirements related to both the vehicle’s energy supply and energy storage
systems, ensuring that sufficient on-board energy is available and sustainable, and targeting efficient
operation within the frugal platform.

The ‘Energy Supply (Solar)’ category focuses on the solar panel system, which supplements the main
energy source by harvesting solar energy to extend the vehicle’s range. The requirements specify the ability
to charge the battery both while driving and while parked, define the expected average daily contribution
in solar kilometers, and set performance limits such as maximum solar harvest power and voltage range.
Furthermore, environmental durability criteria, such as resistance to UV exposure and temperature cycling,
are included to guarantee long-term reliability in outdoor conditions.

The ‘Energy Storage (Battery)’ category covers the requirements of the vehicle’s main energy storage
system. These include suggestions for total and usable energy capacity, the use of multiple swappable
battery packs, and adherence to defined powertrain voltage limits. Additional parameters address the
charging and discharging temperature ranges, charging currents, and the required IP rating to ensure safety
and dependability regardless of the vehicle’s environment.

3.3.2.3 Communications section

The Communications section defines the requirements related to the vehicle’s electronic communication
and control systems, ensuring safe, reliable, and coordinated operation across all components.

The Vehicle Control Unit (VCU) category specifies the functions and interfaces of the vehicle’s central
control system. The VCU is responsible for acquiring and validating input signals such as accelerator and
brake pedal positions, performing plausibility checks, and ensuring accurate measurement and response
times. Furthermore, it manages CAN-based communication with other subsystems, including the inverter,
battery management system (BMS), and charging modules. The requirements also cover diagnostic and

1 The abbreviation ‘EM’ in this case stands for Electric Machine, not Emerging Market as this has been relevant in
other GIANTS tasks/deliverables.
2 Ingress Protection
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monitoring functions, such as supervising brake fluid levels, managing torque requests, and maintaining
safe-state transitions in case of faults.

The Internet of Things (loT) category defines the requirements for the connected module enabling remote
monitoring and software management. The loT unit transmits key vehicle and performance parameters to
the cloud, supports over-the-air (OTA) updates for the VCU, BMS, and maximum power point tracking
(MPPT) controller, and ensures operational reliability even under intermittent connectivity conditions
common in emerging markets. This functionality contributes to enhanced vehicle traceability, predictive
maintenance, and long-term fleet management within the GIANTS platform ecosystem. For example, one
of the use cases specified in WP6 relates to integration of GIANTS vehicles use with public transport
systems, and requires data like vehicle position, status, battery charge status, trip data etc.

3.3.3 High-Level Needs

The High-Level Needs translate stakeholder expectations and user-centric requirements into system-level
criteria that define how vehicles with the GIANTS frugal vehicle platform should perform, feel, and
function. These requirements go beyond individual components and focus on the overall usability,
manufacturability, comfort, safety, and affordability of the vehicle.

This level is divided into two sections: Vehicle High-Level Needs and Frugality/Economics

3.3.3.1 Vehicle High-Level Needs section

The Vehicle High-Level Needs section includes the overarching requirements that determine the platform’s
capability, comfort, and safety. These requirements reflect what end users, operators, and manufacturers
expect from the complete vehicle rather than individual components.

e Product Performance: This category defines the vehicle’s driving and operational performance
under different conditions. It establishes measurable targets for acceleration, gradeability, top
speed, range, and battery charging or swapping times. The goal is to ensure that the vehicle
remains functional, efficient, and fit for various real-world missions, from short daily commutes to
heavily loaded cargo trips, across different environments and climates.

e Assembly Time & Tools: This category focuses on manufacturability and ease of assembly. It
requires the vehicle to be designed for straightforward assembly and maintenance by a semi-
skilled workforce using minimal and standardized tools. This supports the GIANTS project’s
frugality goals and facilitates local assembly in emerging markets, reducing production costs and
boosting scalability.

e Comfort: The comfort category addresses ergonomic and usability factors to ensure that the
vehicle’s design meets human needs and expectations. Requirements include adjustable seating
and steering wheel configurations, intuitive control placement, and adequate storage for personal
items or goods. These features improve overall user satisfaction and broaden the vehicle’s appeal
to different demographic groups.

e Vehicle Space: This category defines the vehicle’s payload and spatial design. It specifies minimum
load capacities for both passenger and cargo variants, ensuring that each configuration is suited to
its intended mission profile. It guarantees that the vehicle can safely and efficiently transport
people and goods while maintaining its compact and frugal character.
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e Safety: The safety category consolidates all requirements aimed at protecting both vehicle
occupants and other road users. It includes active safety systems such as braking performance,
traction control, and lighting. Additionally, passive safety measures are discussed such as seatbelts,
protective structures, and airbags. The requirements also extend to visibility and alert systems
(mirrors, lights, horn) to ensure compliance with road safety regulations and enhance user
confidence.

3.3.3.2 Frugality/Economics section

The Frugality & Economics section ensures that the GIANTS platform remains aligned with its fundamental
mission: to create cost-effective, smart, and modular mobility solutions. The sole requirement under this
category emphasizes that off-the-shelf components used in the vehicle should be smart, easily integrable,
and suited for simple, scalable production. This principle enables affordable maintenance, streamlined
assembly, and adaptability across different market contexts, especially in regions with limited
manufacturing infrastructure.

PU (Public) | V2.0 | Final Page 13 | 16




(

Conclusion

GIANTS

4. Conclusion

This deliverable described the development of the validation plan for Task 3.4 of WP3. Building on the
stakeholder needs defined in WP2 and the technical specifications created in Tasks 3.1-3.3, a structured
framework has been established to verify compliance of the GIANTS frugal vehicle platform with partner
and stakeholder expectations.

The main outcome is an Excel-based validation matrix that provides stakeholder needs translated into
technical requirements and validation tests. For each requirement, a validation procedure, responsible
partner, expected duration, and project timeline have been proposed. This framework enables partners in
WQPs 4 to 6 to systematically test whether the platform’s components and subsystems meet their intended
functions and expectations.

Progress beyond the state of the art has been achieved by linking user- and stakeholder-derived needs
directly to technical verification steps in a structured approach. Instead of treating validation as an
afterthought, this task integrates it into the requirement definition phase, ensuring that end-user needs
(as captured from the survey, defined persona’s and MSSI tasks in WP2 and WP3) drive the design and
testing process.

The innovations introduced beyond the state-of-the-art include:
e Afrugal validation methodology emphasizing cost-efficient and practical tests.

e Astructured Excel tool with user-friendly navigation that ensures transparency and comparability
across partners.

o Afeedback loop that will confirm compliance with partner and stakeholder needs after validation
execution.

Open issues remain related to the actual execution of the validation procedures. These will be addressed
in WPs 4, 5, and 6, where the tests will be performed on laboratory benches, virtual platforms, and vehicle
prototypes or living lab fleets. Potential risks include delays in prototype readiness, limited availability of
test equipment, and differences in validation approaches across partners. These risks are mitigated by
defining clear test responsibilities and procedures and by maintaining flexibility in the validation plan to
accommodate updates.

In summary, the objectives of Task 3.4 have been reached. A complete validation plan has been delivered,
ensuring traceability and stakeholder focus. The framework is ready to be applied in subsequent work
packages, where it will guide the experimental verification of the GIANTS frugal vehicle platform.
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Term Definition
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BMS Battery Management System

DT Digital Twin

EDU Electric Drive Unit

EDU Electric Drive Unit

EM-GB Electric Machine - Gearbox

GB Gearbox

GIANTS Green Intelligent Affordable New Transport Solutions
loT Internet of Things

IP Ingress Protection

MPPT Maximum Power Point Tracking
MSSI Mission Suitability and Social Index
OEM Original Equipment Manufacturer
OTA Over-The-Air

PU Public

R Document, Report

VCU Vehicle Control Unit

VCU Vehicle Control Unit

WP Work Package
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