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ABSTRACT. In order to solve the problem that the framework of highway cannot be ex-
tracted automatically from a static picture, in this paper, an automatic extraction tech-
nology is proposed, which is a mathematical morphology method based on the spectral
information of the Remote Sensing Image to achieve the automatic highway extraction.
The experimental results show that our proposal is effective.

Keywords: Spectral information, Mathematical morphology method, Highway, Auto-
matic extraction

1. Introduction. Nowadays, among the road extraction, the highway extraction oc-
cupies the considerable proportion. However, currently, major highway extraction ap-
proaches are still manual. As the manual methods are laborious and time-consuming,
with the rapid development of the highway network in China, the automatic extraction of
roads becomes very urgent. In the explorations of automatic extraction of the highway,
a lot of the relevant algorithms and models have been developed by domestic and foreign
scholars[1-4]. However, these algorithms and models are only suitable for some specific
fields and the remote sensing images have not been utilized yet. In this paper, we pro-
pose an automatic highway extraction technology, which is a technology derived from the
characteristic analysis of spectral information of remote sensing images.

2. Features of image data and ground objects. Currently, the image sources of the
factors collection are mostly from the domestic satellites with the moderate resolution,
which are ZY-3, GF-1, TH-1 and so on. These satellite images commonly have the feature
of multi-spectral bands, which are blue, green, red, near infrared, and panchromatic. The
multi-spectral bands parameters and the resolution of the three satellites are similar too.
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Thus, the characteristics of two similar ground objects in these satellite images are also
similar, which means that the similar ground objects can be handled by the same methods.

There are several characteristics of the highways in these images. Firstly, the color of
the highway itself presents a uniform dark shade in the combination of true color bands,
but the distinction between the highway and background is not apparent. Secondly, the
larger vehicles on the highways are presented as point targets, but the smaller ones cannot
be recognized. Thirdly, there are buildings around the highways, which in general are
combined with the road into one. Lastly, the shadows of the highways are so remarkable
that they cannot be easily separated from the road. For these reasons, it is difficult to
use a single method to extract the highways from the images. To this end, an automatic
highway extraction technology based on spectral information is proposed, which will be
discussed in details in the next section.

3. Automatic highway extraction technology based on spectral information.
The basic working principles of our proposal are: firstly, the transformations of the color
space are calculated by combining different bands of remote sensing images, which may
distinguish the artificial ground objects from the images with different spectral informa-
tion; then, the highway centerlines will be further extracted from the highway body by
separating the highways and the surroundings through the mathematical morphology of
images[5]. In Figure 1, the technological roadmap of the strategies is shown.

3.1. Remote sensing image preprocessing. The preprocessing of remote sensing im-
ages, including the correction and fusion of panchromatic and multispectral images, which
is conducted to enhance image features and improve the interpretation of images.There is
using quadratic polynomial for correcting processing, the calculate formula is as follows:

(1)

r=ap+a X X+axY +a3x X2+a, x X XY +as xY?
y:b0+b1XX—FbQXY+b3XX2+b4XXXY+b5XY2

In the calculate formula, (x,y) is image ranks value, (X)Y) is ground coordinates
ag, a1, g, as, ag, as, by, by, by, bs, by, bs are quadratic polynomial coefficients. Fusion pro-
cessing formula is as follows:

{F(nl,ng) — WA (n1, n2) + CoB (n1, 1) 2)

Wherein, n; is the pixels line number of image, ny is the pixels row number of image,
A (n1,ns9) is the pixel of image A, B (ny,ns) is the pixel of image B, C,Cy are weighting
coefficients. Figure 2 shows two preprocessing images of ZY-3 satellite used in the exper-
iments, and the original bands of which are blue, green, red and near-infrared. These two
images are represented in the true color, i.e. a combination of the red, green and blue
bands.

3.2. Artificial ground objects extracted by spectral information. As the multi-
spectrum remote sensing images have more spectral bands than the conventional ones,
they may provide more information of remote sensing and contribute to a more precise
classification of the features. Tong Qing-xi et al. classified the reflectance spectral char-
acteristics of different ground objects and indicated the characteristics of artificial ground
objects, water and vegetation vary considerably. Thus, the spectral curves can be used
to distinguish the artificial ground objects from the other ones[6-7].
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3.2.1. Artificial ground objects extraction by using vegetation index information. The
characteristics of the leaf involve the strong absorption in the red band and the reflection
in the near infrared band. The vegetation indices may be obtained by combining these two
bands. The general vegetation in these vegetation indices is the normalized difference veg-
etation index (NDVI), which is used to detect the state of vegetation growth, vegetation
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coverage and eliminate radiation error, etc. The calculation formula is as follows:

NIR - R

NDVI] = ————
NIR+ R
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FIGURE 2. Experimental images

where NIR is the near infrared band and R is the red band. NDVI value ranges from
-1 to 1, where the negative values indicate that the ground is covered by cloud, water,
snow, etc., which have the high reflectance of visible light; 0 means that there is a rock
or bare soil, etc., and the values of near infrared and red band are approximately equal;
the positive values, which increase with the increasing of vegetation coverage, mean that
the vegetation covers the ground. The NDVI values of images in Figure 2 are shown in
Figure 3, which are normalized with the original NDVI.

FiGUure 3. NDVI index images

As can be seen in Figure 3, the colors of objects like buildings, highways and artificial
ground objects in the NDVI index images are shown as dark shade, and the color of the
vegetation is shown as bright. The image contrasts of them are very distinguishable.
Thus, the artificial ground objects may be identified from the vegetation with reasonable
segmentation.

Watershed segmentation algorithm is a kind of segmentation method based on topo-
logical theory[8]. The basic idea of it is to take the image as a landscape of geography,
in which the gray value of each pixel indicates the altitude and each local minimum and
the relevant area are called the reception basin. Through determining the position of the
watershed, which is the boundary of the reception basin, the images can be divided into
different regions with a group of closed curves. The statistical and experimental NDVI
of the images by using watershed algorithm shows that when the segmentation threshold
is -0.46, the artificial objects may be effectively separated from the vegetation area and
have few incorrect segmentation. Figure 4 shows the mask images of the artificial ground
objects extracted by using the watershed algorithm, and its obvious that the main body
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of the artificial objects has been stripped mostly from the background images. However,
these extraction images have some flaws, i.e. the shadows around the highways cannot be
distinguished, which can be seen in Figure 5. Thus, the next step is to separate shadow
from artificial ground objects.

FIGURE 4. The artificial ground objects mask images

FiGURE 5. The shadow that is not removed in the mask image

3.2.2. Using HSI space to remove the object shadow. Asshown in Figure 2, the distinctions
between the artificial ground objects and the background ones are not remarkable. In
order to increase the distinctions, the color of the original images is transformed as the
false one, whose alternative bands are given in Table 1.

TABLE 1. The band combination used by the false color synthetic image

Original image band | Red band | Near  infrared | Blue band
band
False color synthetic | Red band | Green band Blue band
band

In Figure 6 the false color synthesis images are shown in Table 1. From the images, it
is clear that highways, buildings and other objects can be distinguished. The distinction
between these objects and the background in the transformed images is much greater than
that of the original images.

In order to separate more effectively the shadow from the artificial ground objects, the
false color images of context are converted from RGB to HSI space. In HSI space, letters
H, S and I are respectively referred to the hue, the saturation, and the brightness, which
correspond to three basic characteristics that human use to distinguish different colors.
HSI space has the unique characteristics in processing image: Since HSI corresponds
to three basic features, application of HIS space strategy can avoid the problems that
components like luminance and chroma are not independent and each component do not
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FI1GURE 6. The false color synthetic images

accord with human visual perception. Moreover, these features make HIS space obviously
suitable for the image algorithms, which aim to process human visual perception based
color perception[16-19]. These features make the HSI space very suitable for the image
algorithm, which, based on the visual system of human, is used to process the color
perception characteristics[8]. Next, we give the transformation equations of RGB space
converted into HSI. The transformation equation of hue is as follows:

0 B<@
H_{360—0 B>G )
L(R-G)+(R-B
6 = arccos 2l A J I (5)
[(R-G)*+(R—B)(G-B)|?

The transformation equation of saturation is given as follows:

S—1- m min (R, G, B)] (6)

The transformation equation of luminance can be calculated by the following formula:

I:%(R+G+B) (7)

The images of Figure 6 converted from RGB space to HSI space are shown in Figure 7.

As can be seen from Figure 7, the artificial ground objects and the relevant shadows
cannot be distinguished in the H component of images. In the S component of images,
the artificial ground objects and the relevant shadows are different in gray level and
the highway in the artificial ground objects is shown as a whole of uniform gray in the
images. In the I component of images, the relevant shadows can also be separated from
the highway, but the texture of the highway is broken, and the image is easy to be over-
segmented instead of forming a whole. Thus, the S component of images is more suitable
to distinguish the artificial ground objects from the relevant shadows. Based on the data
of experiment and analysis, in the S component image, with the watershed algorithm,
setting the segmentation threshold of artificial ground objects and shadow as 0.1 will lead
to the better separation of the shadow from the main body of the artificial ground objects
and avoid the over-segmentation. In Figure 8, the artificial ground objects mask images
of removing shadow are shown. As can be seen in these images, the shadow of the mask
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) H component images

) S component images

) I component images

Ficure 7. HSI space images

images has been effectively removed and the basic integrity of the artificial ground objects
is retained.

3.3. Extracting road by mathematical morphology. As shown in the Figure 8§,
although the main body of highway in the mask images is very apparent, there are a large
number of building blocks around the highway and many noisy pixels on it. Thus, in the
next, the mathematical morphology is further used to remove the building blocks and
noisy pixels on the road.

Mathematical morphology is a nonlinear theory based on the set theory, which uses basic
logic operations of set to describe and implement the complex image processing algorithms
9,20,21], and it may be treated as an approach to extract the image component. Two
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FI1GURE 8. Artificial ground objects mask images after removing the shadow

basic operations of mathematical morphology are expansion and erosion, respectively.
Suppose symbols A and B respectively represent the original image and calculated image,
and mark expansion operation with symbol®, and A @& B, which refers to A is expanded
by B, is defined as following formula:

A@B:{x| [(B)xﬂA} ¢@} (8)

Mark erosion operation with the symbol®, and A & B, which refers to A is corroded
by B, can be defined as follows:

A© B ={X[(B), C A} (9)

The operations of expansion and erosion may be used in cascade mode, i.e. the image
is firstly expanded and then corroded, which is so-called open. Mark open operation with
the symbol o , and Ao B, i.e. A is opened by B, is defined as following:

AoB=(AoB)®B (10)

Moreover, the operation on the image in such cascade mode as corroding followed by
expanding is called close, which is marked with e. Expression A ¢ B, which is referred to
as A is closed by B, can be defined as follows:

AeB=(A®B)S B (11)

3.3.1. Removing non-highway blocks. Since in general, the highway in the images is in the
form of the long and linear shapes, which are apparently different from the rectangular
shape of the factory and the building and the irregular shape of the low housing group,
the morphological reconstruction operation of the mathematical morphology is suitable
to remove the non-highway block. Morphological reconstruction operation works in the
following two steps: first, a labeled image is acquired from the original image that is
corroded by a specific shape of the structural element according to the geometrical features
of the objects; then, in order to acquire the desired image of the objects, the original
images are used as the mask images and recalculated with the labeled image[9]. In this
work, considering the characteristics of the linear structure of the highway, firstly, the long
linear structure element is selected to perform the open operation on the three images of
Figure 8, and then an erosion operation on the result of the previous step is performed
to gain the labeled image. After that, the results of the opening operation are used as
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mask images to reconstruct the network structure of highway. In Figure 9, which gives
the results of the morphological reconstruction operation, it is obvious that all the blocks
besides the highway have been removed. But there are also obvious defects in the network
structure, such as holes, burr, etc., which needs further processing.

FiGURE 9. Extraction of network structure of highway

3.3.2. Elimination of voids and burr. Close operation on the highway network in Figure
9 is performed by using the circular structure element. As a result, the narrow gaps in the
images are connected, the holes smaller than structure element are filled and the contour
of objects is smoothed. The highway network after close operation is shown in Figure
10, and it can be seen that the hole and burr in the original image have been eliminated
significantly, which can be used to extract the highway centerline.

Ficure 10. Highway network after elimination of voids and burr

3.3.3. Extracting road centerline. Nowadays, the technologies of extracting the highway
centerline have been very sophisticated and well-developed. Jiang Zhong-Liang et al.,
for instance, indicate that the mathematical morphology may be used to extract the
road centerline[10]; Yang Wei et al. argue that the iterative Meanshift algorithm and
segmented Hough transform can be used to extract the road centerline[11]; Tang Rui-hua
propose that the algorithms based on the adaptive structure element and the Hilditch
refinement can also used to extract road centerline[12]. The commercial software, such as
ArcGIS, also has the function to extract the road centerline, which is out of the scope of
this paper.In this paper, we directly utilize the centerline extracting function of ArcGIS
to obtain the roads centerline. The extracted centerlines from the highway network are
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shown in Figure 10, and after extracting the centerline, we overlying the highway network
on the original image. By combining the centerlines, the modified version of the original
images is shown in Figure 11.

FiGURE 11. Highway centerline extraction

3.3.4. The result of smoothing. As seen in Figure 11, the extracted highway center line of
the road is basically consistent with the road of remote sensing images, but the extracted
center line of the road is not smooth and there are a lot of bumps, seriously affect the
smoothness of the road, therefor the center line cannot be used as a result now. Thus,
further smoothing is needed to obtain the final result, we use quadratic Bezier curve for
smoothing, calculated as follows:

P(t) = (Py— 2P + P)t* + (—2P, + 2Pt + P, (12)

Wherein, F,, P;, P, are known points, t is the smoothing parameter. Road centerline
smoothed as shown in Figl2. The obtained results, except for a small part of the road
needs human intervention for local modifications, can generally meet the Census highway
extraction requirements, and so the automatic extraction for highway is accomplished.

FiGure 12. Highway centerline after smoothing

3.4. Comparison with Canny operator. Figure 13 contains the road centerline ex-
tracted by use of Canny operator, you can see from the picture, the road centerline
extracted by use of Canny operator presented in the form of short line segment basically,
a large number of the centerline of the highway is not extracted, while many places of
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non-highway emerge extractions by mistake of the centerline. The reason is that although
there are better edge response by use of Canny operator, but the highway cannot be dis-
tinguished from the background, so when road centerline is extracted extracting is prone
to miss in which difficult to distinguish features and road. While in the linear culture of
non-highway extracting is prone to error. As used herein, the method is to make full use
of spectral information of remote sensing image, the target road and background make a
distinction, and it is possible to minimize the interference of background, when extracting
the road can get a more complete road centerline, greatly reducing the missing and error
of extracting.

FiGure 13. Using Canny operator to extract road centerline

4. Road extraction effect evaluation. In this paper, we use road location evaluation
index to evaluate the road center line extraction effect of highway automatic extrac-
tion technology, and compare it with the Canny operators road center line extraction
effect[22]. Road location evaluation indices including integrity, correctness, road location
mean square deviation and other indices, by calculating the above indices can reflect the
quality of road extraction. The indices are defined as follows.

Correctly matched reference road length

Integrity = 13
neegritd Reference road length (13)
Correctly matching extracted road length
Correctness = - (14)
Extraction of road length
Road location mean square deviation
_/>>7(Correctly matching the road location - Refer to the road location)? (15)

2n
In Figure 14, the center line of the road which is extracted from the artificial image
is used as the reference road of the road location evaluation index. The center line of
the road is regarded as the axis and a certain width is the tolerance range. While the
evaluated road center line is within this range, that the reference road and the evaluation
road are considered to be matched.
The results of road center line extracted using the method proposed in this paper are
compared with Canny operator, as shown in Table 5. It can be seen from the table that
the method proposed in this article is better than Canny operator in terms of integrity,
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FiGURE 14. Reference road

correctness and Road location mean square deviation. It is shown that the road center line
more complete than Canny operator, and the extraction precision is also slightly better
than Canny operator.

TaBLE 2. Comparison of road location evaluation indexes

The method proposed in this article Canny operator

Figl Fig2 Figl Fig2
Integrity 0.95 0.96 0.27 0.36
Correctness 0.91 0.92 0.58 0.41
Location mean square | 0.43 0.33 0.61 0.56
deviation

5. Conclusions. Based on the characteristic analysis of the image data sources, we pro-
pose a technology for the automatic extraction of highway, which is derived from the
spectral information of remote sensing images and the mathematical morphology. The
extracting images generated by the proposal meet the requirements of highway extraction.
However, there are still some defects in our approach, e.g. when applying to the more
complex highway, the images of the automatic extraction do not include all of the roads,
which could be the direction of the future work.
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