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Timeline and application
• There are two ways to apply to this PhD position:

– Option 1 (preferred): ELLIS PhD Program – Deadline: October 31st, 2026. Candidates are strongly
encouraged to apply through the ELLIS PhD Program, specifying Raoul de Charette as an ELLIS advisor.
Priority will be given to candidates applying through this route.

– Option 2: Direct application – Deadline: November 20th, 2026. Candidates can alternatively apply directly
by sending an email to raoul.de-charette@inria.fr and pizzati.fabio@gmail.com, including their CV, names and
contact details of 2–3 referees, a short motivation letter (1 page max.), and copies of their latest transcripts and
diplomas.

• Selection criteria include scientific excellence (prior publications in top-tier venues are a plus), knowledge of world
models and generative AI, coding proficiency, and academic background. Applicants must hold a Master’s degree.

• Applications will be reviewed, and candidates interviewed, on a rolling basis. We are committed to non-
discrimination, openness, and transparency, and actively support equality, diversity, and inclusion within our research
community. We particularly encourage women and candidates from underrepresented minorities to apply. Ap-
plications from all backgrounds are welcome and will be reviewed through a fair, open, and transparent recruitment
process.

The PhD thesis, funded by PEPR AI, will be conducted at the Inria Paris research lab in the Astra-Vision group, within the
Astra research team.

Similar to all our previous works, the scientific outcomes are expected to be published in top-tier computer vision
(CVPR, ICCV, ECCV) and machine learning venues (NeurIPS, ICLR, ICML), and results, models and code open sourced
to the community. In the PhD, we will encourage international visits and collaborations outside the lab, whether with
academia and industry.

1 Scientific context
World models aim to learn representations of the world that enable predicting its evolution from observations and actions
[HS18, AAB+25]. Recent advances in video generation have made it possible to synthesize increasingly realistic future
scenes, opening promising applications in robotics, autonomous driving, and interactive environments. However, despite
their visual realism, these models still struggle to reproduce fundamental physical phenomena, including object collisions,
contact dynamics, and conservation laws [TZC+26, YPP+26]. Recent physics-guided generative approaches have started
addressing these limitations [RBI+26], but important questions remain about whether existing models learn the underlying
physical mechanisms governing a scene or mainly reproduce visual correlations observed during training.

In the physical world, events are inherently multimodal. A collision between two objects, for example, produces not
only visual motion but also acoustic signals, changes in acceleration, and potentially tactile or force measurements. Each
modality provides complementary information about the same physical interaction, which may be difficult to infer from
visual observations alone. Recent developments in multimodal representation learning have demonstrated the possibility of
jointly encoding heterogeneous sensory signals, including images, audio, depth, and inertial measurements [GENL+23].
Similarly, emerging audiovisual generative models suggest that joint training across modalities can improve visual genera-
tion, particularly for object interactions [WLH+25]. Yet, it remains unclear whether these improvements reflect a stronger
understanding of physical phenomena, or merely better statistical alignment between different observations. While re-
cent research has demonstrated that physical plausibility can emerge from the geometry of pretrained visual representations
[IPI+26], we still have limited understanding of how physical knowledge is internally represented and shared across modal-
ities.

This raises a fundamental question: Can complementary information across sensory modalities enable world models
to learn more physically consistent representations and predictions? In this thesis, we aim to investigate how physical
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knowledge is learned and represented across different modalities, how this knowledge can be exploited to improve multi-
modal generative models, and how effective multimodal learning strategies can be developed at scale. Beyond perceptual
realism and audiovisual synchronization, our ambition is to move towards world models that maintain a physically coherent
representation of events and their consequences. Such models would have important implications for generative media and
embodied AI, where reliable predictions of the physical world are essential, and could ultimately enable world models with
verifiable physical consistency for well-defined physical phenomena.

2 Thesis outline
The aim of this PhD thesis is to develop physically consistent multimodal world models by exploiting complementary
physical information across sensory modalities. Rather than assuming that jointly processing different signals automat-
ically leads to better physical understanding, we propose to investigate which physical properties are learned from each
modality, how these properties are internally represented and shared, and which learning strategies are most effective. We
will initially focus on audiovisual data, which can be collected at scale from existing video datasets [CXVZ20], while
progressively considering additional sensors, such as inertial, tactile, and force measurements, particularly relevant for
embodied applications [GENL+23, YMZ+22].

The central hypothesis of this thesis is that different modalities may acquire different levels of physical understanding,
even when jointly trained on the same observations. For example, acoustic signals may provide stronger evidence about
contact events, while visual observations provide more information about object trajectories. Understanding these differ-
ences, and the internal mechanisms through which physical representations emerge and interact, could enable the design
of more effective multimodal training objectives, allowing physical knowledge acquired from one modality to improve the
representations and predictions of others. Importantly, we will seek computationally efficient strategies that exploit existing
pretrained models, rather than requiring large-scale training from scratch.

The thesis will be articulated into three research directions. In Year 1 (Sec. 2.1), we will investigate how physical
knowledge emerges across modalities in existing multimodal models. We will first evaluate physical consistency within and
across generated modalities, potentially introducing a dedicated benchmark. We will then investigate how physical concepts
are internally represented and shared across modalities using interpretability methods. These findings will establish the
experimental foundations and identify the physical relationships to exploit throughout the thesis.

In Year 2 (Sec. 2.2), we will leverage these insights to investigate new training and inference-time strategies for improv-
ing physical consistency across modalities. We envision exploring cross-modal regularization, representation alignment,
and modality-dependent learning mechanisms, including mixture-of-experts architectures and iterative refinement. We will
also investigate their applicability to action-conditioned world models, where complementary signals such as vision and
touch may improve the prediction of physical interactions.

Lastly, in Year 3 (Sec. 2.3), our longer-term ambition will be to investigate how multimodal physical learning can be
generalized to arbitrary sensor modalities and scaled efficiently. We will explore automatic strategies to identify useful
modality combinations, discover appropriate learning objectives, and optimize multimodal training. This may include
LLM-based research agents for hypothesis generation and experimental exploration [LLL+24], together with compute-
efficient approaches for transferring insights from small-scale experiments to larger models [MTB+25]. Ultimately, the
thesis aims to establish principles for developing scalable multimodal world models with increasingly reliable physical
representations, contributing towards the longer-term objective of physically consistent world modeling with verifiable
constraints.

2.1 Understanding multimodality in world models (Year 1)
Multimodal models are increasingly trained to jointly process or generate visual, acoustic and other sensor observations of
the same scene [GENL+23, WLH+25]. Yet, it remains unclear whether different modalities acquire the same understanding
of underlying physical events. For example, in a billiards sequence, a model may generate an impact sound at the expected
instant while depicting the second ball moving before contact, or conversely produce plausible trajectories with a mistimed
acoustic response. Such discrepancies raise a fundamental question: when trained on the same multimodal data, which
modalities learn physical plausibility and causal relationships more effectively, and why?

The first project will investigate the physical consistency of multimodal outputs, initially focusing on pretrained au-
diovisual generative models. We aim to understand whether different modalities exhibit different levels of physical plau-
sibility, and whether their joint generation produces physically consistent outcomes. Building on existing evaluations
[YPP+26, LGS+26, XLH+25], we envision a targeted benchmark of controlled audiovisual interactions, considering colli-
sions, contact dynamics and material-dependent phenomena. For example, a visible collision should produce a compatible
acoustic event, while an audible impact should correspond to a plausible visual interaction when its source is observable.
Through controlled variations of collision dynamics, materials or event ordering, we will investigate which physical rela-
tionships are captured by each modality and when inconsistencies emerge. This will provide a systematic understanding of
the strengths and limitations of existing multimodal generators.

Building on these findings, the second project will investigate how physically meaningful representations emerge within
multimodal networks, and how physical knowledge is shared across modalities. Recent studies have identified physical
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quantities within intermediate representations of visual world models [JGB+26, KSTD26], while other findings suggest
that physical plausibility can be characterized through geometric properties of pretrained visual features [IPI+26]. We aim
to extend these investigations to multimodal architectures, studying whether concepts such as acceleration, restitution or
material properties can be identified within modality-specific representations, and whether the same physical properties
are encoded differently across modalities. We will employ representation probing, layer-wise analyses and controlled
interventions, exploiting the phenomena isolated in the first project. We will further study whether multimodal networks
learn independent physical representations or develop shared concepts through cross-modal interactions. For instance,
can acoustic features encoding an impact influence the visual representation of the resulting motion, and which network
components mediate this interaction? These investigations will reveal how complementary physical knowledge emerges
and is exchanged across modalities, providing foundations for the training strategies explored in Year 2.

2.2 Aligning physics across modalities (Year 2)
Building on the first-year analysis, we will investigate how complementary physical knowledge across modalities can be
exploited to improve the physical plausibility of multimodal generators. If one modality learns a particular physical rela-
tionship more reliably or with fewer examples, can this knowledge provide a training signal for the other modalities? Rather
than encouraging generic feature similarity, we will explore physics-aware cross-modal objectives based on the phenomena
and internal representations identified in Year 1, such as contact timing, event ordering, motion consequences and con-
sistency between observed interactions. Possible strategies include cross-modal representation regularization, event-level
distillation and adaptive weighting of modality-specific training signals, inspired by representation alignment techniques
[YKJ+25].

We will also study how such signals can improve the training of multimodal mixture-of-experts transformers [LJH+25].
For example, can expert specialization or routing be driven by the physical information carried by each modality, so that
acoustic evidence is emphasized for impacts while visual evidence remains central for trajectories? Beyond training strate-
gies, we will investigate whether the physical representations and cross-modal mechanisms identified in Year 1 can be ex-
ploited at inference time. In particular, iterative refinement strategies, potentially based on looped transformers [FYC+26],
could allow multimodal models to progressively exchange physical information across modalities and improve the consis-
tency of their predictions without extensive retraining.

Beyond audiovisual generation, we envision extending this investigation to action-conditioned world models, where the
physical consequences of an action are particularly important [YYZ+26]. In robotic manipulation, for instance, a gripper
closing around an object may look successful in video while tactile or force measurements reveal insufficient contact or
incipient slip; such observations could supervise physically meaningful predictions of object motion and action outcomes
[YMZ+22, HSB+25]. A central objective will be to assess whether these cross-modal learning strategies yield gains under
comparable data and compute budgets. We will primarily build on pretrained backbones and parameter-efficient adaptation,
avoiding the need to train large multimodal models from scratch.

2.3 Multimodal learning with arbitrary modalities (Year 3)
Building on the understanding of multimodal physics acquired in Year 1 and the training methods developed in Year 2,
our longer-term ambition will be to move from hand-designed modality combinations toward physically consistent world
models capable of exploiting a broad range of sensors. Existing approaches already connect heterogeneous signals such
as video, audio, depth and inertial measurements [GENL+23], but offer limited guidance on which modalities actually
improve learned physical dynamics or how they should be integrated efficiently. A central question is therefore: can we
automatically discover which modalities are useful for a given physical phenomenon, how they should interact, and how
these choices should evolve with model scale?

To address this ambitious objective, we envision exploring automated modality selection, fusion mechanisms, training
objectives and curricula. In particular, LLM-based research agents could exploit natural-language descriptions of available
sensors and the physical diagnostics developed earlier in the thesis to propose hypotheses, conduct controlled experiments
and refine multimodal training strategies [LLL+24]. Since exhaustive foundation-model training would be computation-
ally prohibitive, we will investigate whether experiments with frozen pretrained encoders, compact proxy models and
parameter-efficient adaptation can identify strategies that transfer to larger world models [MTB+25]. Beyond a particular
architecture, the goal will be to establish principles and tools for scalable multimodal learning, contributing toward the long-
term vision of world models that produce physically consistent predictions and, for well-defined phenomena, eventually
satisfy verifiable physical constraints.

3 Institution
The candidate will join Inria Paris, a dynamic and internationally-renowned centre which is established as a scientific and
technological leader. They will be part of the Astra project-team which develops technologies linked to achieve sustainable
mobility, improving safety and ensuring efficient road transport.
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The PhD candidate will work in the Astra-Vision group (https://astra-vision.github.io), which ad-
dresses robust visual scene understanding by relaxing data and supervision while providing more interpretable models
outputs. The group publishes regularly in all major venues of computer vision and machine learning, primarily producing
open source research, and has received notable awards and grants. The candidate is expected to actively contribute to group
readings, seminars, discussions, team spirit, etc.
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