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Aiming at the shortcomings of traditional bilateral filtering in suppressing speckle noise in SAR ship images, especially strong
speckle noise and loss of image edge details, it proposes an improved bilateral filtering algorithm based on fast adaptive
threshold and variable window in this paper. The algorithm was used to suppress speckle noise in SAR ship images. The
traditional bilateral filtering cannot effectively filter out the strong speckle noise, but the SAR image has strong speckle noise
because of the defects of its imaging principle. To solve these problems, an image sample truncation method based on fast
adaptive truncation statistical characteristics is designed to adjust the photometric similarity weight characteristics to realize
the adaptive adjustment of spatial standard deviation and gray standard deviation. After the local reference window is modified
and truncated according to the local characteristics of the image, the adjusted combined similarity weight value greatly reduces
the impact of strong speckle noise on the image. It is smoothed into speckle signal with strong impulse noise. In the traditional
bilateral filtering, in order to enhance the effect of smoothing noise, it is necessary to specify a large value of geometric
diffusion factor and gray similarity diffusion factor, resulting in the loss of image details. Based on the variable window size
filtering method, when the extended local reference window is in the case of nonuniform edge, its window can be enlarged to
make the speckle noise stronger. When an extended window contains details such as edges and textures, its size is not
expanded to maintain image detail. This method can further smooth the speckle noise in the uniform region while preserving
the edge details of the image. Finally, the adaptive truncated sample is used as the input of the bilateral filter. The image
sample truncation method based on fast adaptive threshold can effectively eliminate the strong speckle noise information that
affects the photometric similarity and weight accuracy of the image. The method based on variable window can greatly
enhance the smoothness of the edge area of the image. The experimental results show that improved adaptive bilateral filtering
algorithm improves the speckle noise removal ability by 16.06% compared with the traditional bilateral filtering algorithm in
the speckle noise suppression of the SAR ship image, and the preservation performance of the image edge after filtering is
improved by 5.41%. Compared with the original image, the filtered image has a 1.2% improvement in structural similarity. The
algorithm can effectively suppress speckle noise and has a good ability to retain edge and texture information of the SAR ship
image, which has strong practicability.

1. Introduction

Synthetic aperture radar (SAR) uses the principle of syn-
thetic aperture to achieve high-resolution microwave imag-
ing. It has many characteristics such as all-day, all-weather,
high-resolution, and large-width [1]. It is widely used in
remote sensing fields such as geology and ocean. Due to

the imaging characteristics of synthetic aperture radar, the
original SAR ship image will seriously affect the quality of
the image due to a large amount of speckle noise, which will
increase the difficulty for subsequent image processing and
classification operations. The ship target detection method
based on the statistical characteristics of SAR images is easy
to cause generation of false alarms. How to effectively
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suppress the speckle noise of the image and keep the edge
texture information is the research focus and hotspot of
SAR ship image processing.

Image filtering, which is to suppress the noise of the
image under the condition of better maintaining the image
details, is an indispensable operation in image preprocessing,
and the quality of its processing effect will directly affect the
effectiveness and reliability of subsequent image processing
and analysis [2]. From the design method, it can be divided
into two categories: linear filtering and nonlinear filtering.
The commonly used linear filtering algorithms mainly
include mean filtering, Gaussian filtering, and nonlocal
mean filtering. The mean filter calculation speed is relatively
fast, but as the template size increases, it will damage the
details of the image while denoising. Gaussian filters are a
class of linear smoothing filters that select weights according
to the shape of the Gaussian function. Gaussian filtering is
very effective for suppressing noise that obeys a normal dis-
tribution; however, Gaussian filtering is difficult to deal with
nonsmooth parts of the image and cannot effectively pre-
serve texture information while denoising. Considering the
self-similar nature of the image, nonlocal mean filter
(NLM) makes full use of the redundant information of the
image and can preserve the details of the image to the great-
est extent while denoising [3]. Its disadvantage is that the
computational complexity is too high and the program is
very time-consuming, which makes the algorithm less
practical.

Linear filtering is easy to design and implement, but
when the signal and noise are related to each other, the edge
of the image signal is often blurred while removing the noise,
and the processing result is not good. Therefore, the nonlin-
ear filtering algorithm is proposed, which makes up for the
shortage of linear filtering to some extent and can keep the
high-frequency details of the image signal to the greatest
extent while filtering out the noise, so that the image is clear
and realistic, so it is widely used [2]. Bilateral filter is a non-
linear filtering method, which has one more Gaussian vari-
ance sigma-d than Gaussian filtering. Bilateral filtering
considers both spatial information and grayscale similarity
to achieve edge preservation and denoising. It has the char-
acteristics of simple, noniterative, and local and has better
preservation performance for image edges [4, 5]. On the
basis of traditional bilateral filtering, related improved
research algorithms continue to emerge, which further
expands the scalability and innovative applications of bilat-
eral filtering algorithms.

In view of the excellent performance of bilateral filtering
in image denoising, many related extension algorithms
emerge one after another. Yongxia [6] proposes a speckle
noise suppression algorithm based on multiresolution bilat-
eral filtering, which performs wavelet decomposition on the
image and then performs frequency division filtering. The
disadvantage is that the size of the search window is not
clearly set, resulting in poor robustness of the algorithm.
Aiming at the insufficiency of the description of the struc-
ture information when bilateral filtering processes SAR
images, Yang et al. [7] use an iterative image bilateral filter-
ing strategy to combine the edge structure characteristics

and the scattering characteristics of ground objects, which
effectively improves the filtering performance. Further
research is done on the influence of edge structure and scat-
tering feature extraction. In order to solve the problem that
the SAR image and speckle noise are sharpened at the same
time, Zhang [8] adopts the binary Thiele type vector contin-
ued fraction approximation method for the exponential
function in the bilateral filter, which makes the bilateral filter
easier to implement in hardware. The model has the charac-
teristics of fixed parameters, which requires manual adjust-
ment of parameters to achieve better results, and is not
easy to expand and realize due to its low efficiency. Ming
[9] studies an improved bilateral filtering algorithm for
polarimetric SAR images that fuses edge structure and
ground object scattering information and improves the noise
reduction performance; however, this algorithm can only
use a fixed filter window size for noise reduction; otherwise,
it will lead to noise reduction. Image detail information loss
is large, or there is a defect of poor noise suppression ability.
Lin [10] proposes a denoising algorithm based on bilateral
filtering and wavelet multimode threshold, which performs
two-layer wavelet decomposition on SAR images, which
can denoise well and effectively retain ship information,
but there are serious coherent speckles in the image. In the
case of noise and sea clutter interference, the effectiveness
of the algorithm will be greatly affected. Min et al. [11] pro-
poses a bilateral filtering algorithm using complex image
domain data of interferometric synthetic aperture radar
along the track. This method has strong interferometric
accuracy, but it can provide effective interferometric features
for moving ship target detection. Information is very limited.
Jiaqiu and Yang [12] improve the color similarity and spatial
standard deviation processing method of the joint bilateral
filtering algorithm in the depth image processing, which
can effectively fill the missing holes in the depth image and
suppress the speckle noise, but the real-time performance
and reliability of the algorithm need to be improve. Aiming
at the deficiency of bilateral filtering in suppressing coherent
speckle in polarimetric SAR data, Wang et al. [13] proposed
to introduce improved cross bilateral filtering into polari-
metric SAR data noise reduction. The algorithm introduces
the measurement of scattering type to expand the original
weight kernel, so that the neighboring pixels that contribute
greatly to the central pixel not only require close spatial dis-
tance and small difference in gray value but also require sim-
ilar scattering types. Shi-cheng et al. [14] proposed an
improved bilateral filtering algorithm TS-BF based on trun-
cation statistical characteristics, which can effectively main-
tain the edge pattern of the image while smoothing the
speckle noise to the greatest extent. However, for the sliding
window size setting and classification of bilateral filters,
more experience intervention is required. Heng et al. [15]
proposed a bilateral filtering algorithm with adaptive size
of window guided by image gradient, aiming at the problem
that the traditional filtering algorithm is prone to reduce the
noise suppression ability and the edge halo effect in the
heavy noise area. The effect of smoothing edge noise is
achieved in one pass by using edge gradients to determine
the edge orientation of pixels in the image. However, the
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algorithm has the disadvantage of a large amount of calcula-
tion, especially for the situation that the numerical processing
of PSNR and SSIM does not meet the requirements—the iter-
ative processing increases the complexity of the algorithm. Bo
and Chen-Feng [16] proposed that the traditional hard thresh-
old function is discontinuous, and the soft threshold function
is insufficient in image reconstruction accuracy, and the wave-
let adaptive threshold function is combined with bilateral fil-
tering, which improves the filtering effect and improves the
image quality at the same time. The algorithm organically
combines two independent algorithms, which not only breaks
through the effect of a single algorithm but also increases the
complexity of the algorithm.

The traditional bilateral filtering algorithm needs to pre-
set the spatial standard deviation and the gray standard devi-
ation according to the experience, and the parameters are
fixed and not universal; the adaptive bilateral filtering
method realizes the self-adaptation of the spatial standard
deviation through the gray cooccurrence matrix and uses
the statistical method to estimate the smooth area. Noise
standard deviation and the gray standard deviation are set
according to the noise standard deviation, so as to realize
adaptive bilateral filtering [4].

In view of the defects of imaging principle in SAR
images, strong speckle noise is common, but the traditional
bilateral filtering algorithm needs to preset spatial standard
deviation and gray standard deviation according to experi-
ence. The parameters are fixed and not universal and cannot
effectively filter out strong speckle noise. In this paper, an
improved bilateral filtering algorithm based on fast adaptive
threshold and variable window size is proposed, which real-
izes the adaptation of the spatial standard deviation through
the gray level cooccurrence matrix and uses statistical
methods to estimate the noise standard deviation in the
smooth region. Set the gray standard deviation to achieve
adaptive bilateral filtering. The innovations involved mainly
include the following.

(a) Image sample truncation method based on fast
adaptive truncation statistical characteristics to
adjust photometric similarity weight characteristics
to achieve adaptive adjustment of spatial standard
deviation and grayscale standard deviation, and per-
form adaptive thresholding on the local reference
window according to the local characteristics of the
image. After the samples are trimmed and truncated,
the adjusted combined similarity weight value
greatly reduces the influence of strong speckle noise
on the image and is smoothed into a speckle signal
with strong impulse noise

(b) In traditional bilateral filtering, in order to enhance
the effect of smoothing noise, it is necessary to spec-
ify larger values of geometric diffusion factor and
grayscale similarity diffusion factor, resulting in loss
of image details. In the filtering method based on
variable window size, when the extended local refer-
ence window is in a nonuniform edge condition, its
window can be enlarged to make the speckle noise

stronger; when the extended window contains details
such as edges and textures, it will not be. Its size is
expanded to maintain image detail. This method
can further smooth the speckle noise in uniform
regions while preserving the edge details of the
image. Finally, the adaptively truncated samples are
used as the input to the bilateral filter

Compared with the traditional filtering algorithm, the
adaptive bilateral filtering method proposed in this paper
has better performance and effect. It can not only effectively
suppress the speckle noise of the SAR ship image but also
better protect the image edge and texture information.
Moreover, it has the characteristics of full self-adaptation,
which can effectively suppress the speckle noise of SAR ship
images, laying a better foundation and guarantee for the sub-
sequent processing of SAR data.

2. Research Methods and Principles

2.1. The Principle of Bilateral Filtering. The bilateral filtering
algorithm is a noise removal method derived from the
Gaussian filtering algorithm. While effectively retaining the
excellent denoising ability of the Gaussian filtering, it can
effectively reduce the additive noise without destroying the
edges and details of the image. The edge information of
the image is preserved, but impulse noise cannot be
removed. SAR images are processed by echoes from succes-
sive radar pulses, and the pixel changes generated by the
echo intensity appear as speckle noise of the image, which
is usually impulsive noise. Especially for strong speckle
noise, traditional bilateral filtering cannot effectively reduce
the noise. The two weight combinations that determine the
traditional bilateral filtering are geometric similarity and
grayscale similarity weights.

h xð Þ = k−1 xð Þ
ð∞
−∞

ð∞
−∞

f Að Þc A, xð Þs f Að Þ, f xð ÞdAð , ð1Þ

where cðA, xÞ in this function is the geometric similarity
weight value of the central pixel x and its surrounding pixels
A, sð f ðAÞ, f ðxÞÞ is the grayscale similarity weight of the cen-
tral pixel x and its surrounding pixels A, and kðxÞ represents
the normalization index.

k xð Þ =
ð∞
−∞

ð∞
−∞

c A, xð Þs f Að Þ, f xð Þð ÞdA: ð2Þ

The image Gaussian kernel function that determines the
geometric similarity is constructed as

c A, xð Þ = e−1/2 d A,xð Þ/σdð Þ2, ð3Þ

where dðA, xÞ represents the distance between the sur-
rounding pixel point A and the central pixel point x and d
is the geometric expansion factor that mainly controls the
geometric expansion factor of the low-pass filter strength.
The smaller the value of σd , the lower the low-pass filtering
strength and the clearer the filtering result. The Gaussian
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kernel function of grayscale similarity is constructed as
follows:

s f Að Þ, f xð Þð Þ = e−1/2 f Að Þ−f xð Þ/σrð Þ2, ð4Þ

where σr is the diffusion factor of image grayscale similarity.
It can be seen from equations (1) and (2) that in the tra-

ditional bilateral filtering, each pixel needs to be calculated
many times, which will lead to poor real-time performance
of the algorithm. At the same time, because the parameters
are fixed, it is necessary to manually adjust the parameters
according to the actual noise situation. If the local reference
window contains impulse noise, the impulse noise will
occupy a large proportion in the filtered samples, which will
greatly affect the strong speckle noise denoising of SAR
images.

2.2. Improved Bilateral Filtering Method Based on Fast
Adaptive Threshold. In this paper, an improved bilateral fil-
tering method based on a fast adaptive threshold is pro-
posed, which realizes the adaptive adjustment of the spatial
standard deviation and the gray standard deviation by
adjusting the photometric similarity characteristics and then
applies the adjusted sample information to the improved
bilateral filter. Speckle noise, especially strong speckle noise,
can be largely eliminated.

The sample information processing rules for fast adap-
tive thresholds are defined as follows:

Ii,j ∈ φ, Ii,j − μw
�� �� ≤ a ⋅ σw, ð5Þ

where Ii,j is the intensity value of the sample ði, jÞ within
the image reference window and a is the depth of sample
trimming. σw and μw are the standard deviation and
mean of all samples in the image reference window, N
is the size of the local window, and σw and μw are
defined as follows [17]:

σw =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
N2 〠

N

m=1
〠
N

n=1
Ii,j − μw
� �2s

, ð6Þ

μw = 1
N2 〠

N

n=1
〠
N

n=1
Ii,j: ð7Þ

If σw and μw satisfy equation (5), all samples in local
reference window will be retained and processed by bilat-
eral filtering; otherwise, the samples will be deleted. After
the samples are trimmed, the combined filtering weight
hðxÞ is generated by formulas (1) to (4), and the original
sample A will be replaced by the trimmed sample φ.
After performing sample trimming and stage of adaptive
thresholding on the local reference window according to
the local features of the image, the adjusted combined
similarity weight value greatly reduces the influence of
strong speckle noise on the image and is smoothed into
strong impulse noise speckle signal. Based on different
trimming depth value a, the equivalent view number

ENL and the edge degree similarity index ESI are used
to measure the edge-preserving ability of the bilateral fil-
ter to process the image. The larger the trimming depth
value a, the more sample information is retained, and
more image edge details will be preserved; however, the
despeckling performance will be reduced.

In order to meet the good speckle noise suppression and
smoothing effect and edge preservation performance at the
same time, this paper proposes a fast adaptive threshold
method. The depth kernel function is constructed as follows:

a = exp θ ⋅
σw
σh

� �2
" #

, ð8Þ

where σh is the standard deviation values of the entire
SAR ship image and σw is the standard deviation values of
the local reference window. The smaller the strength weight
value θ of the truncated sample, the stronger the ability to
truncate the sample information. If the filtered pixel is a
pixel at the edge of the image, σw is greater than σh and
the value of a is larger, the number of automatically trun-
cated sample information is less, and the edge information
and texture of the image are well preserved. Otherwise, if
the filtered pixels are mostly cluttering pixels, then σw is
smaller than σh and the smaller a is, and more pixels that
deviate from the average value of the image will be elimi-
nated, and the number of automatically truncated samples
will be large, which can be very smooth speckle noise to a
large extent. Therefore, the improved combined similarity
weight is more accurate, which not only smooths the strong
speckle noise signal but also preserves the edge detail infor-
mation of the image.

2.3. Improved Bilateral Filtering Method Based on Variable
Window. In the above adaptive threshold bilateral filtering,
when the value of geometric diffusion factor σd that controls
the strength of the low-pass filter and the grayscale similarity
diffusion factor σr is larger, the effect of smoothing noise can
be enhanced [17]. However, the details of the image will be
destroyed. In order to satisfy the requirements of smoothing
noise and preserving details at the same time, an improved
bilateral filtering algorithm based on variable windows was
proposed in this paper. In the improved filtering method
based on variable window size, when the extended local ref-
erence window is in a nonuniform edge condition, its win-
dow can be enlarged to make the speckle noise stronger;
when the extended window contains details such as edges
and textures, it will not be. Its size is expanded to maintain
image detail. This method can further smooth the speckle
noise in uniform regions while preserving the edge details
of the image. Finally, the adaptively truncated samples are
used as the input to the bilateral filter.

Firstly, set T as the expansion threshold that controls the
size of the window, initialize the size of the window rw, and
calculate the standard deviation of the entire image σh and
the local window σw. If σh and σw satisfy formula (9), the
window size will be enlarged, and the enlargement method
is formula (10), and i is the number of rounds of
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enlargement.

σw
σh

� �2
≤ T , ð9Þ

rw = rw + 2i: ð10Þ
The main operation steps are as follows:

(1) Initialize the size of the window rw, and its expan-
sion threshold is T ; the trimming intensity, the geo-
metric diffusion factor σd , and the grayscale
similarity diffusion factor σr value

(2) Calculate the standard deviations σh and σw of the
entire image window and the local window. If equa-
tions (9) and (10) are satisfied, the size of the local
window will increase; if equation (9) is not satisfied,
the final gets the size of the window

(3) Use the kernel function of equation (8) to calculate
the truncated depth of the window sample, and cal-
culate the adaptive threshold through equations
(5)–(7) to truncate the sample information in the
local reference window of the image

(4) Calculate the photometric similarity weight sðxÞ of
the sample by formula (4)

(5) Calculate the combined similarity weight hðxÞ deter-
mined by both the geometric similarity and the gray-
scale similarity through equations (2) and (3), and
use bilateral filtering to process image pixels

(6) Repeat steps (2) to (5) until the end of the entire SAR
image, and output the processed filtering results

3. Data Result Processing and Analysis

3.1. Evaluation Indicators. For the operating efficiency of the
algorithm, this paper takes equivalent view number of looks
(ENL) count, the edge preservation index (EPI) count, peak
signal-to-noise ratio (PSNR), structural similarity, and run-
ning time as evaluation indicators (SSIM), and all experi-
ments are completed on the following computers. The
experimental environment adopts Intel Core™ i7 dual-core,
memory 8G, main frequency 3.60GHZ, and is completed
under the MATLAB R2018 platform. The equivalent view
number of looks (ENL) is used to measure the intensity of
speckle noise in the image. The ENL of the filtered image
is usually larger than that of the original image, which means
that the filtered image is smoother than the unfiltered image.
The larger the ENL value, the better the ability to remove
speckle noise. The edge preservation index (EPI) indicates
the preservation performance of the image edge after filter-
ing. The higher the EPI value, the better the image edge pres-
ervation ability. Peak signal-to-noise ratio (PSNR) is the
ratio of the maximum power of the signal to the maximum
power of the noise. The clearer the image, the higher the
PSNR value. Structural similarity (SSIM) measures the sim-
ilarity of images in terms of contrast, brightness, and struc-

ture. When the SSIM value is closer to 1, it means that the
similarity of two images is higher. The speckle index β is a
good measure of the intensity of the coherent speckle on
the image [18]. It is the ratio of the standard deviation of
the pixel value in the homogeneous area on the image to
the mean value. The smaller the β value, the smaller the
speckle noise and the better the filtering ability. The mean
square error value (MSE) represents the mean value of the
square sum of the differences before and after filtering in
the homogeneous area in the image. The larger the β value,
the better the filtering performance.

3.2. Analysis of Experimental Results. The contrast experi-
ment filtering algorithms used in this paper contains sigma
filtering (sigma), bilateral filtering (BF), improved bilateral
filtering algorithm (truncated statistics-based bilateral filter,
TS-BF) based on truncated statistical characteristics, nonlo-
cal mean filtering algorithm (NLM), and the improved bilat-
eral filtering algorithm (adaptive threshold and variable
window size bilateral filtering, ATS-BF) that are compared
and experimentally studied to verify the better performance
of the algorithm proposed in this paper. The proposed algo-
rithm has excellent speckle noise suppression and edge pres-
ervation performance. The relevant simulation parameters
of each filter are set as follows:

(1) In order to comprehensively consider the contrast
speckle smoothing effect and the preservation of
edge details of the image, the window size of the tra-
ditional speckle noise filter and bilateral filter is both
5 ∗ 5; the initial value of the improved bilateral filter
window in this paper is also set to 5 ∗ 5. At the same
time, the requirements of formulas (9) and (10) are
required

(2) Since the sigma filter is based on the sigma probability
of Gaussian distribution, it mainly eliminates image
noise by averaging the pixels within the two sigma
ranges of the central pixel in the filter mouth, while
the remaining pixels are not processed as edge pixels.
The two-sigma probability of the Gaussian distribu-
tion is 95.5%. 95.5% of the random samples of the
Gaussian distribution fall within the two standard
ranges of their mean, so 95.5% of the pixels in the local
reference window are reserved for filtering. For the
modified sigma filter, specify that the sigma value of
ξ is 0.9, set the percent value of Z to 98%, and set the
threshold to 6.0 for strongly reflective pixels in the
window Tk. The photometric similarity diffusion fac-
tor σr and geometric diffusion factor σd of the tradi-
tional bilateral filter and the improved bilateral filter
proposed in this paper are 40 and 3.0, respectively

(3) The truncation strength weight of the improved
bilateral filter proposed in this paper is very impor-
tant to the performance of bilateral filtering. If the
value of θ is too high, the adjustment range of the
truncation depth A will be small, and the samples
will be truncated less, which will cause the speckle
noise unable to be smoothed. Otherwise, the
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adjustment range of the truncation depth A will be
large, the samples will be truncated too much, and
the image details will be destroyed. Different θ values
are used to conduct experiments on images contam-
inated by speckle noise, and the equivalent viewing
number of looks (ENL) and edge preservation index
(EPI) are obtained and recorded. It is shown in
Figure 1. ENL and EPI performances of speckle
smoothing effect and image detail preservation, the
optimal value of truncation intensity weight is 0.5
in this experiment

3.2.1. Simulation Experiment. In this paper, experimental
research and analysis are carried out to simulate standard
images affected by speckle noise. It can be seen from
Figure 2 and Table 1 that the sigma algorithm has a good
ability to suppress speckle noise, but there is obvious lack
of details in the heterogeneous area. The BF algorithm has
better texture information protection performance, but the
performance of smoothing noise is poor. TS-BF algorithm
is similar to ATS-BF algorithm in edge preservation effect,
but the former has slightly worse smooth noise effect. The
NLM algorithm is better than ATS-BF algorithm in smooth-
ness, but its edge preservation ability is worse. After compre-
hensive comparison, it is concluded that the ATS-BF

algorithm proposed in this paper has strong advantages in
smoothing noise and texture detail protection; that is, it
shows better speckle noise suppression and edge preserva-
tion performance for simulated images.

3.2.2. SAR Image Experiment. To verify the performance of
different filtering algorithms and the proposed algorithm
ATS-BF in smoothing speckle noise, experiments are carried
out on the original SAR images. On the basis of the simula-
tion experiment, three indexes of speckle index, mean square
error index, and edge preservation index coefficient are
selected to analyze the experimental method of SAR image.
The SAR experimental image comes from the TerraSAR-X
image collected in the Volga delta region in southern Russia
on June 19, 2007. The data is obtained by the strip-map
imaging mode with a resolution of 3m ∗ 3m and a polariza-
tion mode of HH. The effective view count is 8.3.

Mean squared error (MSE) refers to the expected value
of the square of the difference between the estimated value
of the parameter and the true value of the parameter. It is
a more convenient method to measure the average error.
MSE can evaluate the degree of change in the data. The
smaller the MSE value is, the better the prediction model
describes the experimental data with better accuracy. It
shows that the prediction model has better accuracy in
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Figure 1: Despeckle performance of adaptive threshold and variable window size algorithm under different truncation intensity weight
values.
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describing the experimental data. Equivalent view number
ENL and edge similarity index ESI are used to measure the
edge preservation ability of bilateral filter processing images.

As can be seen from Figure 3 and Table 2, the five
methods can filter out most of the noise on the SAR image.
The NLM algorithm has a better effect on coherent speckle
noise processing in the homogeneous area, but there is a
large loss of texture detail information in the texture area.

However, the sigma filtering algorithm and the traditional
bilateral filtering algorithm BF have poor noise suppression
effect in the surrounding homogeneous area in the detail
protection of the texture area. The TS-BF filtering algorithm
makes up for the above deficiencies, but it is less effective in
protecting the details of linear textures. Compared with
other filtering algorithms, the ATS-BF algorithm has smaller
MSE value and larger ESI and ENL values, and it has better

(a) Reference image (b) Sigma filter

(c) BF filter (d) TS-BF filter

(e) NLM filter (f) ATS-IBF filter

Figure 2: Comparison of noise suppression processing of analog images by different filtering algorithms.
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Table 1: Evaluation of despeckle performance of different filters.

Index filter ENL EPI PSNR SSIM Time (s)

Sigma 35.58 0.63 30.68 0.80 5.83

BF 32.13 0.74 33.24 0.83 1.43

TS-BF 35.37 0.73 33.24 0.85 4.85

NLM 37.87 0.75 32.03 0.82 148

ATS-BF 37.29 0.78 32.98 0.84 15.67

(a) SAR image (b) Sigma filter

(c) BF filter (d) TS-BF filter

(e) NLM filter (f) ATS-IBF filter

Figure 3: Comparison of noise suppression processing of SAR image by different filtering algorithms.

Table 2: Comparison of exponents before and after filtering effects of different methods.

Filter index Sigma BF TS-BF NLM ATS-BF

β 35.58 0.63 30.68 0.80 5.83

MSE 1.89 1.87 1.85 1.92 1.79

ESI 0.57 0.64 0.62 1.05 1.15

ENL 125.68 137.54 156.74 181.32 191.07
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advantages, but it also suffers from the loss of a small
amount of texture detail information. The comprehensive
simulation image experiment and SAR image experiment
results show that the ATS-BF algorithm can effectively sup-
press the speckle noise in the original data and improve the
protection of the edge detail information of the SAR image
compared with other filter algorithms. The experimental
results verify the superiority of the algorithm proposed in
this paper.

4. Conclusion

In this paper, for the bilateral filtering algorithm, all samples
in the local reference window are used to generate photo-
metric similarity weights, which not only cannot eliminate
the strong speckle noise signal in the SAR ship image but
also will enhance the noise signal and cause image edge
detail damage, etc. Therefore, an improved bilateral filtering
algorithm based on fast adaptive threshold and variable win-
dow size is proposed. The innovations of the algorithm
mainly include the image sample truncation method with
fast adaptive truncation statistical characteristics that is
introduced to suppress the influence of coherent speckle
noise, which solves the problem that traditional bilateral fil-
tering is difficult to filter out strong speckle noise. The filter-
ing method based on variable window size is used in speckle
noise in uniform areas which can be further smoothed while
preserving image edge detail. Finally, the adaptively trun-
cated samples are used as the input to the bilateral filter.
The experimental results show that improved adaptive bilat-
eral filtering algorithm improves the speckle noise removal
ability by 16.06% compared with the traditional bilateral fil-
tering algorithm in the speckle noise suppression of the SAR
ship image, and the preservation performance of the image
edge after filtering is improved by 5.41%. Compared with
the original image, the filtered image has a 1.2% improve-
ment in structural similarity. The algorithm can effectively
suppress speckle noise and has a good ability to retain edge
and texture information of the SAR ship image, which has
strong practicability.

However, when the algorithm deduces the adaptive sam-
ple truncation formula, there is a single deficiency of the sam-
ple model, which may lead to the problem of reducing the
application scope of the algorithm. The follow-up will increase
the algorithm research of different models. At the same time,
when calculating the deformation of the filter window in the
edge area, compared with other algorithms, the amount of cal-
culation has increased, and the deformation will be improved
and optimized in the future to further improve the efficiency
and real-time performance of the algorithm.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that they have no competing interest.

Acknowledgments

This study was supported by the China University Industry-
University Research Innovation Fund-Beichuang Teaching
Assistant Project (Phase II) (2021BCF02004), by the
Chengdu Key Base of Water Ecological Civilization Con-
struction Research Projects (SST2021-2022-14), and by the
Chengdu Agricultural College Youth Fund Project (20QN-
05).

References

[1] Y. Xu, High-Resolution Three-Dimensional Synthetic Aperture
Radar Imaging Technique, Xidian University, 2011.

[2] H. Xiuli, A Hybrid Filtering Algotithm Based on Advanced D-S
Theory of Ecidence, Beijing University of Posts and Telecom-
munications, 2006.

[3] B. Yu, L. Guo, Q. Xiao-liang, and T. Y. Zhao, “A new adaptive
bilateral filtering,” Journal of Applied Sciences-Electronics and
Information Engineering, vol. 30, no. 5, pp. 517–523, 2012.

[4] M. Qingshun, N. Qian, and L. Yinjie, “Novel adaptive bilateral
filtring algotithm based on parameter estimation,” Application
Research of Computers, vol. 34, no. 7, pp. 2221–2223+2231,
2017.

[5] H. Gao, “Fast parallel algorithms for the X-ray transform and
its adjoint,” Medical Physics, vol. 39, no. 11, pp. 7110–7120,
2012.

[6] K. Yongxia, Research on SAR Image Speckle Suppression Algo-
rithm Based on Non-Local Mean, Henan University of Tech-
nology, 2010.

[7] X. Yang, Y. Ming, K. Wu, L. Wenhui, X. Zheng, and
L. Guoqiang, “Structure-preserving bilateral filtering of polar-
imetric SAR image noise reduction,” Journal of Electronics and
Information, vol. 37, no. 2, pp. 268–275, 2015.

[8] H. R. Zhang and J. Q. Tan, “Improved Bilateral Filtering Algo-
rithm,” Journal of Hefei University of Technology(Natural Sci-
ence), vol. 37, no. 9, pp. 1059–1062, 2014.

[9] Y. Ming, Research on Noise Reduction of Structure-Preserving
Polarization SAR Images Based on Bilateral Filtering, Hefei
University of Technology, 2015.

[10] N. Lin, Research on SAR Image Coherence Speckle Suppression
and Ship Wake Detection Method, Shanghai Jiaotong Univer-
sity, 2019.

[11] T. Min, D. Chongdi, L. Caipin, W. Wang, and Y. Li, “A bilat-
eral filtering algorithm using complex image domain data of
interferometric synthetic aperture radar along the track,”
Space Electronics Technology, vol. 17, no. 5, pp. 45–51, 2020.

[12] A. Jiaqiu and X. Yang, “Bilateral filtering method of SAR image
based on truncated statistical features,” 2021, Anhui Province:
CN108805835B.

[13] D. Wang, C. Xiangning, Y. Hui, and Z. Feng, “Hole filling and
optimization algorithm for depth images based on adaptive
joint bilateral filtering,” China Laser, vol. 46, no. 10, pp. 294–
301, 2019.

[14] X. Shi-cheng, J.-j. Liao, and G.-z. Shen, “Speckle filtering for
polarimetric SAR data based on self-cross bilateral filter,” Jour-
nal of Remote Sensing, vol. 19, no. 3, pp. 400–408, 2015.

[15] H. Yu, H.-f. Hu, and G. Ze-Xun, “Image gradient guided win-
dow shape adaptive bilateral filtering,” Computer Applications
and Software, vol. 36, no. 12, pp. 201–208+213, 2019.

9Wireless Communications and Mobile Computing



[16] Y. Bo and Z. Chen-Feng, “Image noise reduction combining
wavelet adaptive threshold and bilateral filtering,” Computer
Engineering and Design, vol. 40, no. 8, pp. 2278–2282, 2019.

[17] J. Ai, R. Liu, B. Tang, L. Jia, J. Zhao, and F. Zhou, “A refined
bilateral filtering algorithm based on adaptively-trimmed-
statistics for speckle reduction in SAR imagery,” IEEE Access,
vol. 7, pp. 103443–103455, 2019.

[18] J. Yu, L. Liu, X. Li, and Z. Zhao, “Application of ICA FOR fil-
tering of fully polarimetric SAR imagery,” Geomatics and
Information Science of Wuhan University, vol. 38, no. 2,
pp. 212–216, 2013.

10 Wireless Communications and Mobile Computing


	SAR Ship Image Speckle Noise Suppression Algorithm Based on Adaptive Bilateral Filter
	1. Introduction
	2. Research Methods and Principles
	2.1. The Principle of Bilateral Filtering
	2.2. Improved Bilateral Filtering Method Based on Fast Adaptive Threshold
	2.3. Improved Bilateral Filtering Method Based on Variable Window

	3. Data Result Processing and Analysis
	3.1. Evaluation Indicators
	3.2. Analysis of Experimental Results
	3.2.1. Simulation Experiment
	3.2.2. SAR Image Experiment


	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments

