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• About me

• Overview of Pacific Northwest National Lab (PNNL) and the Marine and 
Coastal Research Lab (MCRL) in Sequim

• Introduction to Artificial Intelligence (AI)

• Marine AI at MCRL
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Interrupt me at any time and ask me anything!
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• BS Electrical Engineering
• Minors in Spanish, History, 

Physics
• Staff Research Engineer
• MS Robotics
• Machine Learning Researcher
• Marine Robotics Researcher

About me
San Antonio

Cleveland

Ann ArborRichland
Sequim
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About Pacific Northwest National Lab (PNNL)
An overview of the lab and its operations
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DOE’s 17 national laboratories tackle 
critical scientific challenges



7

Of which 9 are operated by Battelle Memorial 
Institute
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PNNL’s Mission

• Reinventing Chemical Conversions and Energy Storage Materials
• Understanding Multiscale Earth Dynamics and the Role of Coastal 

Systems
• Understanding, Predicting, and Controlling the Phenome
• Scalable Machine Reasoning for Scientific Discovery
• Energy Decarbonization through Grid Control and Energy Storage
• Accelerating Development and Characterization of Nuclear Material 

Processing



$1.24B Spending

5,300 Staff
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PNNL is DOE’s most diverse national laboratory

FY 2021 Staff

1,755 Peer-reviewed
Publications

247 Invention 
Disclosures



Energy Sciences Center
DEDICATED FALL 2021

FUTURE HOME OF 
Grid Storage Launchpad
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A regional, national, and international 
scientific resource
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Marine and Coastal Research Lab at PNNL Sequim
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Research 
Campus

MSL-
1

MSL-5

MSL-2

MSL-7

15,000 ft2 of analytical, electronics, biotechnology, and aquatics laboratories supplied 
with heated and cooled freshwater and seawater

5000
Acres submerged

117
Acres DOE-owned 

(140 acres currently Battelle-owned)

10
Facilities and structures

80+
Staff and researchers
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Marine and Coastal 
Research 
and Capabilities

• 70+ research scientists
• Disciplines: ecology, marine biology, 

oceanography, biogeochemistry, 
marine engineering, coastal modeling

• Research focus areas: habitat 
restoration, coastal and aquatic 
ecology, bioenergy, analysis of metals 
and organics, earth system models 
and environmental monitoring



Marine mesocosm tanks

Hyperbaric laboratory

1100 L circulation tank for 
generating Frazil sea ice

Algal culture laboratory
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Research Facilities 
• 15,000 sq. ft. of 

laboratories
• Seawater and freshwater 

labs
• BSL2 molecular 

microbiology and toxins 
labs

• Arctic research labs
• Isolation labs
• Marine mesocosm tanks
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Outdoor Capabilities

• Meteorological station
• Water level recorders
• Survey levels and equipment
• Outdoor experimental tanks
• Anechoic tank
• Wet and dry lab facilities
• Ambient seawater delivery system
• Deep artesian freshwater well
• Waste water treatment system
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Permits within Sequim and Clallam Bay
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Vessels
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Artificial Intelligence (AI)
A history of and introduction to AI
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Definitions of Artificial Intelligence

Russell and Norvig: Artificial Intelligence: A Modern Approach. 2010
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Foundations of AI

Pillars of AI:

Philosophy
Mathematics

Economics Neuroscience
Psychology

Computer 
Engineering

Control 
Theory

Linguistics

Artificial Intelligence
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A Timeline of AI

1956

The “Look, 
ma, no 

hands!” era

1967

“The vodka is 
good but the 

meat is rotten”

1986 2012

AI Winter “AI is the new 
electricity.”

Dartmouth 
Workshop

All US gov. 
funding for 
machine 

translation is 
cut

Nearly all 
British 

government 
funding for AI 
research is 

cut

Backpropagation 
is invented

Neural 
Networks are 

invented

Shakey the 
robot Bayesian NNs 

are invented Support Vector 
Machines are 

invented

Multi-layered 
Perceptron is 

invented

Deep Neural 
Networks 

become state of 
the art

DARPA Grand 
Challenge ushers 

in AVs
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So what is AI?

Artificial 
Intelligence

Deduction, 
Problem 
Solving

Knowledge 
Representati

on
Planning

Perception 
and 

Computer 
Vision

Machine 
Learning

Robotics
Natural 

Language 
Processing

Social 
Intelligence
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So what is AI?

Artificial 
Intelligence
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Problem 
Solving

Knowledge 
Representati
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Planning

Perception 
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Computer 
Vision

Machine 
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Language 
Processing
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Why AI is Hot

• Something called Deep Learning has broken prior barriers in AI

Top-10 ImageNet Classification Error Rate
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0.051
Human Error Rate

Deep Learning
Traditional CV

Table 1

DL
2012 2012 0.15315 0.15315 y

2012 2012 0.16422 0.16422 y

2012 2012 0.26172 0.26172 n

2012 2012 0.26602 0.26602 n

2012 2012 0.26646 0.26646 n

2012 2012 0.26952 0.26952 n

2012 2012 0.26979 0.26979 n

2012 2012 0.27058 0.27058 n

2012 2012 0.27079 0.27079 n

2012 2012 0.27302 0.27302 n

2011 2011 0.25770 0.25770 n

2011 2011 0.31010 0.31010 n

2011 2011 0.34560 0.34560 n

2011 2011 0.35960 0.35960 n

2011 2011 0.36650 0.36650 n

2011 2011 0.39780 0.39780 n

2011 2011 0.39820 0.39820 n

2011 2011 0.41780 0.41780 n

2011 2011 0.44860 0.44860 n

2011 2011 0.50450 0.50450 n

2010 2010 0.28191 0.28191 n

2010 2010 0.28192 0.28192 n

2010 2010 0.28299 0.28299 n

2010 2010 0.28782 0.28782 n

2010 2010 0.33649 0.33649 n

2010 2010 0.33649 0.33649 n

2010 2010 0.34579 0.34579 n

2010 2010 0.44558 0.44558 n

2010 2010 0.44558 0.44558 n

2010 2010 0.46624 0.46624 n

2013 2013 0.11197 0.11197 y

2013 2013 0.11537 0.11537 y

2013 2013 0.11743 0.11743 y

2013 2013 0.1215 0.1215 y

2013 2013 0.12953 0.12953 y

2013 2013 0.13303 0.13303 y

2013 2013 0.13511 0.13511 y

2013 2013 0.13748 0.13748 y

2013 2013 0.13894 0.13894 y

2013 2013 0.13934 0.13934 y

2013 2013 0.27306 0.27306 n

2014 2014 0.06656 0.06656 y

2014 2014 0.07325 0.07325 y

2014 2014 0.07337 0.07337 y

2014 2014 0.07405 0.07405 y

2014 2014 0.07407 0.07407 y

2014 2014 0.0806 0.0806 y

2014 2014 0.08062 0.08062 y

2014 2014 0.08111 0.08111 y

2014 2014 0.082 0.082 y

2014 2014 0.08226 0.08226 y

2015 2015 0.03567 0.03567 y

2015 2015 0.03567 0.03567 y

2015 2015 0.03581 0.03581 y

2015 2015 0.0369 0.0369 y

2015 2015 0.04581 0.04581 y

2015 2015 0.04649 0.04649 y

2015 2015 0.04866 0.04866 y

2015 2015 0.04873 0.04873 y

2015 2015 0.04913 0.04913 y

2015 2015 0.05034 0.05034 y

2016 0.02991 0.02991

2016 0.03031 0.03031

2016 0.03042 0.03042

2016 0.03046 0.03046
2016 0.03049 0.03049
2016 0.03092 0.03092

2016 0.03096 0.03096
2016 0.03103 0.03103
2016 0.03124 0.03124

2016 0.03144 0.03144
2017 0.02251 0.02251

2017 0.02258 0.02258

2017 0.0227 0.0227

2017 0.02481 0.02481
2017 0.0274 0.0274
2017 0.02744 0.02744
2017 0.02962 0.02962
2017 0.03158 0.03158
2017 0.03205 0.03205
2017 0.03226 0.03226

0

0.045

0.09

0.135

0.18

2009 2011 2013 2015 2017

0

0.15

0.3

0.45

0.6

2009 2011 2013 2015 2017
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Artificial Intelligence

Artificial Intelligence

Machine Learning

Deep 
Learning
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Machine Learning
“[ML uses] algorithms and statistical 
models to analyze and draw inferences 
from patterns in data”

• (some) Popular Methods
§ Linear-Logistic Regression 
§ Random Forests
§ Support Vector Machines
§ Bayesian Models

Artificial Intelligence

Machine Learning

Deep 
Learning
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Deep Learning
• Subset of ML which extend previous 

neural network approaches, made 
applicable with the increase in 
available compute

• Neural networks are made up of 
successive layers

• “Deep” as in more layers

Artificial Intelligence

Machine Learning

Deep 
Learning
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An Example – Semantic Segmentation
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An Example – Autonomous Driving
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Maritime Artificial Intelligence (AI)
Maritime AI at PNNL’s MCRL
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Overview of Maritime AI

• Underwater mapping

• Object Detection

• Object Tracking

• Multiple Sensor 
Aggregation

• Autonomous navigation, 
motion, and planning

• Autonomous and 
persistent exploration

• Etc.
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Autonomous Energy Harvesting

Renewable Energy 
Buoy

Autonomous 
Surface Vessel 

(ASV)

Autonomous 
Underwater Vehicle 

(AUV) docked



33

Autonomous Energy Harvesting

Simultaneous 
Localization 
and Mapping 

(SLAM)

Motion 
Planning and 

Control

Docking
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Eel Grass Detection, Mapping, and Monitoring

ImagesUnderwater 
Acoustics
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Eel Grass Detection, Mapping, and Monitoring
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Eel Grass Detection, Mapping, and Monitoring

Synthetic Aperture Sonar Data of Skagerrak Munitions Dump Site 
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Eel Grass Detection, Mapping, and Monitoring
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Ask me anything!

Theodore (Ted) Nowak
Data Scientist @ PNNL

theodore.nowak@pnnl.gov

mailto:theodore.nowak@pnnl.gov

