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Introduction to Chaos Analysis Method of Time Series Signal:
With Priority Given to Oceanic Underwater Ambient Noise Signal

Bok Kyoung Choi*, Bong-Chae Kim, and Chang-Woong Shin

Marine Environment Research Department, KORDI
Ansan PO. Box 29, Seoul 425-600, Korea

Abstract : Ambient noise as a background noise in the ocean has been well known for its the various and
irregular signal characteristics. Generally, these signals are treated as noise and they are analyzed through
stochastical level if they don't include definite sinusoidal signals. This study is to see how ocean ambient
noise can be analyzed by the chaotic analysis technique. The chaotic analysis is carried out with underwater
ambient noise obtained in areas near the Korean Peninsula. The calculated physical parameters of time
series signal are as follows: histogram, self-correlation coefficient, delay time, frequency spectrum,
sonogram, return map, embedding dimension, correlation dimension, Lyapunov exponent, etc. We
investigate the chaotic pattern of noises from these parameters. From the embedding dimensions of
underwater noises, the assesment of underwater noise by chaotic analysis shows similar results if they don't
include a definite sinusoidal signal. However, the values of Lyapunov exponent (divergence exponent) are
smaller than that of random noise signal. As a result, we confirm the possibility of classification of
underwater noise using Lyapunov analysis.
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Fig. 1. Result of chaos analysis for sinusoidal waveform
(embedding dimension: 2, Lyapunov exponent:
-0.003).
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Fig. 2. Result of chaos analysis for random noise
(embedding dimension: 7, Lyapunov exponent:
0.453).
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. 3. Result of chaos analysis for combination of
random noise and pure tone (embedding dimen-
sion: 6, Lyapunov exponent: 0.003).
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Fig. 4. Result of chaos analysis in case of low wind speed
(<1 knot) and no shipping within 9 nmile radius
(embedding dimension: 6, Lyapunov exponent:
0.055).
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Fig. 5. Result of chaos analysis in case of high wind
speed (26 knot) and no shipping within 9 nmile
radius (embedding dimension: 8, Lyapunov
exponent: 0.056).
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within 9 nmile radius at constant wind speed
(embedding dimension: 8, Lyapunov exponent:

0.038).
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7. Result of chaos analysis in case of heavy shipp-
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Table 1. Embedding dimension and Lyapunov exponent of analyzed signals.

Acoustic signals Embedding dimension Correlation dimension Lyapunov exponent
Sine wave 2 0.9 -0.003
Attificial signals Random noise 7 6.7 0.453
Sine wave + random noise 6 5.8 0.003
Wind (X), ship (X) 6 5.7 0.055
Ambient noise Wind (O), ship (X) 8 7.5 0.056
data Ship (X) at constant wind speed 8 6.2 0.038
Ship (O) at constant wind speed 8 6.1 0.059
A5=E Yellle A Lyapunov A5 &, 5= & 5,2 &
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