Designation of a Road in Urban Area Using Hough Transform
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Automatic change detection based on the vector-to-raster comparison is hard especially in high-resolution image.

This paper proposes a method to designate roads in high-resolution image in sequential manner using the information

from vector map in which Hough transform is used for reliability. By its linearity, the road of urban areas in a vector

map can be easily parameterized. Following some pre-processing to remove undesirable objects, we obtain the edge

map of raster image. Then the edge map is transformed to a parameter space to find the selected road from vector map.

The comparison is done in the parameter space to find the best matching. The set of parameters of a road from vector

map is treated as the constraints to do matching. After designating the road, we may overlay it on the raster image for

precise monitoring. The results can be used for detection of changes in road object in a semi-automatic fashion.
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I. Imntroduction

Change detection is one of important area in
remote sensing. There can be three types of change
detection according to the information involved in
comparison such as vector-to-vector, vector-to-raster,
and raster-to-raster. The finer the resolution of a satellite
image is, the more information we can obtain from the
image. But the image analysis necessary for the
automation in remote sensing is more difficult due to the
undesirable artifacts in the image such as shadows or
cars on road. Those artifacts in the image of urban area
prevent the automatic change detection based on raster-
to-raster comparison, because the shadow changes from
time to time according to the illumination. [1][2]

In vector-to-raster method, a digital map can be
rasterized into graphic form and compare it with raster
image for change detection. But the comparison is not

obvious because of the geometric difference between

digital map and raster image in spite of geometric
correction. The other way we can consider is to convert
raster image into digital map. But the automatic
conversion is very hard because raster image is hard to
analyze. For example, the segmentation and
classification of urban image from IKONS seems to be
unsolvable problem. [3][4]

In the paper we propose a semi-automatic method
in which each road in vector map is treated as a key to
search in the image with high resolution and the result of
match designates it in the raster image. In the
comparison to match, the proposed method uses Hough
transform to increase the reliability. It is simple to
parameterize a road in vector map due to the linearity.
On the other hand, the edge map from raster image is
very complex to analyze. In the method, we devise some
preprocessing methods to reduce the number of
unnecessary edges and spurious candidates of lines in
Our preprocessing includes

raster image. coarse
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classification of road, construction of edge map by
Navatia operator[5], and size filtering. Also, a modified
Hough transform is used to obtain more reliable
designation of a road.

In the experiment we use raster image with
resolution of a pixel/lmxlm from IKONOS. The
proposed method works well to find the road in complex
urban area.

The paper is organized as follows. In the following
section, the proposed scheme is precisely described and
the experimental results are shown in Section 3 with
some discussion. In the final section, the contribution of

the paper is summarized.

2. Road Designation in Urban Area

Essentially change detection can be achieved by
the comparison of two sources of information captured
different times at the same area. According to the
information sources to be compared it can be categorized
into 3 groups including raster-to-raster, vector-to-raster,
and vector-to-vector.

In raster-to-raster methods, two raster images
captured different times at the same area are compared to
find changes, in which subtraction technique of image
processing is widely used. The key problem for
successful comparison is how to obtain the uniformity of
illumination and geometry. If the illumination and
geometry for the raster data are different, they should be
corrected to achieve the uniformity before comparison.
In vector-to-raster methods, the vector data from digital
map is compared to the information from raster image.
The information involved in the comparison, one type of
information should be changed into the other to get the
type uniformity of information. For example, one can
change objects in the digital map into graphic data and
overlay it on the raster image to find changes. But the
direct comparison is usually impossible because of

geometric differences. Finally the vector-to-vector

method assumes the two digital maps obtained at
different time in the comparison.

In the automation sense, the raster-to-raster
method seems to be the most realizable because the
illumination and geometric correction is relatively easy
especially in low-resolution data. In the complex urban
data with high-resolution, however, it is not obvious
because there are so many fine details and obstacles to
be overcome.

Also, the automation of vector-to-raster technique
is a hard problem in the high-resolution data as the same
reasons as in the raster-to-raster one. To make better
worse, the segmentation and labeling of high-resolution
data to achieve the uniformity of information is tough

and unsolved problem.

2.1 Overall Scheme

This paper concerns with the vector-to-raster
technique. However, as the reason mentioned above, we
consider semiautomatic method to find the changes of
roads in urban area using high-resolution data. Fig. 1
shows the overall scheme of the proposed sequential
change detection method. The following summarizes our

proposed scheme.

Procedure of Road Designation
Step 1: Preprocess raster image and take Hough
transform
Step 2: Do the followings until no more roads is
specified by user
2-1: Select the road to be designated in digital map
2-2: Parameterize the selected road
2-3: Designate the road by finding the best match in
accumulator
2-4: Overlay the designated road on the raster image
2-5: Storing information about the designated road
Step 3: Find the new road in accumulator using the

information captured in Step 2-5
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There may be three possible cases to be
considered for detecting changes of roads. The first case
is “existing road” in which a road exists in both digital
map and raster image. The second case is “removed
road” in which a road exists in digital map but does not
in raster image. The third case is “new road” in which a
road does not exist in digital map but does in raster

image.

| Raster Image I

Preprocessing &
User Hough Transform

@

Overlay
the designated road

Comparison for | ®
best match

Selection of aroad | @
in DXF data

®

Knowledge
logging

Fig. 1 Overall scheme of successive change detection

In the first and second case, each road in a digital‘
map can be specified by user. In the first case, our
scheme finds the best match and designate the road in
Step 2-4. But our scheme may provide wrong match, and
displayed road cannot be well coincide with the raster
image in the second case. In the step 2-4, the user can
identify what happens during the matching process and
verify the results with the help of our scheme. The roads
in urban area have some predefined widths according to
the number of pathways. This information about the
width in the image is stored in Step 2-S and it is used in

Step 3 to find new roads in raster image.

2.2 Preprocessing and Hough transform

Our scheme assumes the roads in urban area are
linear. If a road violates the assumption, it may be

decomposed into linear segments. By the assumption, a

road in digital map can be easily parameterized by its

direction and distance from the specified origin.
Preprocessing of raster image consists of the steps

as shown in Fig. 2 in order to reduce the unnecessary

edge points for designating roads.

[ Raster Image }

l Quantization & Crude Separation of Roads J

L Edge Filtering by Navatia Operation I

I Size Filter to Remove Small Groups of Edges I

L Hough Transform ]

L Accumulator 4[

Fig. 2 Preprocessing and Hough transform

2.2.1 Quantization

The edge map directly taken from the image is too
complex to designate a road. In quantization step, we
approximately separate road from non-road objects to
reduce the spurious edges depending on the reflectance
characteristics. General knowledge for the separation we
use is in Table 1. The number in the table denotes the
level of luminance in the image. In this quantization,
roads with level of luminance corresponds level 2 or 3

are approximately identified.

Table 1. Knowledge for quantization

iqu:%in?:fe Object
0 Center area of a shadow
1 Near—Center area of a shadow
2 Boundary of a shadow, Center area of a road
3 Boundary of a road, Boundary of a building
4 Center area of a low building
5 Center area of a medium—height building

Center area of height building, Boundary of

6 reflecting object
7 Center of reflecting object
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2.2.2 Construction of edge map

Prior to take Hough transform, the edge map of a
quantized image is constructed. As mentioned before,
quantization step reduces many unnecessary edges due
to the crude separation of roads. In this step, Navatia
convolution operators are used to find edges. Those
operators provide both the magnitude and finer
directions of edges than Sobel ones. [6]

In spite of quantization to remove unnecessary
edges, still so many isolated edge points are remained in
the edge map. Since the road boundary must have
consecutive edges, those isolated edges or small group of
consecutive edges are removed by size filter. The edge
groups in which the number of consecutive number of 15
edge pixels are removed in the experiment, which

corresponds 15m in resolution of 1 pixel/Imx1m.

2.2.3 Hough Transform

The reason we use Hough transform in the paper is
that Hough transform is a robust estimator to find a line.
In the transform an edge point in edge map is converted
to a line in parameter space. An edge point at (x,y) can be

represented by a line equation [7][8]

p=xcosf+ysind, (1)

where

_\/Nf+N22 sps\/Nf+N§ and _—275<es%-

For computer implementation, the parameter
space is quantized as two-dimensional array called
accumulator. Whenever every edge point is converted
into a line of parameter space, the value of every bin in
accumulator corresponding to the line is increased by 1.
After considering all the edges, one can do the majority
vote to find a line in accumulator.

Actually we modified the conventional Hough

transform to adapt our purpose. Since the coarse

direction of an edge is already known from Navatia
operator, the possible direction of a line is approximately
constrained. Ideally the direction of line is the same as
that of edges as shown in Fig. 3. Using this fact, we only
accumulated bin values in eq. (1) among which 0
satisfies Table 2 according to the edge direction. By this
way, we can greatly reduce the candidate lines in

parameter space.

Table 2. Constraints of 6 from edge direction

Edge Direction ]

90° 78° —90°, —74° ~-889
30° 18° ~46°

60° 48° ~76°

Q° 0° ~16°, —2° ~-12°
-30° 440 ~-72°
~60° -14° ~-42°

e d Y
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%Direction of Edge |
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Fig. 3. Ideal relation between edge and line directions

2.3 Comparison to match

A road specified in the digital map is
parameterized by (p;, p,, 0), in which the width of the
road corresponds to p,-p;. It provides a key to compare
in the accumulator constructed from Hough transform. If
the geometry of a digital map coincides well with the

corresponding raster image, the search is obvious.
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Unfortunately, however, they are different due to some

errors in correction process. Therefore the key parameter

can be used as only a constraint to search for designation.

We assume the geometric difference does not exceed
some thresholds on p and 0. These values around the key
parameter provide the region of search to find the
specified road.

For successive designation of each road in vector
map, the corresponding values of counts- to the
parameters for previous matches in accumulator are
cleared. This makes better search in the successive
designation because less effort is needed in the process
by decreasing the number of alternatives.

In the process, the “existing road” can be easily
designated but the “removed road” may provide poor or
no matching with in the region. We used the region with

-24<p <24 and-15°<0<15°

II1. Experiment and Discussion

Fig. 4 shows the raster image of urban area used in
the experiment. The image is taken from IKONOS with
resolution of 1 pixel/lmxIim and the size of 512x512
pixels. Fig S. represents corresponding bit map image of
roads taken from digital map. After preprocessing, we
could obtain an edge map as shown in Fig. 6. Note that
there are still so many spurious and missing edge points
to designate roads. After specifying several road objects
in Fig. 5, we could obtain the roads as shown in Fig. 7.

The lines in Fig. 7 are obtained from matching
process in accumulator after Hough transform. Note that
the lines of road boundaries are not bounded, because we
do not know the start and end points of a road boundary.
Even though it is completely fit the real road boundary,
the lines informs the user the guide line for monitoring
the “existing roads”.

We do not show the experimental results of
“removed road” and “new road”, because we do not have

such data. Even though it is not includes them in the

paper, we did the experiment with an artificial data set

and obtain a promising result.

IV. Conclusion

This paper deals with a type of change detection
based on vector-to-raster comparison. The comparison of
an object in digital map with that of raster image is not
obvious due to the geometric difference. Also, the
automatic segmentation and classification of raster
images with high resolution is a very hard problem
because there are too many fine details and shadows.

In the paper, we propose a method to designate a
road in raster image specified from digital map. A
boundary of roads is assumed to be linear and a Hough
transform is used to make robust estimation. To make
more reliable results, we devised several preprocessing
methods and a modified Hough transform.

Based on the designation method, we also propose
a change detection scheme of road objects in urban area.
In the scheme, user can sequentially specify a road from
digital map and verify it from the result of designation.
During the process, user can easily detect the changes in
road objects. We believe the scheme that uses Hough

transform can also be applicable to designate the

building objects

Fig. 4 Raster Image of Urban area
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