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A Study on Weighted Multiband Communication
Method Based on Iterative Coding for Long Range

Underwater Acoustic Communication

Lee, Hui Su

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, underwater acoustic communication is an essential
technology for underwater communication in marine research, and its
application field is expanding. In addition, with the development of
military AUV capable of long-distance movement, there is an increasing
need to develop a technology capable of reliably communicating over a

long distance for efficient marine surveillance.

In the long distance acoustic communication, as the transmission
distance increases, the bandwidth decreases and the throughput
efficiency decreases. Multiband transmission technique is an efficient
method to improve the transmission distance and performance in
long-range underwater acoustic communication. However, sometimes the
performance of multiband is lower than that of single bands. This is
because in the transceiver model using the conventional multiband
transmission technique, signals of different frequency bands are

combined with the same weight and input to the decoder, so that
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performance degradation of a specific frequency band affects the total
band. Accordingly, this thesis propose a weighted multiband transceiver

model to improve the performance of the multiband transceiver model.

In the weighted multiband transceiver model, the transmitter uses a
convolution code and a turbo code of 1/3 coding rate, and receiver uses
a decision feedback equalizer to compensate for multipath distortion
after compensating for frequency and phase offsets in each band. And,
by applying the turbo equalization technique, the equalizer and the
decoder is connected to each other to update the information iteratively
to improve performance as the number of iteration increases. In
addition, the threshold detector adds weights by setting threshold values
through preamble BER(Bit Error Rate) of each band. The weighting
method according to the threshold value for each band can improve the
performance by reducing the influence of the band having low

performance in the total band.

Simulation results show that the performance improves as the number
of bands increases when the multiband transmission technique is applied.
The performance of the proposed weighted multiband transceiver model
analyzed through short and 90 km long-range sea experiments. In the
short-range sea experiment, it confirmed that the performance improved
with the increase of the number of bands, and that the performance was
improved by applying the proposed weighted multiband structure to the
data with low performance when the number of bands was four. In
addition, the 90 km long-range sea experiment applied a weighted
multiband transceiver model for data that did not completely correct
errors within 5 iterations in the conventional multiband. As a result, it
confirmed that the performance is further improved when the weighted

multiband is applied.

KEY WORDS: Underwater acoustic communication; Multi-band; Convolutional code;

Turbo code; Turbo equalization; Threshold; Weight
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N7V S71stel gl Wglsls Adss vla, 4351 AlEg oS Table 4.19]
el ele st em, Turbo pi #57]= K=112 bit, #3538 R=1/3S A&3}t
Atk Turbo pi H&57]9] WREHE Sl4= 532 44 stglon B|lH F317]9 A
AWHE 3= 532 ST $41415 = preamble bite} 353t HE FF 592
bite]™, QPSK W3} 296 symbols & FASIATE Ede t=AHE += Fig.
4.1} o] INE 7HA A

—\>

Channel Impulse Response

1 15
Delay[bit]

Fig. 4.1 Channel impulse response
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Table 4.1 Simulation parameters

(Iteration between turbo decoder and DFE)

Source 112 bits
Preamble bit 256 bits
Number of inner iteration -
(Turbo decoder internal iteration)
Number of total iteration -

Channel coding

Turbo Pi code

Coding rate 1/3

Modulation QPSK

Packet size 296 symbols
=3

Number of multi-path (1)

h,=1.00, h,=0.62, h,=0.35

Equalizer LMS DFE
Number of bands (V) 1~4
f1=260.41 Hz
f5=292.96 Hz
Center Frequency of each Band
£,=325.52 Hz
f,=358.07 Hz
Number of samples (V,) 480
Bit rate 8.138 bps

ANEHo)AE Y3 A IeivEel= Table 4.19 2ow, AA FFEAlo|g
7Het] % e AT APS A AREE Y Ao A&, A F3
=]

Akl or, RSNRe| A2 41D 2o] 5%

flo
z

A
4 o R
=

N e

3MEkar 7Hgsk T Table 4.29] AlEd|o]
ZIRke 2 AlE#oldE Tk
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Table 4.2 Simulation results

Number of bands (V)
1 2 3 4
RSNR BER RSNR BER RSNR BER RSNR BER
0.06 107097 -4.01 10~ 115 -5.03 10~ 162 -5.99 10~ 184
0.23 1042 | -383 | 10 | -4.79 | 10°%*° | -578 | 102"
0.38 10~ 108 -3.58 10~ 161 -4.61 10~ 226 -5.62 10~ 292
0.55 107410 | -3.39 10”18 -4.43 10~ 2% -5.41 10 300

0.81 107+ -3.07 10797 | -4.10 - -5.23 -
0.98 107 4% -2.99 10213 -3.99 - -5.00 -
1.20 107 % -2.79 10731 | -3.80 - -4.79 -
1.37 10~ %0 -2.60 - -3.61 - -4.63 -
1.60 107+ -2.41 - -3.20 - -4.42 -
1.77 10717 -2.18 3 -2.98 - -4.20 -

Table 4.2¢] A&#old AAE BEYS o I 7o Wi=E /\}%—‘3}951—% =
= A Aol yeElugA] oy 271 W= 2§ Al Aol i
AES & 7 Aok W= 571 270 73 RSNRe] -2.6 [dBIY of 43| H37}
Hon, e &5 372 SV A% RSNRo] -4.10 [dBIY w &+93] E37}
Hol M= 7 2709 A9 Bok oF 15 [dBI9] Aol S g & Utk
- RSNRe] -5.23 [dB] wj €93 £37} Hof W= <

7} 3MANA A= F7F Al ¢F 113 [dBle] Adso] FdES g% &+ Utk
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Fig. 4.2 lllustration of the short distance sea experiment
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Fig. 4.3 Underwater experimental environment
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AR 5 Ao naxel 348 Fig 4.29 Fig. 4.39F 2t} Fig. 4.29} 7o)
°F 360 me Aot FA 3 meo FAHAA PRt F-FAVe A4 A
NEPTUNE D/17/BB$} B&K 8106-& Ar&stlom <& ofg 2 mol] HAAHH.
Fig. 4.3(@)x= CIR(Channel Impulse Response)S YER™ LFM(Linear Frequency
Modulation) Al 35 Arg-3ste] At om tazd 2ol o3 FaFs g + 3
o}, Fig. 4.3(b)& Scattering Functione Well™ =&l o3 F3Fs AT +
At A3 Table 4.39F 22 I ELR 1 8P3 T

Table 4.3 Parameters for short distance underwater acoustic

communication experiment

Source 112 bits
Preamble bit 256 bits
Number of inner iteration -
(Turbo decoder internal iteration)
Number of total iteration 6
(Iteration between turbo decoder and DFE)
Channel coding Turbo Pi code
Coding rate 1/3
Modulation QPSK
Packet size 296 symbols
Equalizer LMS DFE
Number of bands (N,) 1~4
f1=12k Hz
f,=16k Hz
Center Frequency of each Band
f3=20k Hz
f,=24k Hz
Number of samples (V,) 384
Sampling frequency 192k Hz
Bit rate 1k bps
Distance 360 m
Water depth 3m
Transmitter : 2 m
Depth
Receiver : 2 m
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Table 4.3¢} 2] ¢ dle]E+= 112 bit o]¥ F &8 1/39] turbo pi FEE A}
83te] F35oj= 336 bit &2 preamble 256 bite} she] sjFoR FAStA
sjZle] Hol= 592 bit, QPSK ®WZE AR8-3te] 296 symbol o]t} SRRC(Square
Root Raised Cosine) Filter& AF8-3l%.2.™ roll-off-factor= 0.352.2 A3}

f2 fa fa =HZ

13.35kHz

Fig. 4.4 Frequency domain of transmission signal

_

Fig. 4.49} +o] 44l 259 7} M=o ylgZ e 135k Hzolw 2 =S Ao
ol 0.65k Hzel Radidg Asich olu M=9 /FE et 39S 3
% F HYZL 1335k Hz ot} 414159 w7 F2& Fig. 45914 yepdt

LFMB G Preamble DATA G LFME | ...... @
(0.5s) (20s)| (W, =1) | (N, =1) |(20s)| (0.5s)

LFMB G Preamble DATA G LFME | ...... 0
(0.5s) (20s)| (Ny=2) (Np = 2) |(2.0s) (0.5s)

LFMB G | Preamble DATA G LFME | . .. ®
(05s) [(20s)] (N, =4) | (Ny=4) [(20s)] (0.55)

G G
@ Jeoy| @ |@oy| @

Fig. 4.5 Packet structure of transmission signal

FAAT WRAFHLE WA 05x Fe LFMBLFM Begime} 2.0 &<+
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Table 4.4 Results for short distance underwater acoustic communication

experiment
N5 Preamble| Data BER according number of turbo equalization iterations
b c
BER 1 2 3 4 5] 6
1 fl 10~ 0.696 10 0.301 10 0.301 10~ 0.301 10 0.313 10 0.309 10 0.321
— 0.806
2 ;1 120 o1 10~ 0.524 10~ 0.558 10~ 0.819 10~ 0.859 10~ 0.888 10~ 0.952
) :
fl 10~ 0.701
—0.718
A ;2 12 o 0558 | 19-0651 | o072 | 1g-08%9 | o187 0
3 -0Jd9
f4 10~ 0.247
fl 10~ 0.463
—0.718
4* f2 107 . 10 0.530 10 0.436 10™ 0.530 10~ 0.458 10~ 0.544 10~ 0.572
f3 10 0.806
f4 10~ 0.876

s T3 A3 A= Table 4.40] e B R F3L7]Hol| thste]
B2 3o ZF dkEof tf3t BERS YERAUTE TAdui=o] H9 63

% ek 9w W
S S AAY A Aol Gokd dolEE HEa] Akl @ & Fol WE £
b9 BYS NS ARSI &2 BASYID WE Sk 449
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Table 4.5 Weight setting

Preamble BER Range Weight (W)
BER < 107! 1

107! < BER < 107 °7 0.8

1077 < BER < 107 0.2
10-%* < BER 0.1

Table 4.52} #o] preamble BERo] 10~ 'o]a}e]l A9 19 7P & JlEXE
F7kkH, 107 ol delal 107 olak]l Afolle

10”7 0) A} o)

1°
+

%0

o

=

<

D
i)
IS 2 T
Do

N

N

o

N

Table 4.6 Short distance experiment results for preamble BER based

threshold setting algorithm

Data BER according number of turbo equalization
Preamble

N,| f. Weight iterations
BER 1 2 3 4 5 6

fil 10797 [ 0.8
fof 107°7% ] 0.8 .
4 f2 — 0 10~ 0.634 0 0 0 0 0
3 107 095 .
fal 107971 0.1
fi| 1070463 [ 0.2
fol 107078 [ 0.8
4 |2 _ 0 0 0 0 0 0
fs| 10798% [ 0.8

fal 1079876 | 0.8
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Fig. 4.6 Nllustration of the long distance sea experiment
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Fig. 4.7 Underwater experimental environment
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Table 4.7 Parameters for long distance underwater acoustic communication

experiment
Source 30 bits
Preamble bit 128 bits
Number of total iteration 5
. Encoding | (3, 1, 9 Convolution
Channel codin,
& Decoding BCJR algorithm
Modulation BPSK
Packet size 242 symbols
Equalizer LMS DFE
Number of bands (N,) 4
f1=1750 Hz
f,=1800 Hz
Center Frequency of each Band
f5=1850 Hz
1,=1900 Hz
Number of Samples ( N ) Transnytter 25000
Receiver 4096
Samoling frequenc Transmitter 100000 Hz
ping treduency Receiver 16384 Hz
Bit rate 4 bps
Distance 90 km
i i 1
Water depth ransn.utter 500 m
Receiver 900 m
Transmitter 200 m
D
epth Receiver 179~221 m

Aol g Al detvlel= Table 4.73 2th
52 ALg3le] R5ojo] Zdoj= 114 bit © & preamble 128 bite} s}
TAE] 3 wjRe] Holx 242 bitE2 TFASIAY. BEI=

< yehfE= BCIR algorithm< /\}9—‘3}0515} FAA B =
= A&ston 4718 WMeE AR AEES

H FAA s g sfZl 32 Fig. 4.87 2t

2 dlolEl= 30 bit °o1H (3,1,9
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Table 4.8 Results for long distance underwater acoustic communication

experiment
Sensor| f Preamble Number of Turbo Equalization Iterations
° | BER 1 2 3 2 :
f, 10~ L152
o 100692
ARG 0 0 0 0 0
fo | 107120
f, 10~ 1408
—0.516
2 ;2 18 - 1070273 1070397 107 0-363 100778 100778
3 :
fo | 10713
f, 10~ 1204
o 100764
3 3 10~ 1204 0 0 0 0 0
fo | 1071262
f1 10091
f 10~ 1152
4 fy | 101202 0 0 0 0 0
fo | 1072107
f, 1070382
f 10”1329
S 3 10~ 1152 0 0 0 0 0
fo | 1071262
f, 10~ 0602
f 10”1329
6 3 10~ 1806 0 0 0 0 0
fo | 107112
fi 1070993
f 10~ 1329
7 3 10”2107 0 0 0 0 0
fo | 1071262
f1 10~ 087
—1.408
8 ;2 18 | 107030 | qg0sT | qgr0sT | qg708T | g 08T
3
fo | 1071107

@ Kl




fl 10~ 0.828
f2 10~ 2.107
0 Y| O 0 0 0 0
f4 10~ 0.903
fl 10~ 1.152
f2 10~ 2.107
0 3 |0 0 0 0 0
f4 10~ 0.550
fl 10~ 1.630
f2 10~ 1.630 B ‘
o L [0 0 0 0 0
f4 10~ 0.391
fl 10~ 2.107
—1.408
12 ;23 18 o 10 0.632 10~ 0.435 10~ 0.176 10~ 0.273 10~ 0.632
f4 10~ 0.764
fl 10~ 1.630
f2 10~ 0.692
138 |0 0 0 0 0
f4 10~ 1.107
fl 10~ 1.329
—0.408
14 j:i 18 s 10~ 0-330 10027 100176 1070397 10~ 0698
f4 10~ 0.993
fl 10~ 0.399
f2 10~ 0.876 o
15 TR 10~ 0632 0 0 0 0
f4 10~ 0.828
fl 10~ 0.692
—1.028
16 ;23 18 o 10~ 0.246 10~ 0.221 10~ 0.477 10~ 0.435 10~ 0.397
f4 10~ 0.563
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Fig 4.10 Comparison of received signal
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Table 4.9 Weight setting

Preamble BER Range Weight (W)
BER < 107 * 1

107! < BER < 10%° 0.5
10-%% < BER 0.1

N
Ll

Table 4.99} zro] preamble BER©o] 10 'Yo]a}el AL 19 714 & 7153

Hrkstm, 107 Mol ol i 107 *Pelskel Afelle 059 ZHEAE Frbeth 1Ex
10" %%0) ko] o= 714 e 019 7EXS BlstogR dotdt oo o
3l 9ee =AU 4= ) Table 4.89] A} FoA HHE3]IS: 53] o|uo] £ 3
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Table 4.10 Long distance experiment results for preamble BER based

threshold setting algorithm

Preamble ) Number of Turbo Equalization Iterations
Sensor | f. Weight
BER 1 2 3 4 )
fl 107 1.408 10
f2 10~ 0.516 01 ~0.330
f4 10~ 1.329 10
fi | 107087 0.5
fo 10" % L0 —0.301 | 11— 0.778 | 11— 0.875
8 RRETET o |10 10 10 0 0
f4 107 1.107 10
fl 107 2.107 10
f2 107 1.408 10
12 /. Lo 0 01 0 0 0 0 0
fo | 10707 0.5
fl 10~ 1.329 10
fo | 10704 0.1
14 /. Lo 10 0 0 0 0 0
fo | 107098 0.5
fi | 10700 0.5
f2 10~ 1.028 10
16 i, L1 10 0 0 0 0 0
f4 10~ 0.563 05

Table 4.109] 235 RW Table 4.89] 7]&9] th& %
3l 53] Bt L/E s AASA EatRou rtEAE A Esis w 29
AA el Hole& W3l 23]0A QR/E s AAsHom 8 AlAe Ho]
B WHE3lF 4304 /5 93] AAste As T & Uk =3 12,
14, 16¥ AIAE9] dHlolHE WE3F 1304 2R/FE 43 A= A& g2

g = Ao
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