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Performance Analysis of CSS Based Low-Power Underwater
Communication Systems in Western Sea of Korea
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ABSTRACT

As the importance of exploration for underwater resources, observation for underwater environment, disaster
monitoring, and marine defense increases, research on underwater communication technology is being conducted
actively. OFDM(Orthogonal Frequency Division Mutiplexing), CDMA(Code Division Multiple Access), and chirp
signals are widely used as a transmission method for underwater communications. The chirp signal means that
the frequency changes continuously over time, and is used in LFM(Linear Frequency Modulation),
HFM(Hyperbolic Frequency Modulation), Zad-offchu, and CSS(Chirp Spread Spectrum) methods. The CSS method

has high robustness against noise and Doppler shift. Due to this characteristic, the CSS method is widely used in
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commercialization systems for low power communication on land. In this paper, the performance of the CSS

method is analyzed based on the at-sea experiment. In order to assess the robustness against the noise and

Doppler shift, comparison of the performance between the CSS and OFDM methods is conducted in the shallow

waters near Taean-gun, Chungcheongnam-do. It is analyzed by the results of the experiment that the CSS

method shows the improved bit error rate and block error rate compared to the OFDM method. In addition,

performance of the CSS methods with different spreading factors(SFs) and bandwidth is analyzed. It is analyzed

by the CSS methos with SF of 8 has good robustness against noise and Doppler shift. Therefore, it is feasible
to use the CSS method with the SF of 8 and the variable bandwidth for adaptive data rate for reliable

underwater communication.
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Fig. 1. Data transmission format (a case 1, b=case 2)
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a7 2. HESHE A5 (AWGN)
Fig. 2. BER curve (AWGN)
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Table 1 Frame Details in data transmission format
A5 1 (a A5 2 (b
=4 # Sl AEE =z # ] 3L AEE
1 SF 10 48.8 bps ® OFDM 1 frame | 1 Rep. 8,3 38.6 bps
2 SF 9 87.8 bps 1 | SF 10, BW 5kHz 48.8 bps
3 SF 8 156.2 bps 2 | SF 10, BW 4kHz 39.1 bps
@ CSS 7 frame 4 SF 7 273.4 bps 3 | SF 11, BW 5kHz 26.8 bps
@ CSS 6 frame
5 SF 6 468.7 bps 4 | SF 10, BW 2kHz 19.5 bps
6 SF 5 781.2 bps 5 | SF 12, BW 5kHz 14.6 bps
7 SF 4 1,250 bps 6 | SF 10, BW 1kHz 9.7 bps
1 Rep. 8,3 38.6 bps ® CSS 1 frame 1 | SF 13, BW 5kHz 7.9 bps
2 | Rep. 4,3 93.3 bps
(2 OFDM 5 frame | 3 Rep. 8,1 149.3 bps
4 | Rep. 4,1 314.6 bps
5 Rep. 1,1 1,306 bps
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Table 2. Frame Details in data transmission format
7% 1 (a) 7% 2 (b)
o) | 0| v | oass | T | = | e ase | T
1| SF 10 | 488 bps 1.87Hz 1 | SF 10, BW 5kHz | 48.8 bps | + 1.87 Hz
2| SF9 87.8 bps 3.75Hz 2 | SF 10, BW 4kHz | 39.1 bps + 1.5 Hz
3| SF8 | 1562 bps + 7.5Hz 3 | SF 11, BW 5kHz | 26.8 bps | * 093 Hz
CSS | 4| SF7 | 2734 bps + 15Hz CSS 4 | SF 10, BW 2kHz | 19.5 bps + 0.7 Hz
5| SF6 | 468.7 bps + 30Hz 5 | SF 12, BW 5kHz | 14.6 bps | + 0.46 Hz
6| SF5 | 7812 bps + 60Hz 6 | SF 10, BW 1kHz | 9.7 bps + 03 Hz
7| SF4 | 1250 bps + 120Hz 7 | SF 13, BW 5kHz | 7.9 bps + 023 Hz
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Data bits I—v‘ i’;ZT::‘ — Modulation H Repetition }—‘ s/p [ 1FeT : Add cp [
sl 2t
Sampling frequency 200kHz
Carrier frequency 24.5kHz el 1] ety 1 oemosuion - 75 N
Bandwidth SkHz
FFT size 512
- J2 9. OFDM &% tjelejd)]
DC subcarrier 3 Fig. 9. OFDM block diagram
Guardband 7(left), 6(right)
OFDM symbol length 0.1024sec A ZA-H 2" 1))l 3k
CP length 0.0226sec ol AA A 10We] &
Modulation QPSK ule] SNR
Channel coding Turbo EVM 3|7} 5~6¥1 Amglel| vepde)h 4] 7-8
Coding rate 13 Hlel] B 735l gk cSS Z# )7} OFDM =7
Pilot spacing 2/1 (Time/Freq.) 3! 714k BER A%
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SNR(Signal to Noise Ratio) F%*|, EVM(Error

Vector Magnitude) =]ol gt ujgo] vepdr}l

1~2W 2779 MED, RMS delay spread& 53l A
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Table 4. Frame structure used for measurement
¥ 1 (a) 732 (b)

# 2z v A5E # z4 w3 A5E

1 Tone Doppler - 1 OFDM Rep. 8,3 38.6 bps

2 SF 10 48.8 bps 2 SF 10, BW 5kHz 48.8 bps

3 SF 9 87.8 bps 3 SF 10, BW 4kHz 39.1 bps

4 SF 8 156.2 bps 4 SF 11, BW 5kHz 26.8 bps

5 CSS SF 7 273.4 bps 5 CSS SF 10, BW 2kHz 19.5 bps

6 SF 6 468.7 bps 6 SF 12, BW 5kHz 14.6 bps

7 SF 5 781.2 bps 7 SF 10, BW 1kHz 9.7 bps

8 SF 4 1,250 bps 8 SF 13, BW 5kHz 7.9 bps

9 Rep. 8,3 38.6 bps 9 Tone Doppler -

10 Rep. 4,3 93.3 bps

11 OFDM Rep. 8,1 149.3 bps

12 Rep. 4,1 314.6 bps

13 Rep. 1,1 1,306 bps
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