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Wide field and a long exposure time can effectively improve the ability of a space surveillance telescope to detect
faint space targets. However, such systems are very susceptible to stray light. A stray light nonuniform background
will cause great interference to subsequent target recognition, resulting in a large number of false alarms. This
study presents an accurate and robust correction algorithm, called the improved new top-hat transformation
(INTHT), for a stray light nonuniform background. First, we analyzed the formation mechanism and influence
of the stray light nonuniform background. Then, to retrieve the lost targets, the size relationship of the two dif-
ferent, but related, structural operators is changed so the sizes of two structural operators are not equal. Finally,
before comparing to the original image to take the minimum value, we added an expansion operation to restore the
background size transformation caused by the different sizes of the structural operators in the previous step. This
will ensure that there is no residual stray light nonuniform background. We believe, to the best of our knowledge,
that the experimental results for the real captured image datasets demonstrate that, compared to other algorithms,
the proposed INTHT algorithm has a higher accuracy and effectiveness in correcting a stray light nonuniform
background. ©2020Optical Society of America

https://doi.org/10.1364/AO.404685

1. INTRODUCTION

With the development of human space activities, the number
of space targets (including nonfunctional artificial objects,
apogee boost, and spent upper stages) has rapidly increased
[1,2]. If such a large number of space targets collide with one
other, then this will become a remarkable threat to human space
activities [3]. To meet the requirement for the safety of the space
environment and the increasing demand for the detection of
faint targets in deep space, using a space surveillance telescope
detection optical system with a wide field of view (FOV) and a
long exposure time has become a major trend, as emphasized by
China’s Fengyun satellite program [4] and the U.S. Space-Based
Space Surveillance (SBSS) project [5,6]. However, despite such
optical sensors, the problem of stray light is always an important
research issue [7,8]. Since the surveillance image is the only data
source for the space surveillance telescope system, the presence
of stray light is fatal for its performance. Stray light will bring a
very serious nonuniform background signal to the surveillance
image and confuse the energy distribution; then, the dynamic
range and clarity of the image will be reduced [9]. In particu-
lar, the existence of a stray light nonuniform background will
seriously affect the effective segmentation of targets and the

background when performing subsequent target recognition
and extraction, which will lead to a large number of false alarms.
Therefore, research on the correction method for the stray light
nonuniform background for the surveillance image is urgent.
An effective distinction target and background is a necessary
prerequisite for target recognition and extraction.

In recent years, the stray light problem has increasingly
become an important factor limiting the performance of the
instrument, especially in the field of dim and small target track-
ing and measurement [10–13]. Many stray light nonuniform
background correction methods have been proposed, and these
can be roughly divided into two types: calibration based and
scene based. The calibration-based correction methods are
relatively simple and convenient, since they obtain calibration
parameters based on previously collected uniform images.
The nonuniform background resulting from stray light can be
overcome to some extent by such methods [14–16]. However,
since the surveillance image contains a large number of stars,
space targets, and complex and a varied stray light nonuniform
background, we cannot obtain relatively accurate correction
parameters. In addition, because the target position and stray
light background between different frames are different, a
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single correction data will cause a large number of targets to
not be detected or cause a large number of false alarms. The
scene-based correction methods can estimate stray light non-
uniform background according to the difference information
between the target and the background in an image without
calibration reference. Since only the image itself is considered,
such methods can be adapted to any scene. For scene-based
nonuniform background correction methods, there are mainly
two options: wavelet-based algorithms and curvelet-based
algorithms [17–19]. These frequency-domain-based methods
cannot correct the nonuniform background caused by stray
light in a surveillance image. On the one hand, these algorithms
are too complicated, and we cannot spend a lot of processing
time in the preprocessing stage. On the other hand, a surveil-
lance image with a low signal-to-noise ratio (SNR) will affect
the performance of these algorithms, resulting in a large number
of target losses or false alarms [20]. To solve the problem, some
filter-based algorithms based on a spatial domain have been
proposed, such as maximum median filtering, maximum mean
filtering [21], a one-dimensional/two-dimensional (1D/2D)
morphology operation [22–24], and mean iterative filtering
[25]. The above methods have good nonuniform correction
capabilities in different fields, but these algorithms are very sen-
sitive to the size of the structural operator, so an inappropriate
structural operator size will seriously affect the performance of
these filter-based algorithms. As a result, how to accurately and
quickly correct the nonuniform background caused by stray
light in the surveillance image is still an urgent problem not yet
solved.

To overcome the defects of existing methods, we propose a
stray light nonuniform background correction method called
improved new top-hat transformation (INTHT). Specifically,
the INTHT method has three main stages. In the first stage,
we analyzed in detail the formation mechanism and influence
of a stray light nonuniform background. Although we cannot
get accurate parameters to use the calibration-based correc-
tion method, analyzing the cause of problem offers important
guidance on how to improve the accuracy and robustness of
the algorithm. In the second stage, inspired by this new top-hat
transformation, Jiang et al. used the new top-hat transformation

to improve the accuracy of the star segmentation. Due to the
different sizes of targets in the surveillance image, the method
will cause some targets to be lost. We applied the new rela-
tionships between the structural operators to the surveillance
image; that is, we made significant changes to the new top-hat
transformation and redefined it.

In the third stage, we first break the limitation of the size
relationship between the two structural operators in the new
top-hat transformation to retrieve the lost target. Then, before
comparing to the original image to take the minimum value,
we add an expansion operation step to restore the background
size transformation caused by the different sizes of the struc-
tural operators in the previous step, to ensure that there is no
residual stray light nonuniform background. This also greatly
reduces the sensitivity of the algorithm to structural operators.
Further experimental results for real captured image datasets
demonstrate that the proposed INTHT algorithm has higher
accuracy and robustness in correcting a stray light nonuniform
background.

2. FORMATION MECHANISM AND INFLUENCE
OF STRAY LIGHT

Stray light in an imaging system is the ray that does not come
from the target, but reaches the sensors or the one that comes
from the target ending on the sensor via abnormal means. In this
section, we will analyze in detail the formation mechanism and
influence of the nonuniform background caused by stray light
in the surveillance image. In our previous work [26], we have
analyzed in detail the effects of stray light from nontarget light
sources and proposed a new vane structure optimization method
to suppress the influence of strong stray light sources. Although
the intensity of stray light has dropped to an acceptable level,
the weakened stray light will still affect the surveillance image.
Specifically, a strong stray light, after being weakened entering
the optical system, will add a nonuniform background to the
focal plane detector. It increases the gray for the entire surveil-
lance image, and its grayscale diffuses from one edge of the
surveillance image to the other. The result of 3D ray tracing
in LightTools is shown in Fig. 1(a). The main reason for this

Fig. 1. (a) 3D ray tracing diagram of Type I stray light background. (b) 3D ray tracing diagram of type II stray light background.
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situation is that the scattering intensity of the material surface
is gradually changing. In addition, because it is stray light from
outside the field of view, the grayscale value is the maximum at
the corresponding edge of the image. We called this type of stray
light background Type I stray light background.

For stray light formed by the target light sources, it will also
add a nonuniform background to the focal plane detector.
However, its formation mechanism and impact on the surveil-
lance image are completely different from Type I stray light
background. Although it also increases the gray value of the
surveillance image different from Type I, this causes a relatively
bright region to appear in the surveillance image and its gray
value spreads from its center to the surrounding. The result of
3D ray tracing in LightTools is shown in Fig. 1(b). We named
this type of stray light background as Type II stray light back-
ground. The formation mechanism of the Type II stray light
background is due to the total reflection phenomenon in the
lens when the presence of brighter star in the field of view and
incident at a specific angle.

Type I and Type II are the fundamental reasons for the exist-
ence of the stray light nonuniform background. In addition,
any complex stray light background can be understood as a
combination of these two types of stray light. Therefore, we
call this mixed stray light Type III. For mixed stray light, it will
also add a nonuniform stray light background to the focal plane
detector. The effect of Type III stray light on the grayscale of
the surveillance image depends on the combination of Type I
and Type II stray light. Strictly speaking, we will optimize the
design of the baffle and choose appropriate working hours to
avoid stray light as much as possible, and. Type III stray light
may not happen in the system of this paper. However, for the
completeness of the analysis, we briefly outline this situation.

3. STRAY LIGHT CORRECTION METHOD

In this section, we will introduce in detail how to correct the
nonuniform background caused by stray light, to ensure the
effective recognition of subsequent space targets and stars.

A. Analysis of the Principle of Stray Light
Nonuniform Background Correction

The surveillance image is modeled as

F (i, j , k)= T(i, j , k)+ S(i, j , k)

+ B(i, j , k)+ N(i, j , k), (1)

where k is the frame index of the surveillance image sequence,
and F (i, j , k) represents the grayscale value at the integer space
coordinate (i, j ) in the k − th frame of the surveillance image
sequence. T(i, j , k) and S(i, j , k) denote the space targets
and stars, respectively. B(i, j , k) refers to the nonuniform
background caused by stray light. Its formation mechanism
and impact on the surveillance image are as analyzed above.
N(i, j , k) is the noise of the surveillance image.

The basic idea of stray light correction is how to accurately
and quickly estimate B(i, j , k) while retaining T(i, j , k) and
S(i, j , k). Since we know that we cannot use the calibration-
based correction method in the surveillance image, we can

only use the scene-based correction method. For scene-based
correction methods, accurate use of the difference information
between the target region and the background region is the
key to the method, which also determines the performance of
various scene-based methods.

For some frequency-domain-based correction methods
that have achieved good results in other fields, it is difficult to
correct the stray light nonuniform background in the surveil-
lance images. Because the surveillance image contains a large
number of stars and space targets, with greatly different sizes and
intensity differ, it is difficult for us to accurately distinguish stars,
space targets, and the stray light background when transformed
to the frequency domain. Because filter-based methods based
on the spatial domain use the structural operator (that is, only
the pixel values of the target region and its surrounding region
are considered), the effect of these methods is significantly better
than methods based on the frequency domain. In addition,
although the background of the image is nonuniform, the
gray value of the target is always higher than the surrounding
background gray value of the target region. However, these
filter-based methods still have certain problems when process-
ing surveillance images. On the one hand, because all the pixels
in the structural operator including the target region and its
surrounding region are involved in the calculation, this will
seriously affect the accuracy of the estimation of the stray light
nonuniform background. On the other hand, filter-based meth-
ods are very sensitive to the selection of the size of the structural
operator, which will cause the loss of targets when correcting
the stray light nonuniform background. How to choose struc-
tural operators to satisfy different surveillance images is still
unresolved.

B. Improved New Top-Hat Transformation Correction
Algorithm

To improve the accuracy of stray light correction based on the fil-
tering method and reduce the sensitivity of the filtering method
to the operator size, we propose an improved new top-hat trans-
formation (INTHT) correction algorithm. The operation and
principle of the proposed INTHT correction algorithm are
explained below.

In the INTHT method, the two structural operators
1B = Bo − Bi and Bb of the proposed INTHT correction
algorithm are shown in Fig. 2(a) and Fig. 2(b), respectively.
Where Bi and Bo are, respectively, defined as the inner struc-
tural operator and the outer structural operator of the structural
operator 1B , K , L , and M represent the size of Bi , Bo , and
Bb , respectively, M > L > K . Because we use the structural
operator 1B = Bo − Bi , this makes the pixel value of the target
region involved in the calculation of the filtering operation very
few or zero. The principle is as follows.

First, we use the structural operator 1B = Bo − Bi to per-
form a dilation operation on the surveillance image to obtain the
image F1, so

F1 = F ⊕1B =max{F (i −m, j − n)

+1B(m, n)|(i −m), ( j − n) ∈ DF , (m, n) ∈ D1B },

(2)
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Fig. 2. Used structural operators in the proposed INTHT
correction algorithm.

where DF and D1B represent the domain of F and 1B , respec-
tively. According to the definition of the structural operator
1B , only the surrounding background pixels of target region
are involved in the calculation of the dilation operation of
Eq. (2). Because of the definition domain of 1B , targets with a
size smaller than K will not participate in the dilation operation
at all; that is, to replace the pixels of the target region with the
pixels in the surrounding region. As shown in Fig. 3(b), the
purpose of structural operator 1B is to better protect the target
region and reduce the number of target region pixels involved in
the stray light background estimation. This will fundamentally
improve the accuracy of the stray light nonuniform background
correction.

Then we use a structural operator Bb with a size greater than
L to perform an erosion operation on the image F1, so

F2 = F12Bb =min {F1(i +m, j + n)− Bb(m, n)|(i +m),

( j + n) ∈ DF1 , (m, n) ∈ DBb },

(3)

where DF1 and DBb represent the domain of F1 and Bb , respec-
tively. Since there are a large number of stars and space targets
in the surveillance image and their sizes are completely differ-
ent, the fixed structural operator cannot apply to all targets.
Although most of the targets will be well retained after the dila-
tion operation of Eq. (2), some pixels of a few larger-sized targets
will still be mistaken for the stray light background and remain
in the image F1. Therefore, using the structural operator Bb to
perform the erosion operation on the image F1 can retrieve all

the lost targets because the size of the structural operator Bb can
be relatively large. The result of this process is shown in Fig. 3(c).

At this time, the image F2 will only be the stray light back-
ground that must be deleted. However, because the size of
structural operator of the erosion operation is larger than that
of the dilation operation (that is, Bb > 1B), this makes the
stray light background region that must be corrected smaller. In
other words, there will be just residual stray light background.
Therefore, we use the structural operator Bb to perform a
dilation operation on image F2, as shown in Eq. (4). This will
ensure that the stray light nonuniform region that must be
corrected will not change. The result of this process is shown in
Fig. 3(d), so

F3 = F2 ⊕ Bb =max{F2(i −m, j − n)

+ Bb(m, n)
∣∣(i −m), ( j − n) ∈ DF2 , (m, n) ∈ DBb

}
.

(4)

It should be noted here, because we use the structural operator
1B in the dilation operation to replace the pixels of the target
region with the pixels in the surrounding regions to protect the
target. Therefore, if the processed region is not a target region,
the relationship of the pixels in the processed and surrounding
regions is not confirmed. To ensure accuracy, the final stray light
background that must be deleted is

F4 =min(F , F3), (5)

where F4 is the final stray light background that must be deleted.
Therefore, the final corrected surveillance image Fc is

Fc = F −min{F ,(F ⊕1B2Bb ⊕ Bb)}. (6)

Through the above method, the surveillance image affected
by stray light can be accurately corrected.

C. Selection of Size Parameters of Structural
Operators

Through Section 3.B, we can accurately correct the stray light
background. However, we need to choose reasonable size
parameters of the structural operators; otherwise, unreason-
able size parameters will greatly reduce the practicability of the
proposed INTHT correction algorithm.

From Eq. (2), we use the structural operator 1B to preserve
the target and replace the pixels of the target region with the
pixels in the surrounding region, so the choice of the structural

Fig. 3. Figures of processing results after Eq. (2), Eq. (3), and Eq. (4), respectively. (a) Original surveillance image. (b) Processing result of Eq. (2).
(c) Processing result of Eq. (3). (d) Processing result of Eq. (4).
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operator 1B is extremely important; that is, the choice of
parameters K and L is extremely important.

For parameter K , since the vast majority of the stars and space
targets in the surveillance images we have collected in the past
have a size range of less than 25× 25 pixels, the value of K can
be selected from 0 to 25 according to the surveillance image.
Proper selection of parameter K can protect stars and space
targets as much as possible. In addition, to make the selected
parameter K applicable to most surveillance images, reduce
the sensitivity of the algorithm to the structural operator, and
to protect more targets during the target region replacement
process, we choose the value of parameter K to be 25.

For parameter L , when the parameter K is determined, the
size of parameter L determines the number of pixels in the
surrounding background region involved in the calculation in
Eq. (2); that is, the larger L is, the more pixels in the surrounding
background region will be involved in the calculation of Eq. (2).
On the contrary, the smaller L is, the fewer pixels in the sur-
rounding background region will be involved in the calculation
of Eq. (2). Since the surveillance image contains a large number
of targets, if the parameter L is too large, when performing the
operation of Eq. (2), a large number of targets will mistake their
neighboring targets as the surrounding background region and
use them for background region replacement, thereby inter-
fering with each other. That will not only cause the loss of the
target, but also the residual stray light background. Therefore,
when the parameter K is determined, we can take the value of
the parameter L as L = K + 2. On the one hand, it avoids the
mutual interference between targets caused by the parameter L
being too large. On the other hand, it also ensures that enough
of the stray light background region participates in the calcu-
lation, thereby ensuring the accuracy of the proposed INTHT
correction algorithm.

From Eq. (3) and Eq. (4), the use of structural operator
Bb is to correct the stray light background while preserving
larger-sized stars and space targets. In the surveillance images,
we have collected in the past, the size of all targets will not
exceed 45× 45 pixels. In addition, according to the analysis in
Section 2, whether it is Type I stray light background or type II
stray light background, the size of stray light nonuniform back-
ground region is much larger than the target size. Therefore, we
choose the value of parameter M to be 60× 60 pixels. On the
one hand, it ensures that some unknown targets will not be lost.
On the other hand, it can also ensure that some unknown stray
light will not be mistakenly regarded as a target and retained
because the parameter M is too large.

For the same type of application scenarios, we only need
to adjust the parameters appropriately to make the proposed
INTHT correction algorithm achieve the expected result.

4. EXPERIMENTS AND ANALYSIS

In this section, to validate the advantages of the proposed
INTHT correction algorithm, top-hat transformation, mean
iterative filtering, and new top-hat transformation are used to
perform stray light nonuniform background correction exper-
iments in the same real captured image datasets (600 images).
The selection of size parameters for the structural operators of
the proposed INTHT correction algorithm is as described in

Section 3.C. To ensure fairness, the sizes of the initial structural
operators for all algorithms are the same.

A. Accuracy of Stray Light Correction

For the system in this paper, the data acquisition method is
the sidereal tracking mode, where the telescope photographs
the same area of the sky. The real surveillance image used in
the experiments was captured by the telescope equipped with
a CMOS sensor with 2s exposure time, and have 10K × 10K
imaging pixels, a 10◦ × 10◦ field of view, and 12 bits of
grayscale. Some results are shown in Fig. 4. In Fig. 4, (a) and
(c) are the surveillance images with a Type I stray light nonuni-
form background, (b) and (d) are the surveillance images with a
Type II stray light nonuniform background, and (an)− (dn) are
the surveillance images corrected by different methods.

To analyze the accuracy of different algorithms, we use resid-
ual analysis to quantitatively evaluate the accuracy of stray light
nonuniform background correction of different algorithms. In
the residual image, the larger the mean, the higher the overall
gray value of the image background, which means that it con-
tains a Type I stray light background. The larger the standard
deviation, the higher the degree of fluctuation of the image
background distribution, which means that it contains more
local region Type II stray light background. Therefore, the mean
and standard deviation in the residual image can well reflect the
stray light nonuniform background in the image. If the residual
mean and residual standard deviation in the surveillance image
after correction are smaller, it means that the accuracy of correc-
tion algorithm is higher, and there is no residual slowly changing
stray light nonuniform background in the corrected surveillance
image. In the process of statistical background residual charac-
teristics, it is necessary to avoid the influence of pixels containing
space target signals and star signals on the statistical results.
Therefore, we introduce the concept of exclusion domain to
exclude the influence of the above signals. We use the improved
adaptive threshold segmentation algorithm to accurately obtain
the excluded domain Ed , so

Ed (i, j )=
{

1, Fc (i, j ) < T
0, Fc (i, j ) > T , (7)

where Fc (i, j ) represents the corrected surveillance image,
T represents the threshold [25]. Therefore, the background
residual image R without stars and space targets is

R(i, j )= Fc (i, j )Ed (i, j ). (8)

The 600 surveillance images include 300 surveillance images
affected by Type I stray light, and 300 surveillance images
affected by Type II stray light. To obtain more accurate statistical
results to analyze the performance of the algorithm, we classified
the Type I and Type II stray light according to the influence of
mean and variance. The statistical results of the background
residuals (600 images) from the different methods are shown in
Table 1.

From the statistical results in Table 1, we can draw the follow-
ing conclusions. For the mean iterative method (five iterations),
this method does not consider the morphology of the surveil-
lance image, it only uses the gray information in the surveillance
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Fig. 4. Correction results of four different methods. (a)–(d) Original surveillance images. (a1)–(d1) Correction results of mean iterative filtering
(a2)–(d2) Correction results of top-hat transformation. (a3)–(d3) Correction results of new top-hat transformation. (a4)–(d4) Correction results of the
proposed INTHT method.

image. Therefore, the effect of this method on different types
of stray light background correction is almost not much dif-
ferent. For the other three methods based on morphology, the
accuracy of stray light background correction depends on the

surveillance image type and structural operator. Through the
analysis in Section 2 and Section 3.C, we know that as long
as the size of structural operator is smaller than the size of the
region affected by stray light in the surveillance image, no matter
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Table 1. Statistical Results of the Background Residuals

Number of Images 150 (Type I) 150 (Type II) 150 (Type I) 150 (Type II)

Background Residual Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation Mean Standard Deviation
Original image 38.2 54.1 29.6 43.1 20.0 30.0 15.9 22.8
Mean iterative 4.8 4.2 4.4 3.8 4.2 3.7 4.1 3.6
Top-Hat transformation 20.8 42.9 10.9 32.1 8.9 22.1 6.2 11.7
New Top-Hat transformation 1.9 1.3 1.5 1.2 1.3 1.0 1.2 1.0
Proposed INTHT method 0.8 1.0 0.5 0.8 0.4 0.5 0.3 0.4

what type of stray light background, the morphological method
can perform stray light background correction. For top-hat
transformation, it is better at dealing with a Type II stray light
background. Because the Type II stray light background region
is smaller, there will be less stray light background involved in
the calculation under the same structural operator. Therefore,
it is relatively more accurate. However, due to the use of two of
the same structural operators in the top-hat transformation,
all pixels (including space targets, stars, and background) are
involved in the calculation, the effect of stray light nonuniform
background correction is poor, and a large amount of stray
light nonuniform background will still remain in the corrected
surveillance image. For new top-hat transformation and the pro-
posed INTHT method, because the target is replaced first, and
then subsequent operations are performed on this basis, they can
perform high-precision correction for different types of stray
light background. However, because the proposed INTHT
method changes the size of structural operators and subsequent
operations, more stray light background regions will participate
in the subsequent operations, the accuracy of the proposed
INTHT method will be greatly improved. In addition, the pro-
posed INTHT method also greatly reduces the sensitivity of the
algorithm to the structural operator parameters. The statistical
data in Table 1 also shows that the proposed INTHT method
can handle surveillance images in a variety of situations.

B. Target Retention Accuracy Analysis

The stray light nonuniform background correction in the
surveillance image is to better improve the accuracy of target
recognition. Therefore, algorithms should keep all targets as
much as possible while correcting the stray light background.
To compare the target retention effects of different algorithms
more intuitively, the stray light background eliminated by
different algorithms is shown in Fig. 5. In Fig. 5, (a) and (c) are
the surveillance images with a Type I stray light nonuniform
background, (b) and (d) are the surveillance images with a Type
II stray light nonuniform background, and (an)− (dn) are
the stray light nonuniform background filtered by different
correction methods.

In Fig. 5, it is obvious that the proposed INTHT method
has better target retention. To quantitatively analyze the target
retention accuracy of different algorithms, the same methods
of star and space target recognition are used for the surveillance
image corrected by different algorithms. Corresponding to
Table 1, the statistical results of the target retention rate are
shown in Table 2.

From the statistical results in Table 2, we can draw the follow-
ing conclusions. For the mean iterative method (five iterations),
it only uses the gray information in the surveillance image;
therefore, this mean iterative cannot avoid the influence of the
highlight region on the background estimation caused by the
use of mean, so some brighter stars or space targets in the surveil-
lance image will be mistaken for stray light and filtered out. For
top-hat transformation, since the two of the same structural
operators are used, all pixels (including space targets, stars, and
background) are involved in the calculation and the effect of
stray light nonuniform background correction is poor, resulting
in a large amount of the stray light background still remaining
in the surveillance image. This also brings great interference to
the target recognition; in other words, it causes a large number
of targets to be lost. For new top-hat transformation, although
this algorithm has high accuracy in removing the stray light
background, it is too sensitive to the structural operator. A fixed-
size structural operator cannot cover all sizes of stars and space
targets, resulting in some larger size targets being mistaken for a
stray light nonuniform background and lost. For the proposed
INTHT method, although the size of the structural operators is
also fixed, we reconstruct the size relationship between the struc-
ture operators and adjust and add morphological operations.
This not only can accurately correct the stray light background
to retain more targets, it can also greatly reduces the sensitivity
of the algorithm to the structural operator so that the proposed
INTHT method can simultaneously correct different types of
stray light background. In some cases, the target retention rate
cannot reach 100%, mainly because there are too many targets
in the surveillance image. This then cause some targets to be
too close and interfere with each other (mentioned when the
structural operator parameters are determined in Section 3.C).
However, the accuracy of the proposed INTHT method is
much higher than the existing algorithm. In addition, as long as
the size of the structural operator Bb is not greater than the size
of the bright spot caused by total reflection (Type II stray light
background), the proposed INTHT method can accurately
correct the stray light nonuniform background while ensuring
that almost all targets are not lost.

C. Comparison of Computation Time

In Table 3, the computation time for all algorithms applied to a
given 10K × 10K test image is shown. These methods are all
implemented in MATLAB R2016a, and the PC specifications
include an i5-3210M CPU (2.50 GHz) with 8 GB of main
memory.
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Fig. 5. Stray light nonuniform background obtained by four different methods. (a)–(d) Original surveillance images. (a1)–(d1) Stray light non-
uniform background obtained by mean iterative filtering. (a2)–(d2) Stray light nonuniform background obtained by top-hat transformation. (a3)–
(d3) Stray light nonuniform background obtained by new top-hat transformation. (a4)–(d4) Stray light nonuniform background obtained by the pro-
posed INTHT method.

Table 2. Statistical Results of the Target Retention Rate

Number of Images 150 (Type I) 150 (Type II) 150 (Type I) 150 (Type II)

Mean iterative 90% 90% 88% 89%
Top-Hat transformation 80% 80% 85% 87%
New Top-Hat transformation 90% 91% 90% 92%
Proposed INTHT method 98% 98% 99% 99%
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Table 3. Statistical Results of Computation Time

Computation Time (s)

Mean iterative 20.13
Top-Hat transformation 0.52
New Top-Hat transformation 0.40
Proposed INTHT method 0.42

From the statistical results in Table 3, we can draw the follow-
ing conclusions. Due to the iterative process, the mean iterative
will bring a huge time overhead, which is not allowed for this
system. The computation time of the other three algorithms
can meet the requirements of the system, but we believe, to the
best of our knowledge, that the proposed INTHT method has a
higher accuracy and target retention rate.

5. CONCLUSION

Since the surveillance image affected by stray light will produce a
very serious nonuniform background, the presence of stray light
will cause great interference to target recognition and tracking,
resulting in a large number of false alarms. How to accurately
correct the stray light nonuniform background is a necessary
prerequisite for target recognition and tracking.

In this study, we proposed an accurate and robust correction
algorithm called INTHT to correct the stray light nonuniform
background. First, we analyzed the formation mechanism and
influence of the stray light nonuniform background. Analyzing
the cause of problem offers important guidance on how to
improve the accuracy and robustness of an algorithm. Then,
to make full use of the difference information between the
target and the surrounding background region, we constructed
two different, but related, structural operators. The pixels of
the target region are replaced with the pixel value of the sur-
rounding region through the dilation operation so that only
the background pixel participates in the subsequent operation.
The subsequent erosion operation is used to retrieve the lost
targets. Finally, a further dilation operation and minimum
operation is performed to ensure the accuracy of the proposed
algorithm. The further experimental results show that the pro-
posed INTHT method has a strong correction capability. While
ensuring high correction accuracy, it also ensures that almost all
targets are not lost. In addition, for the proposed INTHT cor-
rection algorithm, due to the construction of two different, but
related, structural operators and the appropriate morphological
operation, we believe, to the best of our knowledge, that the
algorithm not only has accurate stray light correction capability,
but also greatly reduces its sensitivity to the size of the structural
operator.
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