ALEC for Submarine & Naval Systems

Streaming Data Compression for Underwater and Shipboard Environments

The Challenge: Data in Hostile Environments

Submarines and naval vessels operate in the most bandwidth-constrained environments on Earth. Acoustic
communication channels offer extremely limited throughput (typically 1-10 kbps), while onboard systems generate vast
amounts of sensor data for navigation, propulsion monitoring, environmental awareness, and weapons systems.

Traditional compression algorithms (gzip, LZ4) fail on small sensor messages -- their headers alone can exceed the
payload. In submarine operations, every byte saved translates directly into operational advantage: faster situational
updates, longer autonomous missions, and reduced surfacing requirements.
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How ALEC Solves This

Unlike batch compression, ALEC compresses each message individually using an evolving shared context between
encoder and decoder. This is critical for submarine operations where data must be transmitted immediately -- there is
no time to wait for batch accumulation.

Capability Submarine / Naval Benefit

Streaming compression (per-message) Real-time sonar, navigation & propulsion data over
acoustic channels without buffering delays

80-95% data reduction 5-10x more sensor readings per acoustic transmission

window; critical for AUV/UUV telemetry

2 KB RAM, <1ms latency Runs on existing embedded controllers (Cortex-M0+) -- no

hardware upgrade needed
Priority tagging (P1-P5) Safety-critical alerts (hull integrity, fire, flooding) always
transmitted first; routine telemetry batched

Evolving context learning Compression improves over time as ALEC learns vessel-

specific sensor patterns

Rust implementation Memory-safe, no runtime -- certified-grade reliability for

defence applications

Submarine & Naval Use Cases

Application Data Types ALEC Impact

Acoustic Comms
(AUV/UUV)

Sonar, position, status, mission
data

5-10x more data per acoustic
burst; longer autonomous
missions

Condition-Based
Maintenance

Vibration, temperature, pressure,
RPM

Periscope / Mast Telemetry

Radar, ESM, optical sensor feeds

Submarine-to-Shore
Comms

Mission reports, sensor logs,
SIGINT

Shipboard loT Monitoring HVAC, electrical, hull stress, fire

ROV / Towed Array
Systems

Bathymetry, magnetic, acoustic
arrays

Real-time CBM with minimal
bandwidth; predict failures before
surfacing

Reduce mast exposure time by
transmitting compressed bursts

Compress classified data for
shorter, less detectable
transmissions

Fleet-wide predictive
maintenance across hundreds of
sensors

Higher-resolution data through
tether bandwidth constraints



ALEC + Complexity: Condition-Based Maintenance at Sea
Combined with ALEC Complexity (powered by Quantitative Complexity Theory), the platform enables real-time anomaly
detection directly on compressed sensor streams. This means:

Detect propulsion anomalies, bearing wear, or hull stress changes 70% earlier than threshold-based monitoring --
without additional bandwidth cost. The Complexity module analyses the compressed data patterns themselves, making
it uniquely suited to bandwidth-constrained naval environments.

Integration & Deployment

ALEC Codec is written in Rust with C/C++ bindings, making it directly integrable into existing naval embedded
systems. Deployment options include:

Deployment Model Details

Edge firmware integration C bindings for ARM Cortex-M, RISC-V, x86 -- integrates
into existing sensor nodes

Gateway / middleware ALEC Gateway orchestrates multi-sensor streams with
priority routing

Shore-side decoder Full decompression + Complexity analytics on standard
Linux/Windows servers

SDK for evaluation Available on crates.io (Rust) with comprehensive test suite
(160+ tests)

Why ALEC vs. Traditional Compression

Traditional (gzip/LZ4) ALEC Codec

24-byte sensor message 44 bytes (+83% LARGER) 4 bytes (-83%)
Streaming mode Fails -- expands data Native per-message
Acoustic channel fit Headers exceed bandwidth Minimal overhead
Learning over time No Yes -- evolving context
Priority routing No P1-P5 built-in

Memory requirement 32+ KB 2 KB

Ready to Evaluate ALEC for Naval Systems?
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