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1 Introduction

This deliverable presents the design and early validation (low-fidelity simulation) activities carried out
for the Human—Machine Interfaces (HMls) developed within the ATMACA project. It provides an
overview of the design process adopted to develop the HMI solutions and of the methodology used to
test and validate them with representative end users.

The document focuses on describing the approach, methods, and artefacts produced during the design
and testing phases. Detailed results and quantitative analyses are intentionally out of scope and are
addressed in D6.2 Exploratory Research Report (ERR).

1.1 Purpose and Scope of the Deliverable

The purpose of this deliverable is to document:
e the human-centred design approach adopted for the ATMACA HMIs;
e the design process leading from requirements to mock-ups and interactive prototypes;
e the usability testing methodology applied to validate the HMI designs;
e a high-level overview of the main usability findings.

The deliverable covers the design and testing activities performed on the ATC Tower HMI, the ATC En-
Route HMI, the Flight Deck HMI, and the Provisioning Interface. While all four interfaces were designed
following a common methodology, usability testing activities focused on the ATC Tower and Flight Deck
HMls, which directly support operational communication tasks (see 4.2 for additional details).

This document is intended as an internal project deliverable, providing a consolidated reference of
the work performed and supporting alignment across project partners. It is not intended to replace or
duplicate the detailed validation reports produced elsewhere in the project.

1.2 Context within the Project

Within the ATMACA project, the development of HMlIs represents a key enabler for the
implementation and validation of the proposed Concept of Operations (CONOPS) for digital air—ground
communications.

The activities described in this deliverable build upon earlier project outputs, including:

e the operational assumptions and use cases defined in the Operational Services and
Environment Description (OSED) [1];

e the Functional Requirements Document (FRD) [2];
e the HMI requirements defined in Deliverable D5.1 [3].

The design and testing activities documented here support the early validation of HMI interaction
concepts and usability assumptions, contributing to the iterative refinement of the ATMACA solution.
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2 HMI Design Approach

This chapter describes the approach adopted for the design of the ATMACA Human—Machine
Interfaces (HMls). It introduces the human-centred design principles underpinning the design activities
and outlines the main design inputs, user roles, methodologies, and tools applied throughout the
process.

Human-Centred Design Background

The HMI design approach adopted within ATMACA is grounded in Human-Centred Design (HCD)
principles. HCD is a well-established approach within the broader field of Human—-Computer
Interaction (HCI), which focuses on the design of systems that effectively support human capabilities
and limitations.

The concept of HCD emerged from early work on human-centred systems, emphasising the need for
human and machine capabilities to be complementary rather than competing. Within this framework,
HCD promotes the systematic involvement of users throughout the design lifecycle, ensuring that
system behaviour, interaction patterns, and information presentation are aligned with real operational
needs.

International standards such as ISO 13407 [4] define HCD as an iterative process integrating usability
considerations into system development. Key characteristics of this process include early
understanding of the context of use, explicit consideration of user and organisational requirements,
iterative design and prototyping, and continuous evaluation against user needs [5].

Plan the human-centred
process

Understand and specify

/ the context of use \

Specify the user and
organizational requirements

Evaluate designs against
requirements

\ Produce design

Meets solutions
requirements?

Figure 1. Human-centred design process [5]
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Within ATMACA, HCD principles were applied pragmatically, focusing on early-stage validation of
interaction concepts and usability rather than on exhaustive user studies. This approach supported
rapid iteration and early feedback, consistent with the exploratory nature of the project phase.

2.1 Design Inputs and User Roles

The HMI design activities were informed by a combination of functional, operational, and user-centred
inputs. The primary design drivers were:

e the Functional Requirements Document (FRD) [2];
e the HMI requirements defined in Deliverable D5.1, produced within Task 5.1 [3];

e the Concept of Operations (CONOPS) and operational use cases described in Deliverable D2.3
(OSED) [1].

These inputs provided a structured understanding of system behaviour, operational constraints, and
user expectations, forming the baseline for the definition of interaction flows, layouts, and interface
functionalities.

The design process explicitly considered the diversity of user roles interacting with the ATMACA
system. The following roles were addressed:

e Tower ATCOs, covering delivery, ground, and tower functions;
e En-Route and Approach ATCOs, responsible for en-route and approach operations;
e Pilots, interacting with air traffic control through the Flight Deck HMI;

e System administrators and technical coordinators, interacting with the Provisioning Interface
for system supervision and configuration.

Each HMI was designed to reflect the specific responsibilities and constraints of its target users, while
maintaining a consistent interaction logic across interfaces. This consistency was considered essential
to support usability, reduce training effort, and ensure a coherent user experience across operational
domains.

2.2 Design Methodology and Tools

The HMI design activities followed an iterative, human-centred methodology aligned with the main
phases of the HCD process, including understanding the context of use, defining user requirements,
producing design solutions, and evaluating them against user needs.

In practical terms, the methodology was articulated into the following steps:
e definition of user roles and main interaction paths;
e development of wireframes to explore layout and interaction logic;

e creation of high-fidelity mock-ups to define visual structure and information hierarchy;
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e development of interactive prototypes to support realistic user interaction and usability
testing.

This iterative process enabled early identification of usability issues and progressive refinement of
design solutions based on feedback from stakeholders and representative end users.

Figma was used as the primary design tool throughout all stages of the process, supporting
collaborative design, rapid iteration, and the development of interactive prototypes. The same tool
was used to prepare the prototypes later employed in usability testing activities.

Useberry was adopted as the user testing platform to support remote, unmoderated, and
asynchronous usability evaluations. The platform enabled the integration of Figma prototypes, the
definition of scenario-based tasks and questionnaires, and the collection of both quantitative
interaction data and qualitative user feedback.

Overall, the adopted design approach provided a coherent and scalable framework for the
development and early validation of the ATMACA HMI solutions, ensuring alignment between user
needs, operational requirements, and interaction design choices.
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3 HMI Design Process

This chapter describes the design process adopted to develop the Human-Machine Interface (HMI)
solutions within the ATMACA project. The process followed a human-centred, iterative approach
aimed at supporting diverse operational roles while ensuring usability, consistency, and alignment with
the project functional requirements.

The design activities addressed four HMls: the ATC Tower HMI, the ATC En-Route HMI, the Flight Deck
HMI, and the Provisioning Interface. While all interfaces followed a common design methodology,
different maturity levels were reached depending on their intended use and validation needs.

3.1 Design Inputs and Scope

The HMI design activities were grounded on the requirements and constraints defined in the
Functional Requirements Document (FRD) and in Deliverable D5.1 - HMI Requirements. These inputs
provided the baseline for identifying operational needs, user expectations, and system interactions to
be supported by the interfaces.

The scope of the design process covered:
e the definition of role-specific user interactions;
e the development of coherent and consistent interface layouts;
e the preparation of artefacts suitable for usability testing and iterative refinement.

Three interfaces (ATC Tower, ATC En-Route, and Flight Deck) were developed up to interactive
prototype level, enabling realistic user interaction and subsequent usability evaluation. The
Provisioning Interface was developed up to high-fidelity mock-ups, reflecting its administrative and
supervisory nature and its exclusion from usability testing at this stage.

3.2 User Roles

The design process explicitly considered the diversity of user roles interacting with the ATMACA
system, ensuring that each interface reflected the responsibilities, workflows, and information needs
of its target users.

The following roles were addressed:

e Tower ATCOs, covering delivery, ground, and tower functions, interacting with the ATC Tower
HMI;

e En-Route and Approach ATCOs, interacting with the ATC En-Route HMI;
e Pilots, interacting with the Flight Deck HMI;

e System administrators and technical coordinators, interacting with the Provisioning Interface.
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Each interface was designed to support role-specific tasks while maintaining a consistent interaction
logic across the overall HMI ecosystem. This consistency was considered essential to reduce cognitive
load and facilitate adoption in operational environments.

3.3 User flow definition

Based on the identified roles, the design process started with the definition of main interaction paths,
describing how users interact with the system during typical operational activities. These user flows
were not intended as exhaustive operational procedures but as representative interaction structures
guiding the interface design.

For ATCO-oriented HMls, the main interaction path can be summarised as:
1. assuming responsibility for a flight;

2. communicating with the flight by selecting predefined message templates or using free-text
input;

3. completing the interaction and handing off the flight to the next ATC unit.
For the Flight Deck HMI, the interaction path focused on:

1. communicating with the Current Data Authority (CDA) — namely the ATCO - through
structured message templates or free-text communication.

2. being transferred to the next data authority for subsequent communications.

These user flows were used as a reference throughout the design process to ensure that interface
elements, navigation structures, and information hierarchies directly supported operational needs.

3.4 Wireframe development

Following the definition of user flows, low- to mid-fidelity wireframes were developed using Figma.
The wireframes focused on layout structure, information grouping, and interaction logic, deliberately
minimising visual detail to enable rapid iteration and early validation of design assumptions.

Wireframes were produced for all four interfaces, reflecting their specific operational scope and user
roles:

the ATC Tower HMI, supporting delivery, ground, and tower functions;

the ATC En-Route HMI, supporting both en-route and approach operations;

the Flight Deck HMI, supporting pilot communications with the data authority;
e the Provisioning Interface, supporting system supervision and configuration tasks.

The wireframes were reviewed internally to verify alignment with the defined user flows and with the
HMI requirements derived from Task 5.1. Particular attention was paid to the clarity of information
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presentation, the separation of primary and secondary functions, and the consistency of interaction

patterns across interfaces.

The resulting wireframes provided a consolidated basis for the subsequent mock-up and prototyping
activities and served as a common reference during review sessions with consortium partners and

representative end users.

ATMACA - TOWER HMI
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Figure 2. ATC Tower HMI Wireframe
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ATMACA - EN-ROUTE HMI
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Figure 3. ATC En-Route HMI Wireframe

UTC Time FLIGHT CALLSIGN STATUS

11:43 TK2438 Connected ATMACA - FLIGHT DECK HMI User Name 3

AT Unit FREQUENCY 119.500 MHz "
CDA: LTAD - Tower West [Ankara South] e 119,552 MHz suggested Requests
You Today 11:33am
LTAX - Ground West Today 11:34am
Request for startup
CONTACT SPEED
LTAX - Ground West Today 11:35am
CLIMB HEADING
09:30] LTAD - Tower West assumed your flight S — DESCEND WX DEV
You Today 11:40am
LTAD - Tower West Today 11:41am [tz e
All Requests
LTAD - Tower West Today 11:42am
. Autofill Options: FLIGHT REQUESTS
Take-off
Taxiing
Pushback v LatestInstr. GROUND REQUESTS
Startup
Request for Wilco \J Unable | \f Stand-by
B EMERGENCY
B> Send
[« =] ABC Open Number Pad ~
Figure 4. Flight Deck HMI Wireframe
Page | 13
ge | R Co-funded by

© —2023- SESAR 3 JU EUROPEAN PARTNERSHIP X x .
UL the European Union

-



HMI DESIGN TESTING AND REPORT

Edition 01.03 »
A
ATMACA - PROVISIONING HMI — O x
UTC Time STATUS ROLE CURRENT FACILITY
11:43 Connected Supervisor LTAC Tower User Name 6
Modules Y — Node Management System Overview Y —
Online Nodes: 4/6
a?o User Management . > Node Table Overview ~ offline Nodes: 1/6
Standby Nodes: 1/6 ® View Node Table
(£ EditNodes Y/ Filter Nodes
g Faciity Management > Nodeld MNodsName  Type  Role o Grom Operational Serviced: 12 ® View Service Info
Alerts: 2 @ View Alerts List
ND001 ATM-ATLC - - - Online
@ Sector Management > ND002 CPDLC-AGT Online
o t - ND003 Pilot-001 - Standby
ND0O4  Tower-003 .. . . Online
Area Management NDOOS DFIS-AGT - Offline
@ > NDOOG  WX-AGT Online
.—ﬁ_ FIR Managemen} > Assignment Info v
=1 Incident Log Operational & Diagnostic Info v
i >
System Health Monit
Performance Metrix v
895 @ieuon o N
Al “” \ Manual Sync to ATM Server 4
Nodes Live Info
@®  Wind: 270°/08 KT | METAR: LTAC 091150 | RWY: 03R Wet | NOTAM: 1 active & Operational settings

Figure 5. Provisioning Interface Wireframe

3.5 Mock-up Design

Building on the consolidated wireframes, refined through multiple iterative cycles with representative
end users, high-fidelity mock-ups were developed to define the visual structure, information layout,
and interaction elements of the ATMACA HMIs. The mock-ups were designed in alignment with the
HMI requirements defined in Task 5.1, ensuring consistency with identified user needs, operational
roles, and system behaviour.

Mock-ups were produced for all four interfaces. For the ATC Tower, ATC En-Route, and Flight Deck
HMls, the mock-ups represented an intermediate step towards interactive prototyping. For the
Provisioning Interface, mock-ups constituted the final design artefact for this project.

The following subsections provide an overview of the content and structure of each mock-up.
3.5.1 ATC Tower HMI Mock-up

The ATMACA ATC Tower HMI mock-up is structured around a clear separation of operational functions,
supporting tower ATCO activities across delivery, ground, and tower roles. The interface is organised
into three main operational areas, complemented by a contextual information bar and an operations
bar.

Page | 14 — )
© —2023- SESAR 3 JU EUROPEAN PARTNERSHIP FERl Co-fundedby
UL the European Union



HMI DESIGN TESTING AND REPORT

' sesar’

JOINT UNDERTAKING

~ UTC TIME — (— STATUS — .~ FUNCTION (~ COUNTRY —

us — ROE—————— FACILITY —————  ~ AREA ——————— ~FR——
[ 11:43 ‘ ‘oConnected v‘ ‘ Ground v} ‘ Controlling LTAC Tower ‘ ‘ Ankara Area J ‘ Turkey ‘ ‘ LTAA ‘

Flight List Broadcast Adjacent ATC Units

_
Arrivals (8) o o a " THY2438 @ LTAB- Approach East

Calisign Wake STAR CFL CSSR Status
Facility: LTAB FREQUEN
Tiva 3201 080 3476 9O - LINING UP AND WAITING 35L, TURKISH v < BACK
. 2438 Area: Ankara Sector 2

Select for Hand-off Send a Message

CLEARED FOR TAKEOFF RUNWAY

35L, WIND 340/08
rvaass @ LTAB- Approach East
CLEARED FOR TAKEOFF RUNWAY 35L,

Facility: LTAB
TURKISH 2438

Area: Ankara Sector
You

Send a Message
CONTACT DEPARTURE 128.65

Departures (11)
THY2438
Callsign Wake SID CFL CSSR
CONTACTING DEPARTURE 128.65, TURKISH @ LTAB - Approach East
2438

Facility: LTAB FREQUENCY

Area: Ankara Sector BACKUP 121

M Templ
lessage Templates ‘ < ¢ Hand-off Send a Message

ign Wake STAR CFL CSSR Status ( atfirm ) ( Roger

)1 0 76 @ LTAB - Approach East

X Handoff THY2438

Wind: 270°/08 KT METAR: LTAC 091150Z RWY: 03R Wet NOTAM: 1 active

Figure 6. ATC Tower HMI Mock-up
The three main areas are:
e Flight List, located on the left-hand side, displaying arrivals, departures, and passed flights;
e Messaging Window, positioned centrally, supporting communication with pilots;

e Adjacent ATC Unit List, located on the right-hand side, supporting coordination and hand-off
with neighbouring ATC units.

A Context Bar at the top of the interface provides high-level situational awareness and user profile
information, while an Operations Bar at the bottom offers access to core actions and system functions.

The Context Bar displays general information related to the ATCO profile and operational context,
including:

e current UTC time, used as system time reference;

e controller status, indicating connection and operational availability;

e assigned function, reflecting the operational domain currently covered;

e role, specifying whether the ATCO is operating in Controlling, Monitoring, or Mirroring mode;
e facility and area under operation;

e associated country and Flight Information Region (FIR).
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The Flight List presents incoming and outgoing flights, together with flights already handed over. Each
flight entry includes complementary operational data and a visual status indicator. Colour-coded labels
are used to distinguish flights that have already been assumed by the controller from those pending
assumption, supporting rapid identification and prioritisation.

The Messaging Window is the primary area for communication with the selected flight. It supports
two communication modes:

e Communication, enabling one-to-one messaging with the pilot of the selected flight;

e Broadcast, enabling messages to be sent simultaneously to multiple flights, for example in
emergency or contingency situations.

This separation allows the ATCO to manage routine and non-routine communications efficiently while
maintaining clarity of message scope.

The Adjacent ATC Unit List displays neighbouring ATC units available for coordination and hand-off.
Each unit entry includes:

e unit name, facility, and area;
e primary and backup frequencies;

e acontrol to initiate messaging.

N ROLE——————— ——— FAREA—————  ~COUNTRY— ~FR——
~ Controlling Tower ‘ ‘ Ankara Area ‘ ‘T ey ‘ ‘ LTAA ]

Flight Information :IGELLET Adjacent ATC Units

lfornsticaiansl Communication Log q T ) | THv2a38 @ LTAB - Approach East

Callsign: 3 See ATC Unit Info
LINING UP AND WAITING 35L, TURKISH

Aircraft Type: 2438

Departure: LTAC EDYY
Gate: 83 ACCEPT: THY2438, ENTRY SUTER 1245,
Destination: LTFM CLEARED FOR TAKEOFF RUNWAY FL350
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siD: ANKTA FL8O " e
status: —— CLEARED FOR TAKEOFF RUNWAY 35L, VRS EF CIENIRELE W2k,
TURKISH 2438 ESTIMATED SUTER 1245, FL350
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(0) Wind: 270°/08 KT METAR: LTAC 0911502 RWY: 03R Wet NOTAM: 1 active

Figure 7. ATC Tower HMI Mock-up with flight information and ATCo-to-ATCo communication open

A coloured status indicator next to each unit provides immediate information on availability
(connected, away, busy, or disconnected). Selecting an ATC unit designates it as the target for
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coordination or hand-off. Once selected, the ATCO can initiate direct communication or complete the
hand-off procedure, transferring the flight to the next ATC unit in a streamlined manner.

Overall, the ATC Tower HMI mock-up was designed to support rapid decision-making, minimise
interaction steps, and maintain a clear operational picture during high workload conditions.

3.5.2 ATC En-Route HMI Mock-up

The ATC En-Route HMI mock-up follows the same overall layout, interaction logic, and visual structure
as the ATC Tower HMI, ensuring consistency across ATCO-facing interfaces and facilitating role
transitions. As such, only the elements that differ from the Tower HMI are described in this section.
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Figure 8. ATC En-Route HMI Mock-up

The main differences are related to the operational context and are reflected primarily in the Context
Bar and in the organisation of the Flight List.

The Context Bar fields are adapted to the en-route operational environment. While preserving the
same structure and presentation logic as in the Tower HMI, the displayed information reflects en-route
or approach operations, including context-specific operational parameters relevant to these domains.

The Flight List organisation differs from the Tower HMI to better support en-route workflows. Flights
are no longer divided into arrivals and departures. Instead, they are grouped as:

e Incoming Flights, corresponding to flights pending assumption by the controller;

e Under Control Flights, corresponding to flights already assumed and currently managed by the
controller.
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This organisation reflects the continuous nature of en-route operations and supports rapid
identification of flights requiring action versus those already under active control.

All other interface elements, including the Messaging Window, Adjacent ATC Unit List, communication
mechanisms, and hand-off procedures, operate analogously to the ATC Tower HMI, with flight data
and contextual information adapted to the en-route operational domain.

3.5.3 Flight Deck HMI Mock-up

The Flight Deck HMI mock-up is designed to support pilot communications with the air traffic control
data authority while minimising interaction complexity and workload. The interface focuses on clarity,

rapid access to standardised
transitions.

~ UTC TIME — —
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Figure 9. Flight Deck HMI Mock-up
The interface is structured into three main areas:
e Context Bar, located at the top of the interface;
e Messaging Window, positioned centrally;
e Request Templates Panel, located on the right-hand side.

The Context Bar provides key information related to the flight and allows the pilot to manage their
operational status. It includes:

e current UTC time;
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e pilot status, allowing the crew to indicate their current availability or operational condition;
e flight callsign;
e flight phase, automatically updated throughout the flight and shared with the ATCO;
e flight level, automatically updated and synchronised with the ATCO.
This information supports shared situational awareness between flight crew and air traffic control.

The Messaging Window is the primary area for communication with the relevant ATC unit, whether
acting as the Current Data Authority (CDA) or the Next Data Authority (NDA). Through this window,
pilots can initiate and manage message exchanges related to routine operations, requests, and non-
routine situations.

The Request Templates Panel supports efficient message composition by providing structured, pre-
defined request templates. The panel is divided into two main sections:

e a top section presenting the most frequently used request templates, allowing rapid access
during routine operations;

e alower section providing access to the full set of available templates, organised into:
o Flight Requests, applicable during en-route operations;
o Ground Requests, applicable within airport environments.

When a template is selected, the corresponding message is automatically pre-filled in the messaging
input field, enabling quick review and submission while reducing free-text entry and the risk of
communication errors.

In emergency situations, the interface provides dedicated support through an Emergency function.
When activated:

e the relevant ATC unit is immediately notified of the emergency condition;

e an emergency message template is automatically made available in the messaging field,
allowing the pilot to promptly report the situation if required.

Overall, the Flight Deck HMI mock-up was designed to facilitate clear, standardised, and timely
communications with air traffic control, while supporting seamless transitions between data
authorities and maintaining high levels of usability under both normal and abnormal operational
conditions.

3.5.4 Provisioning Interface Mock-up

The Provisioning Interface mock-up represents a preliminary design of a supervisory and configuration
dashboard for the ATMACA system. Unlike the operational HMls, this interface was not fully refined
or validated through usability testing and should be considered an exploratory mock-up intended to
illustrate potential system management capabilities.
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The interface is organised around a modular, dashboard-based layout supporting system supervision,
configuration activities, and high-level operational monitoring. It is primarily intended for supervisory
roles such as system administrators and technical coordinators.
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Figure 10. Provisioning Interface Mock-up
At the top of the interface, a Context Bar provides general session and system information, including:
e current UTC time;
e connection status;
e userrole;
e currently selected facility.
The main workspace is structured into three vertical areas.
On the left-hand side, a navigation panel provides access to different functional modules, including:
e User Management;
e Facility Management;
e Sector Management;
e Area Management;
e FIR Management;

e Incident Log;
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e Node Management.

Each module groups configuration or monitoring functions related to a specific aspect of the ATMACA
system, such as user roles, sector and area assignments, FIR structures, and node configuration.

The central area focuses on node-related supervision and configuration. It includes a Node Table
Overview listing system nodes and their main attributes, such as node identifier, type, role, host, and
operational status (e.g. online, standby, offline). Additional expandable sections are provided to access
further information, including assignment details, operational and diagnostic data, performance
metrics, and manual synchronisation controls with the ATM server.

On the right-hand side, a System Overview panel provides a high-level snapshot of the overall system
status. This includes:

e the number of online, offline, and standby nodes;
e the number of operational services;
e active alerts.

Quick-access controls are also provided for system health monitoring, diagnostics, and manual
resynchronisation actions.

Overall, the Provisioning Interface mock-up illustrates a possible approach to centralised system
supervision and configuration within ATMACA. While the layout and functional grouping reflect typical
system management dashboards, the interface was not fully specified or iteratively refined during the
project and therefore serves primarily as a conceptual representation rather than a finalised design.

3.6 Interactive Prototyping

For the ATC Tower, ATC En-Route, and Flight Deck HMls, interactive prototypes were developed in
Figma. These prototypes implemented clickable elements, navigation paths, and basic interaction
behaviour, allowing users to simulate realistic operational tasks.

The prototypes were explicitly designed to support subsequent usability testing activities. As such, they
focused on:

e key interaction sequences derived from the defined user flows;
e representative operational tasks;
e clarity of system feedback and state changes.

During later stages, the prototypes were adapted and refined to align with the specific test scenarios
used in the usability evaluation, while preserving their original design intent.
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3.7 Iterative Review and Feedback

The entire design process was characterised by continuous review and improvement loops. Feedback
was collected qualitatively through iterative review sessions involving:

e project consortium partners;
e members of the advisory board;
e representative end users drawn from the consortium network.

In particular, one-to-one meetings with pilots and ATCOs were conducted between July and
September/October 2025. These sessions provided direct insight into user expectations, usability
concerns, and operational realism.

Feedback collected during these activities informed successive design iterations at wireframe, mock-
up, and prototype levels. This iterative approach ensured that design decisions were progressively
validated against user needs and operational context, and that identified issues could be addressed
early in the design lifecycle.
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4 HMI Testing Methodology

This chapter describes the methodology adopted to validate the ATMACA HMI designs through user
testing activities. The objective of the testing was to perform an early assessment of usability,
interaction flows, and role-specific functionalities, supporting the refinement of the HMI solutions
prior to further development phases.

The activities described in this chapter focus on the testing approach and setup. A detailed analysis of
results is intentionally out of scope and will be addressed in a dedicated deliverable.

4.1 Objectives and Usability Evaluation

The HMI testing activities were designed to support the early validation of the ATMACA Concept of
Operations (CONOPS) and its associated HMlIs through hands-on user interaction.

The main objectives were to:
e assess the usability and clarity of the proposed HMI designs;
e verify the coherence of interaction flows with operational practices;
e evaluate whether role-specific functionalities meet user needs and expectations;
e collect qualitative feedback to inform subsequent design iterations.

The validation approach was aligned with SESAR human performance principles and focused on early-
stage usability rather than performance benchmarking.

4.2 Scope of the Testing Activities

The usability testing activities focused on the following interfaces:
e ATC Tower HMI
e Flight Deck HMI

The ATC En-Route HMI was not tested separately, as its structure, interaction logic, and functionalities
are largely equivalent to those of the ATC Tower HMI. Given this high level of similarity, and considering
that the ATC Tower HMI includes more complex templates and interaction patterns, the results
obtained from the Tower HMI testing were considered representative and applicable also to the En-
Route context.

The Provisioning Interface was considered out of scope for advanced usability testing, as it does not
directly impact operational air traffic management activities and was developed as a preliminary mock-
up rather than as an interactive operational interface.
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4.3 Participants

The testing involved a limited but representative group of end users recruited through the project
consortium network.

The participants included:
e 25 ATCOs, representing tower operational roles;
e 14 pilots, representing flight deck operational roles.

The involvement of operational end users ensured that feedback was grounded in real-world
experience and operational expectations.

4.4 Testing Setup and Platform

The usability evaluation was conducted remotely using Useberry, an online user testing platform. The
tests were:

e unmoderated;
e asynchronous;
e performed using interactive Figma prototypes.

Participants accessed the testing sessions via dedicated links distributed through the consortium
network. Each participant completed the test independently, without live facilitation.

The testing activities were conducted between early December and 10 January.

4.5 Scenarios and Tasks

The testing was structured around two low-fidelity operational scenarios, namely a departure scenario
and an arrival scenario involving a single aircraft. The scenarios were defined and documented in
Deliverable D6.1 — Exploratory Research Plan (ERP) and were derived from the operational use cases
described in D2.3 OSED.

The same two scenarios were applied to both the ATC Tower HMI and the Flight Deck HMI, resulting
in four testing situations:

e departure scenario from the ATCO perspective;
e arrival scenario from the ATCO perspective;

e departure scenario from the pilot perspective;
e arrival scenario from the pilot perspective.

This approach enabled the evaluation of the same operational situations from complementary
viewpoints, supporting consistency checks across roles and interfaces.
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Each scenario consisted of a sequence of tasks designed to reflect the main interaction paths defined
during the HMI design phase.

4.6 Test Session Structure

Each Useberry testing session followed a consistent structure, including the following elements:
e introduction to the project and to the ATMACA context;
e demographic questionnaire and assessment of openness to technology;
e overview of the testing session and instructions;
e HMI walkthrough to familiarise users with the interface;
e execution of the departure and arrival scenarios, with task-based interactions;
e post-scenario questionnaires focusing on HMI usability and interaction quality;
e human performance-related questionnaires;
e open-ended questions and overall feedback collection.

Both positive and negative statements were used in the questionnaires to encourage balanced
feedback. Additional role-specific questions were included for pilots where relevant.

All user interactions and responses were recorded by the platform, enabling access to both raw data
and aggregated analytics.

4.7 Data Collection and Analysis Approach

The testing activities generated both quantitative and qualitative data, including:
e task completion indicators and interaction metrics automatically collected by the platform;
e responses to usability and human performance questionnaires;
o free-text feedback provided through open-ended questions.

For this deliverable, the results are used only to provide a high-level overview of usability outcomes. A
detailed analysis and interpretation of the collected data will be presented in Deliverable D6.2 -
Exploratory Research Report (ERR).
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5 Overview of Usability Test Results

This chapter provides an enhanced overview of the usability testing outcomes for the ATMACA HMls,
combining questionnaire-based results, task performance observations, and qualitative feedback
collected from ATCOs and pilots. The intent is to highlight key trends and insights emerging from the
data, while detailed quantitative analysis is deferred to the Exploratory Research Report (D6.2 - ERR).

5.1 General Trends across User Groups

Across both user groups, the overall perception of the tested HMIs was positive. Most participants
indicated that the interfaces were understandable, coherent with their operational role, and
supportive of the main communication tasks addressed in the scenarios.

Responses to structured usability statements suggest that users generally found the interaction flows
logical and the core functionalities aligned with their needs. This was reinforced by qualitative
feedback, where several users described the HMI as “clear and easy to navigate” or “adequate and
useful” for the intended purpose.

At the same time, users consistently highlighted that this was an early-stage design and identified
opportunities for refinement, particularly related to visual prioritisation and feedback mechanisms.

5.2 ATC Tower HMI - Usability Insights

ATCO feedback indicates that the ATC Tower HMI effectively supports the main operational workflow
of assuming, managing, and handing off flights. The separation between the Flight List, Messaging
Window, and Adjacent ATC Unit List was generally perceived as intuitive and consistent with tower
operations.

Several ATCOs appreciated the structured communication approach, particularly the use of message
templates. However, qualitative feedback also highlighted sensitivities specific to the tower
environment. Some participants expressed concerns about maintaining situational awareness in high
workload conditions, for example:

“Using HMI in tower may lose control on the planes.”
Others pointed to visual aspects that could affect usability under traffic-intensive situations:
“The colours are insufficient to define the traffics... it may make it difficult to handle the traffic.”

These comments suggest that while the interaction logic was broadly accepted, visual saliency, colour
usage, and prioritisation of information are key aspects to be refined in future iterations, especially for
tower operations.

5.3 Flight Deck HMI — Usability Insights

Pilot feedback was generally positive regarding the clarity and structure of the Flight Deck HMI. The
Context Bar was perceived as useful in supporting shared situational awareness with ATCOs, and the
Request Templates Panel was consistently identified as a strong point of the design.
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Pilots valued the availability of predefined templates, noting that they reduce free-text input and
support standardised communication. One participant noted:

“The HMI design is clear and easy to navigate... overall, it supports task performance effectively.”

At the same time, pilots provided constructive suggestions aimed at improving usability under real
flight conditions. Several comments referred to visual and interaction aspects, such as colour usage,
button size, and feedback mechanisms:

“Everything on the interface is in tones of blue. Some notification is required to get crew attention
when a new message arrives.”
“Buttons should be larger... visual and auditory warnings can be used.”

These observations highlight the importance of multimodal feedback (visual and auditory) and
ergonomic considerations, particularly in dynamic cockpit environments.

5.4 Cross-Role Observations and Scenario-Based Feedback

Using the same arrival and departure scenarios for both ATCOs and pilots enabled a cross-role
assessment of communication flows. Feedback suggests that users from both roles perceived the
interaction patterns as coherent and aligned with the intended Concept of Operations.

Both ATCOs and pilots emphasised the importance of predictability, clear status indication, and explicit
feedback during communication exchanges and authority transfers. The consistency of these
comments across roles supports the design choice of maintaining similar interaction logic while
adapting data and presentation to role-specific needs.

5.5 Summary and implications

In summary, the usability testing confirmed that the ATMACA HMI designs provide a solid foundation
for supporting digital communications between air and ground actors. The results indicate good
acceptance of the core interaction concepts and workflows, with no critical usability barriers identified
at this stage.

The feedback collected highlights a set of recurring improvement areas, mainly related to visual
hierarchy, alerting mechanisms, and workload management in demanding operational contexts. These
insights will directly inform subsequent design refinements and are analysed in detail in the
Exploratory Research Report (D6.2 — ERR).

The results should be interpreted in the context of the scope and maturity of the project. The validation
focused on low-fidelity, one-to-one interaction scenarios and was conducted at an early technology
readiness level (TRL 2), with the objective of assessing core usability and interaction concepts rather
than full operational performance. Within these boundaries, the positive outcomes provide early
confirmation of the soundness of the proposed HMI design approach and support its further
refinement in subsequent project phases.
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Acronym Description

ATC Air Traffic Control

ATCO Air Traffic Controller

CDA Current Data Authority

CONOPS Concept of Operations

ERR Exploratory Research Report

FIR Flight Information Region

FRD Functional Requirements Document

HCD Human-Centred Design

HCI Human-Computer Interaction

HMI Human Machine Interface

ISO International Organization for Standardization

OSED Operational Services and Environment Description
Table 1: list of acronyms
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