J K I I C Journal of the Korea Institute of Information and
Communication Engineering

=t

0

ro

HEASIS|=2X| Vol 26, No_ 3: 436~442, Mar, 2022

5 Falks M zi'DollA Fabs= CHo|HAIE|2] 2 AMEd

B o2 M= gyrel 85

oA - B - A -

Performance of selective combining according to channel selection decision
method of frequency diversity in underwater frequency selective channel

Chaehui Lee' - Hyunsoo Jeong® - Kyu-Chil Park® - Jihyun Park"”

'Graduate student, Department of Information and Communication Engineering, Pukyong National University, Busan, 48513 Korea
Ph.D. student, Department of Information and Communication Engineering, Pukyong National University, Busan, 48513 Korea
*Professor, Department of Information and Communication Engineering, Pukyong National University, Busan, 48513 Korea
#Senior researcher, The Sound Vibration Engineering Research Center, Pukyong National University, Busan, 48513 Korea

2 o

BeRo 5 Fulg e Adold Fuis cholulAlele] A Ale B el uhE Ale G (selective
combining) ] 52 HIFSIAITE. H3) 4 S DL A AW vhatol -8 Fof wh St 24 Fo] chopet S
Qlo] Aasto] Bxket kg 2.0 EAE 7hIc), B3], e o] oJ3k Fuk4 4184 (frequency selectivity) = 541
A o] ofui ) W2 WA 7|3, o] 2 913 SNR (Signal to Noise Ratio) 7} 7i:5te] 4144 %50] A5telck. 4 bt
oM FEA R Fut Ale ol nhE BA Y SHE 913 thre] S o] §5He Fu}e chol{AlE] e
A8519ick. 2k A& 4-FSK (Frequency Shift Keying) ik A8} Th4J%-& 283151 0 uf, Ae) ghafuie] S Ad 4
o) 74 91a) A15.0] 2ohgh, Hagt ela 41 vl 2 (majority decision) S 4 &5te] A& B stk

r ol
O_1N

ABSTRACT

In this paper, the performance of the selective combining according to the channel selection decision method of
frequency diversity is evaluated in the underwater frequency selective channel. The underwater acoustic channel in the
shallow sea has a complex multipath characteristic by combining various environmental factors such as boundary surface
reflection and sound wave refraction according to the water temperature layer. In particular, frequency selectivity due to
multipath causes energy fluctuation in a communication channel, which reduces SNR (Signal to Noise Ratio) and
deteriorates communication performance. In this paper, we applied the frequency diversity technique using multiple
channels to secure the communication performance according to the frequency selectivity by multipath. For each channel,
4-FSK (Frequency Shift Keying) and selective combining were applied, the performance was evaluated by applying the
maximum value, average value, and majority decision of the signal in order to decide the demodulation channel selection
of the selective combining.
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Fig. 1 Underwater multipath channel.
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Fig. 2 Frequency selective characteristics in of water
tank; (a) transmitted signal, (b) received signal, (c) delay
spread, (d) frequency response.
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Table. 1 Experiment parameter

T M Riiolli Fai4 ClOIHAIE]S] R et TS0l ThE Med Bl o

Modulation 3CH-4-FSK
Depth (m) 12.5 ~ 135
Transmitter and receiver 5
depth (m)
Transm.itter and receiver 10
distance (m)
Crralezml{(955) expezri(rllsetniip(irgrgg )e,xlp(ei?r?lent)
Data rate (bps) 200
Information data (bits) 20000
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Fig. 3 Experimental configuration.

60
40

Ping numbers

Fig. 4 Multipath intensity profile; (a) experiment 1 (channel
guard band 2 kHz), (b) experiment 2(channel guard band
1 kHz), (c) experiment 3(channel guard band 0.5 kHz)
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Normalized Magnitude(dB)

Frequency(kHz)

Fig. 5 Frequency selectivity of channel; (a) experiment 1
(channel guard band 2 kHz), (b) experiment 2(channel

guard band 1 kHz), (c) experiment 3(channel guard band
0.5 kHz).
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Table. 2 Communication performance of a single
channel in underwater frequency selective channel.

Channel

Guardband CHI1 CH2 CH3

2 kHz

BER

__ Channel
Guard band

1 kHz

BER

0.5 kHz

BER 0.056 0.052 0.049

Table. 3 Communication performance according to the
decision method of selective combining.

___ Channel
Guard band

Majority

Max value Mean L.
decision

2 kHz

BER

1 kHz

BER

0.5 kHz

BER 0.050 0.023 0015 |
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T ZHHHEP LFEo] FASHAANE, HE E0] 0.5
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