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NDBC Mission

Ensuring the Nation’s Maritime Safety

Collecting and disseminating in-situ, real-time,
quality-controlled observations in the marine
environment to ensure the nation’s maritime safety,
and to understand and predict the atmosphere,
ocean, waves, ice and climate.
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Project Motivation

Utilize the advantages of our current auto QC system while also
providing the flexibility to implement new, updated algorithms
and data evaluation methods.

Project Objectives

Create more robust automatic quality control

Replace sensor operational limits with geographical limits
Reduce need for manual flagging

Prototype Al implementations for quality control
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Procedure

1. Split stations into groups based on location
o Alaska, West Coast, Hawaii, Gulf, East Coast, Caribbean, Great Lakes
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Procedure

1. Split stations into groups based on location
o Alaska, West Coast, Hawalii, Gulf, East Coast, Caribbean, Great Lakes

2. Evaluate station climatology distributions using the
Kolmogorov-Smirnov (K-S) test

3. Perform hierarchical cluster analysis on results to
determine which stations are most related

4. Create zoning within the groups based on results

Develop new |limits for each zone
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Procedure

1. Split stations into groups based on location
o Alaska, West Coast, Hawalii, Gulf, East Coast, Caribbean, Great Lakes

2. Evaluate station climatology distributions using the

Kolmogorov-Smirnov (K-S) test

3. Perform hierarchical cluster analysis on results to
determine which stations are most related

4. Create zoning within the groups based on results

5. Develop new limits for each zone
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Procedure

1. Split stations into groups based on location
o Alaska, West Coast, Hawalii, Gulf, East Coast, Caribbean, Great Lakes

2. Evaluate station climatology distributions using the
Kolmogorov-Smirnov (K-S) test

3. Perform hierarchical cluster analysis on results to

determine which stations are most related

Create zoning within the groups based on results

Develop new limits for each zone
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Project Lighthouse

Agentic Al for Maritime Data Quality
Assurance

Project Lighthouse is a NOAA-approved Al prototype
designed to modernize maritime data quality control
through agentic automation and human-in-the-loop
oversight.

¢ Intelligent Quality Control: Supplements
deterministic physics checks with agentic Al
sanity scores against NOAA GFS/NWPS models.

e Operational Efficiency: Reclaims staff time by
automating routine monitoring and identifying
subtle sensor drift or regional variability.

e Compliance & Governance: Operates as an
internal-only pilot within a FedRAMP Moderate
AWS environment to inform future NOAA Al

policy.

Station TPLM2 - Thomas Point, MD
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Al Guardrails

Human In The Loop “HITL"” - Maintains strict human oversight where Lighthouse Al serves
exclusively as a recommendation engine. The system identifies complex correlations and
provides confidence scores, but cannot modify data flags independently. This ensures all final
quality control (QC) decisions remain under the authority of NDBC subject matter experts.

Iterative Feedback- Establishes a continuous improvement loop where analyst-validated
flags are ingested as high-fidelity training data. This process ensures the Lighthouse Al model
evolves based on real-world expert corrections, progressively refining its "Synthetic
Characterization" and anomaly detection accuracy without manual re-coding.

Scientific Integrity - Eliminates "black-box" uncertainty by requiring the Al to provide Natural
Language Justifications for every recommendation. These justifications, along with the
specific model version and confidence scores, are embedded into the JSON data packet. This
creates a permanent, auditable trail of Al-assisted reasoning for every observation.
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Al Advancements

Al-Assisted Environmental Baseline Analytics - Establishes deterministic limits by analyzing
historical station data to create statistical benchmarks. For new deployments, the system generates
"synthetic" characterization models from NOAA GFS/NWPS data to provide an immediate validation
baseline. Automated workflows ensure these operational norms remain synchronized with the latest
observational archives through continuous re-processing.

Physics-Informed Data Processing - Leverages hybrid processing where deterministic physics
algorithms handle standard observations, isolating only high-variance anomalies for deeper review.
These cases are escalated to an Al Agent for context-aware confidence scoring, allowing human
analysts to bypass noise and focus exclusively on data requiring expert intervention.

Contextual Information - Utilizes Large Language Models (LLMs) to enrich observational data with
real-time scientific context. The Al evaluates sensor readings against the previously established
GFS/NWPS models and performs multivariate cross-checks (e.g., wind speed vs. wave height) across
local data quality zones. These insights and confidence scores are embedded directly into the
standardized JSON data packet for full downstream traceability
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Thank You
for attending!

e dawn.petraitis@noaa.gov

Find Us Online:

www.ndbc.noaa.gov
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