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Abstract: In this paper, a framework for creating road net-
work from road edges is proposed. The present framework
mainly includes two modules: road modeler and network gen-
erator. Road modeler creates the road polygons from the origi-
nal road edges, and network generator performs converting
road polygons to road network with good connectivity at al
intersections. A prototype system is aso built, and some ex-
perimental results are also presented to demonstrate the
effectiveness of the proposed framework.
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1. Introduction

Nowadays, many digital maps are maintained or created
on large scales where roads are usually described by
lines. These lines, called road edges below, may be the
curb lines or the boundaries of the corresponding road
area. Meanwhile, roads are widely defined by road cen-
terlines or road network in a small-scaled map and some
GIS (Geographic Information System) datasets for either
simplicity or convenient to be analyzed. To create or
update road network efficiently, conversion from road
edges to road network become necessary.

There are some papers about the processing of road cen-
terlines or generalization of polygonal roads [1,2], but
rare researches are found for creating road network from
road edges. In the digital maps for our experiments,
roads are rep-resented with lines or road edges. Although
some efforts have been made to utilize polygons to rep-
resent road region, most of real road features are nothing
but a set of lines. In other words, we do not know which
side of a road edge is inside the corresponding road re-
gion.

In this paper, a new framework is proposed to create
road network from road edges automatically. The present
framework is composed of two modules: road modeler
and network generator. With road modeler, road edges
are processed to fill road areafirstly, and to create road
polygons consequently by splitting the filled area to
polygons at intersections. On the other hand, network
generator converts the road polygons to the road center-
lines, and connects all centerlines topologically.

For the convenience of the following explanation, we
firstly clarify some key words used in this paper. A road
edge means a curb line, which isthe right or left side of a
road. A road region is the area inside a road between
intersections and does not include any intersections. A
centerline is a line representing the center of a road, and
begins and ends at different intersections. In other words,
a centerline does not include any intersection point.
Road network is a set of topologically extended center-

lines. In other words, every extended centerline is con-
nected with other ones or stops at the end of aroad. As
compared to road centerlines, road network emphasizes
the topology of the road data.

In the following sections, we discuss the details of the
framework. Section 2 describes the processing steps in
road modeler and network generator. Some experimental
results are shown in section 3. Section 4 concludes this
paper with discussion.

2. Framework and Its Processes

The proposed framework of creating road network from
road edges is shown in Fig. 1. Here, the input data is a
set of road edges, and the output includes two datasets:
road polygons and road network. Road Modeler works to
create road polygons from the input individual road
edges, and Network Generator carries out the consegquen-
tial process to create road network.

Two modulesin Fig. 1 include following processes:

(1) Resampling road edges;

(2) Creating TIN (Triangulated Irregular Network);

(3) Andyzing triangles;

(4) Filling the triangles inside the road;

(5) Grouping the filled triangles to create road poly-
gons;

(6) Optionally merging the polygons for main roads by
passing through the intersections based on their
widths and directions;

(7) Creating centerlines for every road polygon;

(8) Extending the centerlines topologicaly to create
road network.
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Fig. 1 Framework of Creating Road Network
from Road Edges



Here, steps (1) — (6) are included in road modeler, and
step (7) and (8) are processing steps of network genera-
tor. All steps will be discussed in the following subsec-
tions.

1) Road Modeler

The workflow of road modeler is illustrated in Fig. 2.
Here, step (1) to (6) are carried out sequentialy, and the
processed results, marked as (a) to (f), are shown in Fig.
3. Resampling road edges before creating TIN makes it
easy to anayze the triangles in the TIN and to find a
seed triangle, which is inside the road region with the
highest probability [3]. Here, a possible seed triangle
should have only one original road edge and two adjoin-
ing inverted similar triangles. And the seed triangle isthe
triangle with the largest area among all possible seed
triangles. Filling process can not go through an origina
road edge and also stops at an edge that links two end
points of the original road edges. The filling process may
be repeated, if the road regions are not connected with
each other.
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Fig. 3 Step Results of Road Modeler

Grouping the filled triangles works to gather the con-
nected filled triangles and extract their outline as a road
region. A road region does not include any intersection
triangle. Merging road regionsis an optional process and
functions as an operator to connect adjoining road re-
gions to create a road polygon by passing through some
intersections. The widths and directions of two adjoining
regions at the same intersection determine whether they
can be merged or not.

2) Network Generator

Network generator includes two processing: (7) creat-
ing centerlines and (8) extending the centerlines to create
road network. To create a centerline for a road region,
the turning points must be determined firstly for al road
polygons. For aroad polygon, a turning point means the
position where its centerline will begin or end at. The
turning points are identified by analyzing the relation-
ship of al adjoining road regions. Fig. 4 shows the rela-
tionship of some real road regions. Here, road regions
are shown in different colors, A to J represent merged
road polygons (result of road modeler), and ato i are
intersections. As an example, the turning points of road
polygon G are inside intersections ¢ and d respectively.
In detail, the left turning point is the middle point of the
common edge between D and G, and the right one is the
middle point of the common edge between G and E, as
shown in Fig. 4. Therefore, the centerline of road poly-
gon G should be the line linked two turning points in
intersection ¢ and d respectively. As to road polygon D,
its centerline should neither begin nor end at intersec-
tionsa, ¢ and e, which are passed by the polygon D.

After the turning points are fixed for every road poly-
gon, the calculation of centerlines is straightaway. Two
turning points split a road polygon to two polylines.
Then, a centerline is calculated by connecting al middle
points of the perpendicular lines from vertexes to their
opposite polyline, as shown in Fig. 5. Here, some atten-
tions must be paid to avoid the crosses between and the
order of perpendicular lines.

Fig. 4 Relationship of Adjoining Road Regions



--- perpendicular line
— centerline

@-o extended segment
O turning point
@ intersection

,,il

\~_adjoining road polygons/

Fig. 5 Calculation of Centerline

The centerlines created above are from a turning point
to another turning point (Fig. 5). Extending centerlines
process works to connect each turning point of a center-
line with its near intersection, which will be inserted on
the adjoining centerline if there is no intersection point.

3. Experiments

We developed a prototype system to confirm the prin-

ciple and the effectiveness of the present framework. Fig.

6 shows the prototype system with an original dataset of
road edges, and the experimental results are shown in
Fig. 7. The result shows that the present framework can
cope with individual road edges well.
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Fig. 6 Prototype System
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(a) Original road edges, where there are both opened road
areas (blue circles) and closed ones (green rectangles)

(b) The created road polygons (different colors for different
polygons) and network (light blue).

Fig. 7 Experimental Results

4. Discussion and Conclusions

We have presented a new framework for creating road
network from individual road edges. The framework is
composed of two modules, road modeler and network
generator. Whether the original road edges are marked as
right or left curb or not, road modeler works well in cre-
ating road polygons from the input edges. Consequently,
the road polygons are collapsed to road network by the
network generator. We aso concluded that the present
framework runs very well though the experimental re-
sults.

The performance of an automatic process usually var-
ies with the quality of the input data. The proposed
framework here is also limited by the input road edges.
For example, one-side or crossed road edges will influ-
ence the processing results of the proposed framework.
One-side road edges mean that there are only right or left
curbs for some road region. This case can not be proc-
essed and the corresponding data should be deleted be-
fore automatic processing. Crossed road edges may exist
for overpasses or underpasses, such as a bridge over the
other road. In the current prototype system, the process
of crossed road edges is limited by the TIN creation pro-
cedure, which can only cope with two-dimensional geo-
metric data. This limitation will be further discussed in
our future works.
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