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Echo Location in Bats and Radar




Finding Dory: Echo Location in Beluga Whale
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Whale Songs

e Communication: "grunts”, "groans", "snorts"
and "barks”

* Music: 'for art's sake’ (untestable question)

* Serving multiple purposes simultaneously:
echo location/navigation, communication, etc



Bird Communication via

Chirping Sound

* Proclaim and defend
their territories

e Attract and impress
potential mates

~

Yellow Warbler

-
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* A fast-approaching
predator is detected.

Chickadee




Birds Communication

Multiple layers

Across species

Within the same species

Only understood by a few individuals
Secure communication



Security and LPD RF Waveform

e Security of information (bits): encryption

e Security of communication itself: low
probability of detection



Traditional Low Probability of
Detection (LPD) Waveform Design

* Spread spectrum
* Noise-like waveform
* Both



Spread Spectrum
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Noise-like Waveform Design

e White Gaussian noise waveform
* Chaotic waveform

e Animal sound waveform

11153

[k

L]

Amplitwde{ V)
= B

==
[ —3

E &=

&
=

B

5
Time(s)



Problem

* Cyclostationary analysis will reveal digital modulation

SOF on cyclic frequency around symbol rate
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New LPD Waveform Design

Do not hide waveform itself
Hide communication in an existing RF signal

RF Steganography



Joint radar/comm waveform design
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Linear Frequency Modulation (LFM) Chirp
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Linear Chirp for Radar and
Communication

Instantaneous frequency
f(t)= f, +kt

Waveform of a Chirp Signal
X(t) = 27 f t + 7kt + ¢,

Up-Chirp (k >0) g
Down-Chirp (k <0) )



Up Chirp and Down Chirp
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Chirp Modulation

* Up-down Chirp Modulation

* Long-short Chirp Modulation
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Chirp
(LFM Signal)

Chirp

BPSK-Chirp Modulation
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Ly(7 )l (dB)

Ambiguity Function (AF)

Un-modulated Radar Chirp Signal
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Ambiguity Function (AF)

BPSK Modulated Radar Signal
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Spectrum Correlation Function (SCF)

LFM Radar
Signal
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SCF of BPSK Modulated LFM Chirp

SCF of BPSK modulated LFM Signal

BPSK
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High SNR for Comm
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Reduced Phase Shift Keying




Reduced PSK Modulation

AQ * When ¢ = /2, RPSK becomes
conventional BPSK
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Constellation of Reduced
phase shift keying modulation



Reduced PSK Modulation

BER vs. Ep/Np with different ¢

Constellation of Reduced
phase shift keying modulation




Reduced PSK-Chirp Modulation
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SCF of RPSK Modulated LFM Chirp

Spectrogram of BRPSK modulated LFM signal

SCF of BRPSK modulated LFM Signal

RPSK i
Modulated
Radar

SCF
Frequency (MHz)
(o)}

Signal 5
g .
3
2
10 20 30 40 50 60 70 80 90
Time (us)
10° SCF of BRPSK julated LFM signal 0.12 SCF of BRPSK modulated LFM signal
12
01fF
10
0.08F
8
L L
g $ 0.06F
< 6
0.04F
4
2 0.02f
0 0ha AN s AA.I-..AA.mA A 1 A AAAJMAL adatuantAn Al

-1.5 -1 0.5 0 0.5 1 1.5 -2 -1.5 -1 -0.5 0 05 1 15
o (Hz) «10% a (Hz) x 108



K

Ve

o

oc

- -

)

2 T
n —

QS T
4= -

(O

L S e _

-

D —

d - __
b =

m |||||||||| _

> -

)

m e —

b —

© N S
3

>

Fixed symbol duration

[ I
0

1

Variable symbol durat



Variable Symbol Duration (VSD) RPSK
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SCF of VSD-RPSK modulated
Radar Signal

Spectrogram of BRPSK modulated LFM signal with variable T
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SCF Comparison between VSD-RPSK
and Un-modulated Chirp Signal
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Spectrum power

Cognitive Radio (CR)

Cogntive
radio
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Primary user >

Primary user

Cogntive
radio

Frequency



Cognitive Network (CN)

* Pioneering work of Ryan Thomas
 Network of CR vs CN

* Cognition

Cognitive Radio Network

Interferers are Detected
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Cognitive Cycle




Cognitive RF

* Combining
communication/radar/navigation/EW
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Summary

RF steganography: concealing communication
information in a linear chirp radar signal.

Reduced phase shift keying (RPSK) modulation

Variable symbol duration: removing
cyclostationary features

Joint radar/comm/navigation
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