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ABSTRACT:

Corners play an important role on image processing, while it is difficult to detect reliable and repeatable corners in SAR images due
to the complex property of SAR sensors. In this paper, we propose a fast and novel corner detection method for SAR imagery. First,
a local processing window is constructed for each point. We use the local mean of a 3 × 3 mask to represent a single point, which
is weighted by a Gaussian template. Then the candidate point is compared with 16 surrounding points in the processing window.
Considering the multiplicative property of speckle noise, the similarity measure between the center point and the surrounding points is
calculated by the ratio of their local means. If there exist more than M continuous points are different from the center point, then the
candidate point is labelled as a corner point. Finally, a selection strategy is implemented by ranking the corner score and employing
the non-maxima suppression method. Extreme situations such as isolated bright points are also removed. Experimental results on both
simulated and real-world SAR images show that the proposed detector has a high repeatability and a low localization error, compared
with other state-of-the-art detectors.

1. INTRODUCTION

With the rapid development of modern radar sensors, the amount
of high resolution radar images is increasing quickly both for op-
tical images and Synthetic Aperture Radar (SAR) images. Com-
pared with optical images, SAR images are more stable owing
to its property of all-time and all-weather. Due to the impact of
coherent imaging mechanism and side looking geometry, SAR
images are always corrupted by massive coherent speckles. In
SAR image processing systems, corner detection plays an impor-
tant role. Corner points that are invariant to rotation and trans-
lation are important low-level features, which have been widely
used in image registration, change detection and object extraction
(LIU Yan, 2017). Lots of research efforts have been devoted to
this topic, such as Harris detector (Harris and Stephens, 1988),
Hessian detector (Bay et al., 2006), SUSAN detector (MA et al.,
2007), FAST detector (Rosten and Drummond, 2006).

However, typical algorithms including FAST and Harris detectors
are not suitable to SAR image due to the speckle noise. Recently,
some modifications of these corner detectors have been proposed.
Replacing the original gradient with the logarithmic ratio of the
exponentially weighted averages (ROEWA) operator, Dellinger
proposed a multi-scale SAR-Harris detector (Dellinger et al.,
2015). Yan proposed a SAR-FAST detector based on FAST (LI-
U Yan, 2017). The SAR-FAST method firstly employed rolling
guidance filter to suppress speckle noise, then corner points were
determined by quantitative analysis of the dissimilarities of the
detection windows on the extended circle and the center window.
However, these algorithms still have some limitations. The com-
putation cost of multi-scale SAR-Harris detector is high when
considering the real-time applications (Wu et al., 2016). For the
SAR-FAST detector, its performance heavily depends on the fil-
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tered image, while the filtering process (Zhang et al., 2014) al-
ways has a high computational complexity and may lose some
important information.

2. RELATED WORK

2.1 Harris Method

Harris and Stephens proposed a corner detection algorithm
known as Harris algorithm (Harris and Stephens, 1988). This
corner detector improves the Moravec corner detector using the
local auto-correlation function. The local autocorrelation func-
tion is given by:

Ex,y =
∑
u,v

wu,v[Ix+u,y+v − Iu,v]2 (1)

where I is the image intensity, (x, y) is the small shift, w denotes
a circular Gaussian template to suppress the noise. Then the func-
tion E can be approximated by two first gradients on both x and
y directions:

E(x, y) = (x, y)M(x, y)T

= (x, y)

[
(∂I/∂x)2 (∂I/∂x) (∂I/∂y)

(∂I/∂x) (∂I/∂y) (∂I/∂y)2

]
⊗ w

(2)
where M is the local covariance matrix which has two eigenval-
ues λ1, λ2.

λ1 and λ2 are proportional to the curve of local self-related func-
tions. They have three cases: If λ1 and λ2 are both small, the
intensity in the local processing window is of approximately con-
stant, then the local autocorrelation function is flat. If one of
them is small and the other one is large, the window straddles an
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edge. If both of them are large, this indicates a region containing
a corner. To finally find the location of a corner pixel, a corner
response function is calculated:

R = DET (M)− kTr(M)2 (3)

where Det(M) and Tr(M) represent determinant and trace of
matrix M respectively. Then the corner pixel can be extracted by
finding the local max response in a local window.

2.2 FAST Method

Liu et al. improved the original FAST corner detection algorith-
m to make it suitable for SAR image (LIU Yan, 2017). Due to
speckle noise of radar images, the SAR-FAST method first em-
ployed the rolling guidance filter (Zhang et al., 2014) to suppress
the noise. In FAST detector (Rosten and Drummond, 2006), a
local processing window is constructed for each pixel. By com-
paring the center point with the surrounding points, the corners
can be detected. The average intensity of the center pixel P is
compared with the jth points Qj . If

|P −Qj | ≥ Th (4)

then the jth point is different from the center point, where Th is
a fixed threshold value. If there exist more than M continuous
points that are different from the center poitn, then the center
pixel can be detected as a corner.

3. METHODOLOGY

Figure 1 illustrates the flow chart of the proposed corner detec-
tor. The whole procedure mainly consists of three parts: local
processing window construction, candidate points detection by
similarity and false points elimination.

Figure 1. Flow chart of the proposed detector

First, inspired by the efficient FAST detector used in optical im-
age corner detection (Rosten and Drummond, 2006), we con-
struct a local processing window for each pixel, which is shown
in Figure 2. As mentioned in Section 1, SAR images are strong-
ly corrupted with the speckle noise. Considering the effect of
noise, we utilize a 3x3 Gaussian template (Babaud et al., 1986)
to represent each single pixel, then the size of processing window
is 19x19. A Gaussian template can suppress the noise to some
extent. Moreover, local structural information has been taken in-
to consideration in each template, the adjacent pixels can help
us identify the candidate pixel more efficiently (Wei and Feng,
2015). Consequently, the proposed method is more stable and
more robust to speckle noise.

Figure 2. The local processing window and Gaussian templates.

Second, the similarity measure used in the FAST detector is the
intensity difference, while the speckle noise is generally modelled
as a multiplicative noise (Touzi et al., 1988). Hence, the intensity
difference may lead to many false alarms, especially in the ho-
mogenous areas. Here, we replace the intensity difference with
the ratio difference in the detector . Benefiting from the property
of constant false alarm rate (CFAR) for SAR imagery, ratio-based
detectors have been widely used in edge detection and descriptor
extraction, which are robust to the speckle noise (Xiang et al.,
2017, Shui and Cheng, 2012). The proposed ratio difference is
calculated as follows:

Ratio(k) =
µ(0)

µ(k)
, k = 1, 2, ..., 16 (5)

where µ(0) represents the average of the center template 0, and
µ(k) denotes the average of the template k. Based on the process-
ing window, 16 templates around the center template are utilized
to calculate the ratio difference. Accordingly, we can obtain 16
ratio differences to measure the structure of the candidate pixel.
For each ratio value, the similarity measure is derived by compar-
ing it with a threshold:

dk =

{
0, if 1/Th < Ratio(k) < Th
1, if Ratio(k) < Th
2, if Ratio(k) > 1/Th

}
(6)

where Th is a threshold. We consider the candidate pixel is a can-
didate corner point if more than a half templates are continuously
larger or smaller than the center template. Instead of comparing
all the templates one by one, we employ an acceleration method
in the detection procedure. We first compare the 1st and 9th tem-
plates with the center template, if the two templates are similar to
the center template d1 = 0andd9 = 0, then the candidate pixel
is not a corner. Then we test the 5th and 13th templates. Af-
ter testing all the diagonal templates, we can operate the full 16-
templates test on the remaining candidate pixels by accumulating
the sum of dk.

After the detection process, many candidate corners are selected,
while there exist some false detections and duplicate detection-
s. In order to solve this issue, a false point elimination method is
employed. First, we assign a score function to each candidate cor-
ners based on its dk values. For a candidate corner, the more con-
tinuous nonzero values, the higher its score. Then a non-maxima
suppression is utilized to select the best corner point.
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4. EXPERIMENTAL RESULTS

In this section, the proposed detector is compared with two state-
of-the-art methods, SAR-FAST detector and SAR-Harris detec-
tor. We first evaluate these detectors on several simulated SAR
images, then a real-world SAR image is tested. For the simulat-
ed SAR images, two quantitative metrics are used to evaluate the
performance, localization error and number of correctly-detected
points. For satellite SAR images, quantitative comparisons are
difficult because the ground truth (GT) maps do not exist for real-
world images. We compare the visual effects among these detec-
tors. For fairness, all of the detectors use the same pre-processing
and post-processing method. Since we want to test the robust-
ness of these detectors versus strong speckle noise and the filter-
ing process is always time-consuming, we do not apply a filter to
smooth the raw image. The parameters of SAR-FAST detector
and SAR-Harris detector follow their authors instructions. For
the proposed detector, we set the threshold Th as 0.7 for images
with high level of noise, while 0.8 for images with low levels of
noise and 0.6 for the real-world SAR image.

(a) (b)

Figure 3. (a) The simulated three-look SAR image. (b) The
ground truth map.

4.1 Comparison on Simulated SAR Images

In this experiment, a polygon image with simulated three-look
speckle noise is used, which is shown in Figure 3(a). Figure 3(b)
shows the ground truth corners of this simulated image. The two
quantitative measure criteria are localization error and number
of correctly-detected points. We consider a candidate point is a
correctly-detect point, if its coordinate satisfies:

√
(x− xo)2 + (y − yo)2 < d (7)

where (xo, yo) denotes the coordinate of corresponding ground
truth corner, d is a distance thredhold. The localization error is
calculated by the distances of all the correcly-detected corners.
The larger the number of correcly-detected points, the better the
detctor, accordingly, the smaller the localization error, the better
the detector. In order to evaluate the detection performance, we
first compare these detectors on the three-look simulated SAR
image. Figure 4 shows the detection results of all the three de-
tectors on the simulated SAR image. It can be observed that the
proposed detector extracts all the correct corners, while the other
two methods miss some corners.

In order to further analysis the performance, we compare these
detectors on simulated images of different noise levels. High
number of looks denotes low noise level, while small number of
looks represents strong noise level. Figure 5(a) shows the local-
ization errors versus the noise level and Figure 5(b) illustrates the
number of correcly detected points versus the noise level.

(a) (b) (c)

Figure 4. The detection results of three detectors on the
simulated SAR image. (a) Proposed. (b) SAR-FAST. (c)

SAR-Harris.

(a) (b)

Figure 5. The performence of three detectors on simulated SAR
images of different noise levels. (a) The localization errors
versus the noise level. (b) The number of correcly detected

points versus the noise level.

4.2 Comparison on a Real-world SAR Image

Finally, a satellite image is tested in this experiment. The image
was taken from a GaoFen-3 satellite with Ultra Fine Stripmap
mode and HH polarization, its an amplitude image with a size of
800 × 500. The detection results of three comparative detectors
are shown in Figure 6. We use the same parameters for the SAR-
Fast and SAR-Harris detectors. For the proposed detector, we set
the threshold Th to 0.6. It can be observed from the detection
results that the proposed detector extract reliable corners both in
the high contrast regions and low contrast regions.

(a) (b) (c)

Figure 6. The detection results of three detectors on the
real-world SAR image. (a) The result of our proposed method.

(b) The result of SAR-FAST method. (c) The result of
SAR-Harris method.

5. CONCLUSION

In this paper, a novel and fast corner detection method for SAR
imagery is proposed. By replacing the intensity difference and
constructing a new processing window, the original FAST algo-
rithm is improved to be adapted to SAR imagery. Considering
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the effect of speckle noise, we utilize a Gaussian template to rep-
resent one pixel, and the ratio-based similarity measure is pro-
posed to detect the candidate corner. In addition, a false alarm
elimination strategy is employed based on a score function and
non-maxima suppression. Experimental results demonstrate that
the proposed corner detector gives a good performance with high
repeatability and low localization error.
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