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Introduction

This presentation introduces Egocentric Navigation (EgoNav), a novel
interval-based method for autonomous obstacle avoidance in maritime
environments. EgoNav provides guaranteed safety bounds for Un-
crewed Surface Vehicles (USVs) by computing feasible sets of naviga-
tion parameters—specifically heading and speed combinations—that
ensure collision-free trajectories. While traditional obstacle avoidance
methods such as potential fields [6] and velocity obstacles [2] have
shown limitations in handling uncertainty and providing formal safety
guarantees, our approach leverages interval analysis to address these
shortcomings.

Comparison to traditional methods

Unlike probabilistic approaches that approximate collision risks [7],
our interval analysis framework rigorously accounts for uncertainties



in sensor measurements, environmental conditions, and vehicle dynam-
ics to establish provable safety guarantees, building upon fundamental
interval computation techniques [9, 5]. This work extends previous ap-
plications of interval methods in robotics to the maritime domain [10].

EgoNav approach

We demonstrate how EgoNav constructs interval-based representations
of the navigable space around a USV, efficiently identifies unsafe re-
gions through constraint propagation techniques [1], and determines
the complete set of safe navigation options in real-time. The method’s
egocentric perspective simplifies the decision-making process by trans-
forming the complex obstacle avoidance problem into a direct param-
eter selection task within validated safe sets, addressing limitations
found in global path planning approaches [8]. Figure 1 illustrates the
EgoNav framework on a simple example with one obstacle. The blue
area represents the set of desired speed and heading for the boat to
avoid collision with the obstacle, while the pink area represents the set
of speed and heading that would lead to a collision.
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(a) Tactical situation with one obsta-
cle (b) EgoMap with one obstacle

Figure 1: EgoNav’s interval-based approach to obstacle avoidance.



Results

Experimental results from both simulated scenarios and real-world
maritime tests highlight EgoNav’s robustness in dynamic environments
with multiple moving obstacles. Performance metrics show that our
interval-based approach maintains safety margins while achieving nav-
igation objectives, even under challenging conditions where traditional
methods might fail to provide reliability guarantees [4]. Figure 2 illus-
trates the EgoNav framework in a more complex scenario with multi-
ple obstacles. Moreover, some other constraints are easily integrated
in this framework such as the ability of a sailboat to navigate with
respect to the wind.
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(c) With the wind polar

(a) Tactical situation
Figure 2: EgoNav example with five obstacles

This work contributes to the growing body of interval methods ap-

plications in marine autonomous systems [3], particularly emphasizing

how set-based techniques can enhance safety-critical navigation deci-
sions in maritime autonomy.
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