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US Geological Survey in the Great Lakes
RV Arcticus (77’)

RV Sturgeon (104’)

RV Kiyi (107’)

RV Kaho & RV Musky (70’)



Current capabilities

0.0009% of lake volume

Acoustic backscatter



Current vs. [potential] future capabilities

N=3,000 N=140,000
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Robot-assisted computer vision
Computer vision – the practice of automatic extraction, 
analysis and understanding of useful information from 
acquired imagery

Computers now outperform humans in common 
image recognition tasks

Kelnar, 2016



Robot-assisted computer vision

Iver3 AUV
• 4.6 km/hr for ~6 hrs
• Onboard cameras and 

lights
• Inertial navigation
• 200 m depth rating

Stereo
camera

LED lights

satellite comms2nd CPU

ADCP

object 
avoidance
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Robotic assessment of lower food web

Food available at the bottom 
helps determine food 
available at the top

Madenjian et al. 2015Rowe et al. 2015



Robotic assessment of lower food web

• 1000 km transect over 19 days

• Sensors: chlorophyll a, DO, 
temperature, light, depth, 
acoustic backscatter

*

* Rendezvous with vessel



Robotic assessment of lower food web



Robotic assessment of lower food web

Bennion, Warner, & Esselman 
(in prep)

Proportion of variation explained by satellite
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Robotic assessment of preyfish

• Wave-gliders with towed 
acoustics

– Persistent presence on the lakes 
at a reasonable cost

– High reliability, large geographic 
scope, low taxonomic 
resolution



Ground station
• Data capture
• Command uplink
• Tracking data

Data processing
• Receive and record
• QA/QC
• Derived data products
• Forecasting
• Metadata creation

Data distribution
• Data archive
• Downloads
• Web mapping
• User services

USERS

USGS Research
• Data analysis
• Hypothesis testing

• Modeling
• Scenario analysis
• Reporting/Publishing

Mission planning
• Planning/scheduling
• Maintenance records
• Command and control
• System status
• Anomaly resolution
• Path determination

Remote sensing data/products

Engineering and coordination
Automated
Not automated
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