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Abstract

SADA is an autonomous, Al-powered marine environmental surveillance network
engineered to support ecosystem protection and compliance management within the UAE’s
maritime borders. Traditional monitoring often fails to detect illegal fishing and seasonal ban
violations when vessels intentionally disable AIS or GPS trackers; SADA addresses this by
providing localized, real-time intelligence through a distributed network of autonomous

sensor nodes.

Each device utilizes high-sensitivity hydrophones to capture unique acoustic fingerprints
and multi-parameter probes to monitor critical environmental metrics, including pH,
temperature, dissolved oxygen, and turbidity. The core innovation lies in the integration of a
Hierarchical Edge Al architecture directly into the device control unit. This system employs
unsupervised machine learning (Isolation Forests) for anomaly detection in water quality
and deep learning (MobileNetV2 CNNSs) for acoustic signal classification. By processing
complex data locally, SADA ensures only validated alerts are transmitted, significantly
minimizing power consumption and extending the operational lifecycle of the internal

lithium battery.

This scalable solution transforms raw underwater data into evidence-based insights, closing
monitoring gaps in ecologically protected zones. Ultimately, SADA delivers the automated
enforcement necessary to safeguard the UAE’s marine biodiversity, protect regional fishing

income, and ensure long-term food security for future generations.
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1.1 Introduction:

Marine ecosystems worldwide are the backbone of global biodiversity, food security and
economic sustainability. Globally, the "Blue Economy" is valued in the trillions, yet it faces
rapid transformation as a result of overfishing, climate change, and increasing human
pressure on coastal environments. The United Nations reports that over one-third of global
fish stocks are now overexploited, a figure that has more than doubled since the 1980s. (1)
Illegal, unreported, and unregulated (IUU) fishing remains one of the most persistent threats
to marine sustainability, accounting for an estimated 20-30% of global fisheries activity and

causing annual economic losses exceeding USD 23 billion. (1, 2)

The Arabian Gulf represents one of the most ecologically stressed marine regions in the
world. Its shallow depth, extreme temperatures nearly 0.6°C per decade, one of the fastest
rates globally, and limited water circulation make it highly sensitive to environmental
disturbances.(3) Recent assessments by the Agency Abu Dhabi (EAD) indicate that over 70%
of the UAE’s commercial fish stocks are currently overexploited, with key species such as
hamour, kingfish, and safi experiencing population declines of up to 80% over the past three

decades. (4,5)

In the Gulf Region, and specifically the United Arab Emirates, the sea is more than a
resource; it represents cultural heritage, national identity, and a critical economic
future. Despite strict regulations, including seasonal fishing bans and protected breeding
areas; violations still occur, often going undetected due to reliance on manual monitoring

and limited real-time surveillance capabilities.

These combined pressures highlight the urgent need for advanced, real-time monitoring

systems capable of detecting ecological changes and human activities simultaneously.

To address these challenges, SADA (Smart Acoustic Detection and Analysis) introduces an
Al-powered marine surveillance network. This approach represents a shift from reactive
monitoring to proactive, data-driven marine protection, supporting sustainable fisheries

management in the UAE and beyond.




1.2 Statement of the Problem:

the UAE's marine environment faces three primary unseen threats that traditional

surveillance cannot adequately address:
1.2.1 Illegal Fishing and "Shadow" Vessels

[llegal, unreported, and unregulated (IUU) fishing represents one of the most significant
threats to global marine sustainability. Many vessels engage in illegal fishing by intentionally
disabling their AIS (Automatic Identification System) or GPS trackers to enter protected

zones undetected.

e The Gap: Current surveillance relies heavily on these digital signatures or manual

reporting.

¢ Causing ecological damage and substantial economic losses. The Food and Agriculture
Organization estimates that approximately 11-26 million tonnes of fish are caught illegally
each year, accounting for up to 20% of global fish catches, with an economic loss valued

between USD 10-23 billion annually. (6)

Furthermore, over 35% of global fish stocks are overfished, reflecting a continuous decline

in marine biodiversity and ecosystem resilience. (7)
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Figure 1: Global SAR detections showing the prevalence of "Dark Vessels" (Unmatched to
AIS). (8) The SADA network is designed to bridge this surveillance gap in the UAE by using

acoustic Al to identify these vessels even when their digital trackers are disabled.

1.2.2 Seasonal Ban Violations
Seasonal bans are critical for the recovery of commercial species. For example, protection?
measures for species like Kingfish have led to a 30% surge in stocks. (9)

e The Gap: Monitoring thousands of square kilometers of breeding grounds during these

bans is physically and financially unfeasible for manual patrols.

e The Impact: Illegal harvesting during breeding cycles threatens the UAE’s goal ofa 100%

Sustainable Fisheries Index.

Within the UAE, despite regulatory frameworks such as seasonal bans and protected marine
zones, enforcement remains challenging. Monitoring relies heavily on patrol vessels and
satellite systems, which are limited in detecting vessels that deliberately disable tracking
systems (e.g., AlS). As a result, illegal fishing activities including fishing during breeding

seasons continue to threaten marine biodiversity and fish stock recovery.
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Figure 2: Correlation between Kingfish (Scomberomorus commerson) Fork Length and Total
Weight in the UAE. The exponential growth curve (W = 0.0388 L™ {2.6216}) illustrates how
biomass increases significantly as fish reach maturity. This data underscores the biological
importance of seasonal bans; illegal harvesting during spawning windows removes high-
weight breeding adults, directly undermining the recovery of fish stocks and the UAE’s

transition toward a 100% Sustainable Fisheries Index. (10)

1.2.3 Endangered Species and Ecosystem Shifts

The presence of invasive species and rapid changes in water quality (pH, dissolved oxygen,
turbidity) can devastate native biodiversity.
e The Gap: Traditional data logging often uses seabed cabling or solar arrays that are

difficult to scale and maintain.

e The Impact: Subtle acoustic signatures of reef health and invasive movements go

unnoticed, leading to reactive rather than proactive conservation.

Additionally, environmental monitoring gaps limit the ability to detect ecosystem changes in
real time. Critical parameters thar are essential indicators of marine health such as
dissolved oxygen, temperature, and pH are not continuously monitored at scale, reducing

the effectiveness of conservation strategies.

1.3 Inspiration:

The inspiration for SADA — the Arabic word for "Echo"— is rooted in a deep-seated
commitment to preserving the UAE’s maritime legacy by giving a voice to an ecosystem
that cannot speak for itself. As a global leader in biodiversity protection, the UAE has
established visionary legal frameworks; however, the sea represents more than just a
resource, it is our heritage, our national identity, and our economic future. In alignment
with the UAE’s Year of Sustainability and the National Biodiversity Strategy, SADA was

born from the realization that while laws exist on paper, modern threats like "dark vessels"




and silent ecological shifts require a localized, real-time approach to enforcement that

traditional satellite data and manual reporting cannot provide.

We are profoundly inspired by the convergence of Al, IoT, and passive acoustic
monitoring, which has revealed that the underwater soundscape holds the secrets to marine
health. By integrating edge computing with buoy-based infrastructure, SADA transforms
the ocean’s "echoes" into actionable intelligence. My belief in this project is driven by the
transition from reactive to proactive conservation, moving away from discovering damage
after it occurs and toward an autonomous system that "hears" an illegal engine or "senses"
an environmental anomaly the moment it happens. SADA is not merely a technical
solution; it is a digital guardian designed to ensure that the UAE’s goal of a 100%
Sustainable Fisheries Index becomes a lived reality, honoring our ancestral past while

safeguarding our biological and food security for the next fifty years.

1.4 Objectives of the Project:

To Develop an Autonomous Al-Powered Acoustic Fingerprinting System capable of
distinguishing between legal maritime traffic and illegal "shadow" fishing vessels that have
disabled their AIS/GPS tracking systems, providing a 24/7 digital ear for protected waters.
To Automate Regulatory Enforcement of Seasonal Fishing Bans by integrating a real-time
decision engine that cross-references acoustic vessel detections with regional spawning
calendars, ensuring the protection of critical biomass for species like Kingfish (Kanaad).
To Establish a Continuous Environmental Monitoring Network that utilizes Edge-Al to
analyze shifts in water quality parameters (pH, Dissolved Oxygen, Temperature) and
acoustic biodiversity, providing early warning alerts for hypoxic events or ecosystem
degradation.

To Safeguard the UAE’s National Food Security and Blue Economy by preventing the
projected 10% decline in regional fishing income through the mitigation of IUU (lllegal,

Unreported, and Unregulated) fishing activities.
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To Support the UAE National Biodiversity Strategy by delivering a unified, data-driven
platform that assists authorities in achieving a 100% Sustainable Fisheries Index and

protecting endangered marine life from unseen environmental stressors.

1.5 Significance of the Project:

SADA project holds substantial significance at both the theoretical and practical levels,

makingit a comprehensive contribution to marine sustainability, artificial intelligence

applications, and environmental protection.

1.5.1 Theoretical importance:

SADA contributes to advancing knowledge in multiple interdisciplinary fields, including

artificial intelligence, marine science, and environmental monitoring:

e Development of novel acoustic datasets:

The project generates large-scale underwater acoustic datasets that capture both
natural marine sounds and anthropogenic activities (e.g., vessel engines, fishing
operations). Such datasets are limited globally and are essential for improving Al-

based marine detection systems.
e Establishment of ecological baselines:

Continuous data collection allows the creation of long-term environmental
baselines, which are valuable for future scientific studies, climate change research,

and biodiversity monitoring.

SADA is not only a tool but also a data-generating scientific platform that can support

future academic research and innovation.

1.5.2 Practicalimportance:

SADA providesdirect, real-world impact by addressing criticalgaps in marine monitoring

and regulatory enforcement:
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¢ Enhancing marine surveillance and regulatory enforcement:

SADA enables real-time detection of illegal, unreported, and unregulated fishing
activities even when tracking systems are disabled while automating compliance
with seasonal bans and protected zones, thereby significantly strengthening the

effectiveness of environmental regulations in the UAE.

e Protecting marine ecosystems and supporting sustainability:

Through early detection of harmful activities, the system safeguards endangered
species, breeding grounds, and fragile ecosystems, while promoting sustainable
fisheries, preventing overexploitation, and contributing to long-term food security

and economic stability.

e Improving operational efficiency and decision-making:

By providing real-time alerts and data-driven visualizations, SADA supports faster,
evidence-based responses from authorities, while reducing reliance on costly

manual patrols through a scalable and cost-efficient monitoring solution.

1.5.3 Strategic and National Importance:
e Aligns with UAE sustainability goals and marine conservation strategies
e Supports international commitments such as SDG 14 (Life Below Water)

e Enhancesthe UAE’s position as a leader in Al-driven environmental innovation

1.6 Scope of the Project:

The scope of the SADA project focuses on providing comprehensive, Al-driven marine
surveillance within the UAE maritime borders to protect marine biodiversity. The project

targets large-scale UAE waters, with particular emphasis on ecologically sensitive areas

12




such as marine protected zones and breeding grounds, where traditional manual patrolling

is limited or unfeasible.

Technically, the project encompasses the desigh and deployment of a distributed network
of autonomous monitoring nodes equipped with underwater acoustic sensors
(hydrophones) and environmental sensing devices. These nodes continuously collect real-
time data, including key water quality parameters such as temperature, pH, dissolved
oxygen, and turbidity. This enables both activity detection and long-term environmental

monitoring.

Functionally, SADA is designed to address major marine challenges, including the detection
of illegal fishing activities, monitoring compliance with seasonal bans and restricted zones,
and identifying changes in ecosystem health. The system will provide insights into

ecosystem recovery, seasonal variations, and early indicators of environmental change.

All collected data is processed through edge-based artificial intelligence models and
integrated into a centralized cloud-based decision engine. The system generates real-time
alerts when abnormal activities or environmental thresholds are exceeded, supporting rapid

response and enforcement.

Operationally, SADA enable ecological monitoring, data visualization, and decision support
for authorities, contributing to effective conservation planning, biodiversity protection, and

sustainable fisheries management across the UAE.

13




Chapter Two:
PROJECT INNOVATION

2 Solution Architecture Overview

2.1
2.2
2.3
2.4
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2 Solution Architecture Overview

LTE/5G antenna — GNSS module
for coastal uplink /
‘ > Al edge compute module

Edge Compute — filters &

: Environmental sensors
Hydrophone ———» (temperature, turbidity,
- dissolved oxygen)

Mooring rope ———————————>p

\ / Mooring weight

Figure (3)

To ensure the resilient deployment of advanced artificial intelligence within the extreme
hypersaline and high-temperature conditions of the Arabian Gulf, the SADA framework is
housed within a custom-engineered autonomous marine device. This physical architecture
is optimized for operational longevity, high-fidelity data acquisition, and autonomous
hardware security, effectively eliminating the need for frequent manual maintenance. The
system’s structuralintegrity is maintained through three specialized, interconnected layers:
a climate-controlled surface-level compute enclosure, a high-precision subsea sensory

payload, and a high-stability geostationary anchoring system.

15




2.1 Surface Infrastructure, Processing, and Security
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The upper half of the device houses the system’s computational and communication

payloads. To withstand the UAE’s intense solar radiation and the corrosive nature of

saltwater.

2.1.1 Outer Shell: is constructed from UV-resistant, marine-grade polymers, forming the

first line of defense.

2.1.2 Waterproof Secondary Enclosure: The main box sealed against all moisture.
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2.1.3 Digital Signal Processing (DSP) Board: Responsible for initial signal conditioning,
filtering, and compression of raw hydrophone data. It is a dedicated, low-power chip

optimizing incoming acoustic signals for the Al.

2.1.4 Al Edge Compute Module: A high-performance, ultra-low-power processing unit (like
an NVIDIA Jetson or similar specialized loT Al chip). It hosts and executes the pre-trained
SADA Al models for localized acoustic classification and environmental analysis. This
module performs the critical task of transforming large audio files into actionable text-based

intelligence.

2.1.5 Sealed Lithium Marine Battery Pack: A custom-engineered, high-capacity lithium-
ion array designed for high power density and longevity, optimized for deep-cycle
performance in varying temperatures. It may include internal heaters for cold protection and
cooling fins/phases for heat dissipation, managed by a sophisticated Battery Management

System (BMS).
2.1.6 Top-Mounted Communication Array: A compact, armored mast supporting:

e [TE/5G Antenna: For high-speed, low-latency transmission of lightweight text alerts and

telemetry.

e GNSS (Global Navigation Satellite System) Module: A high-accuracy multi-constellation

receiver providing precise, continuous location data.

2.2 Subsea Sensory Payload and Acoustic Depth Optimization

Suspended beneath the floating hull is the device’s sensory array, enclosed within a
protective metallic cage. This cage is treated with specialized non-toxic, anti-corrosive
marine coatings to prevent rust and marine bio-fouling (such as algae buildup) without
leaching chemicals into the surrounding water, ensuring all environmental readings remain

uncontaminated.
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2.2.1.Subsea Cage (Ruggedized Design): A robust cage designed not just for protection but
to promote optimal water flow through the sensors. It is coated with a non-toxic, anti-
biofouling marine coating (like a specialized copper-free, silicon-based paint) to prevent
algae and barnacle buildup, which would otherwise obstruct sensors and interfere with
acoustics. Crucially, this coating is chemically inert to ensure accurate environmental

readings.

2.2.2. Multi-Parameter Sensor Array: A comprehensive suite of specialized sensors

integrated into the cage, continuously logging critical water quality data:
e Temperature Sensor: High-precision thermistor.

e Turbidity Sensor: Uses optical methods to measure water clarity.

e Salinity Sensor: Measures conductivity, translating it to salinity.

e pH Sensor: A ruggedized, industrial-grade glass electrode.

e Dissolved Oxygen (DO) Sensor: Utilizing either optical (luminescence-based) or

electrochemical technology, essential for monitoring ecosystem health.

2.2.3. High-Sensitivity Hydrophone: It is a specialized, wide-band hydrophone, carefully
mounted and isolated from the cage structure (using rubber mounts or specialized
suspensions) to minimize self-noise. Its suspension system is precisely engineered to hold

the hydrophone at a depth of 2 to 5 meters below the waterline.

2.3 Anchoring and Geospatial Integrity

To maintain the accuracy of the Al’s spatial algorithms, the SADA node utilizes a high-

integrity anchoring system.

e Mooring Architecture: The subsea cage is connected to a high-density seabed mooring

weight via a high-tensile marine cable.

18




* Dynamic Resilience: The cable is designed with sufficient slack to allow the deviceto ride

out tidal fluctuations and severe weather without drifting.

e Geospatial Integrity: Maintaining a fixed geostationary position is critical for the system’s
AIS Radar Gatekeeper, enabling the Al to precisely calculate the distance and trajectory of

approaching vessels within protected marine sanctuaries.

o Integrated LTE/5G and GNSS

UV-resistant, textured
LAl Sadelh ik : marine-grade polymers

Surface Infrastructure, —— = 7 ' D|g|ta|S|gna|Processmg(DSP)board :_

Processing, and Security - : Edge Al compute module (SADA

’_."

and Acoustic Depth PHESST-1P to isolate it from surface noise
Optimization Dissolved Oxygen —————=®

Temperature ————@® ®——— High-Sensitivity Hydrophone
Turbidity

2to5m
Subsen Sonsory PaviH Salinity T S Mulu-paramet_er Sensors.
y Fay | Suspended at its optimal depth

High-tensile marine cable, has adequate
slack, allowng the buoy to rise and fall with
Anchoring and the waves while remaining geostationary.

Geospatial Integrity
Seabed mooring weight

2.4 Beneficiaries

Direct Government & Regulatory Bodies:
e Ministry of Climate Change and Environment (MOCCAE)
e Environment and Protected Areas Authority, Sharjah (EPAA)

e Environment Agency - Abu Dhabi (EAD)
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e Abu Dhabi Agriculture and Food Safety Authority (ADAFSA)

e UAE Coast Guard and Critical Infrastructure & Coastal Protection Authority (CICPA)

e Coastal Management Departments of UAE Municipalities

Ecological & Research Organizations:
e Emirates Nature - WWF
e Marine Researchers and UAE Universities

e Global and Regional Marine Conservation NGOs

Economic & Industrial Sectors:

e Abu Dhabi Fishermen Cooperative Society
e Commercial Fishing Companies

e Desalination Plant Operators

e Eco-Tourism and Scuba Diving Operators
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Chapter Three:
PROJECT RESULTS

3.0 Implementation Procedure
3.1 Methodology overview

3.2 Project Results

21




3 Implementation procedure:

3.1 Methodology Overview

A multi-tier Artificial Intelligent architecture is used to address the core problem of
sustainable monitoring and detection of unauthorized fishing activities. The main
constraints of the implementation are the limiting hardware power constraints and to avoid
continuous power consumption due to cloud-based Al processing, this project utilizes
edge computing system. This solution integrates unsupervised machine learning,

geospatial algorithmic routing, and deep convolutional neural networks.

Phase 1: Unsupervised Machine Learning for Environmental Anomaly Detection

This phase uses Al to continuously monitor the water's quality and detect ecological
changes. Due to the unavailability of a public dataset on the Arabian Gulf, a synthetic
dataset was generated reflecting its conditions. This dataset tracks five parameters: Sea
Surface Temperature, pH Level, Turbidity, Salinity, and dissolved oxygen. Deploying an
Isolation Forest, an unsupervised machine learning algorithm, mathematically isolates
statistical outliers by generating random decision trees. The application of Al allows the
device to continuously learn and adapt based on the water quality of its location, triggering

alerts only when an anomaly is detected statically.

Phase 2: Algorithmic Geospatial Logic

In order to minimize the power consumed to process corrupted data, this phase creates a
geospatial logic gate to feed the Al model clean data. A virtual geospatial model of the
Sharjah coastline was developed to simulate live AIS marine traffic. Using the vectorized
Haversine formula, the algorithm calculates the spherical distance of 5,000 ships relative

to the device. It establishes a 2km target zone and 10 km interference zone. This algorithm
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is the core of the device’s routing system. If an acoustic interference is detected from
multiple ships, the hydrophone switches to offline mode to conserve the battery. Thus
enables the mode to detect illegal vessels in the area. If the AIS logic returns an empty

coastline while the acoustic Al registers engine noise, the system flags illegal vessels.

Phase 3: Edge Al & Deep Learning
The pipeline of the system is based on a dual-tier Al structure:

Vessel Classification: this low-power edge ML detects an isolated ship; the system extracts
10 second Mel-Spectrogram features. These are further analyzed by a highly efficient
Random Forest Classifier. This algorithm is trained on an augmented dataset; the Al

differentiates between Commercial vessels, small vessels, and background ocean noise.

Marine Mammal Tracking: This is a deep learning CNN, which acts when the geospatial
logic confirms that the coastline is empty. The device activates a MobileNetV2 deep CNN
by converting 4 second audio signatures into a high-resolution 128x128 RGB spectrogram.
This neural network uses deep feature extraction to accurately classify eight species if

marine mammals.

This routing system ensures that the computationally heavy operations onl operate when
the coastline is empty and relying on the lightweight ML model during active shipping

traffic.

Phase 4: Al Simulation

The isolated ML models and deep learning models are simulated in an operational
dashboard. The interactive dashboard links the simulated sensor arrays, AlS radio states,

and testing files to simulate the behavior.

23




Project results:

The autonomous device prototype was tested within the Python Software-in-the-Loop
environment. The system demonstrated its ability to monitor water quality, algorithmically

filter geospatial noise, and routing acoustic data to the appropriate ML models. The results

of the model are the following:
Unsupervised Environmental Anomaly Detection

To test the water quality Al, the isolation Forest model was fed 1,000 synthesized multi-

dimensional data points representing the Arabian Gulf’s baseline metrics.

SADA: Water Quality Anomaly Detection
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Figure (7)

The scatter plot above shows the successful identification of statistical outliers without
relying on hardcoded thresholds, thus demonstrating how the model learns and adapts
according to its location. Most of the data clustered into a healthy or normal state as

shown by the blue nodes. the algorithm flagged deviations as indicated by the red nodes
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such as temperature spikes or pH drops indicative of chemical spills or blooms. This
demonstrates the Al’s ability to learn adaptively to learn its local environment and trigger

alerts during ecological changes, reducing the risk of false-positive LTE transmissions.

Geospatial logic & Acoustic Battery Conservation:

The system was tested against the virtual simulation of the Sharjah coastline with 5,000
vessels. The geospatial simulation successfully demonstrated the necessity of the AIS
gatekeeper. As illustrated by the yellow nodes in the radar map, the algorithm detected 44
vessels within the 2.0km target zone while the grey nodes show over 1,000 vessels in the

10.0km interference zone. (11)

Interference Zone
@ Target Zone
Smart Buoy

Figure (8)
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Edge Al Vessel Classification:

To evaluate the vessel classification system, the Random Forest model was tested against
a dataset containing large commercial ships, small vessels representing the unauthorized

fishing boats, and background ocean noise

Al Acoustic Model: 3-Class Accuracy Matrix
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Figure (9)

The Random Forest model achieved high accuracy. As illustrated in the confusion matrix,
the model correctly identified 104 commercial vessels,85 small vessels, and 110
background noise, with 1 misclassification. Real-world deployment will feed even more

acoustic noise which will lower the initial confidence scores as this modelis trained on
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statistically clean and augmented data. However, the model is designed to adapt to this

degradation overtime. (12)

Deep Learning Biodiversity Tracking

When the AIS gatekeeper logic confirms an empty coastline, the system successfully
routes audio to the heavier deep CNN to scan for endangered marine mammals, the

network was trained over 15 epochs.

Acoustic Fingerprints — Each Species Has a Unique Sound Signature

Bearded Seal

Beluga, White Whale

Bowhead Whale

False Killer Whale

e T ————_

» w© & 0 200 120
Time Time Time

Grampus, Risso_s Dolphin Humpback Whale

Mel Freq

Figure (10)

To utilize a high-efficiency image classification network for acoustic analysis, the SADA first
translates temporal audio data into spatial visual data. As illustrated in the figure above,
raw hydroacoustic captures of marine mammals are converted into high-resolution Mel-
Spectrograms. Since species vocalizations vary in length, the Al actively standardizes the
inputs and formats them to ensure a uniform tensor shape. Once formatted, the deep
learning model performs computerized visual feature extraction by identifying specific
geometric patterns within the spectrograms. This allows the SADA device to passively map

endangered marine biodiversity without requiring intrusive physical tagging.
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The graphs above demonstrate the successful training of the network. The synchronous
movement of the training and validation lines indicate the neural network learned to extract
audio features from the spectrograms rather than memorizing the dataset. The model

successfully stabilized with high validation accuracy and minimised loss.(13)
Deep Learning Confusion Matrix — Marine Mammals
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This proves that the neural network is successfully analysing complex, realistic acoustic

signatures. (14)
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Dashboard & Real-time integration

The SADA dashboard provides a unified view of the marine environment by synchronising
environmental metrics with Al-driven acoustic classification. The system uses a
hierarchical Edge Al logic to minimise energy consumption by only activating power-heavy

neural networks when specific triggers are
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vessel. Figure (12)
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* Power Management: Because an engine signature is confirmed, the system intelligently
bypasses the power-intensive biodiversity neural network (MobileNetV2), directly

transmitting a "Small Vessel Detected" alert to conserve the onboard lithium battery.
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Figure (13)

Scenario 2: In this scenario, SADA’s Edge Al demonstrates its ability to prioritize

environmental monitoring and preserve power when acoustic conditions are compromised.

e Environmental Anomaly Detection: The system identifies a critical shift in the marine
environment, with Sea Surface Temperature rising to 38°C and Turbidity reaching 45 NTU.
These values trigger an immediate "Environmental anomaly detected" alert in the edge

processing output.

e Spatial Status: The Geospatial Logic Gate identifies a "Corrupted" status, indicating

multiple overlapping vessel signatures that prevent accurate individual tracking.

¢ Intelligent Sleep Mode: The Real-Time Spectrogram confirms heavy acoustic
interference. To prevent the wasteful expenditure of the lithium battery, the Al automatically

forces the Vessel Classification and Biodiversity neural networks into Sleep Mode.
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* Result: By halting the processing of "noisy" data, the system ensures that computational
power is reserved for actionable intelligence once conditions stabilize, maintaining the

node's operational longevity.
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Figure (14)
Scenario 3: When the Geospatial Logic Gate confirms an "Empty Coastline," SADA

autonomously shifts from security to ecological surveillance.

e System Transition: With no vessel targets detected, the Vessel Classification model
enters standby to prioritize biological analysis.

e Al Analysis: The acoustic feed is routed to the MobileNetV2 Deep Learning model to
analyze high-fidelity biological frequencies.

* Result: The system successfully identifies the acoustic signature of a False Killer Whale
with 82.4% confidence.

e Impact: This enables continuous, autonomous biodiversity baselines, providing real-time
evidence of species presence and reef health without human intervention.
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Conclusion:

The protection of the UAE's marine ecosystems and the long-term sustainability of its blue
economy require moving beyond manual Coast Guard patrols and passive data logging.
The SADA network successfully addresses this critical gap by deploying a scalable,
autonomous device infrastructure. By equipping these flexible nodes with high-sensitivity
hydrophones and multi-parameter environmental probes, SADA acts as a continuous,

localized guardian over the UAE's protected waters and commercial fishing grounds.

At its core, the SADA device transforms raw environmental observation into active
intelligence. Instead of relying on vulnerable seabed cabling or power-heavy continuous
data transmissions, the device’s integrated Edge Al filters out irrelevant ocean noise and
transmits only validated alerts. This self-contained, battery-efficient design ensures that
illegal fishing seasonal ban violations, and critical water quality shifts are detected

immediately, even when vessels intentionally disable their tracking systems.

Ultimately, SADA provides the UAE with the automated enforcement tools necessary to
uphold marine regulations and protect native biodiversity. By bridging the gap between
environmental sensing and active surveillance, this Al-powered network offers a proactive,
highly sustainable solution to ensure the long-term resilience of the nation’s marine

resources, safeguarding both ecological health and food security for future generations.
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