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Context

IMT Atlantique, internationally recognised for the quality of its research, is a leading general engineering school under the aegis
of the Ministry of Industry and Digital Technology, ranked in the three main international rankings (THE, SHANGHAI, QS).

Located on three campuses, Brest, Nantes and Rennes, IMT Atlantique aims to combine digital technology and energy to
transform society and industry through training, research and innovation. It aims to be the leading French higher education and
research institution in this field on an international scale. With 290 researchers and permanent lecturers, 1000 publications and
18 M€ of contracts, it supervises 2300 students each year and its training courses are based on cutting-edge research carried out
within 6 joint research units: GEPEA, IRISA, LATIM, LABSTICC, LS2N and SUBATECH.

The proposed thesis is part of the research activities of the team: INUIT and of the laboratory Lab-STICC and the department
INFO. The scientific activities of this department are related to Computer Sciences.

The University of South Australia (UniSA) is a public research university located in Adelaide, South Australia. It is one of the
largest universities in the state and is internationally recognized for its high-quality research and teaching. UniSA offers a wide
range of undergraduate and postgraduate programs across various disciplines. The university is committed to delivering
practical and industry-focused education, and its research activities are aligned with this goal. UniSA has a strong emphasis on
interdisciplinary research, collaborating with industry partners to address real-world challenges and make a positive impact on
society. The Australian Research Centre for Interactive and Virtual Environments (IVE) is a prominent research center at UniSA. It
focuses on exploring and advancing the fields of interactive and virtual environments, including virtual reality, augmented
reality, and human-computer interaction. The center's research aims to develop innovative technologies, applications, and
design principles that enhance user experiences and have practical applications across industries such as gaming, healthcare,
education, and training. IVE collaborates with industry, government, and other research institutions to drive innovation and
contribute to the development of cutting-edge technologies and solutions. The center's researchers, including academics,
postdoctoral fellows, and graduate students, work on various projects, publish research papers, and actively participate in
conferences and workshops to share their findings and contribute to the broader academic community. UniSA, including the
Australian Research Centre for Interactive and Virtual Environments, is committed to excellence in education, research, and
innovation. It strives to provide a stimulating and supportive environment for students and researchers, fostering collaboration
and pushing the boundaries of knowledge in their respective fields.

Naval Group is a leading international naval defense company. It specializes in naval shipbuilding, submarines, and naval
systems. With a strong focus on innovation and technological advancements, Naval Group plays a crucial role in providing
cutting-edge solutions for naval defense and maritime security. The company collaborates with governments, navies, and
industrial partners worldwide to develop state-of-the-art naval vessels and systems that meet the evolving challenges of the
maritime domain. Naval Group's expertise and commitment to excellence make it a key player in the global defense industry.

Introduction

It is clear that autonomous systems (AS), and in particular swarms of Autonomous Underwater Vehicles (AUV), will play a
significant part in future maritime defence force design. Human oversight and control of such systems can be a complex



challenge; the swarms may be composed of a large number of AUVs and communication links can be unreliable, requiring the
human operator to understand a significant amount of information when communication links are re-established. This challenge
is compounded by the fact that 1) unexpected events may have occurred that must be reported and, 2) that the information is
highly spatial in nature. These compounding factors create situations that place operators under high cognitive-load.

Narrative visualisation combines narrative techniques and information visualisation to communicate a consistent and coherent
view of the information that builds upon the user’s mental model of the situation being explained. Applying narrative
visualisation to the AS maritime use-case can address the challenge of communicating decisive events from swarm information.
Furthermore, the spatial nature of the maritime data is ideally suited to immersive visualisation and analytics, leveraging the
perceptual affordances of virtual reality (VR) to accurately represent spatial relationships. The combination of narrative
visualisation and immersive analytics—immersive narrative visualisation—can provide seamless mission-report summaries to
human operators.

Aim

This PhD will focus on Human Machine Interfaces (HMI) and dialog management to more effectively support an operator in
understanding a complex situation involving a team of AS (AUVs or robots), where effective is considered faster, more accurate,
and contributing less cognitive load. To achieve this aim, this PhD will develop novel narrative visualisation (Segel & Heer, 2010)
techniques and exemplar systems using immersive technologies (virtual and augmented reality) to explain to a user unexpected
or anomalous behaviour of the team of AS. The narrative visualisation techniques will be implemented in immersive

environments (both VR and AR), as these technologies provide an interface approaching the human sphere of perception ideally
suited to visualising complex spatial scenarios.

The work will be undertaken in two stages. In the first stage, techniques for visually communicating historical simulated swarm
data will be developed and evaluated, supporting a scenario of explanation in post-action review. Through interaction, the user
will distinguish different levels of detail for each agent in the zone, causal relationships amongst the events, and explanations
about the anomaly. The second stage of this PhD will explore techniques to support real-time scenarios where the explanation
may evolve over time, and decisive events occur while using the system. A novel cognitive model will be developed that
considers physiological sensors in the VR headsets (e.g. eye-tracking) and presents relevant narratives to the operator’s current
task. Through embodied interaction in the immersive environment, the user will be able to explore the situation and intervene
with automated assistance about the action to be triggered. The techniques developed throughout this PhD will be validated
through controlled user studies that will compare users’ cognitive load and situational awareness between the new methods
developed and current approaches.

Background

Narrative Visualisation applies narrative techniques to visualisation in order to communicate insights within data by
representing information as stories rather than discrete data points. Stories link events to achieve coherence and cohesion,
making them effective frameworks for integrating multiple dimensions of data—including space, time, and causality—and
thereby better supports the user’s mental model of a complex situation (Zwaan and Radvansky 1998). To illustrate, Figure 1, left,
represents Charles Joseph Minard’s classic diagram of Napoleon’s Moscow Campaign of 1812. This diagram, posthumously
referred to as Narrative Visualisation, integrates multiple aspects of data to convey a cohesive story, including the dwindling size
of Napoleon’s army at different stages of the campaign and the dropping temperature over time.

Immersive Analytics (Chandler, Cordeil et al. 2015) is the use of embodied data analysis tools in immersive environments to
understand the data and make informed decisions. Immersive Analytics removes the physical barrier of the computer screen
and mouse that exists between people and their data. The key motivators for immersive analytics are embodied interaction,
space-to-think, and 3D visualisation (Dwyer, Marriott et al. 2018). For highly spatial data, such as subsurface AUV behaviour, 3D
stereoscopic visualisation is ideally suited (Figure 1, right). However, most spatial data visualisation to-date has focused on
accurately representing the individual target tracks, rather than using more recent general visualisation approaches such as
bundling to reduce the number individual marks presented on screen.

There is broad opportunity to explore narrative visualisation in immersive environments. We have previously explored
immersive narrative visualisation for supporting law enforcement agents with complex spatial investigative data (Cunningham,
Walsh et al. 2018). GeoTime (Eccles, Kapler et al. 2008) explored three-dimensional geo-temporal event visualization tool to
allow exploration, analysis and communication of data. Since time-based data is an excellent fit for storytelling, authors
developed the tool with a story system which lets analysts operate with a higher level of data abstraction.

Methodology and outcomes

This PhD will follow a user-centered design methodology. The concept demonstrator’s and techniques developed during PhD
will be evaluated both objectively and subjectively based on performance and feedback from participants in a series of user



study based experiments (Lazar, Feng et al. 2017), through an iterative evaluation-based design life cycle involving: 1) Identify
the users tasks, requirements and environment. 2) Produce conceptual design of solutions addressing the needs. 3) Prototyping
solutions. 4) evaluate the prototypes using objective measures and feedback and get insights that will drive the next iteration.

The outcomes of this research will be:

- Anovel approach for presenting complex AUV swarm data as immersive narrative visualisations that reduce the cognitive
load of human operators.

- Areal-time cognitive model of an operator that accounts for attention and task when presenting information.

- Visualisation and interaction techniques to support real-time analysis of AUV swarm data.
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Required skills

The candidate must be curious and motivated by the application field. He/she must have solid skills in computer sciences and
human computer interaction and/or extended reality (VR/AR). Mastery of software such as Unity is an important skill.

Application
To apply for this position, please send a detailed application including a cover letter, an up-to date CV, transcripts of grades and
reference letters will be addressed to: etienne.peillard@imt-atlantique.fr and thierry.duval@imt-atlantique.fr

Additional Informations

® Application deadline : September 2023

Start date : November 2023
Durée du contrat- Contract duration: 36 months

Location : Brest (France) and Adelaide (Australia)

Contact(s) : Thierry Duval <thierry.duval@imt-atlantique.fr>, Etienne Peillard <etienne.peillard @imt-atlantique.fr>
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