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UNDINA aims

• robot-agnostic communication, networking and positioning 

solutions

• seamlessly operate over tri-modes: optics, acoustics, and 

inductive

• specifically designed for resource constrained AUVs 

• easy maneuverability

• low weight, small dimensions

• low associated operational costs

• reliable, scalable, compact, plug-and-play 
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Why Undina? 

Enabler of:

• Resident underwater robots - unattended residence 
in the ocean

• Autonomous data collection from remote scientific 
ocean observatory in harsh environments

Enabled by:

• Miniaturization of sensors/payload

• End user input: fit for inspection tasks, cost and CO2 
footprint reduction

• Scaling “down” existing solutions from work-class to 
observation class vehicles

Critical: communication and positioning and reliable 
docking  
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Humans, robots and the loop

Tuesday, July 9, 2024 The MarTERA UNDINA Project - Presenter: Beatrice Tomasi 5

Source: https://www.datacenterdynamics.com/en/opinions/path-ai-connected-government/

Stage 1 Stage 2

EMRA 2022
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Charging and Wireless Subsea Communication Concept 

Three-modal concept:

• Electromagnetic (Inductive) power 
and comm. while docked
• Charging
• Hi-bandwidth data transfer

• Optical - free space optics (uFSO)
• Mid-bandwidth data 4-10Mbps

• Acoustics - larger area coverage
• Low-bandwidth, essential and status data

Courtesy of Equinor



UNDINA milestone: Optical and acoustic communication and 
positioning system integrated into the benthic station
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UNDINA milestone: Three payloads integrated into the robot
with the first implementation of the programmable protocol stack
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High data rate (Mbps)

Control channel 
and positioning

Recharge power (150 W) 
 upload-offload data (1Gbps)



UNDINA milestone: Initial controlled validation tests of Hybrid 
communication and Positioning System
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• Proof of concept: 
integration of both optical 
and acoustic modems. 

• Optical comm.: vertical and 
horizontal link. 

• Achieved about 5 Mbps 
over 7 m vertical distance 
and 16 m horizontal 
distance. Clear water 
conditions (pool). 



Trondheim trials - UNDINA project 
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• We tested the optical comms in real conditions.

• Demonstrated an application of using multiple drones and a benthic station

• Vehicle/drone Blueye X3 with 3  guest ports to integrate additional payload

• The Blueye Remote and Onboard Software Development Kit, to write custom control system algorithms, add support for 

new sensors, custom image processing, or implement a range of other use cases.

Physical Interfaces

LUMA X

Inductive
JB

USBL

Eth switchonboard CPU

Tether 
to boat

Blueye

Guest 
port 1

Guest 
port 2

Guest 
port 3

Sensors of 
interest

Blueye



Docking with 
observation class 
Blueye X3



Experimental methodology: from 
bench tests to measurements in 
the Trondheim fjord in 4 days

• We performed initial verification tests 
at the pool and at the pier.

• 2 Blueye pilots, 1 person looking at 2 
laptops each connected to one luma X.

• Sonar to measure more accurately the 
distance between the optical modems.

• Both Blueye X3 had a Luma X 
integrated.
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Experimental methodology: from bench tests to measurements 
in the Trondheim fjord in 4 days
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• Sea trials. 

• Environmental measurements.

• We used iperf UDP traffic to measure the effective rate.

• We used simple pings to verify connectivity between the 2 drones.
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Experimental methodology: from bench tests to 
measurements in the Trondheim fjord in 4 days

• 2 ROV Blueye pilots, 1 person looking at 2 laptops each 
connected to one luma X, boat driver, and one person to 
supervise operations.

• We systematically tested every 5 m from 10 m to 90 m 
depth. 

• Distances were measured by a SONAR in real time, and 
span from 2 m up to 35 m.

• We followed a triangular testing area (the deeper the 
position of the drone the larger the distances).
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Underwater optical Average Rate (in kbps) vs Range and depth 
measurements
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Depth [m] vs 
Distance [m] 5 10 15 20 25 30 35

60 3633 3278 2005 2150 1000 0 0

70 Not measured Not measured 2005 2185 2155 695 0

80 Not measured Not measured 2065 2000 2280 1935 0

90 Not measured Not measured 2005 2215 2145 1565 0

Good connectivity from 10 m depth to 60 m depth with distances from 2 m up to 20 m, but the 
effective rate was not measured.



Docking - Aruco markers

• Modified concept from offshore docking stations 

• Aruco markers

* Thomas Rannestad master thesis



Seabed Observatory/Station

Instrumentation

Communication

Docking - SRV

Main JB and batteries optionally

Communication



Docking
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Lessons learnt 
and perspectives

• X3 drones are an efficient and flexible platform to 
perform rate vs range and depth optical 
communication tests

• Optical modem performs satisfactorily for the use 
cases in UNDINA (horizontal close to sea bottom 
data transmissions from the drones to the benthic 
station). 

• More systematic experiments are needed to better 
delimit the rate vs range and depths working 
regimes of the optical communications. 

• Further experiments in Autumn with using 
together acoustic and optical modems for both 
positioning and data transfer, docking to seabed 
station and inductive charging and comms.  
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