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Objective: Avoid collisions in close proximity
underwater

Sonar limitations :
▪ High-performance sonars can be expensive,
▪ Prone to interference in cluttered environments,
▪ Not always authorized.

In mobile robotic navigation, a lot of strategies are
based on the use of optic flow (Roubieu et al., 2014; Xiao

et al., 2021; etc…)
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Underwater collision avoidance



Very few studies explore the possibility of using 
optic flow cues for UUV navigation (Creuze, 2017; 

Ferone et al., 2023; Daïni et al., 2025, submitted) 

Interesting because:
▪ Measurable with off-the-self monocular

cameras,
▪ Minimalistic algorithms,
▪ Could be used when sonar not available.

(Creuze, 2017)

(Xiao et al., 2021)

(Roubieu et al., 2014)
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Optic flow for Unmanned Underwater Vehicles (UUVs) navigation

(Daïni et al., 2025, submitted)



Optic flow divergence
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Optic flow divergence: sequence of
contraction and expansions in the optic
flow vector field

Oscillations make the state vector (𝑑; 𝑉𝑑)
locally observable (H. W. Ho et al., 2017)

-> 𝒅 can be estimated by an Extended
Kalman Filter (EKF)

𝜔𝐷 =
𝑉𝑑
𝑑



Optic flow divergence for underwater collision avoidance
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▪ Assistive solution for remote operation of a ROV

▪ Optic flow divergence measured with monocular camera
+ Inertial Measurement Unit (IMU) (based on (H. W. Ho et

al., 2017)),

▪ When the optic flow divergence is higher than a threshold
-> autonomous emergency braking response,

▪ Estimates of 𝑑 used to reach and maintain a predefined
safe distance thanks to an imposed small oscillation.



Emergency breaking response (pool)
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Optic flow divergence measured

Motor response

Acceleration



Emergency breaking response (lake & sea)
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a) b)



Safe-distance maintenance (pool)
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imposed small oscillation to 
generate optic flow divergence



Safe-distance maintenance (harbour and lake)
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Conclusions
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❑ Optic flow divergence can be used to avoid underwater collisions in real-time to facilitate remote
control of an ROV,

❑ This method relies solely on the use of a monocular camera and an IMU,
❑ This approach is particularly suited for obstacles in close proximity.

Find our work:
Bergantin, Lucia, Christophe Viel, and Luc Jaulin. "Real-time braking control
based on optic flow divergence onboard an underwater vehicle." Ocean
Engineering 310 (2024): 118674.

link: https://www.sciencedirect.com/science/article/pii/S0029801824020122
video: https://youtu.be/qSBWyWI1wX0

Future works
❑ Multiple & moving obstacles

https://www.sciencedirect.com/science/article/pii/S0029801824020122
https://youtu.be/qSBWyWI1wX0
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Thank you!

Find our work:
Bergantin, Lucia, Christophe Viel, and Luc Jaulin. "Real-time braking control based on
optic flow divergence onboard an underwater vehicle." Ocean Engineering 310 (2024):
118674.

link: https://www.sciencedirect.com/science/article/pii/S0029801824020122
video: https://youtu.be/qSBWyWI1wX0

https://www.sciencedirect.com/science/article/pii/S0029801824020122
https://youtu.be/qSBWyWI1wX0
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