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PEARL: Extracting Real-Time Knowledge from the Ocean
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Starlink Concept of Operations
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Goal: Extend the range and 
endurance of AUVs and allow for 
near-real-time data transmission by 
satellite, thereby reducing operating 
costs via the Platform for Expanding 
AUV exploRation to Longer ranges 
(PEARL).

PEARL provides AUV docking and 
recharging via renewable energy and 
data uplink via the new generation of 
high-bandwidth low Earth orbit (LEO) 
satellite mega constellations.

Platform for Expanding AUV exploRation to Longer ranges (PEARL)
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PEARL Prototype (v1) 2020-2022

Goal: Investigate concepts of PEARL energy harvesting, data collection, and data transmission
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Autonomy Hardware Architecture (running MOOS-IvP)

Benjamin, M.R., Schmidt, H., Newman, P.M. and Leonard, J.J. (2010), Nested autonomy for unmanned marine vehicles with MOOS‐IvP. 
J. Field Robotics, 27: 834-875. DOI: https://doi.org/10.1002/rob.20370

https://oceanai.mit.edu/moos-ivp/pmwiki/pmwiki.php?n=Main.HomePage
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● Deep Pond in Orleans, MA: Kettle Pond formed by the last Ice Age, about 30 feet deep
● Overall dimensions: 600 ft by 300 feet (Kidney shaped)

First Stress Test: Six Month Deployment at Deep Pond
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Recent Publication
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PEARL v2 (2023-2024)

Date | 9
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PEARL-AUV Docking Demonstration (2023)

Hamel, John M. "A Systems Approach to Low-Cost, Modular 
Autonomous Surface Vehicle and Autonomous Underwater 
Vehicle Integration." SM Thesis., MIT, 2024.

Jack Hamel
SM SDM ‘24
USCG Officer



MATLAB EXPO 2025  |    12https://followpearl.mit.edu

PEARL Fleet: Coastal Monitoring (2024)

Maritime Domain Awareness Using Low-Cost,
Long-Range Autonomous Surface Vehicles

John Nothacker
SM SDM ‘24
USN Officer
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Deployment at MIT Sailing - Charles River - 2024

PEARL Prototype (v3)
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PANTHER Module: Environmental Water Quality Monitoring

● Atlas Scientific Water Probes

● Sensor requirements:

○ Probe - sample data

○ Circuit - process data

○ Tentacle T3 Hat

CONOPS: Real-time 
remote and  
autonomous water 
quality monitoring 

Capstone Project
UMASS Dartmouth
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Precision Autonomous Bathymetry
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Digital Twin Development (Thermal System)

Proposal: Creating a “Digital Twin” of PEARL using Mathworks Products

Research Project under Mathworks-MIT Umbrella

Source : https://www.notion.so/PEARL-Prototype-af8b72173f7346619b3b7bcdec3cf2f8

CONOPS: Predict and prevent unexpected 
thermal shutdown experienced in 2023/2024



The Digital Twin Development

17➔ 8 Thermal nodes 



Single Zone Brain Model
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Single Zone Complexity 
Limitation

Atmospheric Vs Water 
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Dual Zone Brain Model
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KEY:

Black Lines represent 
Simulink signal 
connections

Orange Lines
represent Simscape 
thermal connections



Data and Analysis- Aug 22, 2024 
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Data and Analysis- Oct 8, 2024 
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Iterations/Parameter Variations (Aug -> Oct) 
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Seasonal thermal change 

➔ Solar incidence angle (ψ) can be derived 
using spherical geometry

➔ Charge controller produces heat 
from charging during sunny days

➔ Affects “brain float” and “top of 
brain” 

Internal heat generation 



Data and Analysis- Oct 8, 2024 
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Model Complexity trade off
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Conclusions

Digital twin has been 
developed to emulate 
and predict the thermal 
behavior of PEARL within 
10 ℃ to 57 ℃

Digital twins cannot
capture all aspects of a 
system bur rather need 
to be tailored to specific 
aspects

In order to half the error
of the predictive model, 
the complexity has to 
be roughly doubled

Development of digital 
twin must be proceeding 
in an iterative fashion to 
achieve a low RMSE
digital twin in our case 
0.6% error
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Future Work

➔ Overcast or Rainy weather conditions calibration

➔ Introducing larger heatsinks to increase thermal 

mass of RPis

➔ Thermal monitoring during motor powdered 

navigation for calibration

➔ Measuring Electrical Subsystems to combine 

thermal management with power monitoring  

➔ Expand PEARL to Multi-Platform Coordination
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Meet the MIT PEARL Team
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