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Introduction

• Radio control links of small unmanned aircraft (UA)
– Generally require LOS path to control station (CS)

• Horizontal range typically ≤ 1500 feet
• Ceiling of 400 or 1200 feet AGL

– Generally use 72–73, 902–928, and 2400–2483.5 MHz bands
• Shared with other services
• Potential RF interference (RFI)

• Objective of this analysis: Develop methodology for 
quantitatively estimating RFI to control links of 
small UA systems (UAS)
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Approach

• Analyze potential RFI from unlicensed emitters
– Cordless phones, wireless LANs, baby monitors, etc.

• Analyze potential impacts of licensed emitters
– Radio transmitters with federally registered frequency 

assignments
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Typical Link Parameters
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Unlicensed Emitters in
902–928 MHz Band
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Unlicensed Emitters in
2400–2483.5 MHz Band
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A Scenario for RFI from a Local
Concentration of Unlicensed Emitters

• High-rise apartment with 400 
residents emits 11 dBm in an 
“average” channel in 902–928 
MHz band

• UA flies past, 200 feet from 
building and 1500 feet from its CS

• Undesired-signal power Ur
entering UA receiver is –56 dBm

• Received desired-signal power Pr is also –56 dBm
• Link margin M = Pr – Ur – T

where T = interference threshold (10 dB assumed)
• So, link margin in average channel is –10 dB (unsatisfactory)
• However, some channels probably remain relatively clear
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Scenario for RFI from an Area-Wide
Distribution of Unlicensed Emitters

Multiple Interferers (Plan View)Single Interferer (Elevation View)
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Uplink Margin in Presence of 
Distributed Unlicensed RFI

• Find total undesired power ur in UA receiver channel
– Integrate Δur over all r from 0 to radio horizon

• Most of the power originates < 1.0 mile from the UA
– Convert to dBm (Ur = 10 log ur)

• Compute link margins for various population 
densities
– Hundreds of U.S. cities have P in the 1,000–30,000 range
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Potential Unlicensed-RFI Impact 
on UAS Uplink Margin (1 of 2)

902–928 MHz Band
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2400–2483.5 MHz Band
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Licensed-Emitter Analysis

• MITRE-developed simulation model calculates RF 
power levels in a UA receiver
– User-defined UA flight path
– Ground environment from FCC and Govt. agency files

• 100% duty factors assumed (worst case)
– Smooth-earth propagation model

• Simulations performed for one CS location in 
each of 10 U.S. cities

• UA orbits in circle around each CS location
– 1500-foot radius
– 100, 400, 1200 feet AGL



F085-B08-005
© 2008 The MITRE Corporation. All rights reserved.13

Example of Simulated Signal-Level 
Variations in a Channel
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Example of Licensed-RFI Impacts
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Channel Blockage by Licensed Emitters 
(Simulated UA Flights at 1200 Feet) 
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Flight

Through
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* Assuming 100% emitter duty factors and no masking by terrain or buildings

NOTE:  Blockage percentages are generally smaller at lower altitudes
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Conclusions

• Unlicensed RFI may degrade UAS control-link 
reliability in 902–928 and 2400–2483.5 MHz bands

• Licensed emitters may degrade reliability in      
72–73, 902–928, and 2400–2483.5 MHz bands

• To minimize RFI in frequency-hopping links:
– Use narrowest feasible RF channels consistent with 

required data rates
– Seek and use “cooler” channels during link operation

• Airborne measurements are needed to validate 
and calibrate our model
– Ambient spectral power densities
– Associated bit error rates
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