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Executive Summary
Unmanned Aerial Vehicles (UAVs) have rapidly evolved across commercial, industrial, and military domains. While drones enable valuable applications—from surveying and logistics to emergency response—they also increase security risks related to espionage, smuggling, airspace intrusion, and militarized threats.
This white paper provides a structured taxonomy of UAV types, key performance characteristics, and associated risks. It further links each UAV class to the appropriate counter-UAV (C-UAV) detection and mitigation methods, offering operators, governments, and enterprises a systematic framework for drone-defense planning.

[image: image2]
1. Introduction
The proliferation of UAVs has outpaced traditional regulatory and defense mechanisms.
Today’s airspaces host:

Consumer hobby drones

Industrial and enterprise-grade platforms

Military tactical drones

Autonomous swarm systems

Each category operates differently and requires tailored defense measures. Inphoeni Solutions’s anti-drone solution portfolio—which includes **RF detection, radar sensing, EO/IR tracking, protocol decoding, and active jamming—**builds its architecture on an in-depth understanding of UAV capabilities and threat profiles.
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2. UAV Classification Framework
UAVs can be categorized through four principal dimensions:

Aerodynamic form (rotary, fixed-wing, hybrid)
Operational range (short-range consumer, enterprise, tactical, strategic)
Control mode (RF control, autonomous, GNSS-guided, cellular-connected)
Payload and mission type
Each dimension affects detectability and how countermeasures should be applied.
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3. UAV Types and Their Features
3.1 Rotary-Wing UAVs (Multirotor Drones)
Common platforms: DJI Mavic/Phantom/Matice series, Autel EVO, Parrot Anafi
Key features:
Vertical takeoff and landing (VTOL)

Hovering capability

High maneuverability

Limited endurance (20–45 minutes)

Use cases: Photography, inspection, law enforcement support, hobby flying
Threat risks: Low-altitude intrusion, smuggling into restricted zones, espionage
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3.2 Fixed-Wing UAVs
Key features:
Long endurance

Wider coverage area

Higher speed

Requires runway or catapult launch

Use cases: Mapping, agriculture, border patrol
Threat risks: Cross-border infiltration, long-range surveillance, military reconnaissance
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3.3 Hybrid VTOL Fixed-Wing UAVs
Key features:
Combines vertical takeoff with fixed-wing cruise efficiency

Extended flight time vs. multirotors

Increased payload capacity

Use cases: Industrial surveying, tactical overwatch
Threat risks: Harder to detect due to high altitude and endurance
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3.4 Micro and Nano UAVs
Weight: <250g
Key features:
Extremely small size

Very low radar cross-section (RCS)

Operates in indoor or dense environments

Use cases: Indoor inspection, hobby
Threat risks: Covert surveillance; difficult target for radar-only systems

[image: image8]
3.5 Military Tactical UAVs
Includes: loitering munitions, reconnaissance drones, small-tactical fixed-wing platforms

Key features:
Encrypted communication links

GNSS/INS navigation

High-payload ISR or explosive capacity

Resistant to basic jamming

Threat risks: High-intensity attacks, battlefield reconnaissance, precision strikes
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3.6 Autonomous and Swarm UAVs
Key features:
Multi-agent coordination

Minimal RF communication

AI-based autonomous navigation

Hard to detect using RF-only systems

Threat risks: Coordinated saturation attacks; critical infrastructure disruption
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4. Threat Characteristics by UAV Class
	Type
	Detectability
	Threat Level
	Typical Misuse Scenarios

	Multirotor
	High RF, Medium radar
	Medium
	Airspace intrusion, contraband

	Fixed-Wing
	Low RF, High radar
	High
	Border crossing, surveillance

	Nano UAV
	Low radar, Low RF
	Medium
	Covert filming, espionage

	Tactical UAV
	Low RF, High radar
	Very High
	Reconnaissance, attack

	Swarm
	Low RF, Medium radar
	Extreme
	Saturation attacks
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5. Anti-Drone Defense Framework
Effective C-UAV strategy follows a Detect – Track – Identify – Mitigate approach.
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5.1 Detection Technologies
RF Spectrum Detection
Identifies drone control frequencies and telemetry

Detects most commercial off-the-shelf (COTS) drones

Cannot detect fully autonomous or radio-silent drones

3D Radar Sensing
Suitable for long-range and fast-moving UAVs

Detects non-RF, fixed-wing, and small military drones

Tracks altitude, velocity, and trajectory

EO/IR Optical Sensors
Provides visual confirmation

Night-vision and thermal imaging for all-weather operation

Protocol Decoding
Reads DJI, Autel and other known communication protocols

Enables pilot identification and flight-path attribution
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5.2 Threat Identification
Behavioral analysis (flight pattern, altitude stability)

Classification by RCS signature

Signal intelligence (SIGINT) correlation

Payload detection via EO/IR analytics
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5.3 Mitigation Methods
RF Jamming
Disrupts control link

Forces Return-to-Home (RTH) or landing

Effective against most commercial drones

GNSS Jamming
Disrupts navigation

Effective against autonomous drones relying on GPS/GLONASS/BeiDou

Protocol Takeover / Spoofing
Non-destructive

Allows safe redirection or forced landing

Works on protocol-supported brands (e.g., DJI)

High-Power Directional Jamming
Targeted mitigation

Prevents collateral interference with civil communications

Suitable for stadiums, borders, energy facilities

Integrated Kill Chain for Military Threats
Radar + EO/IR + high-power jammer

Optional kinetic layer (third-party) for hardened targets
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6. Matching UAV Type to Anti-Drone Solution
	UAV Type
	Recommended Detection
	Recommended Mitigation
	Inphoeni Solutions Advantage

	Multirotor
	RF + Radar + EO/IR
	RF Jammer / Protocol Takeover
	Precise protocol ID, minimal interference

	Fixed-Wing
	Long-range Radar
	High-power GNSS jamming
	Extended-range radar optimized for small RCS

	Micro/Nano
	EO/IR + Acoustic + RF
	RF jamming (short range)
	Multi-sensor fusion

	Tactical UAV
	Radar + EO/IR
	Directional jammer + kinetic options
	Military-grade jamming

	Swarm
	Radar + RF grid
	Directional wide-band jamming
	Distributed sensor network
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7. System Architecture: Inphoeni Solutions Integrated Counter-UAV Platform
Core modules include:
RF Analysis Engine – detects, locates, and identifies drone/pilot

3D Active Radar – long-range surveillance for all UAV types

EO/IR Turret – real-time imaging and AI target recognition

Protocol Decoder – brand and model identification + safe takeover

Mitigation Suite – RF, GNSS, and protocol-based countermeasures

C2 Command Platform – unified display, alerting, evidence generation

Deployment models:
Fixed installations for airports, prisons, government compounds

Mobile vehicle-mounted systems

Portable tactical kits

Multi-site cloud-connected defense network
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8. Conclusion
With the proliferation of consumer and tactical drones, organizations must transition from ad-hoc protection to structured, intelligence-driven drone defense. By understanding UAV types and their characteristics, security operators can deploy a modern, scalable anti-drone architecture.

Inphoeni Solutions’s integrated detection-to-mitigation system offers broad-spectrum protection across high-risk industries—critical infrastructure, public safety, border security, energy facilities, and event security.
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9. About Inphoeni Solutions
Inphoeni Solutions is a specialized drone-defense solutions provider delivering comprehensive capabilities in drone detection, monitoring, and neutralization. Our technologies combine RF sensing, radar detection, optical verification, and multi-layer countermeasure modules, supporting governments, enterprises, and security operators worldwide.

