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Abstract: Objectives: Side scan sonar is one of the main means to acquire the submarine geomorphology image.
Sea bottom line is the most prominent feature of the side scan sonar waterfall image. Accurate detection and tracking
of the bottom line is the basis of the fine processing of the side scan sonar data. Methods: The traditional threshold
methods and related image feature detection algorithm are difficult to achieve automatic, accurate, and efficient
extraction of the sea bottom line due to the interference of water environment noise and scattering sound from the
hull, water surface, and other suspended objects in the water. This article fully considers the image edge feature of

the sea bottom line and its spatial characteristics that distribute along the track line, thus forming a kind of sea bottom
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line tracking method with the combining of adaptive edge direction density-based spatial clustering and clustering
chain screening. The main work includes three parts: firstly, calculating image edge gradient and direction with a
convolution template defined by the first-order derivative of Gaussian function, and non-maximum suppression also
used to thin the edge character; secondly, improving the density-based spatial clustering algorithm to direction
adaptively by setting the narrow strip search neighborhood and adjusting the long axis of the search neighborhood
in real-time according to the direction of the edge gradient; thirdly, constructing the sea bottom line tracking strategy
based on the clustered edge chains set, those strategies includes setting experience range, constructing the clustering
seed set by threshold method, the long chain principle, the exclusion principle, the symmetry principle, the trend
extension principle, the repair principle, etc. Results: Through experimental verification and comparative analysis,
the results show that the accuracy and stability of the proposed method are superior to the traditional threshold
method, even in the case of common water echo interference such as continuous noise and complex suspended
objects, the average single ping detection time is only 0.661ms. Conclusions: The sea-bottom line detection method
of side-scan sonar image described in this paper has good stability and anti-interference performance, and has great
potential to be a generalized method for onboard data acquisition and post-processing of side-scan sonar.
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Fig.1 Sound Transmission, Reception and Imaging of Side Scan Sonar
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Fig.2 Gaussian First Derivative Convolution Template

2.2 FERKAE )

3ok v B AR R 4 P i GG AT S R A, PTIRAR KA B AL IR R Ry
Ry BEEMRAE R FIBAEE T ) 0. BT GAUL IO GEMYE, BN R, yVEHT OCx, ) 7
) 2 S A, WEFHERIB R, R AFAE 7 MPENORAE, HA% R R R I GARHE 414k
AbEE, AL % Canny SIE 1))\ ARIRAEM K AE ) 75 2k A7 4 R 22,

DL ME R ALy, HLARIEAL 45°38 50 8 AN J7 R, ARIERAE 1A 0, BEi 50 N AT
PORRBEEAT LLER, DA E BB R E R B AW KIE. w3 s, B CHBREMEE T 6
=65°, HMHE T A0 AR AE 22.5°~67.5°H1 202.5°~247.5° 2 [f], MR IAEANHIAL IR, T8 C 4b
P BE 1A 5 H @ FN©) 5 4B IR b L

# C MERIBEEN N R > max (R®, R®), it Tc=1;
¥ C AbHIBEEE B R < max (R®, R®), iT Tc=0;

FREES, ROF REOZHIN@FOE 5 AT B R, Tc N C ALMAER R AE ]
SR SENMEERM BT RIAERE, RATTTERAMLN . CE R ER T,




(SICITEe 27 URINAINE | 2 PON R U oS

Fig.3 Non-Maximum Suppression of Edge Gradient Response
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Fig.5 Tracking Process of Sea Bottom Line Based on Clustered Chain Sets
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Fig.8 Sea Bottom Line Selection Process Based on Clustered Chain Sets
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Fig.9 Results Comparison between Our Method and Those of Conventional Seafloor Tracking Methods
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Fig.10 Height Curve of Sea Bottom Line Comparison between Different Tracking Methods
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Tab.1 Time - consuming analysis of our method

W 1 2 3 4 5 6 7 8 9 10
FERT/s 3.358 3215 3.186 3.167 3.102 3.108 3.12 3.093 3.25 3.113
SFREER: 3.171s BAIREEERT . 0.661ms
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