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Case Study: Avoiding UAV Signal Jamming in Critical Operations

Client: Government Emergency Response Team

Location: Southern California, USA

Project: UAV-Based Wildfire Surveillance and Mapping

Challenge: Signal jamming threats in contested or interference-prone environments

Background

In 2024, a government emergency response team deployed a fleet of UAVs to support wildfire
surveillance and mapping in Southern California. These UAVs provided live video, thermal
imaging, and geographic data to help coordinate firefighting resources and evacuation plans.

However, in multiple operations, the team experienced intermittent signal jamming that
interfered with the communication link between UAVs and ground control stations. This
interference compromised data transmission, delayed mapping outputs, and increased the risk
of UAV loss.

Objective

To develop and implement an effective strategy to mitigate and avoid UAV signal jamming,
ensuring continuous and secure operation in high-risk environments.

Challenges Identified

1. GPS and Communication Vulnerability:
UAVs relying on civilian GPS and unencrypted data links were susceptible to spoofing and
RF jamming.

2. Electromagnetic Congestion:
Fire zones were saturated with emergency radio traffic, potentially overlapping UAV
command-and-control (C2) frequencies.

3. Hostile Signal Sources:
Incidents of intentional RF interference were suspected in border regions, possibly from
rogue actors or signal overflow from nearby defense facilities.
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Solution Approach

The emergency response team partnered with a defense electronics firm to deploy a multi-
layered counter-jamming strategy, focusing on resilience, redundancy, and intelligence.

Key Strategies Implemented
1. Frequency-Hopping Spread Spectrum (FHSS)

UAVs were upgraded with FHSS-based communication modules. By rapidly switching
frequencies during transmission, the link became much harder to jam effectively.

¢ Result: Jamming attempts that targeted fixed frequencies were rendered ineffective.
2. Dual-Link Redundancy
Each UAV was equipped with two independent communication systems:
e A primary RF C2 link
e A backup 4G/5G cellular or satellite link
When interference was detected, the system automatically switched to the backup link.
¢ Result: Increased mission resilience and continuous connectivity.
3. Directional Antennas and Beamforming

High-gain directional antennas were deployed on ground stations to focus the signal beam
directly at the UAV, minimizing susceptibility to lateral interference.

e Result: Reduced noise and extended range with more secure data links.
4. GPS Anti-Spoofing Measures
UAVs were configured to:

e Cross-reference GPS with inertial navigation systems (INS)

e Use multi-constellation GNSS (GPS + Galileo + GLONASS)

e Result: The navigation system became immune to basic spoofing techniques.

5 APR 25



Real Time Consulting

5. RF Spectrum Monitoring & Al Threat Detection
Al-driven spectrum analyzers were deployed to:
¢ Detect abnormal RF activity in real-time
o Alert operators to possible jamming attempts
o Log threat data for post-mission analysis

¢ Result: Improved situational awareness and proactive mitigation.

Outcome
After implementing these solutions:
¢ Signal disruption incidents dropped by 90%
¢ No UAVs were lost due to link failure in subsequent missions
o Data latency improved by 35% due to stable, high-quality connections

The mission demonstrated how layered communication security combined with intelligent
monitoring can successfully mitigate signal jamming in UAV operations.

Conclusion

Signal jamming presents a significant threat to UAV missions, especially in emergency and
defense scenarios. This case study highlights the importance of proactive system design,
redundancy, and smart detection tools to maintain operational integrity. As UAV use continues
to expand, anti-jamming technologies must evolve in parallel to safeguard critical missions.
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