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Cooperative Distributed Control and Estimation of Networked Marine Robots: 
Theory and Applications

Hung Nguyen, ARRC -TII Collaborators:

Antonio Pascoal
IST Lisbon, Portugal
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NTNU, Norway

David M. Salinas
UNED, Spain
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Introduction

Networked marine robotic vehicles:

● Where and why 

● Challenges in design and Implementation 

● Examples with field experiments  
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Netwworked Marine Robotic Vehicles: Where and Why 

● 70% of the earth is covered by ocean
● Only 5% of the ocean was explored  
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Netwworked Marine Robotic Vehicles: Challenges 

Target 

Designs and and implementation (from a control standpoint)

1.Networked robotic system is complex 

2. Inter-vehicle network constraints

- Network topology

- Bandwidth

3.Stability guanrantees 
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Netwworked Marine Robotic Vehicles: Challenges 

Designs and and implementation (from a control standpoint)

1.Networked robotic system is complex 

2. Inter-vehicle network constraints

- Network topology

- Bandwidth

3.Stability guanrantees  Control and estimation

Nonlinear control

Distributed control 

Distributed EKF

Consensus Event-triggered 
communications

Estimation theory 
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Project 1: Wimust (EU funded) 

Wimust: Widely scalable Mobile Underwater Sonar Technology

Classical approach Wimust proposal

(with cooperative path following 
of autonomous AUVs) 
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Cooperative Motion control  

1 Estimation error of the black vehicle

Time instants the vehicles broadcast

Papers VideoVideo

../../../../../../../../videos/Animation_Circular.mp4
https://nt-hung.github.io/research/cooperative-path-following/
https://nt-hung.github.io/research/cooperative-path-following/
videos/Animation_Circular.mp4
https://youtu.be/u_jDrVrIweY
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Cooperative Motion control  

Video PapersVideo

videos/Hung_RealTest.mp4
https://nt-hung.github.io/research/cooperative-path-following/
https://www.youtube.com/watch?v=YkpvfibSad0&ab_channel=conbot
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Project 2 – Underwater target localization and pursuit (EU funded)

Target 

Problem:  

Simultaneous targets Localization And Pursuit 
(SLAP)

Assumptions:

1.Vehicles can measure ranges to targets

2.Vehicles can exchange information with the 
other via a communication network
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Project 2 – Underwater target localization and pursuit

Estimation theory 

(Fisher Information) 

Motion planning level

Reference: Nguyen T. Hung, et al., “Range-based target localization and pursuit with autonomous 
vehicles: An approach using posterior CRLB and model predictive control”, Robotics and 
Autonomous Systems, 2020.
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Project 2 – Underwater target localization and pursuit

Cooperative GNC 
for robot i



Jan 2024Jan 2024Hung Nguyen (GNC team ARRC-TII)Hung Nguyen (GNC team ARRC-TII) General talkGeneral talk 12/ 15

Project 2 – Underwater target localization and pursuit

12

3

 Video  Papers Video

videos/Video_3Tracker_2D_No_ETC.avi
https://youtu.be/J94cYoKW4y0
https://ieeexplore.ieee.org/abstract/document/9530372
videos/Video_3Tracker_2D_No_ETC.avi
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Project 2 – Underwater target localization and pursuit

Links:

- Video 1
- Video 2

Medusa-class AMVs (IST, Lisbon)

Computer board:   NANO-PVD5251
OS:          Ubuntu 18.04, 

  ROS1 (C++ & Python)  Papers Video

https://youtu.be/IJ5szDelUxs?si=nmyFhJliKiGGZdZs
https://youtu.be/4LR4WSJHyz8?si=ChY759FuFH99IM03
https://nt-hung.github.io/files/pdf/research/JFR2024_SLAP.pdf
videos/slap_2023.mp4
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Project 2 – Underwater target localization and pursuit

Communications for cooperative control

Communications for cooperative estimation

 Papers 

https://nt-hung.github.io/files/pdf/research/JFR2024_SLAP.pdf
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Summary

 Control and estimation

Nonlinear control

Distributed control 

Distributed EKF

Consensus Event-triggered 
communications

Estimation theory 

● 70% of the earth is covered by ocean
● Only 5% of the ocean was explored  

Publication & codes: nt-hung.github.io

Thank you !

http://nt-hung.github.io/
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