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A study on FrFT receiver for frequency hopping spread
spectrum with chirp signal

Geun—Hyeok Lee

Department of Radio Communication Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

Unlike terrestrial communication, underwater acoustic communication
utilizes sound waves. The sound speed is dependent on the water
temperature and the salinity. The sound transmission path is changed
by refraction according to the gradient of vertical sound velocity.
When sound waves are passed through the underwater, they are affected
by attenuation, reflection of bottom and surface, scattering, ambient
noise, and the Doppler effect caused by movement of the transmitter
and the receiver. Even due to the doppler effect, the received signal
is expanded and compressed. Sometimes it is necessary to hide and
protect our information from stranger. However, due to the
characteristics of wunderwater acoustic communication using sound
waves, the probability of detection is higher than that of terrestrial

communication, and our information is easily intercepted. Therefore,
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it 1s necessary to study on the covert communication along with the
reliable communication in the underwater acoustic channel.

In this thesis, a covert underwater acoustic communication method
that 1s robust to fading using a chirp signal combined with a
frequency-hopping spread spectrum scheme is designed and demodulated
to new type receiver. A fractional Fourier transform (FrFT), which
estimates the slope of the signal frequency variation, 1s applied to
the receiver to enable a robust and reliable symbol estimation with
respect to the frequency and irregular phase variations. Using FrET,
the chirp signal can be distinguished and other frequencies can be
treated as noise. Therefore, FrFT receiver is a different demodulation
method compared to conventional correlator receiver. In addition,
since the recursive symbol synchronization can be implemented using a
chirp signal, compression and expansion effects due to the Doppler
shift can be mitigated. Simulation and lake trials were performed to

verify the performance of the proposed method.

KEY WORDS: Underwater acoustic communication, Chirp signal, Frequency-hopping

spread-spectrum, FrFT(Fractional Fourier transform)
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Fig. 4.1 Simulation channel characteristic,

(a) Sound speed profile, (b) Eigen-rays, (c) Channel impulse response

Table 4.1 Parameters for simulation

Element Contents
Modulation FHSS-CSK
Data length 1,080 symbols
Data rate 100 bps
Packet Center frequency 16 kHz
structure Total bandwidth 10 kHz

Hopping frequency

Training sequence length

8 hopping frequency
512 symbols
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Table 4.2 Uncoded bit error rate in the simulation

SNR (dB) Conventional method Proposed method

15 0.49 0.000
10 0.48 0.002
5 0.49 0.004
0 0.48 0.050

r29jo] FATFA FFZF AAZE Watermarke T5=3 549 &
g2 AT T2 digh 71 o82M FEHIL AT o] AlE 5
7hA Sl 747l & Ad EAS st Jow, OF 2o 3 HelA
¥ Ad NCS1s /\P%‘S}Eiq. o] Ade W el 24 =& &
AhE Z23skal e Aol Aot & AR &2 FaEd [28]
AT E F 6OQ Ty A7RE BHoFEo ¥

B
< AE e A% A5 d= 007 o ke Aese 2

_28_

Collection @ kmou



=
=

=& Proposed method
-0+ Conventional method

T S

s = = =
L R .

Bit Error Rate

=
[

o i0 mn 30 40 50 &0
Number of cyces

19 4.3 Watermark Wlx|vl7 24 mojAdd Ax}

Fig. 4.3 Simulation result of Watermark benchmark model

AR S X o] UA
TR Aol & AR E FA FPSAT ol REE 9F 2 knot(1 m/s)%k
4 knot@2 m/s)®] £EE FHAoH, e AL 4o A FA ZA
Atk $2171E 9 71Eske B 9A HEAS T 69 WHEEY &
At FAl71eF FA7]= Neptune D/17/BB =23} B&K 8106 ==o] A}

93
54 A5E A4e7] Aol A AY SHL FHsAT. 48 Fus

Mz NEE MEHOE S4Ase AY $HEHS FAPRAL =W

NEse RER Jdste] WY =Ie FA4E FHI Aste] M

sequence A& E 53+ 4tekslS(scattering function)S T8t¥th 1 A¥
A

A FA Ao B4 1Y 459 o] Yyelgth HAH A=z Aav)
72 E29HT 3 ms o)F O A2 AY 2s7) A=Y 9

_29_

Collection @ kmou



of ol met 4l Azke] Folsl WAy 1Y 45@ERE 7€)
ANEE % S Utk A ARE Fi) m¥e Aol Fush

oF 13 ~ -15 f: WA AL L 4 Atk

ym/®
= =
o me——— *ren,,
‘\0 (om

R Projector
30m S Neptune D/17/BB

40 m

30m

*

Hydrophone

B&K 8106 i

a9 44 5599 74

Fig. 4.4 Setup for lake trial

Transmittaed Time [sec)
= ORM OB @m om s M o=
i i 7 =
] & [ s R
Doppler Fro. (Hz)

] Q05 (IR 15 a2 0 a5 LR 015 a2
Arrival Time (sech Aurival Time | sec)
(@) (b

O9 45 FF5F Ad B4, @ AEsH 54, b ASg+
Fig. 4.4 Underwater acoustic channel characteristics,

(a) channel impulse response, (b) scattering function

— 30 —_
Collection @ kmou



09 46S AX AEE AT Fhe S0k 4 AfEG I F
A Az FA ABO) YRES seeERIgos B Zolth 1Y
16@sh 13 46 FAF AZTUE BPBT FA AEE Holt 1
o ol w7 Fed 0hF Aol g A Foz eduol gk A4
sae e Asol S YoslA Hu o <ls) FrFT 4417]4)
FAe 2 5 ok

25

Ll
w0

()

n’“’ My we oy
\"n\"\w "f‘
W \\/ M

0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 07 08
Time (sec) Time (sec)

l

P
Frequency (Hz)

Frequency (Hz)

-

a8 46 Az Asel AR Fuk Tof 4k AEo] ~HERTH,
A

Fig. 4.6 Spectrogram of the frequency hopping spread spectrum with
chirp signal, (a) the transmitted signal, (b) the received signal

FIFT 4171+ AR E #dsr] S8 H2 HE 2 o, 5 28= 3
o A Az HA e AeE F 419 i) WFEY gorz o
£ 2 GR10d HYSHE «,, =099605 T & Jth. 2H 4774 19
482 FIFT FAl7]1oA Hg 2o g ~2HEJS Mo g R 3
o F O92 A2 g2 Fa5, o2 AHNA T AEAR FY

_ 3y

Collection @ kmou



b
ox
o
_N‘_:‘
[
lo
ox
fuj
o
v
[
o
N
PN
=2
>
[»
)
(m
o
rlo
2
N
=
2
30
o
I
B
2~

LN
riet
_>|4_',
o

@ o
—
B
i
o
oo
ol
2
©
—
S
I
=
fo
N
1=
)
=2
>
o
o
|
i
P
rlr
>
e
o

W, 29 8@ 19 473 5A 4T A= 4
A ARoIA e FH 2EE

=3

=
A zmEe] WAHA Raka 23

%

o
!
o
o
N
of

ol
o

fof

jalo

=2

b

M

-

o

=

o

oo E

_Nd,

[
N

)
2

i

o2

A,

A 5o 8% AelA 2 EHo|

8= G ARl thEk o] 4l

)
ot md
ox Ho
oW
= 2L
o ot

B oqu =

9 N

TR

_Q‘ [

o N

o QL rO

o 8

R

me

o 14

OE'-‘ o

L >

o

fru

=

4

+

>

N

Ll

o

ofo

ol

£

4 o

>
i

Up-chirp Down-chirp

7 The estimated point

1.004

1.002

0.998

rFT order «
[—]
w
w0
o

0.994
e
0.992
0.99
0.988
-300 -280 -260 260 280 300
U-axis U-axis

O A7 $HHE 34 AR A ME A5 mpe
FIFT 289 4 5%
Fig. 4.7 Color density of FrFT spectrum according to transform order

at correct estimated symbol

_32_

Collection @ kmou



Up-chirp

Down-chirp
1

e
» 0.998
<
S 0.996
E 0.994
0.992
0.99
0.988
% The estimated point
-360 -340 -320 320 340 360
U-axis U-axis

Up-chirp Down-chirp

(@) 4l Aol that 2 ER, (b) o] AEel e ~FEH
Fig. 4.8 Color density of FrFT spectrum according to transform order
at incorrect estimated symbol,

(@) the spectrum of received symbol, (b) the spectrum of ideal symbol

_33_

Collection @ kmou



% 439 ® 44% 27 2 knotsh 4 knotol] TI@ A3E mAsT SO
W, 5549e Fo H5F 54 AEE Hxsle] 1@ BE WE OF
g0 A grolth. Azl AY Ras sgo] AEHA egkor] A8
$7189) f5o meh A%E wmstel Yy 9ot

Ao Al A AR F715e] fFol Wb ol 2 Eow W
e % F b Ak oA 2 knoto] A%, A M Sg e
A Qe FFIA APol Hol el AL 4 knotHrh 4ol Hoj

A= .
A= BLES Holu gt IO x Bty AAAH o= FEC(forward
error correction) ARl 10% vTke] HIE /& A& Holw Atsh
=

ol olsAde 7I AW I AddARE FJAT Tl Thedt

Table 4.3 Experimental results at 2 knot.

trial Conventional method Proposed method
1 0.23 0.09
2 0.24 0.09
3 0.28 0.001
4 0.12 0.09
5 0.22 0.11
6 0.09 0.01

Table 4.4 Experimental results at 4 knot.

trial Conventional method Proposed method
1 0.17 0.04
2 0.26 0.05
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