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ABSTRACT

To many geographic systems (GIS) application scheme such as urban planning and navigation, updating
road network database is critical problem. Rapidly changing urban environments accelerate the need for
frequent updates or revisions of road network databases. With the advent of high-resolution satellite
images, there has been a resurgence of research interest in road extraction techniques. However, due to the
extreme complexity of an urban scene, automatic road network extraction continues to be challenging
research topic. In this paper, we have proposed a road map extraction system with two efficient filters using
satellite images. Here, Unscented Kalman filter (UKF) is used in combination with Gauss-Hermite Kalman
Filter (GHKF) to trace and identify various connected road paths and to avoid obstacles under diverse
conditions. Unscented Kalman filter (UKF) component is responsible for tracing axis coordinates of a road
region until it comes to a severe obstacle or an intersection. Then, the Gauss-Hermite Kalman Filter
(GHKF) module takes the control of the road extraction process and regains track of the road or possibly
road branches on the other side of a road junction or obstacle. From the results, we ensure that the proposed
road extraction technique outperformed the existing approach by achieving the accuracy of 98.452% in
cluster 10.

Keywords: Unscented Kalman Filter (UKF) And Gauss-Hermite Kalman Filter (GHKF), Satellite Image,
Road Extraction,

image processing fields, road extraction is
considered as a challenging issue. Comprehensive
1. INTRODUCTION research has been carried out on road extraction

Recently road extraction from satellite imagery from aerial and satellite imagery. Semi-automatic

has emerged as one of the hot topics in the research and fully automatic are two main types of road
field. It is particularly employed in the city extraction method. Being an interactive technique
planning, cartography and to revise already between the user and the computer algorithms,
detected roads in Geographic Information Systems initial point(s) and a direction for road tracking
(GIS) environment [11]. Road extraction is a algorithm are chosen by the operator in Semi-
crucial aspect for the resourceful utilization of high automatic feature extraction. Conversely, input
resolution satellite images. Some of the several from an operator is not required by the fully
applications of road extraction are renewal of GIS automatic methods which work on their own [24]
database, reference for image registration, [26] [27].

assistance for identification algorithms and fast The scientifically challenging task of road
mapping [23]. Road extraction enables the road extraction from digital aerial/satellite imagery
network to be truly presented in the object space which is of chief significance in data obtainment
when the image to ground systems transformation and renewal of geographic information system

is carried out and it has been described as the (GIS), databases or site models can remarkable aid
method of detection and precise localization of  car navigation systems or any emergency (rescue)
roads in the image [17]. Automatic road extraction system that requires on-the-spot maps. Detection
attempts to simplify and speed up the road and/or comprehension of manmade objects are
extraction process by focusing on automating all or ~ crucial in high-resolution images. Particularly,
few parts of this process. Spatial data capturing road network is one of the most significant aspects
and updating for GIS applications give prime in GIS layer [21]. Urban mapping, urban planning
importance to road extraction from high resolution and Geo-Information Engineering have copious
imagery [18]. In photogrammetry and digital applications for methods that extract this feature
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from an urban scene. This research topic is still
challenging, and the fact that valuable toolkits
including practical semiautomatic ones are not
offered by commercial vendors of
photogrammetric system for automated road
extraction demonstrate its importance [19]. The
magnitude of automation incorporated by them
decides the mentioned classification of the road
extraction methods. Semiautomatic methods find
out a road object and provide a small quantity of
information related to it based on the arbitration of
an operator such as seed points [20]. Development
or improvement of semiautomatic techniques is
necessary to permit the fast, consistent and precise
provision of data for GIS systems as such fully, or
even almost fully, automated processes have not
attained a mature state [22].

In this paper, we have designed an efficient road
extraction system using unscented kalman filter
and Gauss-Hermite Kalman Filter. Starting from
the initial point, UKF module is proceed to the
next point on the road. This process is done by
UKF and GHKF for each next point selection. In
each step the process uses noisy measurement to
obtain the best estimate of the state of the road at
that point, with reference with the updated profile.

The rest of the paper is organized as follows: a
brief review of some of the literature works in road
extraction techniques are presented in Section 2.
Contribution is discussed in section 3. The
proposed road extraction technique is detailed in
Section 4. The experimental results and
performance evaluation discussion is provided in
Section 5. Finally, the conclusions are summed up
in Section 6.

2. RELATED RESEARCHERS: A BRIEF
REVIEW

Various road extraction techniques and their
explanation are listed in this section. Now-a-days,
Satellite and aerial images are the most important
available data sources for map generation and
updating of available maps and they have highly
improved in terms of spatial, spectral and temporal
resolutions. Research communities are
overwhelmed by the sheer volume of collected
images, the necessity of automatic generation of
road map and map updating seems to be very
important. Due to its difficulty of extracting the
road map automatically, many researchers have
been carried out in this area with human
intervention. In accordance with this, for road-
tracking from satellite images, numerous
significant algorithms and methods are published
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in this area. In this class, the Extended Kalman
Filter (EKF) is one of the methods, which was
proposed in initial for road map extraction in [2]
and then was further widened in [3] and [4]. For
nonlinear filtering, Particle Filters (PFs) are
utilized and to trace a single road path initiated by
a given seed at the beginning of the road the
algorithms based on PF have been utilized in [5]
and [6]. The limited processing area on the image
is alone the fault of the prior works in the aforesaid
class of road extraction methods [2]-[6]. Moreover
these algorithms exploit EKF or PF, start tracing a
road from a given seed point on the road, and
generally halt when they attain a stern occlusion,
an intersection, or even dramatic change in the
road direction.

In order to recover the trace of the road beyond
obstacles, Movaghati S et al. [1] have combined
EKF with a special Particle Filter (PF) in addition
to determine and follow diverse road branches
after reaching to a road junction in recent. In their
approach, EKF has traced a road at initial until a
stopping criterion is met. Then, instead of
terminating the process, the results were shifted to
the PF algorithm which attempts to determine the
extension of the road after a probable obstacle or to
recognize all possible road branches that might
exist on the other side of a road junction. They
have modified the procedure, for further
enhancement, for attaining the measurements by
decoupling this process from the current state
prediction of the filter. The potential for instability
of the road-tracing algorithm has been condensed
by the elimination of dependence of the
measurement data to the predicted state.
Furthermore, in order to uphold tracking when the
road profile endures some variations due to
alterations in the road width and intensity, they
have constructed a method for dynamic clustering
of the road profiles. This technique motivated to
continue my research on the road extraction of
satellite images with the aid of filtering and
clustering techniques.

An active contour based visual guidance
systems had been demonstrated by Asif
Muhammad et al. [7] for outdoor Autonomous
Ground Vehicle (AGV) navigation. To plan a
visual guidance system for outdoor AGV
navigation was the goal of their research, which
could discover and track road boundaries. To
describe the initial contour of road boundary on
image sequences, the B-spline based active contour
was utilized. To take out road features, different
image processing steps were created on the image.
To calculate the pose and orientation measurement,
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Curve fitting was utilized. To track the road
boundaries over time in an image sequences,
Kalman filter was utilized. Experimental output
displayed that the design algorithm efficiently
tracked a wide range of road models.

A two-step approach i.e. detecting and pruning
had been formed by Jiuxiang Hu et al. [8] for
automatic extraction of road networks from aerial
images. The road detection step was based on
shape categorization of a local homogeneous
region around a pixel. A polygon, called the
footprint of the pixel covered the Ilocal
homogeneous region. This step involved in finding
out road footprints, tracking roads, and growing a
road tree. To get the road footprint, a spoke wheel
operator was utilized by them. An automatic road
seeding method was made by them based on
rectangular approximations to road footprints and a
toe-finding algorithm to categorize footprints for
growing a road tree. The road tree pruning step
utilized a Bayes decision model based on the area-
to-perimeter ratio (the A/P ratio) of the footprint to
prune the paths that leaked into the environments.
To characterize the conditional probability of A/P
ratios of the footprints in the road tree, a lognormal
distribution was introduced by them. Also, the
lognormal distribution was utilized to show an
automatic method to assess the parameters that
were concerned to the Bayes decision model.
Results were shown for different aerial images.

A method for road extraction from high
resolution imagery was demonstrated by P.N. Anil
and Dr. S. Natarajan [9]. Statistical region merging
in the image segmentation step was utilized by
them, followed by thresholding. A skeleton
pruning by discrete curve evolution was utilized in
the next step to take out the road network. This
method was tested on various high resolution test
images and output found satisfactory. The
drawback of the method was that it might not work
on the road cast by shadows. Another algorithm
was demonstrated by Movaghati S et al. [1] based
on a specific combination of the EKF and the PF
as a road-tracing approach for satellite images. The
algorithm created by them included two modules
i.e. the EKF module and the PF module. Those two
modules which utilized clustering algorithms were
able to pass severe obstacles on the road and to
search and trace all road branches at a junction.
The projected algorithm had been checked on an
IRS satellite image with 5.8-m spatial resolution
and an IKONOS satellite image with 0.8-m spatial
resolution. To initialize the algorithm, all road
segments in a connected road network were traced
by only using a single seed point. The developed
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algorithm, moreover, remained rich regard-less of
sudden changes in the road direction and
differences in the road width and intensity.

A method was explained by Aleksey Boyko and
Thomas Funkhouser [10] for taking out roads from
a big scale unstructured 3D point cloud of urban
surroundings. It was including  several
superimposed scans taken at various times. By
giving a road map and a point cloud, the road
surfaces from the rest of the point cloud were
automatically separated by this method. Beginning
with an approaching map of the road network
provided in the form of 2D intersection locations
joined by polylines, at first, a 3D representation of
the map was made by optimizing Cardinal splines
to decrease the distances to points of the cloud
under continuous restraints. Then, a road net-work
into independent patches was separated by them,
making it possible to work on a large point cloud
with a small in-memory working set. For every
patch, in order to forecast the locations of curbs, a
2D active contour to an attractor function with
peaks at small vertical discontinuities was fit by
them. Lastly, a set of labelled points was resulted
by them, wherein the points lying within the active
contour were marked as ‘‘road’’ and the others
were not.

3. CONTRIBUTION OF THE PROPOSED
TECHNIQUE

The main contributions of our

technique are:

proposed

*
°oe

Road extraction using non-linear filter
needs to be initialized for each road
extracted. In other words, it needs a
starting point (seed point). In existing
literatures, the seed point selection is a
challenging  problem and various
techniques were presented for solve this
problem. To solve the initialization
problem, in this paper, an automatic initial
seed point is generated using grid based
clustering and road extraction system is
started from this seed point.

Two non-linear filters such as Unscented
Kalman filter (UKF) and Gauss-Hermite
Kalman Filter (GHKF) are used for the
road extraction process. Unscented
Kalman filter is responsible for tracing
axis coordinates of a road region until it
comes to an obstacle or an intersection.
Then, the Gauss-Hermite Kalman Filter
takes the control of the road extraction
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process and regains track of the road or
possibly road branches on the other side
of a road junction or obstacle.

4. PROPOSED ROAD EXTRACTION
SYSTEM

Road extraction is still a demanding issue of
research in the field of digital photogrammetry. A
variety of literatures have been developed to
address the issue automatic road extraction. One
significant category of road extraction technique is
related on probabilistic modeling of associated data
and Bayesian estimation techniques. Statistical
models are utilized to represent characteristics of
the road features in above road extraction schemes.
In general, these techniques consist of two stages:
prediction phase and update phase. Extended
Kalman Filter (EKF) is one of the techniques in

| Sensitivity, Specificity, Accuracy ]

Seed point selection using grid

i L el

Pre-processing Y
module |
"\\ I
Road extraction
module
UKF phase |[_. o
* I
o=
GHKF phase | i
i
]
]

If the predict is not “road” use

this class, which was first developed for road map
extraction in literature [12] and then was extended
in literature [13] and [14]. By analyzing the
literature, we found that the effective improvement
over the EKF is provided the guaranteed improved
performance compared with EKF. EKF is the
nonlinear version of the Kalman filter which
linearizes about the current mean and covariance
but, it simply linearise all nonlinear models and it
is difficult to implement, difficult to tune, and only
reliable for systems which are almost linear on the
time scale of the update intervals. In order to
overcome these difficulties, Unscented Kalman
filter (UKF) and Gauss-Hermite Kalman Filter
(GHKEF) are the two important filters designed for
improving these problems. The proposed road
extraction technique is shown in Fig 1.

based clustering

I

; I
GHKEF for next prediction i
I

Fig. 1. Overall Diagram Of Proposed Road Extraction System

From, Fig 1, the preprocessing module consists
of two modules. Firstly, the reference road model
is manually generated as shown in Fig 2. This road
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model is taken from input original satellite image.
Secondly, the seed point selection is done by grid
based clustering. Here, road extraction process
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starts from this seed point i.e. initialization point.
Finally, the unscented kalman filter and Gauss-
Hermite Kalman Filter are used for the road
extraction process.

Our proposed system is divided into following
two modules

5.1 Automatic Road Region Selection
(preprocessing module)

Reference model creation
Seed point selection using grid
based clustering

5.2 Road Prediction Traverse Model Using UKF
And Corrective Road Path Chosen Using
GHKF

¢ State model description
Profile matching

Road extraction algorithm

Before explaining in detail the road extraction
technique, it is essential to formalize the models
that are used. First we illustrate road modeled in
reference model in preprocessing step.

5.3 Automatic road region selection
(preprocessing module)

In the preprocessing module, we have manually
created a reference module and explanation of this
reference module is given below.

e Reference model road generation:

An initial road model is extracted as a vector of
grey levels from the road segment entered by the
human operator. Afterward, new road models are
extracted from new human inputs and located into
a road model for further use. We utilize four-
dimensional road features to improve the
robustness of the road extraction technique i.e. in
addition to searching along a line perpendicular to
the road direction; we also search a line along the
road direction.

Seed point selection using grid based

clustering

1) Create the grid structure of the satellite
image.

2) Each grid pixel values are arranged into
row format based on the grid structure.

3) Applying k-means algorithm [25] utilized

in road extraction in satellite image for
the selection of the initial point of the
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road which has traced path then calculates
the minimum distance based on the
following objective function.

k_ n 2
7= el

=l j=1

(M

2
Where, “x(/') —c; “ is a chosen distance

measure between a data point x(/’) . c,ls

the cluster center.

4) For k-means clustering process, firstly
k initial (in this techniquek =10) are
randomly generated within satellite
image.

5) K-clusters are generated by associating
every observation with the nearest mean.

6) The centroid

7) of each of the k-clusters becomes the new
mean.

8) Steps 5 and 6 are repeated until
convergence has been reached.

9) The reference profile is matched with
each cluster; one less distance segment is
obtained using Euclidean distance.

10) Again, this less distance cluster is

matched with grid profile, finally, we
obtain one less distance cluster or road
segment using Euclidean distance. From
this segment, we start the road tracing
procedure.

5.2 Road prediction traverse model using UKF
and corrective road path chosen using
GHKF

We require to consider coordinates of the road
median on a satellite image and to develop a
proper discrete state-space model to implement
Unscented Kalman Filter (UKF) [15] to extract a
road in satellite images. The road extraction system
(UKF) starts its process from initial point of the
road. This initial point is provided by the grid
based clustering (through another approach that is
beyond our discussion in this work). From the
starting point, the UKF consecutively continues to
the next point on the road by using some
artificially defined time step. In every time step, to
obtain the best estimate of the road at the point, a
process is used namely, noise measurement.
Hence, UKF based state evolution of the tracking
process is modeled by

Vg =S g)+w, 2
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In above equation, y, denotes status of the

g™ position of the road, w, denotes noise.

The intention is to estimate the state vector of
the system (y, ) by using the UKF. In each step,

the measurement, input to the Unscented Kalman

Filter, is independently obtained from the image.

The error in getting the measurement is denoted by

what is referred to as measurement noise. The

stochastic difference equation is defined based

measurement vector and state vector is follows:
z, = h(y p )+v p

©)
Where, z, the measurement vector y, is state

vector and vy is the measurement.

5.2.1.State model description

In our road tracking technique, we want to track
the road axis points using recursive estimation.

In this paper, we have used 4-dimensional state
vector as given below

q
4
v, 4)

P4

Where r, -is the row number of the center of the

Yqg =

road, ¢y is the column number of the center of the

road, ¢, is the road direction and ¢, is the change

in direction or road curvature in the q’h step.

This line denotes the relationship between the

»
>

road center coordinates at step q and the road
center coordinates at step q—1

Fig 2: Graphical illustration of the evolution of the coordinates of the road model from one step to the next

With the help of Fig 2, the system equation is
created as follows:

7, Ty —dt.sin(@,_ + @, dt)
ey | | g +dicos(p, |+, i) )
Y, = = . + W,
! Pq Pyg1 + Pgdlt !
P4 P41
5.2.2 Profile matching:

Once identify the road path used UKF, the profile
matching process is done by Euclidean distance
between the corresponding updated profile and
reference profile. Here, we have given to some
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threshold 7. During the matching process is higher
than the threshold 7, the UKF’s road tracking
process stop, then GHKF takes the control of the
road extraction process and regains track of the
road or possibly road branches on the other side of
aroad junction or obstacle.

5.3 Road extraction algorithm

The extraction algorithm comprises of two main
phases: the Unscented Kalman filter and Gauss-
Hermite Kalman filter. These two phases
alternatively hand over the process to each other,
as detailed in below sections.
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e UKF phase:

This phase is initialized with a seed point given
at the starting of the road extraction process. The
beginning point contains coordinates of the road
center and direction of the road at that point. The
road center coordinates and road direction are

considered as the initial state of the proposed
system, called ;. This starting point is employed

to initialize the grid based clustering technique.
The UKF phase begins tracking the road using
starting start and initial grid based cluster.

When the UKF phase visits a severe obstacle
on the road path or arrives at a road junction, the
matching process cannot successfully generate
next prediction state. An update profile is extracted
from the observation model. This profile is
compared with reference profile. In this stage, we
have assigned some predefined threshold for the
road region, and this threshold is based on the
RGB image. If the prediction is above the
threshold and the UKF stops and passes the control
to the GHKF phase. In this case, the GHKF makes
another state update based on the current position,
so as the estimation position is jumped over. When
multiple jumps occurs, the Gauss-Hermite Kalman
Filter identifies it as a tracking failure and return
control back to the Unscented Kalman Filter.

Prediction stage:
We first choose, M sample points Y‘;_l and

their weights W\Iq—l’ i=0, 1...N-1. These sample

points capture the true mean and covariance of the
density function and hence approximate the true
density function up to the second order statistics.

Yq]‘q_1 = f(y;_l‘q_l )

These samples denotes the predicted density
p(xq‘z_l) and its means and covariance is given

by

N-1
~ B i
Ylg-1 = Zw’Yq\q—l
i=0

N-1
— i _ 5 i _x T
Pq\q—l - Z Wi [Yq\q—l yq\q—l][Yq\q—l yq\q—l]
i=0

Therefore, p(x q|:—1) is estimated by assuming

that is distributed as N(xq‘q_l’Pq‘q_l) at the end of

the prediction stage. Then, the predicted
measurement vector is calculated as below:
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N-1
ﬁq\q—l - Z Wi h(YqI\q—l)
i=0
After prediction stage, all predictions have gone

to be updated using the observation obtained in the
q’h step, called z, .

Update stage:
YValg = Vlg1 + Ky(zg = :q\q—l)

_ B T
Pq\q _Pq\q—l K,S,K,

Here, K is the kalman gain and S innovation

covariance matrices and these are computed as
following formulas:

-1
K, =P,S,
Sq = Rq +P,
Where
N-1
A A T
Py =D W, (Vg =Pyt VAT )= 26 y)
i=0
N-1
A A T
va = Wi (qu‘q—l _Zq‘q—l )(h(YqI‘q—l)_Zk‘k—l)

Il
(=]

GHKF phase:

To initialize the GHKF phase, the UKF phase
relocates the information about its last successful
step of the present road segment onto the GHKF
phase. The GHKF [16] begins its work with a
single road branch by using the last successful
state estimate of the UKF phase as its initial state

Y-

Prediction stage:

Find the root y,,i =1,...p, of the Hermite
polynomial / ,(y).
the

Compute corresponding  weights

p-1
Wi = %
PIH ()]
Use the product rule to expand the points
to a n dimensional  lattice  of
p"pointsé&,,i=1,.,p", with
corresponding weights.
Propagate the cubature points. The matrix

square root is the lower triangular
cholesky factor.
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y - hp Etm This section presents the results obtained from
ig=lg-1 g-1jg=1 =1 T Mg-1lg-1 the experimentation and its detailed discussion
e  Evaluate the cubature points with the about the results. The proposed approach of road
dynamic model function extraction technique is experimented with the
satellite image dataset and the result is evaluated
* _ with the sensitivity, specificity and accuracy.
Yl,q‘q—l _f(Yl,q—l‘q—l) Y- 5P Y Y

e  Estimate the predicted state mean L
6.1 Dataset description:

"
Mg = Z w,Y:q‘ -1 The proposed technique is performed in a
i=1 windows machine having configurations Intel (R)
e Estimate the predicted error covariance Core i5 processor, 3.20 GHz, 4 GB RAM, and the
A operating system platform is Microsoft Wnidow7
Byr = ZWIK,[,\[,,IKZ\[,,I - mq\q,lmq\q,lT +0,.1  Professional. We have used mat lab latest version

i=1

(7.12) for this proposed technique.

In this technique, we have used satellite road
images and this satellite image collected through
internet. Below Fig 3 shows road area satellite

6. RESULT AND DISCUSSION images.

3(a) 3(b) 3(e)
Fig. 3. Input Satellite Images

6.2 Evaluation metrics technique are given in Fig 4 and 9. Fig 4, 6 and 8,
shows proposed road extraction image. Fig 5, 7
and 9 shows existing road extraction technique.
Here, we have taken extended kalman filter and
particle filter for existing technique [1].

The evaluation of proposed technique in
different satellite images are carried out using the
following metrics as suggested by below
equations,

Sensitivity =
number of true positives

number of true positives+ number of  false negatives
Specificity =

numberof true negatives

numberof truenegatives+ numberof false positives
Accuracy=

numberof true positives+numberof true negatives

numberof true positives+ false negatives+true negatives+ false positives

6.3 Experimental Results

The proposed technique is designed for road
area extraction in satellite images. Here, we have
taken three images results for this section. The Fig.4. Proposed Road Extraction Result For Satellite
obtained experimental results from the proposed Image 1

e
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Fig. 5. Existing Road Extraction Result For Satellite
Image 1 Fig.8. Proposed Road Extraction Result For Satellite
Image 3

Fig. 6. Proposed Road Extraction Result For Satellite
Image 2

Fig. 9. Existing Road Extraction Result For Satellite

Image 3
Fig. 7. Existing Road Extraction Result For Satellite
Image 2
6.4 Performances evaluation metrics such as sensitivity, specificity and the

accuracy as shown in Fig 10 to 18. By analyzing
the plotted graph, the performance of the proposed
technique has significantly improved the road
extraction compared with existing technique. For
image 1, the performance graphs are plotted and
they are given in Fig 10 and 12. In Fig 12, the
proposed technique is achieved the accuracy of

In this section, we describe the performance
evaluation and comparative analysis of proposed
approach with existing technique. Here, we have
taken extended kalman filter and particle filter for
existing technique [1]. The performance analysis
has been made by plotting the graphs of evaluation

e
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about 98.085% where, the existing technique has
achieved only 98.065% for cluster 10. In Fig 10,
the sensitivity is achieved 22.591, where, the
existing technique has achieved only 21.764 for
cluster 10. For image 2, the performance graphs
are plotted and they are given in Fig 13 and 15. In
Fig 15, the proposed technique is achieved the
accuracy of about 98.452% where, the existing
technique has achieved only 98.307% for cluster
10. In Fig 13, the sensitivity is achieved 24.336,
where, the existing technique has achieved only

17.265 for cluster 10. For image 3, the
performance graphs are plotted and they are given
in Fig 16 and 18. In Fig 18, the proposed technique
is achieved the accuracy of about 98.220% where,
the existing technique has achieved only 98.168%
for cluster 10. In Fig 16, the sensitivity is achieved
69.469, where, the existing technique has achieved
only 65.019 for cluster 10. Totally, the proposed
road area extraction technique is proved better
results when compared existing technique from the
comparison table 1.

sensitivity: 1

I <xisting
I proposed

0.12

=
o
3

sensitivity

b=d
=Y
3

0.04

0.02

15
no. clusters

specificity: 1

I cxisting
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Fig. 10. Sensitivity graph of image 1

Fig. 11: Specificity graph of image 1
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Fig. 16. Sensitivity graph of image 3
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Comparison Table Of ProposedT;:chnquue Against Existing Technique
Number Proposed technique Existing tech [1]
Satellite images ¢ l;.{;er Sensitivity | Specificity Ac?t.z)'acy Sensitivity | Specificity Ac?%acy
10 22.591 100 98.085 21.764 100 98.065
15 17.438 100 97.960 12.742 100 97.844
20 22.591 100 98.085 21.764 100 98.065
10 24.336 100 98.452 17.265 100 98.307
15 17.404 99.99 98.307 16.114 99.99 98.281
20 21.942 100 98.403 18.131 100 98.325
10 69.469 99.348 98.220 65.019 99.467 98.168
15 45.388 99.930 97.871 23.523 99.999 97.105
20 52.869 99.730 97.961 28.257 99.824 97.122

7. CONCLUSION

In this paper, we have proposed a road map
extraction system with two efficient filters using
satellite images. Here, Unscented Kalman filter
and Gauss-Hermite Kalman Filter are utilized to
trace and identify various connected road paths and
to avoid obstacles under diverse conditions. Up to
a time that it falls to a severe obstacle or an
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intersection, the UKF elements are accountable for
tracing axis coordinates of a road region.
Following to this, the GHKF module carry out the
road extraction process and retrieves track of the
road or perhaps road branches on the former of a
road junction or obstacle. Additionally, further
studies on improving the algorithm structure and
calculation steps to achieve better computation
time need to be explored. In order to improve
tracking and to make the algorithm more robust in
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case of unpainted road line and real traffic
conditions, reduction algorithm technique will be
explored.
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