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Performance Analysis of MIMO Underwater
Acoustic Communication based on Passive

Time-Reversal Processing

Ki Hoon Nam

Department of Ocean Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In underwater acoustic environment, inter-symbol interference(ISD
caused by multipath propagation and crosstalk between transmitters in
Multiple Input Multiple OutputMIMO) communications result in
distortion of signal. Time-reversal(TR), either active or passive,
exploiting spatial diversity to achieve spatial and temporal focusing
suppresses both ISI and crosstalk. This thesis presents the
performance of communication derived by applying the passive TR
and a comparison of the performance of communication between
simulated signal data using VirTEX(Virtual Time-series Experiment)
and at-sea experimental signal data. Consequently, VirTEX simulator
can be useful as a simulator for evaluating the performance of

communication system in MIMO communication.

KEY WORDS: Underwater acoustic communication, Time reversal, Multiple
Input Multiple Output(MIMO), Bit error rate(BER), VirTEX



T FEE =9H FEEN SFHY A HY vkt ofste] AJFA}
SgstA "o 1 A usHE27F EAsHA
g SolA AME TE
Ag4to] WA HaL

38 AQgAatel o3 A= 3F A
(Inter-Symbol Interference, IS Ao =2 2lsle] =
% o] LAz

ol&

AA O = R4 pal
woto 2 = @loll A Multiple Input Multiple OutputMMIMO) +F23F%A4l
AT AP E 1 Y2l MIMO Al 282 EL719] F417] o) A

|

.]
HolHE Hoz EoHes F4l7
_%_

8
tolgeo AFEE Y F Atk AT A= & FA7dA AGT
A5 1A FAA 6 FAC 7EEHE 4 A2 2Ed(crosstalk) 7}
uAl3te]  SISO(Single Input Single Output), SIMO(Single Input Multiple
Output) FF =& Hlaste] Az B o zo] 3t



A9 A (Time Reversal) 7]1&<& FstioloA S =UHATL o]F F
s

Al ALHJATR3] L F vme HIET AZTelA 1990 d o

ofN

SFEA Fokol| A AHH 7]&o] AlEd oA

N
ofy
1:1[0
001

- 5 Gl

HEEHJL o] YFEHATHASL A 7ee FiE s s A7HY
HoA HhHste AHEFozH FEg A FAHo| o] FoXA Yol=
g8 s BAFo] 7hssty Fdo] dsitte EAES etk A9A
71E& 33 HolHAEE 7] fsted AlFAQ] FJ&ES o] &5tal 59
dsA27F e 75 54 Ad SAHAA F&A Z&E F Ak A
2 AEe T Az 93 SIe ¢43iAd 5 Ax, 334 ASE
& o A3 ) #&H|(Signal-to-Noise Ratio, SNR)E 4 5 A 3ot
(6] =3k AH 7€ o]HdL2 b5 AW HEH 37| nlsty &
o] Ztstr] W

3o AL BEFAAE Zetde Foltil

B =82 3 adgeA AAE MIMO TFs3F54 A3 (Shallow

water Acoustic Variability EXperiment in 2015, SAVEX15)¢] ©le]E ol %

=23 ANdA 71eS FLeee] B s Ans =230 18 529

AI}E Tl MIMO FFaFsdA 58 AdHd 79 84S A

S =3 B =52 i Adge] IAAFAHRE o F VIrTEX(Virtual
g olE S o] &3t 4l A

Time-series Experement) A]&- 155 139] shaL,
g AF dolE et AlEdeld dHleolg o Hlu, 4L F3 MIMO %
SFFA A VIFTEX Al Ed o8 o &84S AFshet F2]o] JrHsl



.
rir
g
-
ox

2 =59 7488 teH 2o Al 2%oA 553 A9AH} F5F A
Azof Hg o]lES AW A WA= MG AP BAH HF A
Joll Al F2lg Az Mz W #sle 7]&3ta, VIrTEX AlE#HolH
£ ol&ste 7P FALSE AT Al 474 BA BEx A"
)3t Adwslar B EQ FE&Bit Error Rate, BER)S 4F&3le] 84t 23
Adel Alg#olH ZAAE M, 2HTH npAHOo R A 574 AE
< 2=t



2. N9A 7&

= el A ee AYeREAe AT
2 AAEHE ol &3t s BAstE 5= 9T Hold
< AAH Figld 553 AYAS =438 3 Zlola, AR A4
g A AT s(t)ek MY a7 v el A A AEE r(t)E
& o FA Ase} =2 25 AAE AD)FH 2ok

r,(t) = s(t) * hyt) 0))

714 h(t)e AISTEEAHS eI x & convolution@d4he &jn)
)& NEIGelA mrAAZ

ri(—t)& AAESA HAA @9 2ol ZAHY y(t)E ARAED 2

=l 2
3 hi(—t) % hi(t)]

1=1

AFNHoZ TEAZE 2= A4 AFEH FA 25 y(t)= F
(main lobe)o] FE= 3 H<iGside lobe)o] A= o) IS/} AzFatA =

a23s de 5 Atk



SRA : Source Receive Array
VLA : Vertical Line Array

Fig.1 Schematic diagram of active time-reversal
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Table 1. Information of eigenray

al arrival(se| amplitude top bottom | source | received
arriva
Q) (<10 ) |bounce #bounce # angle(®)| angle()
9 1.8586 0.3607 0 0 -2.711 -2.875
11 1.8588 0.4046 0 0 -2.238 2.515
(a) receiver No.l
ol # arrival(se, amplitude top bottom | source | received
arriva
C) (x10 ) |bounce #bounce # angle(°)| angle()
12 1.8599 0.3416 0 0 2.287 6.349
13 1.8599 0.4512 0 0 -1.536 6.116
(b) receiver No.6
al # arrival(se, amplitude top bottom | source | received
arriva
Q) (10~") bounce # bounce # angle(’) angle(’)
6 1.856 0.23289 0 0 34906 | -1.993
8 1.8563 0.37929 0 0 -3.177 -1.501
(c) receiver No.11
ol arrival(se| amplitude top bottom | source | received
arriva
Q) (<10~ % |bounce #bounce # angle(®)| angle(®)
6 1.8507 0.1568 0 0 -3.850 0.614
9 1.8513 0.1379 0 1 -4.370 -2.151

(d) receiver No.16
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Table 2. BER (experiment, VirTEX simulation)

Number of TR+DFPLL TR+DFPLL+DFE
data packet | experiment | simulation | experiment | simulation
(%) (%) (%) (%)
1 0 0.06 0 0
2 0.17 0.12 0 0.06
3 0 0.06 0 0
4 0 0.06 0 0
5 0.35 0.23 0 0.06
6 1.10 0.69 0 0
7 0.23 0.35 0 0
8 0.06 0.12 0 0
9 2.31 1.10 0.06 0.18
10 2.43 1.79 0 0.06
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