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Performance of convolutional coding using block interleaving in
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ABSTRACT: In this paper, we evaluate the communication performance of convolutional code with block
interleaving in a frequency-selective channel. Block interleaving is a technique for spreading and rearranging
digital data streams. A block interleaving technique is applied to improve the performance by dispersing the
concentration of burst errors in a frequency-selective channel. As a result of evaluating the performance of the
convolutional code with block interleaving in the water tank experiment, There was no difference in the
performance of convolutional codes using block interleaving in a frequency-selective channel. However, in the
frequency-selective channel, the convolutional code with block interleaving has a gain of 2dB, and it is confirmed
that the underwater acoustic communication performance is improved.
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Fig. 2. Underwater frequency-selective channel.
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Table 1. Water tank experiment parameters.

Modulation QPSK
Carrier frequency 18 kHz
Coding method ConVOIilrllttieorT;l“;?]ie block
Symbol per second 100, 200 sps
Coherence bandwidth ~ 100 Hz
Range 0.6 m
Transmitter and receiver depth 0.3mand 0.3 m
Data Random bit 10,000 bit
Water tank 2mx1.5mx1m

b g 27 Sto] $4101212 5,71 100 Hz, 200
H7} B2 51910k 3 A4 5| = 1] 2 10,0008 =
2 Wgu| =S skl AEstaon], Aol Hhe
AL 19 TTC-1032% o] -aho] A8 (white
noise) & A5}

Fig. 7€ LEM 4155 603] 215}o] 2 475
4::9] 2 A3H4F B4 o]tk x| AsHE 415.9] 4]7] 7}
0.1 0]419] 4152 Egs. (3)~(6)°] &-§5}0] A A4
FAGE 7., o T3oAL YAE BE T
Fig 79] A 18H4F 2] of w2 A 0] z5]ojd A

=

WS B.+=Eq. (8)3 2t
B,= 571 =100 (Hz). ®)

F| o) 2] AgHAE A7 2k 20 mso| ], Eq. () E 0§

24 h2- 2 mso] ™, Eq. (6)9] RMS %] ¢12h

Aol oJgh A d o] Ao A Y 9 B =100 Hz=
2|t M52 100 sps o] 5} = A FHe T

Fig 8& 422 Ado] SHEA 142 913 LM



% ke Al Aol 25 QlE

LFM number

Time (ms)

Fig. 7. Delay spread of water tank.

Transm\lfedbandmmh
( Nonifrequency selective channel)

i i i i
1 12 14 16 18 2
Frequency (Hz) x10

Fig. 8. Water tank channel frequency response.

& 3
4 22T = A E o A2k oF 20 mso|,

il

sps o[sloll A= B QI | o] 2-8o] /53 dol 7]
of5}4) S8t 21052 okl 4+ lck Ak kg Al
gl/do] EAsh= 100 sps o deolM= E5 AdE o]
A8 24 53} 71 0] AR ol 4 gk
Fig. 9= 33|09l 2 tff & 3% o] 512l -5 100 sps
o] k4> ] 4TE14] 2 of 4] QPSK, QPSK ~ 74+
S [QPSK-CC(Convolutional Code)] 18] EZ 21
2] 5 85 QPSK -5 QIE| 2] J[QPSK-
CC -BI (Block Interleaving)] 2] BER EA o]t} 4= Al
Wt b u] AeA Aol 4= QPSK WAl
QPSK-CCE 243 39 B/ N, 0|52 2F3dBZ &
§h29] o] 239} 1 A|5HS Klr). a4k QPSK -
CC2}QPSK -CC-BI&
q

.
R LCEE EE REEEREE R
_1

o 15 AN
Fig, 102 7' 2] 518 o} 21 T 2} 22 0] 4421 200 ps
o] 4 A8 A 2 of A QPSK, QPSK-CC 12 2L

° 5 HE3 o] A
IHE& 283 2uE 53 7Y A5 211
10°
--e- QPSK
8- QPSK-CC
) -4~ QPSK-CC-BI
10’
z oy
& AR
E 2 i \\
= 10
g &
= o) % \
i
¥ X
AY “

10 S [}
0 5 10 15 20
Eb/NO (dB)

Fig. 9. BER characteristic of non frequency-selective
channel.

10

--e- QPSK
IR i QPSK.CC
1oL - -4 QPSK-CC-BL

-
e,

BER (Bit Error Rate)

%

-
=)

A
10" B

0 10 15 20
EW/NO (dB)

w

Fig. 10. BER characteristic of frequency-selective cha-
nnel.

87 A BN, o152 OF2dBE L 5]

his

of oRA Ao T2 A

rE

@& ) ersheick
A ATHEE QIE S A8 DS
71 Fuha AE A Aol A aEel b
2 Balsgon], o2 Bl £F 3% FA AL
o) Aol 7]oia 4 o2 SRIske
V.8 E
= L EE EEREEER
Bl 71N A 8T AR50 BA S-S %7
shde. 42 4B F3) AQY SAL B
A ABhabol T2 5|0 B L B A E
of ub2 s e S Theshedck
i Ro 4 AT 2E Qe 7S A 84

The Journal of the Acoustical Society of Korea Vol.38, No.2 (2019)



212 ukz]

AREEB 7| % SF B4l A Fup
Ael o] 2 Q22 7k A|7|= v o 2 A A5}
et A Ao A Fubas B] A= Q1 2 oA
QPSK 4] 1.t} QPSK-CC2} QPSK-CC-BI= F 3 dB
AAEIAE, 22 Qe 7)) digt o] 58

4=

FAEHA hakek. ShAI kg e A
QPSK-CCH.t} QPSK-CC-BI7}2 dB 7|41 &2 717
A Flskedrh

REEEE PR EBEREEEERL R
S e ELE LA CE R RS R
SHolsgr). o] 2 HhEgoR Fks He4ol
A3 HE AR A DA B2 S 4 g
WH S 7|0 2 85k Ao 3k

:l:‘;

of
=)

¢

<
_1

ot
i rgi' ]
Doox

ot o

r=

A

‘_.
22 O
1o =2 T 6 ™@ o

718 7.0 2 gheec

=

- et
i)

o] 5ol

=

ANEIEE

O] = 2017 = RSO o=
Sl A T) X)L Wrok e 7] 2 AT ALY
(No. 2017R1D1A3B03032824).

oo ok

References

1. K. Park, J. Park, S. W. Lee, J. W. Jung, J. Shin, and J.
R. Yoon, “Performance evaluation of underwater acoustic
communication in frequency selective shallow water,”
J. Acoust. Soc. Kr. 32, 95-103 (2013).

2. R. J. Urick, Principles of Underwater Sound 3th
Edition (McGraw—Hill, New York, 1983), pp. 99-233.

3. M. Chitre, S. Shahabudeen, and M. Stojanovic, “Unde-
rwater acoustic communications and networking: recent
advances and future challenges,” J. Marine Tech. Soc.,
42, 103-116 (2008).

4. G. Zhang, J. M. Hovem, H. Dong, and L. Liu,
“Experimental studies of underwater acoustic communi-
cations over multipath channels,” SENSORCOMM 2010,
IEEE, 458-461 (2010).

5. L.Liu, Y, Wang, L. Li, X. Zhang, and J. Wang, “Design
and implementation of channel coding for underwater
acoustic system,” ASICON, IEEE 497-500 (2009).

6. M. Stojanovic and J. C. Preisig, “Underwater acoustic
communication channels: propagation models and stati-
stical characterization,” Communications Magazine, IEEE,
47, 84-89 (2009).

7. D. Choi, H. Kim, N. Kim, S. Kim, and J. Chung,

vt o arote|x] 38 M2 (2019)

i

10.

11.

12.

13.

14.

15.

16.

17.

“Coherence bandwidth and coherence time for the
communication frame in the underwater of East Sea”
(in Korean), J. Acoust. Soc. Kr. 29, 365-373 (2010).
J. Kim, K. Park, J. Park, and J. R. Yoon, “Coherence
bandwidth effects on underwater image transmission
in multipath channel,” Jpn. J. Appl. Phys. 50, 07HGO05-
1-07HGO05-5 (2011).

M. Siderius, M. B. Poter, P. Hursky, V. McDonald,
and the KauaiEx Group, “Effects of ocean thermocline
variability on noncoherent underwater acoustic commu-
nications,” J. Acoust. Soc. Am. 121, 1895-1908 (2007).
J. Trubuil, A. Goalic, N. Beuzelin, and C. Laot,
“Check and validate reed solomon block turbo codes
in shallow underwater acoustic communication,” Proc.
IEEE OCEANS, 1-6 (2010).

J. Trubuil, A. Goalic, and N. Beuzelin, “An overview
of channel coding for underwater acoustic commu-
nications,” MILCOM 2012, IEEE, 1-7 (2012).

A. Goalic, J. Trubuil, and N. Beuzelin, “Channel coding
for underwater acoustic communication system”, Oceans
2006, IEEE, 1-4 (2006).

C. Seo, J. Park, K. Park, J. Shin, J. Jumg, and J. R.
Yoon, “Performance of convolution coding underwater
acoustic communication system on frequency selectivity
index” (in Korean), J. Acoust. Soc. Kr. 32, 95-103 (2013).
R. V. Nee, and R. prasad, OFDMfor Wireless Multimedia
Communications (Artech House, Norwood, 2000), pp. 33-58.
J. G. Proakis, and M. Salehi, Digital Communications
4th Edition (McGraw- Hill, New York, 2001), pp. 470-506.
J. Park, C. Seo, K. Park, and J. R. Yoon, “Effectiveness
of convolution code in multipath underwater acoustic
channel,” Jpn. J. Appl. Phys. 52, 07HGO1-1- 07HGO1-3
(2011).

C. Seo, J. Park, K. Park, and J. R. Yoon, “Performance
comparison of convolution and Reed-Solomon codes
in underwater multipath fading channel,” JJpn. J. Appl.
Phys. 53, 07KG02-1-07KG02-3 (2014).

| XX o=

» H

ut X

&l (Jihyun Park)

20004 2&: YLrstn FEELS St
StAL

20024 28 HASE HeESAgstn
AAF

2008 82 2ACHsin HEEAIZ St
eV

20085 112 ~20184 8&: EAUS R S
SESHTL MYHFH

2017\ 3 062 ~Sixf: EAUE D S5FE
SHA MOIH12

<TAIEHO 2 ZSSFEAAAE AZO

SEoS

US|, +EZRH0



G ks Al Aol S5 QlEe 7S A 8T ABEet 7o) 4 213

ol

» & & 2 (Jong Rak Yoon)

19774 28 2 Z08 o P =2 ShAt

19801 284 S ACHStm SAr22] AL

1987\ 22 Florida Atlantic University 5HQ¥
Zstat S8t B AA}

1990 2:&: Florida Atlantic University 5HQ¥
Bt} SET5 TF LA}

190014 48 ~ S 2 ZChstn HBSA

The Journal of the Acoustical Society of Korea Vol.38, No.2 (2019)





