Journal of Harbin Institute of Technology ( New Series) ,Vol.25, No.2, 2018

DOI:10.11916/j.issn.1005-9113.17060

Improved Ship Target Detection Accuracy in SAR Image Based
on Modified CFAR Algorithm

Yong Wang ™ and Tianjiao Guo

(Research Institute of Electronic Engineering Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract: A novel algorithm for the detection of ship target with high accuracy in the synthetic aperture

radar (SAR) with high spatial resolution image is proposed. The SAR image may include not only the ship

targets but also the interferences such as the sea clutter, the strong reflection target, the sidelobe and so on.

The conventional constant false alarm rate (CFAR) algorithm has some disadvantages, and it has not enough

prior information about the size of the ships. Hence, it cannot separate the adjacent ships correctly. A

comprehensive algorithm based on the modified CFAR algorithm and opening operation is presented to solve

the problem, and the detection accuracy can be improved consequently. The results of SAR image illustrate

the effectiveness of the method in this paper.
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1 Introduction

Recently, as the development of science and
military, the maritime surveillance gradually shows its
importance both in national security and in people’s
livelihood'"'. The traditional optical image could be
contaminated by many conditions, such as the weather
and the cloud. The synthetic aperture radar ( SAR)
system gradually gains its popularity because it has
high spatial resolution without the influence of

weather, clouds and other conditions. Besides,
comparing with the surrounding sea surface, the metal
surface and sharp angle of ship target express high
reflection in the SAR image'?'. Spontaneously, using
SAR image is a wonderful way to detect the ship
target. SAR image has been widely used in the
maritime surveillance domains.

The constant false alarm rate ( CFAR) is one of
the most commonly used algorithms in the ship target
detection. The ship targets show high gray-values
while the interferences such as the sea clutter often
shows a lower gray-value in the SAR images. Hence,

we can separate them by using a predetermined
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threshold. The selection of threshold is the topic we
are concerned. The CFAR is a kind of method which
can determine the appropriate threshold. The accuracy
of the statistical modeling for the interference has a
great influence on the precision of detection. In
general, traditional CFAR algorithm usually use
Gauss-model, K-model and so on. A great number of
facts and experiments show that K-distributions model
perform well at most of the time'* °'.

However, the traditional CFAR algorithm does
not consider the land in the SAR image, and we also
need to acquire the length and width of the ship target
before the selection of the window size for the CFAR
algorithm. Furthermore, when the two ships are too
CFAR method cannot separate them
threshold. For the

implementation of ship target detection in the SAR

close, the
efficiently by the precise
image, this paper presents comprehensive algorithms
including the Otsu, CFAR and opening operation to
improve the detection accuracy.

The structure of this paper is as below. Section 2
introduces the whole procedure for the process of
detection, our comprehensive algorithms including

Otsu, CFAR and opening operation are introduced
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consequently. The experimental results are shown in
Section 3. Section 4 is the conclusion of the paper.

2 Ship Target Detection Process

The algorithm in this paper consists of three
1) Otsu algorithm; 2 ) Modified CFAR
algorithm; 3) Opening operation.

The flowchart is shown in Fig. 1. The detailed
implementation of the detection can be illustrated as

parts

follows. First, Otsu algorithm is used to acquire the
prior information such as the size of the ship, and the
should be decided
simultaneously. The next step is the modified CFAR

size of the sliding window
algorithm using K-model for the ship target detection.
Finally, we adopt opening operation in order that the
accuracy of the CFAR detection results can be
improved.

[ SAR image

Otsu algorithm

Modified CFAR algorithm

Opening operation

Result

Fig.1 The whole process of ship target detection in
SAR image

2.1 Otsu Algorithm

The Otsu algorithm is a kind of binary segmentation
approach. It segments a whole grayscale image by a
threshold. The pixels with higher grayscale value than
the threshold are regarded as the foreground pixels or
target pixels and the pixels with lower grayscale than
the threshold are regarded as the background pixels or
interference pixels. The threshold can be determined as

follows'” .

gZWO(MO—/.L)2+w1 (Ml_ﬂ)z (1)
where w, is the proportion of foreground pixels, w, is
the mean grayscale value of foreground pixels, wu is
the mean grayscale value of all pixels, w,is the
proportion of background pixels, w, is the mean
grayscale value of background pixels. The higher g is,
the more difference between background pixels and
foreground pixels there is, then the better the
threshold is decided.

The threshold T~

maximum value of g.
T* = max [w, (o —p)* +w, (u, —p)*] (2)

OST<X H
where H means the total number of the gray levels of

’

can be obtained by the

the image, and in our image H is 255. The Otsu
algorithm can segment the image with high efficiency,
and we can acquire some prior information such as the
size of the ship target.

After the Otsu algorithm, the ship target and
some interference can be obtained. Then, we will
measure these targets to decide the size of background
window. In this paper, we measure lengths and widths
of all these targets, and sort these length and width
values in the ascending order. Find the length value
which is just more than 95% of these length values,
denote this value by [,. Similarly, the width value
which is just more than 60% of these width values is
denoted by /.

2.2 Modified CFAR Algorithm

Though efficient, Otsu algorithm cannot reach
expected accuracy. CFAR algorithm is one of the most
precise and common algorithm in ship detection.
Different with the conventional two-parameter CFAR
algorithm, our CFAR sliding window is according to
the size of the ship targets. At the same time, we
adjust and simplify the procedure for the computation
of the threshold, which can improve the detection
efficiency greatly.

CFAR algorithm is designed to calculate a
threshold to separate the ship targets and the sea
clutter. We can suppose a certain model of sea clutter,
and then use the grayscale of these pixels to estimate
the unknown parameters of the probability density
function (pdf), and the way to acquire threshold T is
as follows:

f:op(x)dx=Pfa (3)

where P(x) is the pdf of the model, P, is the
probability of false alarm. To improve the precision, a

suitable model of sea clutter is very important. The
.19 .
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K-distribution,  Gauss-
distribution,  Rayleigh-distribution, Lognormal-
distribution, and Weibull distribution shows that the
K-distribution is the best model for the sea clutter'®'.

The pdf of the K-distribution is as follows"”’ .

ZGMJZ&J@JEWJ’
() I(L) \p P

x>0 (4)
where u is the mean value of the test pixels grayscale,
v is the shape parameter''”’, L is the number of
is the

Gamma function''”’, and K,_,( ®) is the modified

comparison among the

P(x) =

statistically independent looks''® | I'( )

second kind of Bessel function''"’.

The way to estimate these parameters can base on
logarithmic mean and mean''"’.

In() =¢(2)=In([«x]) = [In(x) ] + (L) -

In(L) (5)
where [ x ] means the mean of x, ¢ ( * ) means the
diagamma function.

The pdf of K-distribution is complicated, and the
computation of threshold T based on Eq.(4) will not
be easy. Consider that the grayscale of a pixel in a
gray image is usually 8 bits, which means that the
grayscale is an integer between 0 and 255. As a result,
we may adjust Eq.(3) according to the definition of
integration as follows

)
2 P(x)
s =1-P

255 Ja

2 P(x)

r-1
2 P(x)

x=0

255 <1 _Pﬂz

2%P@>

We iterate T until it meets the condition of

(6a)

(6b)

Eq.(6). A number of results indicate that T'is always
around the double of the mean value for the testing
pixels grayscale. We can initialize 7 to 2u and iterate T'
as the procedure in Fig.2 to improve the efficiency.

Some basic concepts and equations have been
illustrated above. Then, we will introduce the process
of CFAR algorithm to the image.

Step 1 Set a compound sliding window, which
includes three concentric rectangles, the inside
rectangle is named as the target window, the middle
rectangle is named as the protection window and the
outside rectangle is named as the background window.

Step 2 Let the compound sliding window slide
.20 -

on the image. We consider the pixels which are
outside of the protection window and inside the
background window as the sea clutter, and suppose
the grayscale of these pixels meets the K-distribution.

Step 3 Estimate the parameters of sea clutter
proposed in Step 2, and the threshold 7 can be
obtained by Eq.(6) and Fig.2. Then, we set P, as a
very small value.

1=2u
wf
Eq4(6a)tl’ue?N> T=T+1
Y |«
Y
Eq.(6b) true? T=T-1

End

Fig.2 The estimate of T

Step 4
pixels whose grayscale are higher than the threshold T

In the target window, we preserve the

and mark the pixels whose grayscale are not higher
than the threshold as black ( grayscale equals to zero).

Step 5 Repeat Step 2 to Step 4 until all the
pixels of the image have been detected.

Here, we have to say that the size of the
should be decided
appropriately according to the ship target’s size.

2.3 Opening Operation
It is assumed that the assemble A and assemble B

compound sliding window

belong to the two dimensional integral space Z°, we

can define B dilates A as''* .

A®B=1{z[(B) NA#* (7)
Then, B eroding A can be defined as'""
A®B = {z|(B) C A| (8)

The opening operation is the synthesis of erosion

and dilation operation, this can be defined as''"’ .
A B=(AOB) ®B (9)
The purpose of opening operation is to break
some tiny connective pixels between two big targets.
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As a result, after opening operation, two or more
different targets that are merged can be separated with
each other. Then we can obtain a more accurate
segmentation image.

However, as the opening operation is irreversible,
once it is conducted, the shape of target will be
though
separated if assemble B is set inappropriately. As a

damaged even the adjacent targets are
result, the assemble needs to be chosen neither too
large nor too small.

In this letter, we set assemble A to be the whole
image acquired last step and assemble B to be a
straight line. Consider that if the length of B is higher
than the width of the target, the target may be
damaged. As a result, the length of B should be not

longer than /,, we set the length of B to be [/, in this

w

letter.
3 Experimental Results

The airborne SAR images for the raw data is used
in this experiment, the radar works in C band. Here,
the P, is selected as 107* for the modified CFAR
algorithm. We use the square window in this
experiment, and the length of the square background
window’s side is defined as [, , the length of the
square protection window’s side is defined as /,and the
length of the square target window’s side is defined as
[, . 1, is set to be more than 95% of the lengths for the
ship targets, /, defined in Section 2.1. [ is set as 0.7/, ,

and [, is set as 0.2, .

The way to calculate the correct detection ratio is

shown below!'®’ .

Ny

P, = x 100%

(10)

total

where NV, means the amount of ship targets detected

correctly, N, means the real amount of ship targets

tota

in SAR image. Similarly, we define the false detection
probability as follows'"".

N;
P, = x 100%

total

where N, is the amount of ship targets detected

(11)

incorrectly.

To illustrate the advantage of our modified CFAR
algorithm, two images are detected here, and the
detection results ( after further feature recognition )
and the comparison with conventional two-parameter
CFAR algorithm, Otsu algorithm is listed below. The
real number of ship targets in Table 1 is 76. The real
number of ship targets in Table 2 is 30.

We can see from Table 1 and Table 2 that the
conventional two-parameter CFAR algorithm has a
high missing detection probability for the lack of prior
information. In this experiment, we set the
background window as 200x200 pixels, the protection
window as 150%x150 pixels and the target window as
20x20 pixels. The Otsu algorithm uses one threshold
to process the whole image. When the brightness of
the image is inhomogeneous, some ship targets which
have high local contrast and low brightness will be
removed. As a result, the modified CFAR algorithm is
CFAR and Otsu

superior to the conventional

algorithm.

Table 1 The comparison of three methods for image 1 ( After further feature recognition)

Method N, Ny Py (%) P (%)
Two-parameter CFAR algorithm 60 8 78.95 10.53
Otsu algorithm 60 10 78.95 13.16
Modified CFAR algorithm 65 12 85.53 14.47

Table 2 The comparison of three methods for image 2 ( After further feature recognition)

Method N, Ny P, (%) P (%)
Two-parameter CFAR algorithm 25 3 83.33 10.00
Otsu algorithm 25 4 83.33 13.33
Modified CFAR algorithm 28 3 93.33 10.00

However, after the modified CFAR algorithm,
there still exists a high missing detection probability.
The results before and after the opening operation are
shown in Table 3 and Table 4.

We can see that after the procedure of opening
operation, in Table 3, P, decreases from 14.47% to
5.26% , while P, increases from 85.53% to 97.37%. N,
drops to 2. In Table 4, P, decreases from 10% to

e 21 -
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6.67% , while P, increases from 93.33% to 100%. N,  detection image 1 and image 2 (after further feature

drops to 2. Although there may exist some false alarm

and missing alarm, both of them are very low, which

means that our comprehensive algorithm is effective.
Fig.3 and Fig.4 show the results for the part of  detected target.

recognition). In the SAR images, the red point means

the real ship target and the red rectangle means the

Table 3 The comparison of the result before and after opening operation for image 1 ( After further feature

recognition)
Method N, N, P, (%) P (%)
Modified CFAR algorithm 65 12 85.53 14.47
Modified CFAR algorithm and opening operation 74 4 97.37 5.26

Table 4 The comparison of the result before and after opening operation for image 2 ( After further feature

recognition)
Method N, Ny P, (%) P (%)
Modified CFAR algorithm 28 3 93.33 10.00
Modified CFAR algorithm and opening operation 30 2 100.00 6.67

(c) Otsu & moditfied CFAR algorithm (d) Otsu & modified CFAR algorithm after opening operation

Fig.3 Part of detection image 1 using four kinds of algorithm

o 1 oy
(c) Otsu & modified CFAR algorithm (d) Otsu & modified CFAR algorithm after opening operation

Fig.4 Part of detection image 2 using four kinds of algorithm

Fig. 5 shows the effect of opening operation, opening operation, Fig.5(b) and Fig.5(d) are the

Fig.5(a) and Fig.5 (c) are the ship targets before  ship targets after opening operation. We can see that

e 22 .



Journal of Harbin Institute of Technology ( New Series) ,Vol.25, No.2, 2018

the high angel reflection is decreased, and two merged
ship targets are separated correctly. We can see the
superiority of the comprehensive algorithm including

(a) Ship target with strong angel reflection

(c) Two merged ship targets

the Otsu, CFAR and opening operation from Fig.3,
Fig.4 and Fig.5.

(b) Ship target with strong angel reflection after opening operation

-

(d) Two merged ship targets after opening operation

Fig.5 The effect of opening operation

4 Conclusions

This paper presents a new and comprehensive
ship target detection method for the high resolution
SAR image based on the Otsu, modified CFAR and
opening operation. The experimental results illustrate
our comprehensive method can improve the ship target
detection accuracy.
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