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Congested Spectrum
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Geographical Exclusion Zones
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Figure 1.3: Exclusion zones required to protect radar and WiMAX systems from each other’s
[ 1] harmful interference.

Sevgi Z. Gurbuz (szgurbuz@ua.edu) THE UNIVERSITY OF ALABAMA®




Potential Solutions
(from perspective of radar)

e Do not let commercial users have some bands

— Problem: hard to fight economics and demand!

* Find alternative radar transmit bands
— Increasing utilization of X-band and above

— Design tradeoffs: power, atmospheric
attenuation, greater Doppler shifts, distance

— Problem: now some comm signals are mmwave!

* Find a technical solution to allow co-existance
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RF Convergence

* Reuse RF sighals and receivers

— Comm and radar are both RF,
don’t discriminate!

— Design nodes to perform
multiple tasks simultaneously

* Dual radar-communication
waveform design
— Design signals that can be used

for comm and radar functions,
e.g. detection, tracking, ATR
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Long-Term Vision of Multi-Function Use

I LSS
* Multi-functional waveforms T
— Adaptive waveform design ﬂ = £
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— Anything else?
— loT? Human Cyber-Physical Systems?
e Sophisticated receivers that can disentangle multiple
waveforms
— Multiuser detection, adaptive antenna processing

* Optimize network performance
— Increase multi-functional node density
— Distributed optimization

— Optimally using network resources and power (energy
harvesting)

— Other goals?

[4]

Sevgi Z. Gurbuz (szgurbuz@ua.edu)




Topological Examples
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What are designh considerations?

e Radar Goals:

— Desire Constant Modulus
* Small peak-to-average power ratio

— Good Ambiguity Function
* Minimize range and Doppler ambiguities
e Communications Goals:
— Make dispersion compensation easy (e.g. OFDM)

— Convenient modulation that matches spectral
efficiency needs

— Employ convenient coding and acknowledgement
frames
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Radar Waveforms:
Linear Frequency Modulation

* Linear Frequency Modulated Continuous Wave (FMCW)

— Quite popular in low-cost, low-power commercial radars and
automotive radar systems

— It is constant modulus, with an approximately uniform spectrum
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Communication Waveforms:
Digital Modulation

* Encoded bits are converted into complex ‘
symbols —o

— Number of constellation points: 2"bits

e Common modulations:

— Binary Phase Shift Keying (BPSK): colo o S 000|cooae
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(a) BPSK, (b) QPSK, (c) 8PSK, (d) 16QAM and (e) 64QAM

[6]

— Quadrature phase shift keying (QPSK):
{—1—] —1+j 1+ 1—j}

V2 T V2 N2 A2

— Quadrature amplitude modulation (QAM): {£p =+ jq}
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Presentations

* Waveform Diversity with Noise Radar

— S. D. Blunt et al., "Principles and Applications of Random FM Radar Waveform
Design," in IEEE Aerospace and Electronic Systems Magazine, vol. 35, no. 10, pp.
20-28, 1 Oct. 2020.

— Presenter: Eddie Hackett

e Radar-Communications Co-Existence in Automotive Case

— G. Hakobyan and B. Yang, "High-Performance Automotive Radar: A Review of Signal
Processing Algorithms and Modulation Schemes," in IEEE Signal Processing
Magazine, vol. 36, no. 5, pp. 32-44, Sept. 2019.

— Presenter: TBD

* Dual Function Radar Communication Systems:

— A. Hassanien, M. G. Amin, E. Aboutanios and B. Himed, "Dual-Function Radar
Communication Systems: A Solution to the Spectrum Congestion Problem," in IEEE
Signal Processing Magazine, vol. 36, no. 5, pp. 115-126, Sept. 2019.

— A. Hassanien, M. G. Amin, Y. D. Zhang and F. Ahmad, "Signaling strategies for dual-
function radar communications: an overview," in IEEE Aerospace and Electronic
Systems Magazine, vol. 31, no. 10, pp. 36-45, October 2016.

— Presenter: Ladi Adeoluwa
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Presentations (2)

* Cognitive radar for spectrum sharing

— A. F. Martone et al., "Closing the Loop on Cognitive Radar for Spectrum
Sharing," in IEEE Aerospace and Electronic Systems Magazine, vol. 36,
no. 9, pp. 44-55, 1 Sept. 2021.

— P. Stinco, M. Greco, F. Gini and B. Himed, "Cognitive radars in spectrally
dense environments," in IEEE Aerospace and Electronic Systems
Magazine, vol. 31, no. 10, pp. 20-27, October 2016.

— Presenter: Sean Kearney
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