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Executive Summary

This case study provides an in-depth analysis of a pivotal 12-month pilot project executed by 577
Industries (577i) to conceptualize, develop, and deploy an advanced prototype Maritime Domain
Awareness (MDA) system specifically tailored for the Port of Cleveland. Driven by the escalating need for
enhanced maritime security and operational efficiency, the project focused on creating a sophisticated,
integrated platform for comprehensive vessel traffic monitoring, highly accurate automated anomaly
detection, and the provision of real-time, actionable situational awareness to port operators.

Key achievements underscore the project's success: the seamless fusion of diverse, multi-source sensor
data—including simulated Automatic Identification System (AIS), radar feeds, surveillance camera
imagery, and relevant intelligence databases—into a unified and coherent Common Operating Picture
(COP); the implementation of cutting-edge Al-driven behavioral analytics that demonstrated a
remarkable 92% accuracy in identifying anomalous or potentially threatening vessel movements during
rigorous testing phases; a significant 65% reduction in simulated security incident response times,
highlighting the system's potential to dramatically accelerate threat assessment and mitigation; and the
delivery of an exceptionally intuitive, map-centric Geographic Information System (GIS)-based interface
that significantly enhances operator comprehension and decision-making.

Despite encountering anticipated challenges inherent in such complex system development—specifically
concerning real-time data integration complexities, managing high-velocity data volumes, mitigating
cybersecurity vulnerabilities like AlS spoofing, and navigating inter-agency data sharing protocols—the
pilot conclusively demonstrated profound operational impact. Benefits spanned enhanced security
posture through proactive threat identification, marked improvements in day-to-day operational
efficiency via streamlined coordination and reduced false alarms, and emergent capabilities for crucial
environmental monitoring and compliance tracking. This project not only validates the strategic
effectiveness of modern, Al-powered MDA systems but also furnishes invaluable lessons learned for
future, full-scale deployments. It firmly positions the Port of Cleveland as a forward-thinking entity
embracing smart port technology, aligning its operations with evolving international maritime security
standards and trends.

1. Introduction & Project Overview

Context: The contemporary maritime environment presents ports worldwide with an increasingly
intricate tapestry of security vulnerabilities and operational demands. Threats ranging from smuggling
and illicit trafficking to potential terrorism, coupled with operational pressures like traffic congestion,
logistical bottlenecks, and stringent environmental regulations, necessitate a paradigm shift in port
management. Maintaining comprehensive Maritime Domain Awareness (MDA)—officially defined as the
effective understanding of anything associated with the maritime domain that could impact security,
safety, economy, or environment [7]—has become a critical imperative. However, traditional MDA
methodologies, often reliant on manual surveillance, disparate monitoring systems operating in silos,
and limited analytical capabilities, frequently struggle to integrate the flood of available data, detect
subtle anomalies, or provide the predictive insights needed for proactive management.
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Objective: Recognizing these pressing challenges and the transformative potential of emerging
technologies, 577 Industries, leveraging its expertise at the convergence of Al, robotics, and physics,
initiated an ambitious 12-month pilot project at the Port of Cleveland. The primary, overarching
objective was to design, build, and validate a prototype MDA system focused explicitly on enhancing
maritime security posture and optimizing operational efficiency within the port's complex environment.
The project aimed to forge an integrated platform capable of continuously monitoring vessel traffic using
multiple sensors, automatically detecting anomalous or suspicious vessel behavior through advanced Al
algorithms, and presenting port operators with real-time, easily digestible, and actionable situational
awareness via a unified Common Operating Picture (COP). This initiative directly addressed the port's
need for advanced surveillance capabilities, automated threat detection, and a more holistic
understanding of its maritime domain.

2. Key Achievements

The pilot project successfully transitioned from concept to a functional prototype, demonstrating the
tangible feasibility and significant value proposition of an integrated, Al-powered MDA system. Several
key milestones were achieved, validating the core hypotheses of the project:

e Multi-Source Sensor Integration: A cornerstone achievement was the successful integration and
fusion of data from diverse maritime sensors. Simulated Automatic Identification System (AIS)
data was combined in real-time with inputs from shore-based radar systems, high-resolution
surveillance cameras, and relevant (simulated) intelligence databases, such as vessel watchlists
or historical behavior profiles. This fusion process transcended simple data aggregation; it
created a synergistic, unified view of all vessel activity within the port's domain. The prototype
effectively demonstrated how combining the strengths of different sensors—radar providing
reliable detection and precise range/bearing data even in adverse weather where cameras fail,
AlS offering vessel identity and navigational status, and cameras enabling visual confirmation
and classification—compensates for the inherent limitations of any single sensor type. This
resulted in a comprehensive surveillance picture mirroring the capabilities of best-in-class
maritime sensor fusion systems [1], offering significantly enhanced situational awareness
compared to siloed monitoring approaches.

e Al-Driven Anomaly Detection: The project implemented sophisticated behavioral analytics,
leveraging machine learning algorithms to automatically identify suspicious, abnormal, or
potentially threatening vessel movements with a validated 92% accuracy during extensive
simulation testing. Machine learning models were meticulously trained on simulated historical
data to discern baseline patterns of normal vessel traffic (typical routes, speeds, dwell times for
freighters, tugs, recreational boats, etc.). The system could then flag deviations such as
unexpected changes in course near critical infrastructure, unexplained stops or loitering in
restricted zones, speeds inconsistent with vessel type or location, entry into exclusion zones, or
potential AIS manipulation attempts. This high accuracy, comparable to leading academic
research in maritime anomaly detection [2], underscores the profound potential of Al to
augment human security analysts. By automatically sifting through vast amounts of routine
maritime traffic and intelligently highlighting only genuinely anomalous events, the system
reduces operator fatigue and cognitive overload, allowing human expertise to be focused where
it is most needed [mdpi.com, researchgate.net]. The 92% accuracy represents a critical balance,
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effectively detecting a vast majority of simulated threats while minimizing the operational
disruption caused by excessive false alarms.

Accelerated Incident Response: The integrated system demonstrated a dramatic 65% reduction
in simulated security incident response times compared to traditional operational workflows. By
providing immediate, context-rich alerts for detected anomalies and presenting a consolidated
situational picture on the GIS display, the prototype enabled port security personnel to assess
potential threats and initiate appropriate responses (e.g., dispatching patrol units, issuing
warnings) significantly faster. In simulated exercises, operators using the MDA prototype could
identify a developing issue (like an unauthorized vessel approaching a sensitive area) and
coordinate a response in minutes, compared to the tens of minutes often required when
manually correlating information from separate systems. This quantifiable improvement aligns
directly with established findings that Al-assisted monitoring systems enhance the speed and
quality of decision-making in time-critical security operations [3]. Faster threat recognition,
coupled with fewer false alarms demanding investigation, translates directly into more efficient
allocation of security resources and a demonstrably enhanced capability to deter or mitigate
security incidents.

Intuitive Geographic Interface: A critical success factor was the delivery of a highly intuitive and
user-friendly geographic visualization interface. Built upon a Geographic Information System
(GIS) foundation, the dashboard overlaid all fused sensor data onto a dynamic, interactive
nautical map of the Port of Cleveland. Adopting principles from maritime Electronic Chart
Display and Information Systems (ECDIS) familiar to operators [marinelog.com], the interface
presented vessels as clear icons, showing position, heading, and speed vectors. Clicking on any
vessel instantly brought up a consolidated information panel displaying its identity (from AIS),
relevant history, associated alerts, and even live camera feeds if available and within range. This
geospatial presentation provided immediate context, drastically improving operators' situational
comprehension—seeing an alert for a high-speed vessel is far more impactful when its location
relative to critical infrastructure or other traffic is instantly visible. The unified display
significantly reduced cognitive load by eliminating the need to mentally integrate information
from multiple screens. Its ease of use and clarity were consistently praised during operator
feedback sessions, establishing it as the central hub for all monitoring and response activities
and highlighting the crucial role of human-centered design in making complex data actionable
[4].

3. Technical Approach

The prototype's robust performance and advanced capabilities were the result of a carefully architected
technical solution integrating state-of-the-art Al/ML, sophisticated data fusion techniques, and intuitive
GIS visualization.

3.1 AlI/ML Models for Anomaly Detection
A hybrid machine learning strategy, combining the strengths of both supervised and unsupervised
techniques, formed the core of the anomaly detection engine:

Baseline Modeling (Unsupervised Learning): To understand "normal" behavior, unsupervised
learning algorithms (like DBSCAN for clustering trajectories or Gaussian Mixture Models for
density estimation) were applied to simulated historical AlS data. These models learned the
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typical operational patterns within the port—common transit lanes, characteristic speeds in
different areas, usual anchorage durations for specific vessel types. This allowed the system to
identify deviations from these learned norms in real-time as potential anomalies, without prior
knowledge of specific threat types. For instance, a vessel straying significantly from a learned
high-traffic lane or moving at an atypical speed for its location would be flagged.

Threat Signature Detection (Supervised Learning): Concurrently, supervised learning models
were trained using a dataset containing labeled examples of known suspicious or illicit behaviors
(e.g., simulated instances of vessels deviating significantly from their declared voyage plan,
turning off AIS transmitters in sensitive areas, meeting other vessels unexpectedly). The team
experimented with various algorithms, finding Random Forest classifiers effective for point-in-
time assessments and Long-Short Term Memory (LSTM) neural networks particularly adept at
capturing temporal dependencies in vessel trajectories to predict future movement and detect
deviations over time. Success relied heavily on meticulous feature engineering, deriving
informative inputs for the models such as rate of turn, acceleration/deceleration profiles,
proximity to restricted zones, time-of-day analysis, and consistency between reported
destination and actual track.

Model Architecture & Ensemble Approach: The anomaly detection pipeline was structured
logically: a data pre-processing layer handled time-synchronization across sensors, data cleaning
(imputing missing values, correcting outliers), and feature extraction. The pattern learning
module housed the suite of Al models (LSTM, one-class SVM for detecting novel patterns not
seen in training, Random Forest). An ensemble approach fused the outputs of these diverse
models, weighting their contributions to generate a composite anomaly score for each vessel
track in real-time. This multi-model strategy proved highly effective, leveraging the sequence-
awareness of LSTMs, the novelty-detection strength of SVMs, and the classification power of
Random Forests to capture both learned threat signatures and previously unseen deviations.
When a vessel's anomaly score surpassed a dynamically tuned threshold, the system generated
an alert, highlighting the vessel on the GIS map and providing supporting evidence, effectively
balancing the need for high detection rates (recall) with the operational necessity of minimizing
false alarms (precision), achieving performance comparable to leading research benchmarks [2].

3.2 Multi-Source Data Fusion
Creating a single, coherent, and reliable picture from multiple, potentially conflicting sensor inputs
required a sophisticated data fusion engine:

Correlation Engine & Track Management: The engine ingested high-velocity data streams from
AlS, radar, and cameras. It employed advanced temporal and spatial matching algorithms (e.g.,
associating a radar blip with an AlS report received within a specific time window and geographic
proximity) to correlate reports pertaining to the same physical vessel. This process created and
maintained single, unified tracks, preventing the display of confusing duplicate targets. The
system was designed to handle challenging scenarios, such as tracking "dark" targets detected
only by radar (potentially non-cooperative vessels) or maintaining tracks based solely on AlS
reports when radar coverage was temporarily unavailable (using predictive filtering until sensor
confirmation could be re-established).
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Conflict Resolution & Data Prioritization: The fusion process explicitly addressed common
inconsistencies arising from differing sensor update rates (e.g., sporadic AIS vs. rapid radar scans)
and conflicting data points (e.g., inaccurate GPS positions in AIS vs. precise radar measurements,
or radar "ghost" targets). A priority logic system dynamically weighted the reliability of data
from different sources for specific attributes. For instance, radar data might be prioritized for
precise real-time position, range, and bearing, while AIS data would be the primary source for
vessel identity (MMSI, name), dimensions, and destination. This intelligent cross-verification and
prioritization minimized the impact of errors from any single sensor, significantly improving the
overall fidelity and reliability of the fused situational picture, a technique well-established in
advanced maritime systems [5]. A custom track management module continuously reconciled
inputs, updated a master vessel database, and ensured data consistency.

Real-Time Performance & COP Delivery: Achieving real-time fusion was paramount. The system
architecture utilized stream-processing techniques (conceptually similar to frameworks like
Apache Kafka or Flink for handling continuous data flows) and in-memory data stores (like Redis)
to manage the high data throughput efficiently. This ensured that new sensor updates were
ingested, processed, correlated, and fused within seconds, minimizing latency. All fused track
data was meticulously time-stamped and immediately forwarded to the GIS visualization
module, ensuring the map display and alert panels always reflected the most current situation.
The outcome was a cohesive Common Operating Picture (COP), providing operators with "one
truth" derived from all available sensors, dramatically reducing the cognitive burden of mentally
integrating disparate information and enabling faster, more confident decision-making.

3.3 GIS Mapping & Visualization Integration
The Geographic Information System (GIS) integration was not merely a display layer but an integral part
of the analytical and operational workflow, transforming raw data into actionable intelligence:

Geospatial Context & Interactivity: The system utilized a powerful mapping framework,
displaying fused vessel tracks as interactive icons on detailed nautical charts specific to the
Cleveland harbor area. These charts included crucial maritime context: navigation channels,
depth contours, anchorage areas, port boundaries, aids to navigation (buoys, markers), and
designated exclusion or restricted zones. Each vessel icon displayed heading and speed vectors,
updated dynamically in real-time. Operators could intuitively interact with the map, clicking on
any vessel to access a consolidated information panel containing its fused identity, kinematic
data, historical track snippet, associated camera imagery (if available), and any active anomaly
alerts. This immediate geospatial context was vital — an alert about a vessel deviating from its
course gains critical significance when the map instantly shows it heading towards a shallow area
or a sensitive facility.

Context-Aware Analysis & Decision Support: The underlying GIS data enriched both human
understanding and the Al's analytical capabilities. The Al models could factor in geographic
features; for example, the system learned not to flag a vessel slowing appropriately while
navigating a narrow, winding channel indicated on the chart, thus preventing unnecessary false
alarms. The GIS platform also allowed operators to dynamically overlay additional relevant data
layers, such as real-time weather conditions (wind speed/direction, visibility), temporary security

577 INDUSTRIES INC. | Proprietary Information, do not distribute.



577

INDUSTRIES

zones established for special events, or areas undergoing dredging or maintenance, further
enhancing situational awareness and supporting more informed operational decisions.

User-Centric Design & Operational Hub: The map-based dashboard was designed with operator
workflows in mind, aligning with industry best practices where modern port security operations
increasingly rely on such visual interfaces [6]. The clarity, intuitiveness, and richness of the
information presented received consistently positive feedback from stakeholders during the
pilot. It effectively operationalized the complex fused sensor data by presenting it within an
easily understood visual context, reducing cognitive load and ultimately becoming the central
interface through which all monitoring, assessment, and response coordination activities were
conducted.

4. Challenges Faced and Lessons Learned
While the pilot project achieved its core objectives, its development journey provided valuable insights
by highlighting several challenges inherent in deploying advanced MDA systems:

Data Inconsistency & Real-Time Processing: The integration of multiple, asynchronous data
sources inevitably introduced inconsistencies. AlS messages might lag behind actual vessel
movement or contain erroneous position data; radar systems can produce false echoes
("ghosts") or struggle with target discrimination in dense traffic; camera feeds depend on line-of-
sight and weather. Reconciling these discrepancies in real-time required sophisticated filtering
and smoothing algorithms (conceptually akin to Kalman filters for track prediction) and robust
track correlation logic to maintain a single, accurate representation for each vessel. Late or
missing data could lead to duplicated tracks or outdated information displayed to the operator.
Tuning the system to perform complex fusion calculations within strict real-time constraints,
preventing data backlogs, demanded significant code optimization and efficient data pipeline
design. Lesson: Robust data validation protocols, sophisticated track management algorithms,
and highly optimized stream processing architectures are non-negotiable foundational elements
for reliable real-time MDA.

High Volume of Sensor Data: Even in a simulated environment for a single port, the aggregate
volume of maritime data proved substantial. Each vessel broadcasts AIS messages frequently,
radar systems scan continuously generating numerous plots every few seconds, and cameras can
produce high-bandwidth video streams. In a real-world busy port, this translates to potentially
dozens of vessels generating hundreds or thousands of sensor reports per minute, all requiring
continuous processing, fusion, and analysis. The project team directly confronted the need for a
scalable architecture capable of handling this "big data" challenge. Without careful design, data
overload could quickly degrade system performance, introduce unacceptable latency, or cause
critical alerts to be missed. The pilot solution involved using high-throughput messaging systems
(like message queues) and exploring distributed processing for Al analytics, but managing data
volume and velocity remains a key challenge for scaling to operational levels. Lesson: Scalability
must be a primary design consideration from the outset, necessitating investment in appropriate
computing resources, efficient data management strategies, and potentially edge computing
solutions to pre-process data closer to the source.

Cybersecurity Threats (AIS Spoofing & Data Breaches): The system's reliance on external data
feeds, particularly AlS, introduced significant cybersecurity concerns. AlS signals are unencrypted
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and can be relatively easily spoofed or tampered with by malicious actors to create "ghost"
vessels, hide real ones by transmitting false locations, or impersonate legitimate traffic [4]. The
project had to incorporate mechanisms to account for potential spoofed AIS data, as well as
other cyber-attacks like GPS jamming affecting vessel positioning or direct injection of false data
into sensor networks. Furthermore, as a networked platform aggregating sensitive surveillance
and potentially intelligence data, the MDA system itself became a target, requiring robust
protection against unauthorized access, data breaches, or denial-of-service attacks. This involved
implementing multi-layered security: encrypted communication channels, strong user
authentication and role-based access control, intrusion detection systems, and specific logic to
cross-verify AIS data against independent sensors like radar to flag discrepancies indicative of
spoofing [5]. Lesson: Cybersecurity cannot be an afterthought; it must be deeply integrated
("designed-in") at every layer of the MDA system. Continuous vigilance, regular security audits,
advanced techniques for data integrity verification, and comprehensive user training are
essential to protect against the evolving maritime cyber threat landscape.

Stakeholder Data Silos: A significant non-technical hurdle was overcoming pre-existing data silos
among various stakeholders, including the port authority, the U.S. Coast Guard, private terminal
operators, and potentially other agencies. Initially, organizational boundaries, differing security
protocols, concerns over proprietary data, and a lack of standardized data sharing formats
limited access to valuable data streams. Integrating intelligence databases or sensor feeds from
private companies required establishing formal agreements and demonstrating the mutual
benefits of contributing data to the fused system. This mirrors a common challenge in the
broader maritime security community, where effective MDA necessitates collaboration across
agencies, industry partners, and even international boundaries [rivieramm.com]. In the
Cleveland pilot, building trust through regular stakeholder workshops, clearly defining data
usage policies, and iteratively demonstrating the value of the consolidated operational picture
proved key to breaking down resistance. Lesson: Technology alone cannot solve data silo issues.
Proactive governance, persistent stakeholder engagement, establishing clear data-sharing
frameworks (potentially leveraging emerging standards), and focusing on demonstrating shared
value are crucial prerequisites for achieving truly comprehensive MDA through collaborative
data sharing.

5. Alignment with International Maritime Security Trends
The Port of Cleveland MDA pilot was not developed in isolation but was carefully designed to align with
and exemplify major international and national maritime security trends and frameworks:

Compliance with IMO and USCG Guidelines: The project's goals and functionalities directly
support the internationally recognized definition of MDA as promulgated by the International
Maritime Organization (IMO) and the U.S. Coast Guard (USCG) [7]. By enhancing the collection,
fusion, analysis, and dissemination of maritime information, the system addresses the core
components deemed necessary for effective domain awareness by the USCG [dco.uscg.mil].
Specifically, its ability to integrate multi-source data into actionable intelligence aligns with key
steps in established port security protocols. Furthermore, the system adheres to IMO guidelines
promoting enhanced maritime situational awareness and safety through technology. While AIS
itself is an IMO-mandated system under the Safety of Life at Sea (SOLAS) convention, this project
built upon that foundation by integrating AIS with other sensors, exceeding minimum safety
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requirements to provide a richer security picture. The system's capability for early warning of
unusual activities directly aids ports in fulfilling their obligations under the International Ship and
Port Facility Security (ISPS) Code to detect, deter, and respond to security threats and incidents.
In essence, the project's design philosophy echoes the priorities of global maritime security
authorities: creating a near real-time, comprehensive common operating picture that extends
awareness beyond traditional sensor limitations [7].

Emerging Al-Driven Surveillance: The pilot stands as a prime example of the burgeoning global
trend towards utilizing Artificial Intelligence (Al) for maritime surveillance and security. Maritime
agencies worldwide are increasingly experimenting with and deploying Al to bolster their ability
to monitor vast and complex sea areas. The project's core approach—using machine learning to
automatically learn baseline behaviors and flag abnormal vessel patterns—places it at the
cutting edge of this trend [5][2]. By establishing norms for typical traffic, Al can effectively assist
human operators in identifying potential threats (the "needle in the haystack") that might
otherwise be missed amidst thousands of routine vessel movements. This capability is
increasingly vital given the rise of transnational maritime threats like smuggling, illegal fishing,
and trafficking, where adversaries often attempt to blend in with legitimate traffic. The Port of
Cleveland system, though localized, was architected with these global challenges in mind, and its
successful anomaly detection capabilities align with international efforts to leverage Al for more
effective MDA. Notably, the system's design explicitly considered the threat posed by "dark
vessels" —those attempting to evade detection by disabling AIS or falsifying data—a key focus
area in global MDA enhancements. The fusion of radar (which detects vessels regardless of AIS
transmission) with AlS data serves as a direct countermeasure to this tactic [mdpi.com],
reflecting best practices advocated by organizations like the IMO and the International
Association of Lighthouse Authorities (IALA) to employ multiple, complementary sensors for
robust monitoring and anomaly detection.

Piracy Prevention and Security Operations: Although the Port of Cleveland is not situated in a
piracy hotspot, the technologies demonstrated within the pilot possess clear and direct
relevance to global maritime security efforts, including counter-piracy and counter-terrorism
operations. Modern maritime threats often involve sophisticated tactics such as AlS spoofing to
create diversions or mask intentions, unexpected rendezvous at sea for illicit transfers, or
deviating into territorial waters to evade patrols. An Al-powered anomaly detection system, like
the one piloted, can provide immediate alerts to authorities when such suspicious behaviors
occur. For instance, if a vessel unexpectedly slows down or stops in a known high-risk area,
deviates significantly from established international shipping lanes near a conflict zone, or
exhibits movement patterns inconsistent with its declared voyage, the Al could flag it for closer
inspection as a potential indicator of piracy, smuggling, sanctions evasion, or other illicit activity.
This capability complements ongoing international initiatives where navies and coast guards are
increasingly deploying Al-based surveillance tools to identify illegal fishing, smuggling, and piracy
in real-time across vast maritime expanses. The pilot's emphasis on rapid, data-driven alerting
and seamless information integration directly supports these global efforts. Indeed, commercial
maritime intelligence firms are now fusing satellite imagery, RF signal data, and AlIS to pinpoint
illicit activities at sea [8]. The Cleveland system similarly showcases how integrating diverse data

577 INDUSTRIES INC. | Proprietary Information, do not distribute.



577

INDUSTRIES

feeds enhances the ability to protect waterways from misuse, contributing to the broader global
mission of ensuring the lawful and safe use of the seas.

Environmental and Safety Monitoring: Beyond pure security applications, the pilot project
demonstrated significant alignment with the growing international trend of using MDA systems
for environmental protection and maritime safety. Globally, there is increasing regulatory and
public pressure to monitor vessels for compliance with environmental rules, such as those
outlined in the IMO's MARPOL conventions. The prototype's design incorporated capabilities
relevant to this need, such as tracking vessel speeds and routes to potentially identify violations
of speed limits in environmentally sensitive zones (e.g., no-wake zones protecting shorelines or
marine mammals) or deviations from designated shipping lanes designed to minimize
environmental impact. An integrated module demonstrated the potential to estimate vessel
emissions based on correlating AlS-reported speed and known engine profiles, potentially
flagging ships likely exceeding pollution limits or using non-compliant high-sulfur fuel (relevant
to regulations like the IMO 2020 global sulfur cap [lux.spie.org]). This data fusion approach is
analogous to initiatives elsewhere (e.g., in Europe) where AlS is combined with satellite remote
sensing to detect illegal discharges or non-compliant fuel usage. The system's flexible
architecture means it could readily incorporate additional environmental sensors (monitoring air
or water quality within the port) in a future deployment, providing a truly holistic awareness that
encompasses not just security threats but also environmental incidents like oil spills or illegal
dumping. Such functionality is strongly aligned with international maritime trends where MDA is
evolving to include marine environmental intelligence as a core component of port safety and
stewardship, echoing the IMO's perspective that comprehensive domain awareness underpins
both maritime security and environmental protection [mdpi.com].

6. Stakeholder Contributions
The successful execution and outcomes of the Port of Cleveland MDA pilot were critically dependent on
strong collaboration and distinct contributions from various stakeholders:

Port of Cleveland Authorities: The Port Authority served as the essential anchor for the project,
playing a pivotal role from inception to completion. They provided the crucial operational
requirements based on their deep understanding of the port's unique environment and
challenges. They defined key use-cases for the system, such as detecting unauthorized entries
into restricted zones, monitoring vessel approaches to critical facilities, and ensuring compliance
in specific waterways. Port security officials contributed invaluable domain expertise and
historical data on past incidents, which informed the design of the anomaly detection rules and
ensured the Al models were trained on relevant scenarios. Furthermore, the Port Authority
facilitated practical implementation by granting access to port infrastructure for potential sensor
placement (if real sensors were used beyond simulation) and coordinating the active
participation of harbor personnel (like vessel traffic controllers and security officers) in system
testing and feedback sessions. Their early and continuous engagement ensured the prototype
was tailored to genuine on-the-ground needs and could be realistically integrated into existing
port operations. Their championing of the project demonstrated vital public-sector leadership in
driving technological innovation for maritime security.
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e Private Sector Partners: A consortium of private sector partners brought critical technology,
specialized expertise, and integration capabilities to the project:

o Al/ML Development & Systems Integration (577 Industries Inc.): As the lead
contractor, 577 Industries (577i) was responsible for the core technical development.
Their team of data scientists and engineers designed and implemented the machine
learning algorithms for vessel behavior monitoring and anomaly detection, leveraging
their specialized experience in maritime analytics and convergent technologies (Al,
robotics, physics). They orchestrated the overall systems integration, ensuring that data
flowed correctly between sensors, the fusion engine, the Al module, and the
visualization front-end. 577i worked closely with maritime subject matter experts (SMEs)
from the Port Authority to tune the Al models to realistic operational scenarios. Their
approach was further validated through consultations with other technology firms
specializing in maritime Al, reflecting broader industry trends [8][5].

o Sensors and Hardware Integration: Specialized commercial vendors were responsible
for the provision, configuration, and integration of the necessary sensor hardware
(simulated or potentially real for future phases). This included defining specifications for
radar units capable of covering key port approaches, selecting appropriate high-
resolution pan-tilt-zoom (PTZ) cameras for vessel identification, and specifying the
networking equipment required to stream sensor data reliably to the central fusion
center. These partners ensured that all sensor systems were properly calibrated and
configured to output data in formats compatible with the fusion engine (e.g.,
standardized radar plot messages). Their expertise ensured the hardware layer could
meet the project's real-time data acquisition requirements.

o Cybersecurity & IT Infrastructure: Recognizing the critical importance of data integrity
and system security, the Port of Cleveland's in-house IT security team collaborated
closely with 577i to co-design security measures into the system's architecture from the
outset. They implemented robust security controls, including encrypted communication
channels for sensor data transmission, strong user authentication mechanisms with role-
based access control for the user interface, and intrusion detection systems (IDS) to
monitor the MDA network for suspicious activity. Specific attention was paid to
developing countermeasures against AlS spoofing, incorporating logic within the fusion
engine to cross-verify AlS positional data with independent radar tracks and flag
significant discrepancies, a technique recommended in maritime cyber defense
literature [5]. The cybersecurity experts also conducted rigorous penetration testing on
the prototype to identify and remediate potential vulnerabilities, safeguarding the
sensitive aggregated information.

This effective public-private partnership model proved instrumental, combining the Port's operational
knowledge and authority with the specialized technical capabilities of 577i and other vendors, thereby
accelerating the development and validation of an advanced, relevant port security solution.
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7. Operational Impact

The 12-month pilot project, although utilizing simulated data and operating as a prototype, clearly
demonstrated significant potential operational impacts and benefits, strongly indicating how a full-scale
deployment could transform the Port of Cleveland's security posture and operational efficiency:

Enhanced Security and Threat Detection: The Al-driven MDA system markedly improved the
simulated port's situational awareness and its capacity to detect and respond to potential
threats. During pilot simulations, suspicious activities—such as a vessel making an unauthorized
stop near a critical facility or deviating sharply towards a restricted area—were detected almost
instantaneously by the system's automated alerts. In contrast, under traditional methods, such
events might go unnoticed until visually spotted by personnel or reported after the fact. This
automated, persistent 24/7 monitoring effectively functions as a "digital harbor patrol,"
significantly augmenting the capabilities of human security teams. It fosters a more proactive
security posture by enabling the detection of early warning signs before incidents can escalate.
For example, the system's ability to flag vessels transmitting false identities (by cross-referencing
AIS with other data) or exhibiting erratic movements provides an important tool against
potential smuggling, terrorism, or other illicit activities attempting to use deception. Overall, the
pilot showed that MDA technology acts as a powerful force multiplier for port police and
collaborating agencies like the Coast Guard, enabling them to cover more area with greater
precision and vigilance than is possible through manual surveillance alone, directly aligning with
the deterrence and disruption goals of the USCG's Ports, Waterways & Coastal Security (PWCS)
model [dco.uscg.mil].

Operational Efficiency and Decision-Making: Beyond security enhancements, the integrated
situational awareness provided by the COP led to tangible gains in simulated daily port
operations efficiency. Having all relevant vessel traffic information consolidated onto a single,
intuitive display allowed port controllers and decision-makers to optimize various actions,
including vessel scheduling, pilot boat assignments, and tugboat resource allocation. For
instance, by clearly visualizing all approaching vessels, their estimated times of arrival (ETAs),
and current positions on the map, the port could coordinate harbor resources more smoothly,
reducing costly idle time for both vessels and support services. The system also contributed to
efficiency by reducing the frequency of false alarms and unnecessary security interventions. Its
context-aware Al could often recognize when an apparent anomaly was likely non-threatening
(e.g., a minor course correction to avoid floating debris identified by another sensor) and
suppress the alert, whereas previously, any deviation might trigger a cautious but ultimately
unnecessary security response. This improved signal-to-noise ratio meant human operators
spent less time investigating benign issues and could focus their attention on true priorities.
Overall, faster access to accurate, fused information enabled quicker, more confident decision-
making and response coordination, a benefit widely observed when advanced monitoring and
analytics are introduced [dannoceantowing.com]. In simulated emergency drills, officials
credited the system's clear situational picture for enabling them to rapidly decide on appropriate
response actions (like dispatching patrol boats or issuing safety broadcasts) in minutes, a
significant improvement over potentially much longer deliberation times under legacy systems.
These efficiency gains have the potential to translate directly into substantial cost savings and
improved vessel throughput for the port [9].
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Environmental Monitoring and Compliance: An important extended benefit highlighted during
the pilot was the system's inherent capability for environmental and safety monitoring. By
continuously tracking vessel speeds and routes within the port's domain, the MDA system
provides a tool to help ensure compliance with environmental regulations. This includes
monitoring adherence to speed limits in designated no-wake zones (critical for protecting
shorelines, infrastructure, and marine life) and potentially tracking routes relative to
environmentally sensitive areas or emission control zones (ECAs). The pilot successfully
integrated a module demonstrating the feasibility of estimating vessel emissions by correlating
AlS data (speed, vessel type) with known engine profiles and operational modes, potentially
alerting authorities if a ship's behavior suggests excessive smoke or the use of non-compliant
high-sulfur fuel, increasingly important given regulations like IMO 2020 [lux.spie.org]. Such data
could flag vessels requiring targeted inspection upon docking for potential emissions or ballast
water management violations. Additionally, the shared situational picture dramatically improves
coordination during environmental emergencies. For example, if a vessel reports an oil spill or
collision, the exact location, surrounding vessel traffic, and relevant environmental conditions
(like wind and current, if integrated) are immediately visible to all relevant response agencies on
the COP, allowing for faster, more effective containment and cleanup measures. In summary,
although the pilot's primary focus was security, it became evident that the same MDA tools
significantly bolster environmental oversight and the port's ability to uphold critical safety and
environmental standards.

Improved Vessel Traffic Management: By optimizing the flow and accessibility of information,
the MDA system demonstrated its potential to contribute significantly to smoother and more
efficient port logistics. During the pilot phase, port operators used the system to experiment
with optimizing vessel scheduling and berth allocation. With more accurate predictions of
vessel arrival times (derived from analyzing real-time track data and potentially historical
patterns) and immediate knowledge of any delays or deviations, port authorities could adjust
berth assignments and associated labor/equipment schedules dynamically. Academic studies
and industry reports have shown that Al-based predictions of arrivals and berth availability can
effectively reduce port congestion and costly waiting times for ships [9]. In simulated pilot
scenarios, if a cargo vessel was detected approaching ahead of schedule, the system's alert
allowed the port operations team to prepare the designated berth and resources sooner than
originally planned. Conversely, if a ship was significantly delayed, other harbor movements or
berth assignments could be flexibly rescheduled to fill the operational gap, leading to more
efficient utilization of limited berth space and associated labor. While quantitatively measuring
these benefits was limited within the short pilot duration, operators qualitatively reported a
much better "handle" on traffic flows and an enhanced ability to manage scheduling proactively.
This strongly indicates that full-scale adoption could measurably increase the port's overall
throughput and reduce the significant economic inefficiencies associated with ships waiting idly
at anchor. In essence, the pilot demonstrated that advanced maritime domain awareness
technology not only serves to guard the port but also acts to "grease the wheels" of complex
port operations, ensuring that safety, security, and commerce can coexist and function optimally.

577 INDUSTRIES INC. | Proprietary Information, do not distribute. 12



577

INDUSTRIES

8. Lessons Learned & Recommendations

The Port of Cleveland MDA pilot yielded several critical insights and actionable lessons that provide
valuable guidance for future full-scale implementations, both in Cleveland and other ports seeking to
leverage similar technologies:

1.

Effectiveness of Al in MDA: The project unequivocally validated that Al technologies can
dramatically enhance maritime domain awareness, automating the detection of unusual events
with a speed and accuracy unattainable through manual monitoring alone. However, it also
underscored that Al performance is intrinsically linked to the quality, quantity, and diversity of
the data used for training. A key lesson is the critical importance of curating diverse and high-
quality training datasets that incorporate a wide spectrum of both normal operational scenarios
and known abnormal or simulated threat behaviors. This is essential to prevent model bias and
ensure the Al algorithms are robust and generalize well to real-world complexities. Furthermore,
the pilot reinforced that human oversight remains crucial. Operators were kept "in the loop" to
review Al-generated alerts, providing invaluable feedback that helped refine detection
thresholds and improve model accuracy. Recommendation: Future implementations should
prioritize the development of comprehensive, representative training datasets and embrace a
human-Al teaming approach, where Al systems sift through data and flag potential issues, but
human expertise provides context, validates significant alerts, and ultimately guides response
actions, especially within the nuanced maritime environment. Continuously monitor model
performance for "drift" and implement regular retraining cycles.

Data Integration and Standards: A persistent challenge throughout the pilot was the seamless
and rapid integration of data from disparate systems owned by various stakeholders. The team
learned firsthand that adopting common data standards (e.g., utilizing standard message
formats like NMEA 0183/2000 for sensor data, adhering to Open Geospatial Consortium (OGC)
web service standards for map layers) significantly streamlines the integration process, reducing
development time and complexity. Recommendation: Future MDA projects should prioritize
interoperability from the design phase, potentially leveraging emerging data exchange
frameworks from bodies like the IMO or IALA. Critically, to overcome the pervasive issue of data
silos, formal data-sharing agreements and robust trust frameworks must be established early in
the project lifecycle. Proactively demonstrating the mutual benefits of data contribution through
workshops and pilot demonstrations, as done in this project, is a best practice for securing
essential stakeholder buy-in. An iterative approach—"start small with core data sources,
demonstrate clear value, and gradually onboard more partners and data feeds"—is highly
recommended.

Cybersecurity by Design: The pilot reinforced the acute vulnerability of interconnected maritime
data systems to a range of cyber threats, from AIS spoofing to network intrusion. A strong lesson
learned is the necessity of building cybersecurity into every layer of an MDA system from its
inception, rather than treating it as an add-on. Recommendation: Implement a defense-in-depth
cybersecurity strategy. This includes measures like advanced techniques for authenticating AIS
data where possible (cross-validating against radar, looking for kinematic impossibilities,
exploring future cryptographic methods [4][5]), encrypting all sensor data feeds and
communication channels, enforcing strong authentication and granular access controls,
deploying robust intrusion detection/prevention systems, and ensuring regular vulnerability
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assessments and patching. Importantly, user training on cybersecurity awareness (e.g.,
recognizing phishing attempts, reporting suspicious system behavior) is vital. Incorporating a
cyber incident response plan into the MDA system's concept of operations, including fail-safe
mechanisms (like reverting to independent sensor operation if fusion integrity is compromised),
is another crucial recommendation.

User Interface and Training: One of the clearest lessons was that even the most sophisticated
system will fail to deliver its full potential if it is not user-friendly and trusted by its operators.
The overwhelmingly positive feedback on the pilot's intuitive GIS interface underscored that
usability is a major determinant of operational success. Recommendation: Invest heavily in
user-centered design (UCD) principles. Involve end-users (port watchstanders, security analysts,
operations managers) actively and iteratively throughout the design and development process
for displays, controls, and alerting mechanisms. Keep the interface as intuitive and uncluttered
as possible, focusing on presenting actionable information clearly. Additionally, comprehensive
training is non-negotiable. The pilot's inclusion of training sessions and live drills proved
invaluable, allowing operators to gain familiarity, discover edge cases, and provide crucial
feedback (e.g., suggesting adjustments to alert thresholds to reduce nuisance alarms). A phased
rollout strategy is strongly recommended for full deployment: begin with the system operating
in a "shadow mode" alongside existing processes to allow operators to build confidence and
familiarity without immediate operational dependency, then gradually transition to full reliance
as trust and proficiency grow. Continuous refresher training and incorporation into regular
operational drills will ensure the system's capabilities are fully utilized and maintained over time.

Scalability and Future Enhancements: While the pilot successfully proved the concept within
the defined scope (single port, simulated data), scaling the system to handle larger geographic
areas, real-world data feeds, and increased user loads will require further engineering effort.
Recommendation: Plan for scalability from the earliest design stages. Utilizing modular
architecture and leveraging cloud computing resources can provide the flexibility needed to add
more sensor feeds (like satellite AlS/imagery, drone feeds, or additional cameras) and expand
geographic coverage (e.g., to neighboring ports or coastal approaches) without requiring a
fundamental redesign of the core system. Furthermore, future enhancements should be
anticipated. The modular design should facilitate the integration of additional relevant data
sources, such as maritime weather forecasts, vessel characteristic databases, sub-surface sonar
data (for detecting underwater threats), or even open-source intelligence (OSINT) and social
media monitoring related to maritime events. The system's concept of operations should also
explicitly plan for collaboration and data sharing with external agencies—for instance,
providing the port's enhanced domain awareness picture to the regional Coast Guard command
center or establishing data exchange protocols with neighboring ports in the Great Lakes to
foster broader regional situational insight.

9. Conclusion

The Port of Cleveland Maritime Domain Awareness pilot project, spearheaded by 577 Industries, stands
as a compelling validation of the transformative potential inherent in integrating multi-source sensor
data with the power of advanced Artificial Intelligence analytics within the complex maritime
environment. The successfully developed prototype system demonstrably enhanced simulated
situational awareness, achieved high accuracy in automated threat detection, and drastically reduced
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incident response times, while simultaneously revealing significant promise for improving day-to-day
operational efficiency and bolstering environmental monitoring capabilities.

While the project candidly identified persistent challenges related to real-time data integration,
managing vast data volumes, ensuring robust cybersecurity, and fostering effective stakeholder
collaboration, the invaluable lessons learned throughout the pilot phase provide a clear, actionable
roadmap for addressing these hurdles in future iterations. This pilot project rigorously validates the
strategic value and operational effectiveness of modern MDA solutions. It firmly positions the Port of
Cleveland as a forward-thinking leader, ready to embrace smart port technologies that enhance security,
streamline operations, and ensure environmental stewardship, all in strong alignment with international
best practices and evolving global maritime security trends.

The logical and crucial next step involves leveraging the insights gained, systematically addressing the
identified challenges, and strategically scaling this proven capability from a successful prototype to a
fully operational, resilient, and continuously improving Maritime Domain Awareness system, solidifying
Cleveland's status as a model for intelligent, secure, and efficient port operations in the 21st century.
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