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Dear editor,

Middle wave infrared remote (MWIR) technology
is the main approach in remote sensing applica-
tions, because thermal infrared can work all-time.
The MWIR technology can provide valid object
information in remote sensing technology than op-
tical and synthetic aperture radar (SAR) images
caused by mechanism of thermal imaging.

MWIR images are widely used in many remote
sensing applications. In remote sensing image pro-
cessing applications, sea-land segmentation results
influence the processing of the target level, so bet-
ter results in sea-land segmentation can improve
the accuracy of remote sensing applications [1].
The general land mask removal method uses ge-
ographic information system (GIS) database, but
this database has low localization accuracy [1].
Based on some special task demands, the GIS
database’s accuracy is insufficient, so an accurate
sea-land segmentation algorithm is necessary.

Sea-land segmentation using MWIR images
have more challenges than using optical images;
in actual application, MWIR image suffers from
complex scene information, low contrast ratios,
and the bipolar problem [2]. Currently, the pop-
ular sea-land segmentation algorithms all mainly
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focus on optical and SAR image processing [3—
5]. The traditional sea-land segmentation method
cannot find a suitable threshold to separate a com-
plex scene into two parts. Since most methods
are based on gray level intensity, they cannot ad-
dress the bipolar problem and low contrast ratios
in MWIR images.

Classical sea-land segmentation algorithms fall
into two categories based on the gray value his-
togram and texture character. The Otus’s method
and maximum likelihood in Bayesian segmentation
use the maximum variance between two classes.
Whereas for determining texture information, dif-
ferent methods are used. Zhang and Wang [6] ex-
tracted the coastline based on improved minimum
filter with extracted texture feature. Xia et al.
[7] used the local binary pattern model to achieve
sea-land segmentation. The classical methods are
mostly used in optical remote sensing applications,
but these methods are not suitable for being used
in MWIR.

Our proposed novel algorithm is related to in-
tegral image [8], and using the integral image re-
construction of flat and coarse texture areas, to
achieve the sea-land segmentation in MWIR im-
ages. First, we obtain a gradient feature map
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(GFM), which is used to prepare sum area table
(SAT) and reconstruct an integral image. The in-
tegral image reconstruction operation solved the
low contrast ratio and bipolar problems. Then, an
adaptive threshold method is employed for integral
image segmentation. The last stage is morphology
operations to fill the holes of the binary pattern.
Our experiments are performed on MWIR images
obtained from the U.S. geological survey (USGS)
Landsat 8, to demonstrate the performance of the
proposed method in Figure 1. In this letter, the
gradient feature map can be expressed below:
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where 7 and ¢ are the rows and columns of one
image, x and y are the coordinates of each pixel.
I, is the gray-scale value of coordinates x and
y, the parameter Gyt is the approximate vertical
gradient, and Ghor, is the approximate horizon-
tal gradient. Eq. (3) defines the maximum gra-
dient value between vertical and horizontal as G.
Through this step, the GFM can get the textu-
ral and structural statistical feature map from a
MWIR image.

When the GFM is obtained, the algorithm needs
to generate an SAT map from the GFM. The SAT
initialization is the key process in integral image
generation; in addition, it can rapidly establish an

SAT _map = GFM
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integral image at any visual scale by choosing dif-
ferent filtering window sizes. The SAT map can
be expressed below:

r—1y—1

Sey =Y > GFM,;, (4)
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Sz, is the sum of texture regions from the GFM
based on region size, where x and y are the width
and length of the region. Siexture represents local
texture integration calculated by neighbours S 4,
S:c-l—a,y—i—b; S;c-l—a,y; S:c,y+b in the SAT map.

The integral image reconstruction can be gener-
ated by following SAT map set up. The filtering
operation combined with local texture integration,
and the texture integral value of the local area will
set to a central pixel in the filtering window; win-
dow sizes of 3 x 3,5 x5 and 7 x 7 can be chosen.
This function is expressed in Egs. (6) and (7). Eq.
(6) represents the SAT map, which is the summa-
tion of GFM in a region, where m and n are the
region size. T (i, j) is the texture information by
summing of gradient values. The integral image
reconstruction function (7) is calculated by Egs.
(5) and (6), where the parameter n is the filtering
window size.

After the integral image generation process, an
adaptive threshold method is employed. When
the integral image obtains the adaptive thresh-
old value of texture and structure information, the
texture integral image will be separated into two
parts. Then, the process of refine binary pattern is
including down-sampling of medium filtering com-
bined with erosion, dilation, and connected do-
main area filling. Hence, the final integrated sea-
land mask of the MWIR is obtained.

Integral -image = SAT
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Figure 1 Result in day and night imaging condition. (a) Original input image of day and night; (b) integration image

reconstruction; (c) day and night segmentation result.

To validate the effectiveness of the method pro-
posed by this study, we used MWIR images. The
40 Landsat 8 images are from the U.S. Geologi-
cal Survey (USGS). They are 3000 x 3000 pixels
with 30 m spatial resolution. The parameter op-
timization part is in Figure S1, and the black line
inflection point shows the best performance of pa-
rameters tuning. Appendix A is the definition of
accuracy calculating, Appendix B shows the RPC
curve of our proposed algorithm model in Figure
S1.

Conclusion and future work. In this letter, a
novel sea-land segmentation algorithm for MWIR
images based on integral image reconstruction, has
been proposed. The future work will focus on mod-
ifying the down-sampling of a medium filter mod-
ule to refine the binary land mask, which can im-
prove the slight deformation evident in the current
land mask result.
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