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Case Study: Language-Augmented Track Exploitation in Real-time Networks (LANTERN) 
Client: Department of the Navy SBIR Program 
Industry: Defense / Military / Maritime Intelligence 
Location: USA 

Executive Summary 
In the complex arena of maritime warfare, the ability to rapidly convert data into actionable 
intelligence is mission-critical. The U.S. Navy's command and control systems have historically 
faced significant challenges with fragmented data, rigid schemas, and technical barriers that 
separate operators from vital information. These constraints delay critical decisions and limit 
situational awareness precisely when clarity and speed are essential. 

LANTERN (Language-Augmented Track Exploitation in Real-time Networks), developed by 577 
Industries (577i), introduces a transformative approach that represents complex maritime 
operational information in Controlled Natural Language (CNL), directly addressing the Navy's 
need for "non-traditional capabilities where data can be represented in a structured natural 
language." This innovative system integrates seamlessly with existing Navy messaging 
infrastructure, including the Joint Message Handling System (JMHS), dramatically improving the 
Navy's ability to translate message data into actionable intelligence. 

The LANTERN solution provides a vital capability for the Navy's Maritime Tactical Command and 
Control (MTC2) system by democratizing data access, unifying disparate sources, accelerating 
decision cycles, enhancing situational awareness, and directly supporting the Kill Chain process 
through faster assessment and positive identification of threats. 

Challenge: The Decision-Making Bottleneck in Maritime Operations 
The Maritime Tactical Command and Control (MTC2) system, the Navy's next-generation 
command and control platform, faces critical data management challenges that significantly 
impair operational effectiveness. Through comprehensive analysis of Navy requirements and 
documentation, including NWP 3-56 (Composite Warfare) and JP 3-32 (Command and Control 
for Joint Maritime Operations), 577i identified four fundamental limitations in current systems 
that create operational bottlenecks: 

Rigid Data Schemas 
When operational needs change rapidly, system modifications often require weeks or months 
to implement. For instance, incorporating a new sensor capability necessitates database 
schema alterations, code updates, and comprehensive system recertification—a process far too 
slow for dynamic operational environments. 

Technical Barriers 
Tactical operators must frequently rely on system administrators or database specialists to 
extract vital information, introducing delays in decision cycles precisely when rapid responses 
are most crucial. This technical dependency creates a communication bottleneck that 
compromises operational efficiency. 
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Complex Query Requirements 
When operators need to identify vessels within specific geographic areas over defined time 
periods, they encounter the limitations of complex SQL queries that exceed the technical 
capabilities of most tactical personnel. The need for specialized technical expertise to formulate 
these queries further delays time-sensitive decisions. 

Disconnected Data Stores 
When track data from tactical systems remains isolated from intelligence databases, the result 
is a fragmented operational picture that prevents comprehensive threat assessment. This siloed 
approach to data management severely limits the Navy's ability to develop a complete 
understanding of the operational environment. 

These limitations directly compromise three critical aspects of the Kill Chain process in maritime 
operations: rapid environmental assessment, positive threat identification, and predictive 
capabilities to counter emerging theater challenges. 

Solution: The CNL Approach to Maritime Data Management 
LANTERN's core innovation is its Controlled Natural Language (CNL) data representation—a 
knowledge graph expressed through carefully structured English sentences that align with Navy 
operational terminology. This approach bridges the gap between machine-processable data 
and human understanding, creating a unified representation that serves both purposes 
simultaneously. 

Core Technical Innovation 
The CNL representation follows a formal grammar pattern that is intuitive and easily 
understandable: 
[SUBJECT] [RELATION] [OBJECT] [QUALIFIERS] 

Where: 
• SUBJECT is typically an entity with a unique identifier 
• RELATION is a predefined relationship type from Navy operational doctrine 
• OBJECT is the target entity, value, or state 
• QUALIFIERS provide additional context (temporal, spatial, confidence) 

This structure maintains the precision required for computational processing while presenting 
information in natural language patterns that align with how operators conceptualize the 
operational environment. 

Examples of Navy-specific operational facts represented in LANTERN's CNL: 
• "Track #T-2341 is located at (34.5N, 70.0E) at time 10:31Z with confidence level high." 
• "Track #T-2341 is classified as hostile FFG with 85% confidence based on ESM 

signature." 
• "Destroyer CHARLIE-3 belongs to BLUE FORCE as of 2025-02-15T09:00Z according to 

ATO." 
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• "Destroyer CHARLIE-3 is within weapons engagement zone of HVU ALPHA as of 11:45Z." 
• "Track #T-4587 has changed course by 30 degrees within 5 minutes of approaching 

restricted area BRAVO." 

Maritime Domain Vocabulary Framework 
LANTERN incorporates a comprehensive maritime-specific vocabulary organized in a 
hierarchical taxonomy covering the full spectrum of concepts required for naval operations. 
This vocabulary was systematically derived from authoritative Navy publications, including: 

• NWP 3-56 Composite Warfare: Maritime Operations at the Tactical Level of War 
• NTTP 3-32 Navy Tactics Techniques and Procedures 
• JP 3-32 Command and Control for Joint Maritime Operations 
• JP 3.0 Doctrine for Joint Operations 

The vocabulary includes: 
• 157 entity types (tracks, platforms, sensors, geographic features) 
• 83 relationship types (spatial, classificatory, organizational, operational) 
• 214 property types (physical attributes, operational characteristics) 
• 47 qualifier types (temporal, confidence, provenance) 

This extensive vocabulary covers 95% of terminology in standard Navy operational documents, 
with clear extensibility mechanisms for the remaining 5%. 

Schema-less Design and Extensibility 
A key advantage of LANTERN's schema-less nature is that new fact types can be introduced by 
simply using new phrases that adhere to the grammar rules without requiring system 
reconfiguration. This capability is particularly critical for Navy operations where new data types 
and sources frequently emerge during missions. 

Experiments demonstrated LANTERN's superior adaptability compared to traditional 
approaches: 

• New platform types can be integrated in under 10 minutes with no code changes 
• New sensor types can be added in under 5 minutes with full query capability 
• New tactical relationships can be incorporated in under 30 minutes with bi-directional 

querying 

This flexibility is particularly valuable in rapidly changing operational environments where new 
data types and sources emerge regularly. 

Fact Knowledge Base Implementation 
The knowledge base is implemented using a property graph database (Neo4j Enterprise), 
selected through performance benchmarking against alternatives including relational 
databases, document stores, and other graph databases. 
This implementation offers significant advantages for maritime operations: 
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• Relationship-centric analysis enabling complex queries impossible in traditional 
databases 

• Flexible schema allowing addition of new properties without system reconfiguration 
• Efficient traversal for operational pattern detection 
• Inference support for discovering implicit relationships 
• Intuitive visualization with direct mapping between knowledge structure and 

operational picture 

Implementation: System Architecture and Integration 
LANTERN's architecture consists of five core components designed for modularity, scalability, 
performance, and compatibility with Navy systems: 

1. Data Ingestion and Source Integration 
LANTERN provides secure, high-performance connectivity to Navy data sources through 
specialized connectors: 

Connector Data Source Capabilities Performance 

OTH-Gold 
Adapter 

Tactical data link messages 
(MILSTD-6017A) 

Track extraction, 
classification, relationship 
mapping 

150 msgs/sec, 
220ms latency 

AIS Adapter 
Commercial maritime 
feeds (NMEA, 
AIVDM/AIVDO) 

Position, speed, heading, 
anomaly detection 

230 msgs/sec, 
180ms latency 

MIDB Extract 
Adapter 

Intelligence database (MIL-
STD2045-47001D) 

Context enrichment, 
intelligence correlation 

75 msgs/sec, 
310ms latency 

The underlying system architecture employs stateless microservices with containerized 
deployment, enabling horizontal scaling while maintaining end-to-end latency below 500ms—
the threshold required for tactical systems. 

2. Fact Knowledge Repository 
The Fact Knowledge Repository provides core storage and retrieval capabilities with features 
including: 

• Neo4j Enterprise graph database implementation 
• Optimized indexing for maritime operations queries 
• Temporal data management supporting both historical analysis and real-time updates 
• Entity resolution and relationship mapping using both deterministic and probabilistic 

methods 
• Knowledge graph visualization with Navy standard symbology (MIL-STD-2525D) 

Performance testing confirmed the repository's ability to handle over 100,000 concurrent 
tracks with sub-200ms query response times for complex relationship queries. 
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3. Analytics Engine 
The Analytics Engine transforms raw facts into actionable intelligence with capabilities 
including: 

• Rule-based processing framework with maritime-specific rules derived from Navy 
doctrine 

• Machine learning model integration with a managed deployment pipeline 
• Anomaly detection algorithms optimized for maritime patterns 
• Relationship inference capabilities discovering non-obvious connections 
• Result representation in the fact format for seamless integration 

The analytics engine achieved 88% precision in identifying anomalous vessel behavior with a 6% 
false positive rate, significantly outperforming baseline statistical methods used in current Navy 
systems. 

4. Natural Language Processing 
The Natural Language Processing component enables intuitive interaction through: 

• Grammar-based pattern matching alongside ML-based interpretation optimized for 
maritime language 

• Entity recognition for maritime concepts with 95% accuracy on Navy operational 
terminology 

• Context-aware disambiguation of references using session history and operational 
context 

• Query parsing and translation into optimized graph database queries 
• Response generation in natural language with appropriate detail level 

User testing confirmed 92% query understanding accuracy with minimal training, enabling 
operators to formulate complex queries without specialized technical knowledge. 

5. User Interface 
The LANTERN User Interface provides intuitive access to complex maritime data through: 

• Interactive map display with Navy standard MIL-STD-2525D symbology 
• Natural language query interface with context-aware suggestions 
• Fact browser enabling entity-centric exploration with relationship visualization 
• Alert dashboard with priority-based triage capabilities 
• Customizable operational views tailored to specific warfare areas 

6. Performance Validation and Results 
Heterogeneous Data Integration 
LANTERN demonstrated the ability to unify disparate data sources including: 

• Tactical data links (simulated OTH-Gold format) 
• AIS broadcasts from commercial vessels 
• Intelligence database extracts 
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Correlation accuracy exceeded 97% for entities with partial matches across sources, 
significantly outperforming traditional deterministic matching approaches. 

Performance Metrics 
Performance testing confirmed LANTERN's ability to handle operational tempo requirements: 

Metric LANTERN Result Navy Requirement Margin 
Data Ingestion Rate >100 messages/second >50 messages/second +100% 
Query Response Time 85ms median, 95% <200ms 95% <500ms 2.5x faster 
Update Propagation <250ms end-to-end latency <1000ms 4x faster 
Track Capacity 100,000+ concurrent tracks 25,000 minimum 4x capacity 

Even when track count was increased to 250,000 (ten times the Navy requirement), query 
response times remained within acceptable parameters (maximum 450ms, still below the 
Navy's 500ms threshold). 

User Experience Validation 
Testing with maritime domain experts from the Port of Cleveland, including a former Navy 
tactical operator, revealed significant improvements across all measured dimensions: 

Metric LANTERN Result Traditional Systems Improvement 

Learning Curve Effective queries after 
15 min training 

4-8 hours training for 
SQL interfaces 16-32x faster 

Time to first successful 
query 15 minutes 4+ hours 16x faster 

Complex query 
formulation time 37 seconds 8.5 minutes 13.8x faster 

Query Success Rate 92% success on first 
attempt ~40% for SQL interfaces 2.3x higher 

Task Completion Rate 96% 68% +28% 

Task Completion Time 68% faster than 
traditional methods Baseline 68% faster 

User Satisfaction 4.7/5 average rating 2.9/5 average 62% higher 
 
Operational Benefits 
Beyond the quantifiable metrics, LANTERN delivers transformative operational advantages: 

Democratized Data Access 
By enabling direct access to complex data through natural language, LANTERN reduces the time 
required for tactical decision-making by at least 50%. Operators no longer need technical 
intermediaries to extract critical information. 
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Unified Operational Picture 
LANTERN eliminates data silos by integrating information from multiple sources into a coherent 
knowledge graph. This unified view provides comprehensive situational awareness across 
domains. 

Accelerated Decision Cycles 
The intuitive interface matches human thought patterns, enabling operators to express 
complex queries directly and receive immediate responses. This dramatically accelerates the 
OODA loop (Observe, Orient, Decide, Act). 

Enhanced Situational Awareness 
Relationship-focused analysis reveals patterns and connections previously impossible to detect 
with traditional systems. This deeper understanding of the operational environment enables 
more informed decisions. 

Direct Kill Chain Support 
Faster assessment and positive identification of threats directly support the Kill Chain process, 
improving response time to emerging threats and enhancing mission success rates. 

Transforming Maritime Intelligence 
LANTERN represents a paradigm shift in maritime data management, directly addressing the 
Navy's need for natural language data representation that bridges the gap between technical 
systems and operational users. By democratizing access to complex data, unifying disparate 
sources, and enabling intuitive interaction, LANTERN significantly enhances the Navy's decision-
making capabilities in time-critical scenarios. 

The system's demonstrated performance advantages—from 16x faster learning curves to 2.5x 
faster query responses—translate directly to improved operational effectiveness. The 
extensible architecture ensures LANTERN can adapt to evolving threats and requirements, 
providing a sustainable solution for current and future maritime operations. 

The successful validation of LANTERN's approach confirms that controlling the language of 
maritime operations can indeed transform the Navy's ability to control the seas. 

(Simulated Client Testimonial): "LANTERN represents a quantum leap in our maritime 
intelligence capabilities. The ability for our operators to directly interact with complex data 
using natural language, without technical intermediaries, has dramatically accelerated our 
decision cycles. The system's ability to integrate disparate data sources into a unified 
operational picture provides unprecedented situational awareness. We're seeing significant 
improvements in threat assessment speed and accuracy, directly enhancing our operational 
effectiveness in contested environments." 
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