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Abstract: Road information is rich in urban districts and mining areas. With the increase in spatial resolution and spectral
resolution of remote sensing data, it is possible to extract information of narrow roads. However, the traditional manual
extraction method using high-spatial-resolution data has shortcomings of low accuracy and low efficiency. Considering
the features of SPOT-5 and Gaofen-1 data and the actual road situation of the study areas, the object-oriented method is
used in this paper. The main advantage of this method is overcoming the limit of road extraction only using spectral in-
formation. A comparison with the results of the traditional supervised classification based on pixels proves that the object-
oriented method improves the accuracy by 10% and provides better road information results. In addition, it is a more ef-
fective method to extract information for geographical condition monitoring.
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1. INTRODUCTION

In recent years, image resolution has rapidly increased
with the development of remote sensing technology. More
high-resolution images are used in national geographical
information monitoring. Road information is more abundant
with the improvement of satellites. It is possible to extract
the road information of urban districts and mining areas. The
automatic or semi-automatic extraction method has gained
increasingly more attention because the traditional manual
method has low efficiency and accuracy [1].

Traditional image extraction techniques such as super-
vised classification and unsupervised classification are pixel-
based techniques, which explore the spectral differences of
various features to extract the thematic information of inter-
est [2]. Spectral information that is only considered in these
methods leads to fragmented and discontinuous road extrac-
tion information. The road in mining areas is heterogeneous.
Road information is also affected by trees on both sides of
the road. One object can have many different spectra, and
different objects can have identical spectra [3]. For high-
resolution images, the extraction method that only uses spec-
tral information cannot satisfy the required efficiency and
accuracy. In addition, the methods of artificial neural net-
work and fuzzy classification have difficulties in automatic
extraction. Hence, road information is often manually ex-
tracted based on visual interpretation and grey pixel. The
object-oriented method has been widely examined because
the information is extracted based on objects using the spec-
tral, textural and spatial information of a high-resolution
image. This method can overcome the problem of salt &
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pepper noise, and it has improved fault-learning ability, par-
ticularly in extracting high-resolution images.

Using the multi-scale segmentation of multi-spectral aer-
ial photography and comprehensive feature analysis tool,
Mhangara et al. determined the threshold and most salient
features for classification. The results indicate that the classi-
fication procedure generated accurate results [4]. Houwei
used the object-oriented method to extract information from
high-resolution aerial images. The results of this method are
closer to the actual situation, and its accuracy is higher than
the pixel-based method [5]. Considering the rich and detailed
texture information of the Quickbird image, Tangwei built
road extraction rules to extract important information of sub-
urban roads. The classification accuracy was improved com-
pared to the maximum likelihood method [6]. Xu Gaocheng
used rich detailed information of the feature space and prom-
inent texture information to build different rules to automati-
cally extract different road information [7]. Based on multi-
scale segmentation, Huanliang used the nearest-neighbour
classification method to extract road information. The result
is improved because of the usage of spectral information,
geometric and texture features of the images [8]. In this pa-
per, considering the actual situation of the study areas, the
object-oriented technology is used to automatically extract
road information. There are two object-oriented methods in
the following experiments: one is used in the segmentation
scale and decision rules, and the other is based on multi-
features in experiments.

2. DATA SOURCE AND PREPROCESSING

In this paper, SPOT-5 and GaoFen-1 images are used to
extract the road information. The SPOT-5 image shows the
Feicheng mining area in Shandong Province on June 5™,
2011 [9]. There are wide and narrow roads in this study area.
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Fig. (2). Study area of the urban district.

Vegetation, buildings, water and other information in the
image are also obvious, as shown in Fig. (1).

The GaoFen-1 image shows an area in Chengde City,
Hebei Province on September 15", 2013. Compared with the
SPOT-5 image, the road information is less obvious than
other information, as shown in Fig. (2). The method based
on segmentation scale-decision rules is used to extract road
information in the SPOT-5 image, and the multi-feature-
based method is used to extract road information in the
Gaofen-1 image [10-12].

Image pre-processing mainly includes radiometric cali-
bration, atmospheric correction, and geometric correction

[13]. The multi-spectral and panchromatic data images were
fused based on Gram-Schmidt Pan sharpening to enhance the
image. The images are displayed in false-colour and true-
colour compositions.

3. PRINCIPLE AND METHOD OF ROAD EXTRAC-
TION

Object-oriented methods collect neighbouring pixel in-
formation as the object to identify ground objects in the
study areas. The objects domain offers more dimensions for
image analysis and can take advantage of some geographic
information system (GIS) analysis, as is shown in Fig. (3).
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Fig. (3). Technology roadmap of the object-oriented method.

This method fully uses the space, texture and spectral infor-
mation of a panchromatic and multi-spectral image to obtain
a high-accuracy classification result. The classification pro-
cedure mainly includes object construction, object classifica-
tion and accuracy evaluation [14].

Object construction refers to image segmentation. The
multi-scale segmentation algorithm is the most widely used
method. Considering the image spectral and shape features,
the image spectral and shape heterogeneity comprehensive
characteristic values of each band are calculated. Then, the
weighted values are calculated according to the weight of
each band [15]. The iteration is repeated until the weighted
value of all segmented objects is greater than a specified
threshold.

Object classification mainly includes supervised classifi-
cation and rule-based classification. Object-oriented super-
vised classification differs from the traditional supervised
classification based on pixels. There are more parameters in
the sample selection and classification, which include the
spectral, space and texture information. Rule classification is
information extraction based on the properties and threshold
value of the object [16-18].

The classification rules were built using the vegetation
index, water body index, and values of each band in the
method based on the segmentation scale-decision rules.
Spectral features such as the intensity value, mean value, and
standard deviation value of each band and geometric pa-
rameters such as the length-to-width ratio, compactness, and
area are used in the multi-feature-based method.

There are many features to describe the characteristics of
a road, which George Voss Elman has summarized as fol-
lows. The internal grey scale is homogeneous. It has larger
grey contrast and edge gradient than neighbouring regions.
The road is long with a limited curvature and smaller chang-
es in width. Generally, roads are continuous and cross with
one another in a network [19].

Although roads and buildings have different geometries,
road and building information can be simultaneously ex-
tracted because of the similar spectral features. The extracted
road information is significantly affected by buildings [20].
Hence, geometric features such as the length-width ratio,
compactness, and density are used to extract the road infor-
mation in addition to the spectral features. This paper uses
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Fig. (5). Classification results of the method based on segmentation scale and decision tree.

the eCognition software to build road information extraction
rules to automatically extract road information.

4. ROAD INFORMATION EXTRACTION WITH DIF-
FERENT METHODS

4.1. Method Based on Segmentation Scale and Decision
Tree

Because the SPOT-5 image has excellent spectral quality
and rich texture information, the method based on the seg-
mentation scale and decision tree is used in road information
extraction. In this paper, we used the multi-scale segmenta-
tion technology to extract the road information; certainly

repeated experiments are not finished until a reasonable
segmentation scale is obtained. First, the samples are select-
ed to describe the characteristics of typical features in the
study area. Then, the classification rules are built based on
these characteristics, which include the grey value of the
band, density, etc. The specific rule of the parameters is in
Fig. (4) [21-23].

The Border Index feature describes how jagged an image
object is; the more jagged image the higher border index it
has. by, is the image object border length; 1, is the length of
an image object v; w, is the width of an image object v.
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The Density feature describes the spatial distribution of
the pixels of an image object. /#P, is the diameter of a
square object with #P, pixels; vVarX + VarY is the diame-
ter of the ellipse.

#P,
1+\/VarXiVarY (2)

Max. diff is calculated as follows: I and j are image lay-
ers; C(v) is the brightness of image object v; C;(v) is the
mean intensity of image layer i of image object v; C;(v) is
the mean intensity of image layer j of image object v; Ky are
image layers with positive brightness weights.

Density =

cw)

The classification rules are used to extract information in
the study area. A slight manual adjustment was performed to
make the classification results more accurate. The road in-
formation is well extracted in excellent spectral quality and
homogeneous grey value, as is shown in Fig. (5).

4.2. Method Based on Multi-Features

The method based on multi-features is used to extract the
road information in the Gaofen-1 image. First, the feature
space (Fig. 6) is constructed based on the spectral features,
geometric features, neighbouring features and index features
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Fig. (8). Classification results of the supervised classification method.

of the image objects. To avoid data redundancy and unneces-
sary computation, the feature space is optimized using the
eCognition software. Finally, these features are used to ex-
tract the road information.

The feature space that is constructed by the eCognition
software cannot distinguish all ground objects. The values of
the blue and near-infrared bands and the shape index are
used to remove the building and water information from the
road information.

Wide roads were extracted using this method (Fig. 7).
However, the remaining problems must be solved in detail in
subsequent studies.

4.3. Comparison with the Traditional Supervised Classi-
fication Method

The supervised classification method was used to extract
the road information in the SPOT-5 image. The pixel-based
information extraction has the phenomenon of different
spectra for one object, and different objects with identical
spectra. Large numbers of buildings were considered roads

(Fig. 8).

Comparing the results of the object-oriented and super-
vised classification methods, we can conclude that: (1) The
object-oriented method extracts more continuous road in-
formation than the supervised classification method. (2) The
former results are more consistent with the actual situation of
the roads. Narrow-road information is also extracted. (3) The
object-oriented method is more suitable for road information
extraction of residential districts in mining areas.

The accuracy evaluation measures whether the classifica-
tion results are credible. The common method is computing
an Error Matrix [24-26]. The overall accuracy, user accura-
cy, production accuracy [27], Kappa coefficient and other
accuracy statistics can be calculated from the error matrix. In
the study area, sample points are selected and confirmed
based on the existing thematic data. The error matrix is cal-
culated as follows. Compared with the traditional method,
the overall accuracy is 92.94%, which is improved by 10%,
and Kappa coefficient is 0.9 (Table 1). Thus, the results are
excellent [28, 29].
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Table 1. Error matrix from the object-oriented classification.
Classification by indoor interpretation
Building Farm Water Road Bare Sum
Building 18 1 19
Farm 1 20 3 24
Water 10 10
Road 1 6 27 4 28
Bare 4
Sum 20 20 10 30 5
Overall Accuracy 92.94% Kappa Coefficient 0.9056
CONCLUSION [4] P. Mhangara, J. Odindi, L. Kleyn and H. Remas. “Road extraction

Considering the image features and actual situation of the
study areas, methods based on the segmentation scale, deci-
sion tree and multi-features are used to extract road infor-
mation in this study. The road information is automatically
extracted. Comparing with the traditional method, we can
conclude that: (1) The object-oriented method can obtain
better results, particularly in extracting the road information
of mining areas and urban districts. (2) The road information
that is extracted using the object-oriented method is more
continuous. In addition, automatic or semi-automatic extrac-
tion is realized, which has high efficiency. (2) The road
width that is extracted using the object-oriented method is
more consistent with the actual situation. Narrow roads are
also extracted. (3) The object-oriented method also has its
limitation. The results depend on the segmentation quality,
which implies that we need more time to perform many ex-
periments to verify the appropriate segmentation scale. A
method to determine the segmentation scale and combine
effective feature parameters to achieve the best results must
be further studied.
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