Autonomous ISR Platform System

Overview and Operational Architecture

Aquila-X Autonomous Multi-Domain Surveillance Platform

Publication Date: September 2022

Prepared by: Durand Porter

Systems and Technical Communications Division e 2022



This document was created and completed in its entirety by Durand Porter

Contents

EXECULIVE SUIMMATY ...cuiueereeeerereeseseesssssssssssssessessessessessessessessessessessessesssssssssssesssssssssssssssessessessessessessessessesssssssssssnes 3
Operational Environment and Mission ReEQUITEMENLS .......corurereeneeereeneeneeneeneessesssessessesssessessssaseseees 3
SYStEM ATChItECTUIE DVEIVIEBW ...couieeieceeeeecereesesssessesssessessesss e s sessse s ssss e ss bbbt s bbb 4
Autonomous Flight Management SUDSYSTEM ........ooeeneeneenneissesseessesssesseesseesssssssssssssssssssssssssssssssessans 5
Multi-Spectrum Intelligence Collection Archit@CtUTIE........ceemeereeereeereeesseeseesseeeseeesessseessenssesssesssesaens 5
Edge Al Analytics and Inferencing FramewWorK .......enenenseneeeneisessessssessssessesssesssssssssssssens 6
Communications and Telemetry INfrastruCtUTE. ... e ssesssrsssssesasessees 7
Ground Control and Mission Management ENVIFONMENT.......ccoencereenmeereeseeneessesssesssssesssessesssessessees 7
Cybersecurity and Operational Security FrameworkK ... seesessessesssesseseesseseees 8
System Interoperability and Standards COMPLANCE ... seesseseens 8
Technical SPECIfICAtIONS ... s s s s 9
(000 4 T L1 13 T ) o V0P 10

Systems and Technical Communications Division e 2022



This document was created and completed in its entirety by Durand Porter

Executive Summary

The Aquila-X Autonomous ISR Platform is an unmanned aerial intelligence,
surveillance, and reconnaissance (ISR) system engineered to support persistent situational
awareness across contested and communication-constrained operational environments. The
platform integrates autonomous flight management, multi-spectrum intelligence collection,
edge-based artificial intelligence processing, and resilient communications infrastructure

into a distributed airborne surveillance architecture.

Unlike conventional surveillance systems that rely on uninterrupted satellite
communications and continuous operator intervention—creating vulnerabilities in degraded
electromagnetic environments—the Aquila-X architecture ensures mission continuity
through localized onboard analytics, autonomous navigation, and adaptive telemetry
synchronization. This design reduces operational latency by up to 40% compared to
traditional ISR workflows and significantly lowers bandwidth requirements through edge-

based processing.

The system is purpose-built to support tactical reconnaissance, border security
operations, maritime domain awareness, disaster response coordination, and critical
infrastructure monitoring. For example, during a border security mission, Aquila-X can
autonomously detect and classify vehicle movements in real time, even under GPS-denied
conditions, ensuring uninterrupted intelligence delivery to operators. Its modular
architecture further supports interoperability across joint operational ecosystems through
subsystem integration and standards-based communications interfaces, positioning Aquila-X

as aresilient and future-ready ISR solution.

Operational Environment and Mission Requirements

Modern ISR operations are increasingly conducted in environments where satellite
communications are intermittent, RF spectrum congestion is widespread, GPS signals are
denied, and electronic warfare activity is elevated. These operational constraints diminish the
effectiveness of centralized intelligence workflows and introduce significant risks to mission

continuity, particularly for traditionally piloted surveillance systems.
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To remain effective under these conditions, ISR platforms must demonstrate the
ability to execute reconnaissance missions autonomously, process intelligence data locally,
prioritize telemetry that is critical to mission success, adapt to degraded navigation
conditions, and sustain operational continuity even during temporary communications
disruptions. The Aquila-X platform was specifically developed to meet these requirements by
employing a distributed mission architecture that reduces reliance on persistent uplink

connectivity and enhances responsiveness at the tactical edge.

The system’s operational design emphasizes persistent airborne surveillance,
autonomous route optimization, rapid target classification, resilient communications
management, and seamless interoperability across multi-domain environments. By
integrating these capabilities, Aquila-X ensures that mission objectives can be achieved even
in contested or degraded operational settings, providing operators with reliable intelligence

and sustained situational awareness.

System Architecture Overview

The Aquila-X platform architecture integrates airborne, communications, analytics,
and mission management subsystems into a distributed ISR framework. Each subsystem is
designed to operate independently during partial network degradation while maintaining

synchronized mission-state awareness across connected nodes.

The airborne platform combines autonomous flight control with electro-optical,
infrared, and synthetic aperture radar payloads, enabling synchronized multi-spectrum
intelligence collection. Telemetry generated by these sensors is processed through an
onboard edge-computing environment equipped with GPU-accelerated inference pipelines

optimized for low-latency ISR analysis.

Mission telemetry is transmitted via an adaptive communications gateway that
supports SATCOM synchronization, encrypted RF transmission, and Mobile Ad Hoc Network
failover routing. Ground operators interact with the platform through a centralized Ground
Control Station, which provides telemetry visualization, sensor management, mission

planning, and autonomous flight oversight.
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The modular architecture ensures interoperability with tactical command systems,
ISR analytics platforms, cloud-based intelligence repositories, and satellite communications
infrastructure. This design not only enhances resilience in contested environments but also

simplifies integration with existing and future mission ecosystems.

Autonomous Flight Management Subsystem (AFMS)

The Autonomous Flight Management Subsystem (AFMS) is responsible for ensuring
navigation continuity, executing mission routes, adapting to environmental conditions, and
conducting recovery operations without operator intervention. It integrates GNSS/INS hybrid
navigation with terrain-referenced positioning algorithms to maintain flight stability even

when GPS availability is degraded.

Environmental telemetry inputs, including atmospheric conditions, terrain elevation
data, and obstacle detection streams, are continuously evaluated by the route optimization
engine. This navigation stack dynamically recalculates flight trajectories to preserve mission
objectives while avoiding hazards and restricted zones. When uplink connectivity is lost, the
platform transitions into autonomous persistence mode, maintaining ISR collection

operations and buffering telemetry until communications are restored.

The recovery subsystem further enhances resilience by enabling automated return-
to-base procedures, recalculating emergency routes when required, initiating low-power
contingency flight profiles to conserve resources, and stabilizing autonomous landings under
adverse conditions. Together, these capabilities ensure that Aquila-X can sustain mission

effectiveness and operational continuity even in degraded or contested environments.

Multi-Spectrum Intelligence Collection Architecture

The intelligence collection subsystem integrates electro-optical, infrared, and
synthetic aperture radar payloads into a unified sensor fusion framework capable of real-time

environmental analysis and target correlation.

Electro-optical sensors provide high-resolution daylight imagery for tactical

reconnaissance, infrared systems detect thermal anomalies and acquire targets in low-
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visibility conditions, and synthetic aperture radar enables terrain mapping and object

identification in adverse weather where optical systems are limited.

Sensor telemetry is processed through a synchronized fusion pipeline that
consolidates data across domains into unified intelligence outputs. This pipeline tracks target
movement, identifies behavioral anomalies, analyzes environmental patterns, and correlates
objects across sensor types to ensure accuracy and relevance. Mission-critical telemetry is
prioritized for dissemination, ensuring that operators receive the most urgent intelligence
first. By consolidating multispectral data into actionable intelligence events rather than
isolated sensor feeds, the system reduces operator workload and enhances situational

awareness in complex operational environments.

Edge Al Analytics and Inferencing Framework

The onboard Edge Compute Processing Environment (ECPE) enables localized ISR
analytics without requiring continuous cloud connectivity. Leveraging GPU-accelerated
inference hardware and tensor-optimized machine learning frameworks, the subsystem
performs real-time target classification and environmental analysis directly at the tactical

edge.

Its inferencing architecture incorporates convolutional neural network models
trained to detect objects, classify vehicles, predict movement, recognize human activity, and
identify behavioral anomalies. Sensor telemetry is continuously analyzed through parallel
pipelines optimized for low-latency processing, ensuring that mission-critical intelligence is

prioritized locally before synchronization with ground-based analytics infrastructure.

By reducing dependency on centralized processing systems, the edge analytics
environment significantly decreases telemetry bandwidth requirements while accelerating
operational response timelines. This capability allows Aquila-X to deliver actionable
intelligence in contested environments where connectivity is limited, ensuring operators

receive timely and relevant information to support mission success.
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Communications and Telemetry Infrastructure

The communications subsystem is designed to preserve ISR synchronization even in
degraded RF and contested electromagnetic environments. It achieves this by combining
encrypted telemetry routing, adaptive spectrum management, and autonomous failover

mechanisms that ensure mission continuity during intermittent uplink disruptions.

Primary communications pathways include Ku-band SATCOM synchronization,
encrypted RF telemetry channels, and Mobile Ad Hoc Network relay routing. All mission-
critical traffic is secured through AES-256 encryption with PKI-based authentication,
ensuring the integrity and confidentiality of transmitted data. When bandwidth is
constrained, the communications gateway dynamically prioritizes telemetry based on
mission relevance and operational urgency, guaranteeing that the most critical intelligence

reaches operators first.

In situations where primary synchronization pathways are unavailable, the
subsystem autonomously reroutes communications through distributed operational nodes.
This capability enhances resilience against jamming, interference, or infrastructure loss,
allowing Aquila-X to maintain reliable connectivity and uninterrupted intelligence

dissemination in contested environments.

Ground Control and Mission Management Environment

The Ground Control Station provides centralized oversight through an integrated
mission management interface that enables real-time telemetry visualization, sensor
orchestration, and autonomous mission supervision. Within this environment, operators can
access flight telemetry, environmental intelligence, mission route visualization, threat alerts,
payload controls, and communications health monitoring in a consolidated and intuitive

display.

Telemetry refresh intervals are dynamically adjusted according to mission tempo and
available bandwidth, ensuring that operators receive timely updates without overwhelming
the system. Automated alerting mechanisms highlight critical ISR events that require

immediate intervention while suppressing non-essential data to reduce cognitive load during
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high-tempo operations. In addition, mission replay functionality allows operators to review
post-operation analytics and reconstruct ISR events, supporting both operational assessment

and training.

Cybersecurity and Operational Security Framework

The Aquila-X platform incorporates a Zero Trust cybersecurity architecture designed
to protect both airborne and ground-based mission infrastructure against unauthorized

access, telemetry compromise, and operational disruption.

This framework integrates role-based access control to ensure that users only have
privileges aligned with their operational responsibilities, secure boot validation to prevent
unauthorized system modifications, and endpoint integrity verification to maintain system
reliability. Multi-factor authentication strengthens access security, while a segmented

network architecture isolates critical subsystems to reduce exposure to potential threats.

Operational telemetry is continuously validated through PKI-based trust
authentication mechanisms, ensuring that data exchanged between airborne and ground
systems remains secure and uncompromised. Encrypted onboard data storage further
protects sensitive mission information, while strict security policies limit subsystem-level
access according to role assignments. Together, these measures provide resilient mission
assurance capabilities, enabling deployment in defense and high-security environments

where operational integrity is paramount.

System Interoperability and Standards Compliance

The Aquila-X platform is built on a modular open-systems design that ensures

interoperability across existing ISR and tactical command ecosystems.

The communications and mission integration framework complies with STANAG
4586 interoperability standards, adheres to Open Mission Systems principles, and leverages

REST-based mission APIs alongside DDS real-time telemetry middleware. Standardized ISR
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synchronization protocols further strengthen its ability to integrate seamlessly with allied

systems.

This modular subsystem architecture enables rapid integration with tactical
command platforms, cloud-based intelligence repositories, satellite communications

infrastructure, ISR analytics environments, and emergency coordination systems.

By following a standards-based approach, the platform simplifies future subsystem
modernization and capability expansion, ensuring that Aquila-X remains adaptable to

evolving mission requirements and technological advancements.

Technical Specifications

To complement the architectural and operational overview, the following technical
specifications provide a detailed snapshot of the Aquila-X platform’s performance
parameters, payload capabilities, and compliance standards. These specifications highlight
the endurance, range, and sensor capabilities that enable the system to deliver persistent
surveillance in contested environments. They also outline communications, encryption, and
edge processing hardware that ensure secure and efficient mission execution. Together, these
metrics define the platform’s operational resilience and readiness for deployment across

diverse mission profiles.

PARAMETER SPECIFICATION
Flight Endurance 14 Hours
Operational Radius 220 km
Maximum Altitude 18,000 ft
Payload Capacity 18 kg
EO Sensor Resolution 4K UHD
Infrared Detection Range 12 km
Communications Support Ku-Band SATCOM
Encryption Standard AES-256
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Edge Processing Hardware NVIDIA Jetson AGX Xavier

Navigation Architecture GNSS/INS Hybrid

Environmental Compliance MIL-STD-810

Conclusion

The Aquila-X Autonomous ISR Platform delivers scalable surveillance and
reconnaissance architecture engineered for modern operational environments defined by
degraded communications, distributed mission execution, and increasing ISR data

complexity.

By integrating autonomous navigation systems, multi-spectrum intelligence
collection, edge-based Al inferencing, resilient telemetry synchronization, and modular
interoperability standards, the platform ensures persistent airborne surveillance while

reducing latency and enhancing mission survivability.

This distributed architecture positions Aquila-X to meet evolving multi-domain
operational requirements and provides a foundation for future advancements in autonomous
coordination, predictive analytics, and next-generation communications. In doing so, the
platform not only addresses today’s operational challenges but also establishes a pathway for

continued innovation and mission assurance in tomorrow’s contested environments.
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