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ABSTRACT

Mapping accurate spatial information is important for constructing three—dimensional
(3D) spatial models and managing artificial facilities, and, especially, mapping road
centerlines is necessary for constructing accurate road maps. This research developed a
semi—automatic methodology for mapping road centerlines using the MMS (Mobile Mapping
System) LIDAR(Light Detection And Ranging) point cloud as follows. First, the intensity
image was generated from the given MMS LIiDAR data through the interpolation method.
Next, the line segments were extracted from the intensity image through the edge
detection technique. Finally, the road centerline segments were manually selected among
the extracted line segments. The statistical results showed that the generated road
centerlines had 0.065 m overall accuracy but had some errors in the areas near road
signs.
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Introduction

A road centerline is “a line representing
the physical center of a roadway between
road shoulders,” (USLegal, 2017). In general,
road centerlines can be used for encoding
the various road characteristics (road name/
width, type/conditions, speed
limit, travel directions, bridge weight limits,

pavement

etc.), and they are generally of the single
or multi lane types with yellow color
(Article Extension, 2017). An example of
the multi—lane—type road centerline is
shown in Figure 1.

Mapping road centerlines is important for
constructing detail road networks and the
accurate road maps, preventing the serious

traffic accidents, etc. Hu and Tao(2007),

Miao et al.(2014), Shi et al(2014) and Cao
and Sun(2014) extracted road centerlines
from high—resolution satellite imagery. Hu
et al(2014) and Hui er al(2016) utilized
topographic  LiDAR (Light
Detection And Ranging) data for extracting

the airborne

road centerlines.

As mentioned in the previous paragraph,
research on mapping the road centerlines
has been carried out using various remote
sensing data. Due to the short widths, long
lengths and complicated locations of the
road centerlines, however, the use of the
traditional remote sensing data such as

satellite imagery, aerial Iimagery or
airborne topographic LiDAR is limited for
mapping accurate and precise road
centerlines.

MMS (Mobile Mapping System) is a moving

FIGURE 1. Example of a multi—lane—type road centerline
(captured from a figure in iamtraffic (2017))
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platform operated to determine the position
and orientation of the platform and the 3D
the
various remote sensors(optical camera,
LiDAR) (Madeira et al, 2012). Research on
extracting the various features using the
MMS sensor has been carried out of late.
al(2015) and Pastucha(2016)
extracted the linear features using the
MMS LiDAR data while Tsai and Han
(2013) and Choung(2017) extracted the
road surface features using the MMS
LiDAR data. Sairam et al(2016) and Soilan
et al(2016) the
inventory using the MMS. Hence, it was
assumed that the MMS LiDAR sensor is
the

positions  of objects captured by

Jwa et

generated road sign

also useful for extracting road

centerlines because it provides the geometric
and surface reflectivity information of the
road surfaces with high precision and
accuracy. Hence, this research proposes a
semi—automatic method for extracting the
road centerlines from the MMS LiDAR

point cloud.

Study Areas and Data

In this research, section (length:
500m) of the

Indeokwon IT wvalley in Uiwang City, was

one

roads, located around
selected as the study area due to the data
availability (see Figure 2). Figure 2 shows
the multi—lane type road lines(the red

circle in the right figure in Figure 2) in

FIGURE 2. MMS LiDAR data used in this research
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TABLE 1. Specification of the given MMS LiDAR data

MMS model Number of acquisition points Accuracy
MMS—K 320 (made by Mitsubishi . .
Electiic Co. Ltd.) 27100 points/sec 6 cm (RMSE: Root mean square error)

Average point density

Acquisition date

Geodetic reference

7cm 2016.09.06

WGS(World Geodetic System) 84
UTM(Universal Traverse Mercator) 52N

the entire study area.

Table 1 shows the specifications of the
given MMS LIDAR data. The MMS LiDAR
data used in this research was acquired in
September 6th, 2016 by using the MMS—K
320 model made by Mitsubishi Electric Co.
Ltd. In addition, the horizontal datum, the
average point density and the accuracy of
the given data were the WGS 84 UTM
52N, 7cm and 6cm, respectively.

Methodology

The developed semi—automatic methodology
includes the multiple steps for extracting
the road centerlines from the MMS LiDAR

point cloud as follows(see Figure 3). First,
an intensity image was generated through
the interpolation method. Then numerous
line segments were extracted from the
intensity image through the edge detection
Finally, the
were

technique. road centerline

segments manually selected by

considering their lengths.

1. Generation of an intensity image

In general, the LIDAR point cloud consists
of the
including the X, Y, Z coordinates, the

multiple  attribute information
intensity, the return numbers, etc.(ArcGIS
for Desktop, 2017a). The LiDAR intensity

represents the reflectivity of the surfaces

/ MMS LiDAR data /

h 4

Generation of an intensity image by IDW
interpolation method

|

Extraction of road centerline segments by
Canny edge detector

|

Selection of road centerline segments by
manual labor

FIGURE 3. Operation of the semi—automatic
method for extracting the road centerlines
from the given MMS LiDAR data
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struck by the laser pulse, for which reason
the intensity values are used for detecting
features (ArcGIS for Desktop, 2017b).

In this step, an Intensity image was
generated from the MMS LiIDAR point
cloud through the interpolation method to
detect the seamless line segments. There
are various interpolation methods, such as
linear interpolation, IDW (Inverse Distance
Weight) interpolation, Kriging interpolation,
spline interpolation, etc.(Choi, 2005; Lee,
2010). In this research, IDW interpolation
was to generate the intensity
it reflects the

utilized
image because intensity
values of the nearest LIDAR points for
generating grids, and causes the features
with a different surface reflectivity to be
well visualized in the Intensity Iimage
generated by it (Cho et al, 2006; Minh
and Hien, 2011). The resolution of the
intensity image was set as 10cm because
the 10X10cm pixel can include at least

one LIDAR point in the generated intensity

image if the average point density of the
given MMS LIDAR data was considered.
Figure 4 shows one section of the original
MMS LIDAR data(Figure 4(a)) and the
IDW

intensity  1mage  generated by

interpolation (Figure 4 (b)).

(a)

As can be seen in Figure 4, the various
features, including the road centerlines and
road signs faintly shown in the original
MMS LiDAR data are well visualized in the
generated by IDW

intensity  image

interpolation.

2. Extraction of line segments

The next step was to extract the line
segments from the intensity image through
the edge detection technique. The edge
“an image—processing
technique for finding the boundaries of
objects within images,” (MathWorks, 2017).
As the Canny edge detector generally has
the
other detectors in detecting the significant
edges(Geozalez and Woods, 2007; Choung
2012; Choung, 2015), in this

the Canny edge detector was

detection technique is

superior performance compared to

et al,
research,
employed to extract the line segments,
including the road centerline segments,

from the intensity image (see Figure 5).

3. Selection of road centerline segments

As can be seen in Figure 5, it is

difficult to select the road centerline
segments among the numerous line
N Max: 64770
A I Min: 255.713

Sm Om 10 m

[ . .

FIGURE 4. One section of the original MMS LiDAR data and
the intensity image generated by IDW interpolation
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0 5 Meters

FIGURE 5. Example of the line segments extracted
from the intensity image by the Canny edge detector

segments extracted from the intensity
image. As the dotted road lines on the local
roads are set to have at least 3m length
(MOLIT (Ministry of Land Infrastructure and
2010), the line

Transport), segments

longer than 3m were extracted(see Figure
6).

As can be seen in Figure 6, there were
still many line segments that are not
related to the road centerlines. In this

;| == : Line segments longerthan3 m

5 2.5 0 5 Meters
N N

FIGURE 6. Example of line segments longer than 3m



: Road centerline segments

FIGURE 7. Example of the road centerline segments finally selected

research, the road centerline segments

were manually selected among the
extracted line segments. In the future
research, the automatic method for
extracting the road centerline segments
from the intensity image will be developed.
Figure 7 shows an example of the road

centerline segments finally selected.

Results and Discussions

The accuracy of the road centerlines
generated by the proposed methodology
was measured as follows. First, the 20
checkpoints were manually generated
based on the intensity map, and the
average distance between these
checkpoints was 50m(see Figure 8).

Then the shortest distance from each
checkpoint to the generated  road
centerlines was separately measured to

calculate the accuracy of the generated

5 2.5 Q 5 Meters
I I
road centerlines. Table 2 shows the

statistical results of the accuracy of the
road centerlines generated by the proposed
methodology.

Table 2 shows that the generated road
centerlines had 0.065m overall accuracy
due to the high average point density (7cm)
of the given MMS LiDAR data, but had few
errors in the areas near the road signs
(see Figure 9).

As the boundaries of the road signs
were extracted by the Canny edge
detector as well as the road centerline
segments, as can be seen in Figure 9, the
road centerlines generated by the proposed
methodology had errors in the areas near
the road signs.

5. Conclusions

Mapping road centerlines is important for

constructing accurate road maps,
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@ : Checkpoints

10 5 0 10 Meters
I I

FIGURE 8. Example of the checkpoints for measuring
the accuracy of the extracted road centerlines

TABLE 2. Statistical results of the accuracy of the road centerlines generated by the
proposed methodology

Average Standard deviation Max
(m) (m) (m)
0.065 0.051 0.257

= : Road centerlines

@ : Checkpoints

Max: 64770 N
I Min: 255.713
0Om 1.5m
N I

FIGURE 9. Error that occurred in the areas where the generated road centerlines were near the
road signs
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preventing traffic accidents, making precise
road maps, etc. MMS LiDAR is useful for
mapping road centerlines because it provides
the three—dimensional (3D)
the road surfaces with high accuracy and

information of

precision. This paper propose a semi—
automatic methodology for mapping road
centerlines using the MMS LiDAR data.
The road centerlines extracted through the
proposed methodology had 0.065m
accuracy.

Further research is required, however,
for the following reasons. First, a robust
technique i1s required for removing the
numerous noise edges in the step of
selecting road centerline segments. Second,
an additional is required for
the the
that the

features. Third, the different interpolation

technique
road
other

improving accuracy of

centerlines are near

methods such as Kriging interpolation
method and the linear interpolation method
should be tested for detecting the various
the MMS LiDAR data.

Fourth, the proposed methodology should

features from

be applied into the various types of the

road centerlines such as the curved
centerlines and the dotted centerlines.
KAGIS
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