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Model Under Single Ping
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Fig. 4  Terrain Roughness of MTM on Experimental Route
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Measuring Beam Increase
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Confidence Interval Estimation of Underwater Terrain Aided Position

WANG Rupeng' LIYe' MA Teng' CONG Zheng' GONG Yusen' ZHANG Qiang’

1 Science and Technology on Underwater Vehicles Laboratory, Harbin Engineering University, Harbin 150001, China

Abstract: The TAP(terrain aided position) likelihood function reflects the probability of the position
of AUV (autonomous underwater vehicle) in space. Due to the strong nonlinearity and randomness of
the terrain and the non-Gauss distribution of the measurement error, the likelihood function also
shows the characteristics of non-Gauss. The error of TAP is closely related to the local topographic
and measurement error. Because the existing method does not consider the local topographic features,
the statistical confidence interval of the measurement error is only established, so the estimation re-
sults of the TAP are obviously smaller. In this paper, a jump model of the TAP position X” is estab-
lished. It can jump to any point in the searching interval, and the probability jumping to any point is
positively correlated with the likelihood function of the point. When the confidence of the jump to a
certain point is less than «, X? will not jump to this point and this point is called the boundary point of
the confidence interval. Assumed the sum of squares of the matched residuals in the confidence inter-
val of the TAP is quadric surface, X? is regarded as the parameter of the quadric surface, and the con-
fidence interval of TAP with confidence 1 — ¢ can be obtained by the confidence interval estimation
method of the surface parameters. The confidence interval obtained by new estimate method is larger
than the existing method. The experimental results show that the confidence interval estimation will
be abnormal when the measuring beam is less. The increase of the measurement beam can improve the
estimation accuracy of the tidal and measurement errors, thus can promote the estimation accuracy of
the confidence interval, but the compensation method under the condition of non-Gauss distribution of
measurement error is still needed in further work.
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graphical objects, especially in an urban environment. With the increasing availability of high-resolu-
tion satellite images, built-up area information can be obtained at a much finer scale. However, the
increased spatial resolution makes the built-up areas spectrally more heterogeneous and structurally
more complex, which poses a big challenge to the automatic detection of built-up areas. In this paper,
a novel built-up area extraction method is proposed based on patch representation and merging algo-
rithm for high-resolution satellite images. First, with the corner context constraints, the image is
subdivided into small patches, which are regarded as the basic units of image processing. Afterward,
the spatial variability of the image patch is modeled through spatial semivariogram, and texture and
structural features are extracted by well-defined parameters to characterize the curve of semivariogram,
and to achieve the integrated representation of multiple features for each image patch through a princi-
ple component analysis (PCA). Finally, the built-up patches are classified by the similarity of the spa-
tial structural features and further merged into built-up areas. The experiments are conducted on image
data from sensors of ZY-3 and QuickBird, and the results show that the proposed method can effec-
tively extract built-up areas from high-resolution satellite images and show good adaptability as the
image resolution changes. By using patch-based representation and merging, it can not only avoid the
shortcomings of the traditional pixel-based methods and the image segmentation in the object-oriented
method, but also can facilitate the modeling and description of the texture and structural features of
built-up areas.

Key words: high-resolution image; built-up area extraction; image patch; spatial semivariograms;

patch merging
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