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Finsler Metric Method for Ship Detection in SAR Image

Huafei Zhao and Meng Yang!”

Abstract—In this article, we focus on metric space in Finsler geometry and propose a method of ship
detection in synthetic aperture radar (SAR) amplitude image based on Finsler information geometry.
This provides deep unified perspectives of Finsler geometric application. The proposed method consists
of three stages: The Weibull manifold model is used to represent the statistical information of intensity
SAR images; then the Finsler metric is constructed to realize the distance measurement between
probability distributions in Weibull manifold space; finally, Finsler metric space is used to achieve
saliency representation and detection of ships. Theoretical analysis and comprehensive experimental
results demonstrate the robustness and effectiveness of the proposed approach using typical real SAR
images.

1. INTRODUCTION

The aim of a synthetic aperture radar (SAR) is to form an image which represents the radar reflectivity
of the scene being imaged. Modern SAR sensors can generate large amounts of data in a short period of
time, and there is an obvious need for automatic detection of targets of interest. Automatic ship target
detection based on SAR image is an important part of marine remote sensing application [1].

Ship detection algorithms can be mainly divided into traditional algorithms and deep learning based
algorithms. Most traditional algorithms are based on modelling the background statistically and then
finding individual pixels or small groups of neighbouring pixels whose brightness values are statistically
unusual. Among these algorithms, constant false alarm rate (CFAR) technique is widely used in SAR
targets detection [2]. On the one hand, designing a CFAR detector involves solving the complex equation
for the adaptive threshold in terms of the specified false alarm rate (FAR) and the estimated parameters
of the probability density function. On the other hand, because of the fluctuant and complex background
in SAR, CFAR detection technology may suffer from performance deterioration due to the changes in
ship imaging quality and the influence of complex and unpredictable surroundings [3]. From the deep
learning perspective, a large number of high quality samples are required in many algorithms [4]. In
some applications, observation on big samples lacks, and cooperated standard detection research is
deficient. Experience has shown that no one algorithm or even combination of algorithms will do this
perfectly. Now no detector is generally accepted, and care needs to be taken with the type of SAR
imagery which it is applied [5].

This letter aims to investigate the metric space and related topics of Finsler geometry, and some use
cases of these geometric structures in ship detection of SAR image. According to the common methods
of information geometry modeling [6], one solution is to apply Finsler geometric analysis method to
investigate the properties of families of probability distributions. It is devoted to the study of geometric
structures modeled on parameter spaces and establishes the local structure of Finsler manifolds that
carry such a structure.
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The innovation of this article lies in: It puts forward a feasible way for applying Finsler geometric
theory in ship detection of SAR images; it also provides a feasible framework for further in-depth
investigation of Finsler information geometry theory and applications in SAR image analysis.

2. PROPOSED METHODS

Information geometry has emerged from investigating the geometrical structure of a family of probability
distributions. It has been applied successfully to various areas. This letter offers a new entry point for
application of information geometry from a more general point of view using Finsler geometry.

2.1. Finsler Metric

The geometrical data in Finsler geometry consists of a smoothly varying family of Minkowski norms,
rather than a family of inner products. This family of Minkowski norms is known as Finsler structure.
Let M be an n-dimensional smooth manifold, T M be the tangent bundle, and F : TM — [0,+00) be
a function on the tangent bundle TM. F' is called a Finsler metric in M if it satisfies the following
conditions [7]:

(1) F(z,\y) = AF(z,y), YA > 0;

(2) F(z,y) is a C* function on TM\{0};

(3) Yy # 0, gij(x,y) = %%(x, y) = %(FQ)yiyj is positively definite.

A differential manifold M equipped with a Finsler metric F' is called a Finsler space or Finsler manifold.

2.2. Weibull Manifold

Speckle is a fundamental property of SAR imagery. It is only noise-like rather than an actual noise
process. Its cause lies in the scattering of coherent radar waves from rough ocean surface. Without
loss of generality, we adopt the well-known two-parameter Weibull distribution for modeling sea clutter
in SAR images. In general, we say that Z is a Weibull random variable on the interval [0, +00) if the
probability density function of Z is given by [8]

ver=5(3) o [(5)]

where a > 0 and 8 > 0 denote the shape and scale parameters, respectively. Hence, we define a matrix
[aij ()],
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where x = («,3), 7 is the Euler’s constant (approximated by 0.5772), and [a;;(x)] is a symmetric,
smooth, positively definite matrix, and

7 =258T[(a+2)/a] —T2[(a+1)/q] (3)

where I' denotes the Gamma function. Thus, a Finsler metric F' is defined by
2
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where y = (y'), y € T, M, z = (2') € M, and [y|* = (y,y) = \/aiy'y.

F(l‘,y) =
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2.3. Detection Algorithm for Ships

In the following, we present the main steps of the detection algorithm:

(1) The simple linear iterative clustering (SLIC) method [9] is applied to superpixel segmentation of
SAR images;

(2) The shape and scale parameters (o, 3) are estimated by using maximum likelihood estimation (MLE)
technique based on each superpixel;

(3) The Finsler metric F of each superpixel in the SAR image is calculated with respect to the parameters
(o, B);

(4) The final detection is realized by using the maximum interclass variance method [10].

3. EXPERIMENTAL RESULTS AND ANALYSIS

To verify the effectiveness of the proposed approach, the performance assessment of the method has
been carried out over two SAR images, as shown in Figs. 1(a) and (b). To reduce the computational
complexity, the proposed method works on superpixel-based data rather than pixel-based data. By
using the method of SLIC, we obtain the results of image segmentation given by the experimental
parameter: the superpixel size 10 x 10 pixels. As shown in Figs. 2(a) and (b), the experimental results
demonstrate the effectiveness of SLIC for segmentation of SAR images.

(b)

Figure 1. SAR images of the sea surface. (a) SAR image. (b) SAR image.

Based on superpixels and the assumptions, the shape and scale parameters (a, 3) are estimated
by MLE technique. Let y' = «a, y> = 3 and 7 = 6. The Finsler metrics F of superpixels in the SAR
images are calculated with respect to the parameters («, ). Figs. 3(a) and (b) show the Finsler metrics
for superpixels that showed target-background differences in the high contrast.

The final detection results are obtained by using the maximum interclass variance method. As
shown in Figs. 4(a) and (b), the proposed method is able to provide desirable detection results for SAR
images.

To verify the advantage of the proposed approach, the performance of the double-parameter CFAR
and the superpixel-level CFAR detectors under Weibull background are studied. The experimental
parameters are set as follows: the guard-band of 10 x 10 pixels, the background-band of 25 x 25
pixels, and the constant false alarm rate 10~7. Here, the double-parameter CFAR detector utilizes the
classic rectangular guard/backgroud band topology, while the superpixel-level CFAR detector utilizes
superpixels to define the guard and background bands. Fig. 5 and Fig. 6 show the detection results
obtained by using the double-parameter CFAR and the superpixel-level CFAR [11] detectors under
Weibull background, which cause false alarm even though it works at a low false alarm rate. Actually,
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(b)

Figure 2. Class segmentation with superpixel neighborhoods. (a) Fig. 1(a). (b) Fig. 1(b).
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Figure 3. Values F' of superpixels. (a) Fig. 2(a). (b) Fig. 2(b).

even if the detector is not CFAR for the background distribution of the data, it still only picks out right
pixel values. Experiments and analysis have shown that CFAR detection technology may suffer from
performance deterioration due to the changes in ship imaging quality and the influence of complex and

unpredictable surroundings [3].
In order to evaluate the performance of the algorithms in a quantitative way, we consider the

Table 1. Comparison of performance for three methods.

Index Finsler-metric method | Superpixel-level CFAR | Double-parameter CFAR
Detection rate 81.62% 88.45% 89.99%

(DR)
False alarm rate 4.77% 69.24% 79.54%

(FAR) o o o
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(a) (b)

Figure 4. Ship detection results for SAR images of the sea surface. (a) Fig. 3(a). (b) Fig. 3(b).

(a) (b)

Figure 5. Double-parameter CFAR detector based on Weibull distribution for ship detection in SAR
images. (a) Fig. 1(a). (b) Fig. 1(b).

following evaluation criteria

TP
DR = TP+ FN (5)
FP
FAR = 75 7P (6)

where DR denotes the detection rate, F'AR the false alarm rate, TP the true positive (detected targets),
FP the false positive (false alarms), and F'N the false negative (missing targets). The performance
of the detection methods is demonstrated on Gaofen-3 data [12]. Gaofen-3 is the first civilian C-band
polarimetric SAR imaging satellite of China National Space Administration (CNSA), Beijing, China.
During the experiment, 5000 SAR images are used to evaluate the performance of detection algorithms.
The experimental parameters are set as follows: the guard-band of 15 x 15 pixels, the background-band
of 25 x 25 pixels, and the constant false alarm rate 10~7. It is shown in Table 1 that the Finsler-metric
model has a better false alarm rate, which demonstrates its capability to model the target and clutter.
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(a) (b)

Figure 6. Superpixel-level CFAR detector based on Weibull distribution for ship detection in SAR
images [11]. (a) Fig. 1(a). (b) Fig. 1(b).

4. CONCLUSIONS

In this letter, the structure being focused on is the Finsler geometry. The study has taken on a new
look. The ideas and methods of metric spaces and related topics of Finsler geometry not only are closely
related to mathematics and physics, but also have more and more applications to information science.
It is the aim of this letter to put forward a feasible way for applying Finsler geometric theory in ship
detection of SAR images. It provides a feasible framework for further in-depth investigation of Finsler
information geometry theory and application.
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