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Introduction

 Unmanned aircraft system (UAS) is the aggregation of multiple 

systems:

 Unmanned aircraft subsystem

 Ground control station (GCS) subsystem 

 ATC subsystem

 Sense & Avoid subsystem 

 Payload subsystem (e.g. video camera, etc.).

 The physical aircraft is the unmanned aerial vehicle (UAV) or, 

simply, unmanned aircraft (UA)

 US National Transportation Center expects around 200,000 

UAVs for non-military purposes [1]

 L-DACS1 preferred over L-DACS2 due to efficiency of 

orthogonal frequency

 division multiplexing (OFDM) [2]  



Classification of UAVs [2]

 Useful UAV Classification are mean takeoff 

weight (MTOW) based 

Nano UAV:

Hummingbird

Micro UAV:

Raven A/B

Small UAV:

RQ-16A T-Hawk
Small UAV:

RQ-16A T-Hawk



Projected Absolute UAV Quantities

 Predicted Quantity for all 3 Type of Users by Function 



Introduction cont'd

 Increase of spectral efficiency is of high 

importance to accommodate with 34 MHz of 

bandwidth

 Implementation and study of OFDM-based 

waveform has to be considered for future UAV 

waveforms



OFDM Fundamentals

 OFDM Implementation at TX side by N-point IFFT

 Guard Interval (Cyclic Prefix) in time-domain to prevent ISI and 

guard band for limiting ACI



Implemented Waveform

 Open-source waveform implemented by Wireless@VT

 Waveform utilizes OFDM-FDD and ARQ with ACKs 

and NACKs

 Adjustable Parameters:

 Modulation and Coding Schemes

 ARQ Timeout Time

 FFT Size

 CP Length

 UL/DL frequency

 Bandwidth

 Etc.

 Free download from [10]



Wideband Air-to-Ground Channel 

Model
 Research in this area is still very limited

 Channel Impulse Response as Delay-Tap Model:

 Main Results of Literature Review: 

[3]

[4]

[5]

[6]

[7]
[8]

Reference

 Results in [6] best suit Air-to-Ground Channel for Micro and Small 

UAVs 



Obtain Power-Delay-Profile based 

on [6]

 Average Number of Signal Components per 

Delay Bin from [6]

 Resulting PDP Profile: 



Obtain Subcarrier Spacing

 Minimum UAV RX 

SNR= 14 dB (incl. 2 

dB implementation 

loss and 6 dB 

aviation safety 

margin)

 Solve Problem [9]:



Subcarrier Spacing for different 

velocities

 Maximum Velocity
 MAV < 40 km/h

 SUAV < 120 km/h

 Light Sport AC < 200 

km/h

 Subcarrier Spacing 

requires adjustment if 

carrier frequency 

changes



BER Performance of SISO 5 MHz 

OFDM with BCH FEC Coding

 At v=200 km/h, FEC 

coding less effective

 Use of Diversity 

Techniques at higher 

speeds required



Conclusion

 OFDM advantages:
 Good Spectral Efficiency

 Efficient transceiver implementations 

 Channel-Specific adaptation

 MIMO-ready

 OFDM disadvantages:
 Block Processing introduces delays

 Frequency and Time Synchronization is a 

challenge

 High PAPR 

 Performance for MAV and SUAV acceptable, 

but at high speeds link degradation
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Projected and Current Applications

Categorization of 

UAS Users 

Application Examples



Wideband Air-to-Ground 

Measurement Configurations



Effect of RX Diversity using Maximal 

Ratio Combining

 > 6 dB gain at 0.01 

BER

 Implementation of 

MRC in OFDM simple  


