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Abstract: Satellite images provide valuable information for a wide range of applications. They use various spectral bands to recognize
a great number of features. High-resolution satellite (HRS) images are able to represent man-made features such as roads and
buildings. Roads are the most fundamental structures. We have presented a methodology using image processing and connected
component method for automatic extraction of road network from any high resolution satellite image. It is sometimes challenging in the
areas having complex scenes. There is an algorithm to extract the manmade features from the image and filtering operations are used to
correctly extract out the respective feature i.e. the road network from the image. The proposed system follows various steps consisting of
Enhancement, Filtering operations, Segmentation etc. The final extracted road network can be used for the map creation which
shortens the human efforts in creating large scale maps and also it is very efficient in time and cost. The method is reliable to implement
in real time also and can be applied for the real time development in the field of remote sensing and Geographic Information System
including rural and urban development. The algorithm promises to provide good results and helpful in keeping Geographical

Information System (GIS) updated with new road databases by reducing the time consumption in producing large scale maps.
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1. Introduction

The aim of our road network extraction process is just to
provide a binary form of the concerned satellite image which
consists of two regions i.e. true region representing the road
region and the false region representing non-road regions.
The road detection methods which are requiring human
interaction are classified as semi-automatic, and those that
are not requiring human interaction are known as automatic.
Extraction and detection of Road networks from satellite
images is an important research subject and it is mostly used
for various Remote sensing applications. It basically
generates geospatial information for large areas with very
minor inaccuracy. Moreover cost and time of data
production using these methods are far lower than almost all
other production methods. Roads recognition is unavoidable
as they form an important Geographic Information System
(GIS) layer in remarkable civilian and military applications
involving navigation or Location aware systems and
emergency planning systems for evacuation and Fire
response [1].

Primarily improvement of pictorial information for human
interpretation is one of the major application areas in image
processing. A number of satellite original images contain
noise. This can be eliminated by several enhancement
techniques. Filtering is an enhancement technique, used to
remove or filter unnecessary information (noise) from the
image. It is also applied for image smoothening and
sharpening. Few neighbourhood operations work with the
values of the image pixels in the neighbourhood and the
respective values of a sub image having the same
dimensions. Picture enhancement and its gray level
adjustment are the primary steps towards the fulfilment of
the whole process. After converting the image into gray

scale image its effects can be analysed using histogram
analysis. Using histogram, we can analyse the black and
white proportions of the image. Once image is converted
into gray scale form, its level is adjusted in such a manner
that black and white proportions of the image could be
separated out up to a certain level so that thresholding in the
next step might become easier as our primary task is to
provide approximate binary image before reaching to
thresholding. GIS needs the automatic extraction process of
roads for their data updating because it is very costly and
time consuming process to update data to their database
manually also there may be a possibility of error in manual
updating of road network.

There are variety of services facilitated by GIS applications
containing road databases include satellite navigation,
creation and updating of accurate geographical databases,
route planning, health-care accessibility planning, military
operations, infrastructure  management, land cover
classification and also the extent of damages after natural
disasters such as floods, earthquakes [2]. The aim of road
network extraction is just to provide a binary form which
consists of two regions i.e. true region representing the road
region and the false region representing non-road regions but
the problem arises when there are complex structures in the
image containing several different objects, such as roads,
trees, vehicles, houses, etc.., with differences in their shapes
and textures.

An image contains number of connected components (CC),
and each CC is a set of pixels where each pair of pixels is
connected to one another. There is also a method called
Trivial opening which is used here to filter these sets of CC
of the image based on particular conditions. If this specific
condition is true then connected component is retained
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otherwise, it is removed. We may use trivial opening only
when the concerned image is having the connected
components [3,4].

Proposed method can be applied on noisy images too, and
good results can be obtained. In this paper we have
presented an algorithm based on connected component for
road network extraction, Secondsection of this
paperprovides proposed methodology and algorithm, third
section relates with connected component algorithm. In the
final sections we can conclude the paper after providing the
experimental setup and the obtained results.

2. Proposed Methodology

The methodology of the road network extraction includes
several steps. In this a satellite image is loaded first then
various enhancement methods are performed to improve the
quality of the image before proceeding to the next steps.
After that, image is converted into gray scale image.
Subsequently other operations are performed as given in the
figure 1 as per the complexity and noise level of input image
loaded

Input Gray Level
Image »{ Enhancement P Analysis
Y v
Thresholding p| Binarization
A 4
v
Connected .
Component - Filtering
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v A4 Detected
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Figure 1: Road Network Extraction Algorithm

The figure 1 illustrates the road network extraction

algorithm which includes various steps which are performed

over the input test satellite image. The details of each step

are presented below.

I. The input image is loaded. It is called the test image and
its pixel intensity is analysed by obtaining its histogram,
shown in figure 2 and figure 3.

Now Image is enhanced by applying the enhancement step
and its aim is to improve the visual effects in the image.
Thus it helps geographic image interpretation and improves
the contrast and brightness between the target (road regions)
and non-target (non-road regions) for high level image
processing. Enhancement operation causes in the internal
regions of the manmade structures being more homogeneous
than the border regions of the image [1].
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Figure 2: Input image
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Figure 3: Image Histogram of Input image

Il. Now after the application of enhancement method the
manmade objects appear more prominent in the image
than the natural objects. Hence it facilitates now to
apply gray scale conversion on the enhanced image
because it contains fewer natural objects as per our need
and image is converted to gray scale form. [1]

1. The next step is binarization in which gray scale image
is converted to binary image or black and white image
and it can also yield to thresholding. Adaptive global
thresholding is applied here to remove the non-road
pixels and segment approximated road region from the
satellite image[5]. Meanwhile if image contains noise
then filtering operation can be performed to remove the
noise from the image.

Thresholding is applied on the binary image. A suitable
threshold value is selected to segment the approximated road
regions from the image. Otsu’s algorithm is applied to find
the threshold value V; which is useful to segment the road
region pixels r(x, y) from the original image pixels f(x, y).
o, iff(xy)<Vr
e ={ s

The histogram shown in the figure 3 of the satellite image is
analyzed and categorised into four principle sections to
obtain the desired threshold value for the segmentation, The
histogram is devided into sections based on the average
value (M) of all the pixel intensities and tonal gray values in
the image. Section A shows the pixels having the tonal
values with toal gray varience from 0 to 60 on X axis. This
section recognizes dark objects such as vehicles, lakes
,shadows etc in the image. Section B relates with the pixels
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having tonal values from varience of 60 to 120 . This section
provides the information of dark gray shade objects like
grasslands, trees, etc. Section C finds the pixel intensities
with tonal variance 120 to 180, it belongs to bright gray
objects for instance roads, lanes, etc. Section D relates with
the group of pixels having the tonal gray values 180 to 250
on X axis and this section finds the bright objects such as
bright vehicles, concrete cement road, etc. Adaptive
theresholding technique is used in this case because single
value thresholding might not work here properly as
threshold value of pixel is based on its position within an
image. From this technique we can extract approximate road
regions [5]. Therefore, this technique is called as adaptive
global thresholding. From this technique, approximated road
regions are identified. The pixels that lie in that region are
assigned to value 1 and all the remaining pixels are made to
0. Now, gray image is converted into binary image in which
road regions appeared in white and all other pixels appeared
in black. Thus this particular threshold value for road
regions is accepted and applied for extracting the required
road regions out which might or might not be complete due
to the complexity nature of the image. Thresholded regions
further might lead to the application of Connected
Component technique.

3. Connected Component Algorithm

Connected component of an image may be defined for any
pixel in that image, as a set of pixels that is connected to that
pixel [6].The set of pixels, not separated by a definite
boundary can be featured as connected pixels. Connected
component is actually each maximal region of connected
pixels . An image is divided into segments by connected
components. Connected component approach is applied for
feature extraction, edge detection, line detection, road map
extraction, etc. We can extract connected components in an
image using dilation and intersection operators..

Suppose Z be an image and connected component in an
image is denoted as A; and a known point of A is denoted
as p which is referred as X0. Then, the expression given
below gives all elements of A.

X=X ®@B)NZ 1)
Here k belongs to positive integers, symbol @ represents
morphological dilation, N denotes intersection and B is a
suitable structuring element. If X, = X,_;, then the
algorithm has converged and let A= X,.

The connected components that are based on some criterian
are extracted by trivial opening [7]. Suppose Z be an image
{Z(n) |n=1,2,3....... N} is a sequence of connected
components in the image Z, and z(i) is a point in Z(i).The
trivial opening can be expressed with a condition S, as
follows in equation 2.
_(Z(@D), if Z(i) satisfies the condition S
5 (2) _{ @, otherwise @
Here, s,(z) is the trivial opening with condition S
associated. Trivial opening is the method, which is useful to
extract the required connected components from the image
based on condition S and remove the connected components
which do not satisfy the condition S. Road regions can be
easily identified and extracted using trivial opening. We can
extract long feature roads by selecting the condition as the

long axes of minimum ellipse for trivial opening
mechanism. Using equation given below , we can obtain
trivial opening for road detection [7].
Long axis of minimum ellipse

Ro = {P| enclosing P(i) >= S } @)
Where P is an image and P (i) is a connected component of
the image. We may proceed by extracting all the connected
components from the image by using equation 1. Out of
these connected components, further road components are
segmented using the equation 3. Thus,the resultant image R,
after the analysis has the required connected road component
which is greater than S.

4. Experimental Results and Discussion

The proposed method is applied on test image which is a
satellite image, collected from Satellite Imaging Corporation
and Apollo Mapping [8, 9]. The experiment is performed on
the same image and result is obtained after the segmentation
using the proposed method and the road network is detected.
Corresponding test image and results obtained after
implementing adaptive thresholding, connected component
analysis and trivial opening are shown in the figure 4. Final
road map can be extracted using the filtering operation on
the resulting image.

Figure 4: (a) Input test image (b) Final extracted Road map

Performance of the experiment is analyzed using basically
three parameters which are very useful in road network
extraction which are known as Completeness, Correctness
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and Quality. These parameters are measured using a ground
truth road map which is manually drawn and the extracted

Extracted road map

road nework is compared with it. We form a buffer around
this reference map with constant width.

Extracted road map

Reference road map

(a)

Reference road map FN

(b)

Figure 5: (a) Matched Extraction (b) Matched Reference

According to figure 5, the matched road data in extracted
map is called true positive (TP) and unmatched road data is
False positive (FP). The reference data within buffer is
called matched reference. The length of matched portion of
reference with extracted road data is TP while unmatched
reference is called False Negative (FN) data.

length of the matched reference

length of reference

e 100
= ——— X
TP+ FN
length of the matched extraction

length of extraction

~ 1P x 100

" TP+FP
length of matched extraction
length of the extracted data +

length of unmatched reference

X
TP+ FP+FN 100
Using above equations average measures of the

Completeness, Correctness and Quality are determined
which are 89%, 94% and 87% respectively. For evaluation,
true positive, false positive and false negtive values can be
calculated and counted using manually drawn ground truth
map which is obtained using the software GIMP (GNU
Image Manipulation Program) [10].

Buffer width is set as 3. Value of TP, FP and FN is counted
on the ground truth map as follows.

TP- It is the element which is present on ground truth and
the extracted road network both.

FP- It is present on the extracted road nework while not on
the ground truth.

FN- It is the element present on ground truth while not on
the extracted road network.

Compl % =

Correct % =

Qual % =

Table 1: Comparison of average measuresed values of
proposed method with other methods

Methods Compl % | Correct % | Qual %
Xiaoying [11] 78 80 66
Wenzhong [12] 79 77 63
Proposed work 93 88 83

Table | shows average measured values of completeness,
correctness and quality of the proposed method are
compared with other methods and it can be analyzed that
proposed method perfomes very well over these methods
and good results are obtained using proposed method

5. Conclusions

Having up-to-date road maps is crucial for providing many
important services. For example, a city requires accurate
road maps for routing emergency vehicles, while a GPS-
based navigation system needs the same information in order
to provide the best directions to its users. Since new roads
are constructed frequently keeping road maps up-to-date is
an important problem. At present, roadmaps are constructed
and updated by hand based on high-resolution aerial
imagery. Since very large areas need to be considered, the
updating process is costly and time consuming. For this
reason automatic detection of roads in high resolution
Satellite and aerial imagery has attracted a lot of attention in
the remote sensing community. Using proposed algorithm
we get very good results of road extraction in terms of
Completeness, Correctness and Quality.
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