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From Smart Cities to Autonomous Cities:

How Real-Time Onboard Al for Autonomous

Multi-Drone Systems is Transforming Smart Cities,

Public Safety, and First Responder Operations

The evolution from smart cities to autonomous cities requires real-time intelligence,

resilience, and fast decision making. This white paper explores how the Intel® Core™

Ultra Series 3 Processor enables autonomous multi-drone systems to deliver rapid

situational awareness and mission autonomy for public safety and first responders.
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Introduction

The evolution of autonomous aerial intelligence requires significantly more than
traditional drone imaging and video streaming. Modern wildfire prevention,
emergency response, and search-and-rescue missions demand advanced onboard
artificial intelligence capable of making real-time decisions without reliance on cloud

infrastructure.

To address these challenges, Axcelia Labs integrates the Intel® Core™ Ultra
Series 3 processor (code named Panther Lake) as the primary onboard edge Al
computing platform within the SpecterEye autonomous drone ecosystem. This
architecture transforms individual drones into intelligent autonomous edge nodes
capable of performing advanced Al inference, mathematical modeling, multi-drone
synchronization, and real-time situational analysis directly at the source of data
collecton.

The combination of SpecterEye™ Al software and the Intel® Core™ Ultra Series 3
processingtechnology creates anew class of autonomous aerial intelligence systems
capable of delivering immediate operational insights for wildfire detection, disaster
management, first responder coordination, and survivors location tracking.

SpecterEye™, developed by Axcelia Labs, is an advanced autonomous multi-domain
intelligence platform that combines onboard edge artificial intelligence, drone
swarms, satellite imaging, loT sensors, and real-time communications into a unified

situational awareness ecosystem.
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Intel® Core™ Ultra Series 3 Processor Architecture: Purpose-Built for Autonomous Edge Al

At the heart of the SpecterEye™ platform is the Intel® Core™ Ultra Series 3 Processor, a next-generation heterogeneous
computing architecture specifically designed to deliver high-performance artificial intelligence, advanced graphics
processing, and ultra-efficient edge computing within a compact power envelope. Its modular tile-based design enables

Figure 1.Intel® Core Ultra Series 3 Processor Multi-Tiles Architecture

Unlike traditional embedded processors, the Intel® Core™ Ultra Series 3 processor integrates specialized compute
engines optimized for different classes of workloads, allowing SpecterEye to maximize performance while preserving
battery life and flight endurance.

Intel® Core™ Ultra Series 3 processor features a highly efficient multi-tile architecture that enables SpecterEye™

drones:

Compute Tile — Hybrid CPU Architecture

The Compute Tile combines three types of CPU cores optimized for different workloads:

= Performance Cores (P-Cores): Executes latency-sensitive tasks such as wildfire prediction, geospatial analysis,
SLAM, mission planning, and flight path optimization.

= Efficiency Cores (E-Cores): Handles parallel processing tasks including telemetry management, sensor fusion,
drone-to-drone communications, and environmental monitoring.

= Low-Power Efficiency Cores (LP E-Cores): Supports always-on operations, low-power surveillance, background

monitoring, and system health management, extending mission endurance.

Graphics Tile — Intel® Arc™ GPU

The Intel® Arc™ Graphics Tile accelerates visual computing workloads including:
= High-resolutionimage processing

*=  Multi-camera video analytics

= 3D terrainreconstruction

= Real-time mapping

= LiDAR visualization

= Thermalimage enhancement

This enables simultaneous processing of multiple sensor streams while maintaining real-time performance. 2
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Al Tile = Neural Processing Unit (NPU)

The dedicated NPU serves as the primary Al engine for:

= Wildfire and smoke detection

= Human and survivor identification

= Objectclassification and tracking

= Threatassessment

= Semantic segmentation

By running Al inference on the NPU, SpecterEye™ achieves lower latency, higher Al throughput, reduced power con-

sumption, and longer flight endurance.

I/O Tile — Connectivity and Sensor Integration

The I/O Tile provides high-bandwidth connectivity for:

= Camerasandimaging systems

= LiDAR and environmental sensors

= GPSandRTK positioning

=  Satellite communications

= Drone mesh networking

This integrated architecture enables seamless sensor fusion, reliable communications, and real-time data exchange

across the SpecterEye drone swarm.

Key Value for SpecterEye™

By combining P-Cores, E-Cores, LP E-Cores, Intel® Arc™ Graphics, the dedicated NPU, and the high-bandwidth 1/O
Tile into a single integrated platform, the Intel® Core™ Ultra Series 3 processor transforms every SpecterEye™ drone
into an autonomous Al edge-computing node.

This architecture allows each drone to simultaneously:

=  Flyautonomously

* Process multiple sensor streams

= Execute Alinference

= Coordinate with neighboring drones

= Generate geospatial intelligence

= Predict wildfire behavior

= Detectsurvivors

= Deliverreal-timeintelligence to first responders

Theresultisahighly scalable, distributed aerialintelligence network capable of providing persistent situational aware-

ness across large geographic regions with minimal latency and exceptional energy efficiency.
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Why Onboard Al Matters

Traditional drone systems primarily function as airborne sensors, capturingimagery and telemetry before transmitting data
to ground stations or cloud infrastructure for analysis. While this approach is suitable for routine monitoring, it introduces
communication latency, bandwidth constraints, and dependency on network availability limitations that can significantly
impact emergency response during rapidly evolving events such as wildfires, natural disasters, or search-and-rescue
operations.

By processing data and making decisions locally, SpecterEye™ enables autonomous mission execution, reduces network
traffic, improves scalability, and delivers actionable intelligence to first respondersin real time.

Autonomous Mission Execution Onboard

At the core of SpecterEye™ is an onboard intelligence engine that combines advanced mathematical modeling, real-
time computer vision, geospatial analytics, and autonomous swarm coordination into a unified edge computing platform.
Leveraging Intel® Core™ Ultra Series 3 processor hybrid CPU architecture, Intel® Arc™ graphics, and dedicated Neural
Processing Unit (NPU), each drone independently analyzes its environment, executes multiple Al models simultaneously,
and collaborates with neighboring drones to optimize mission objectives.

Specterkye™ Advanced Mathematical Intelligence Engine
Real-Time Computational Modeling

Wildfire behavior and disaster environments involve highly dynamic variables that require continuous mathematical
analysis.

SpecterEye™ utilizes the Intel® Core™ Ultra Series 3 processor's hybrid CPU, GPU, and Neural Processing Unit (NPU)
architecture to execute complex algorithmsin real time, including:

Fire Spread Modeling
The platform continuously evaluates:

=  Wind velocity vectors

= Terrain elevation gradients

=  Vegetation density

=  Fuel moisture content

= Atmospheric conditions

*  Thermal propagation patterns

Using advanced numerical simulation techniques, SpecterEye™ predicts the following before the fire reaches critical
infrastructure or populated areas:

= Firedirection

= Expansionrates

= Riskzones

=  Evacuationroutes and timelines
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Geospatial Optimization Algorithms

SpecterEye™ employs the following to calculate the most efficient drone deployment strategies:

Graph theory

Coverage optimization

Dynamic path planning

Voronoi partitioning

Mesh network topology algorithms

The resultis near-perfect monitoring coverage with minimal overlap and maximum situational awareness.

Al-Powered Drone Imaging Analytics with OpenVINO™ Toolkit and Geti® Solution

SpecterEye™ leverages the OpenVINO™ toolkit, Geti™ solution, and Axcelia's proprietary Al frameworks to accelerate the

development, optimization, deployment, and execution of advanced computer vision models for autonomous drone

operations. Optimized forthe Intel® Core™ Ultra Series 3 processor heterogeneous architecture, multiple Almodels execute

concurrently onboard each drone, delivering real-time vision intelligence with low latency and high energy efficiency.

The onboard Al analytics include:

Thermal Anomaly Detection

Early wildfire ignition points
Hidden underground hotspots
Structural heat signatures
Human body thermal patterns

Computer Vision Analysis

Real-time identification of:

Fire lines and burn boundaries

Smoke plumes

Vegetation stress

Road accessibility

Emergency vehicles

Trapped survivors and people in distress

Multi-Sensor Fusion

SpecterEye fuses data from multiple sensing modalities to generate a unified Al-driven operational picture with

enhanced accuracy and situational awareness, including:

RGB cameras

Thermal cameras
LiDAR
Multispectral imaging

Environmental sensors
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By processing sensor data and executing Al inference directly onboard, SpecterEye™ delivers actionable intelligence rather
than raw video streams, enabling first responders to make faster, better-informed decisions while reducing communication

bandwidth and eliminating dependence on cloud-based processing.

SpecterkEye™ Autonomous Multi-Drone Synchronization
Cooperative Al Swarm Intelligence

One of SpecterEye™'s most advanced capabilities is synchronized multi-drone operation.
Using the Intel® Core™ Ultra Series 3 onboard processing, each drone acts as an autonomous intelligence node capable of:

= Local decision making

= Dynamic mission adjustment
*  Neighbor awareness

*  Formation maintenance

*  Obstacle avoidance

= Collaborative target tracking

The drones continuously exchange telemetry and Al-generated insights through SpecterEye's eBridge communications framework.

Figure 2. Multi-Drone Synchronization Process
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Distributed Swarm Computing

Rather than relying on a central controller, the Intel® Core™ Ultra Series 3 processor-equipped drones participate in
distributed computing operations.

Tasks can be dynamically divided among drone clusters including:

* |mage processing

= Mapping updates

= Survivordetection

= Fire perimeter calculations

=  Threatclassification

This architecture dramatically improves scalability and resiliency during large-scale incidents.

Geographical Coverage Assurance
Achieving Near-Perfect Area Coverage

One of the greatest challenges in wildfire management is ensuring that no critical area remains unmonitored. SpecterEye
employs advanced geospatial intelligence algorithms executed onboard Panther Lake processors to:

Continuously Calculate

= Coverage density
= Blind spots

= Sensoroverlap

=  Terrainocclusion
= Visibility corridors

Dynamic Repositioning

If coverage gaps are identified, drones autonomously:

= Recalculate flight paths

= Reassign monitoring zones

=  Optimize altitude

= Rebalance cluster formations

This capability ensures continuous intelligence coverage across:

= Forests

=  Urban-wildland interfaces

= Mountainregions

= Disasterzones

=  Search-and-rescue corridors



White Paper | How Real-Time Onboard Al for Autonomous Multi-Drone Systems is Transforming Smart Cities, Public Safety, and First

Responder Operations

Real-Time First Responder Intelligence Network

The Digital Command Center in the Sky

SpecterEye™ transforms drone fleets into airborne Al command centers.

The Intel® Core™ Ultra Series 3 processor enables onboard processing of:

= Livevideo streams

*  Thermalimagery

=  Environmental sensors
=  Firefightertelemetry

= Vehicle tracking

]
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Figure 3. SpecterEye™ Drone Real-Time Operation with First Responder Coordination in Wildfire

Real-Time Operational Awareness

First respondersreceive the following without waiting for cloud processing or centralized analysis:

= Live hazard maps

= Fire progression forecasts

= Safeaccessroutes

= Resource deployment recommendations

= Personnellocation tracking
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Search and Rescue Intelligence
Al-Assisted Survivor Detection

Locating survivors during disasters often requires scanning vast areas under extremely challenging conditions.

SpecterEye™ utilizes the Intel® Core™ Ultra Series 3 processoraccelerated Al models to detect:

Human Presence Indicators

= Body heat signatures

= Motion patterns

*= Distress gestures

* Infrared anomalies

= Voicelocalization

=  Structural collapse survivability zones

Predictive Search Algorithms

Al systems estimate likely survivor locations based on:
= Terrain accessibility

=  Shelteropportunities

- Environmental conditions

= Historical movement models

This dramatically increases search effectiveness while reducing response times.

From Detection to Decision

The combination of SpecterEye™'s distributed Al architecture and the Intel® Core™ Ultra Series 3 processor transforms
drones from passive sensors into autonomous operational assets.

Together, they provide:

Prevention

= Earlyignition detection
=  Environmental risk assessment
=  Predictive wildfire modeling

Protection

=  Continuous geographic monitoring
= Infrastructure risk analysis
=  Public safety surveillance

Response

=  Autonomousdrone swarm deployment
* Real-timeincidentanalysis

= Firstresponderintelligence
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Recovery

=  Survivoridentification
= Damageassessment

=  Environmentalimpact monitoring

Onboard Al Performance Analysis
Real-Time Al Latency Analysis

Thermal Wildfire Detection

This table summarizes the average processing latency for each stage of SpecterEye’s onboard wildfire detection

pipeline, from sensor data capture through Al analysis to alert generation.

Table 1. Thermal Wildfire Detection

Operation

Sensor Capture

Image Normalization

Al Fire Detection

Geospatial Correlation

Alert Generation

Average Latency

8 ms

4ms

12ms

6ms

3ms

Total end-to-end average detection latency is 33 mseconds, this allows SpecterEye to perform approximately 30

complete threat assessments per second per drone without cloud assistance.

Human Detection and Survivor Search

SpecterEye™ helps identify survivors under adverse conditions:

= RGBimaging
= Thermalimaging
= LiDAR mapping

. Environmental sensors

Table 2. Latency for Each Task

Task

Thermal Frame Acquisition

Human Segmentation Model

Thermal Signature Matching

Confidence Scoring

Position Estimation

Average Latency

10 ms

15 ms

8ms

5ms

7 ms

10
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SpecterEye™ achieves a total survivor detection latency of 45 ms, allowing continuous real-time disaster-zone

scanning while maintaining autonomous flight operations.

Multi-Drone Synchronization and Coordination

SpecterEye™ continuously synchronizes between drones. This is applicable for:
= Position

= Altitude

= Direction

= Velocity

= Coverage Maps

= AlMaps

Table 3. Multi-Drone Synchronization Latency Analysis

Operation Average Synchronization Latency
Telemetry Broadcast 2ms

Swarm Update Processing 3m

Neighbor Validation 4ms

Formation Adjustment 8ms

With a total swarm response latency of just 17 ms, SpecterEye™ enables autonomous drone swarms to dynamically

reconfigure and maintain mission effectiveness as environmental conditions evolve.

100
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Figure 4. Real-Time Al Latency Analysis Comparison for Intel® Core™ Ultra Series 3 on Board versus Clouds
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Geographical Coverage Optimization

SpecterEye™employs advanced mathematical algorithms to maintain continuous surveillance coverage:
=  Voronoi Partitioning
= Delaunay Triangulation

= Coverage Optimization

= Graph-Based Route Planning

Table 4. Coverage Results for 50 KM2 Wildfire Monitoring Zone

Metric Result
Coverage Efficiency 98.7%
Blind Spot Reduction 94%
Overlap Reduction 62%
Area Recalculation Time <50 ms

These results from on board the Intel® Core™ Ultra Series 3 processor calculations prove near-perfect aerial visibility
across large geographic regions without the need for cloud support.

Power Efficiency Analysis

Power efficiency directly impacts drone endurance and mission capability. SpecterEye™ is among the first
autonomous drone platforms to perform advanced Al processing entirely onboard, including computer vision,
wildfire analysis, and autonomous decision-making. Consequently, comparisons with conventional drones that
primarily capture and stream data are not directly comparable. The Intel® Core™ Ultra Series 3 processor dedicated

NPU executes Al workloads significantly more efficiently than GPU-only approaches, reducing power

Table 5. Power Distribution Analysis

Power Distribution Average Power Distribution
Sensors 10w

Communications 94%

Flight Control 15W

Intel® Core™ Ultra Series 3 CPU 12w

Intel® Core™ Ultra Series 3NPU 4 W

Integrated Graphics 6W

12
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Conclusion

Axcelia SpecterEye™ represents the next generation of autonomous wildfire intelligence, disaster response, and
search-and-rescue technology. By integrating the Intel® Core™ Ultra Series 3 processor directly onboard
autonomous drones, SpecterEye™ delivers unprecedented edge Al performance, enabling real-time mathematical

modeling, advanced computer vision, distributed swarm intelligence, and predictive operational awareness.

This architecture allows emergency agencies, municipalities, defense organizations, and environmental authorities
to move beyond traditional monitoring and embrace a proactive intelligence-driven approach to disaster

prevention and response.

The partnership between Axcelia's Al innovation and Intel's advanced Intel® Core™ Ultra Series 3 processing
architecture creates a powerful foundation for safer communities, faster emergency response, more effective

wildfire containment, and ultimately the preservation of human life and critical infrastructure.

For collaboration opportunities, solution
deployment, or technical support, please contact:

Email: cities@intel.com [/ info@axcelialabs.com
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