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Performance of Carrier Frequency Offset Compensation using CAZAC Code
in Time and Spatial Variant Underwater Acoustic Channel
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ABSTRACT

In underwater acoustic multipath channel, a performance of underwater acoustic (UWA) communication systems is
affected by dynamic variation of boundary and high temporal and spatial variability of the channel conditions. Time
and spatial variations of UWA channel induce a carrier frequency offset (CFO) since a phase and a frequency of
received signal mismatch with a transmitting signal. Therefore, a performance of a phase shift keying underwater
acoustic communication system is degraded. In this study, we have analyzed a performance of CFO estimation and
compensation using a phase code in time and spatial variation channel. A constant amplitude zero autocorrelation
(CAZAC) signal is applied as a phase code signal and its performance is evaluated in water tank. The bit error rate of a
quadrature phase shift keying (QPSK) system with a phase code is improved about 4 to 10 times better than that
without a phase code.
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Fig. 1 Time and spatial variation of underwater acoustic
multipath channel
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Table. 1 CAZAC code of 4-phase symbols
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m, A Y

CAZAC code elements c¢(m) I channel Q channel
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c ! 5 doll 4] CFO t471% 9] 458 Brielr] 18 A
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C(4) -1 + olt}, =412 0.6 m, £A417] (ITC- 1001)9}—r 7] (B&K
c(5) -1 j 8106)2] =412 7}2} 0.2 mo|H, 72l 1 mo|c}. i 2
ce) 1 B £ 49 shebu]el 2 WaNA e QPSK, Wit ks
C(7) 1 - L 30 kHzE AMg319ih & A4E oju|x|o] HIE 4=
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C(10) -1 - Im
C(11) 1 + - Im l
C(12) 1 - o6m | e . .
C(13) -1 g S CE N et
c(4) 1 i . e
C(15) 1 + ITC-1032 B&K 8106
‘Water tank
g >
z Im
% Fig. 3 Experiment configuration
E
% Table. 2 Experimental parameters
g 27 28 29 30 1 52 3 Modulation QPSK
frequencylkHz) Carrier frequency 30 kHz
1 ﬂ AM ﬂ ﬂﬂ ﬂ Bit rate 100 sps
- v {CAZAC squence 0o i -CAZAC squencem Transmission bit number 9800 bit
N Transmitter / receiver distance 1m
_ Transmitter / receiver depth 0.2m/0.2m
pmm 100 Water surface state mirror and fluctuation
()
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Fig. 2 4-phase code (CAZAC) sequence, (a) frequency ArgoflAl 2t Bm o] B4 whet 2, 914 22aL 5
response, (b) bit signal (00), (c) bit signal (01), (d) bit JJrT_J oJskS- v Hrt O]E ?_lSH %‘—/}_]EL_H]OEIQJ =

signal (11), (e) bit signal (10)
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Fig. 9 Constellations and received images for three different phase weight, (a) Exp.1; 1=0, Q=0, (b) Exp.2; |=m/4,
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