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Abstract—The role of laser scanning technology in data collection
and virtual environment modeling has been long recognized,
especially for vehicle-borne laser scanning system (VBLS) which
consists of a vehicle equipped with laser range scanners, CCD
cameras and positioning devices. Up to now, most researches on
vehicle-borne laser data are focused on the extractions of
buildings, trees, etc., in correspondence with that on airborne
LiDAR data. In this paper, instead, extraction of street lamps
becomes our objective and a novel approach is proposed to fulfill
it. An experiment is conducted to validate the proposed
approach. Comparing with the images collected by the VBLS and
real scenario observed from field work, the result indicates that
the proposed approach is valid for extracting street lamps in
terms of the accuracy of positioning and modeling ground
targets.

Keywords-vehicle-borne laser scanning (VBLS); street lamps
extraction; density of projected points (DoPP); distance data;
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I. INTRODUCTION

With the development of laser scanning technology,
reconstructing virtual environment has become technically
feasible. According to the type of mounting platform, laser
scanning technology can be divided into airborne laser
scanning and ground-based one [1]. Due to the high accuracy
and acquisition speed, airborne laser scanning, e.g. airborne
LiDAR system, is widely used in constructing DEM (Digital
Elevation Model) and DSM (Digital Surface Model) and
creating virtual cities [2, 3]. As for ground-based laser scanning
technology, a moving style of the platform divides it into
stationary system and moving-platform one, e.g. vehicle-borne
laser scanning system (VBLS). Normally, aerial scanning can
cover a broad area but fail to capture details of urban objects,
only with top layer information of ground targets collected.
Similarly, there is a drawback of stationary system that
planning for location and direction of viewpoints in data
acquisition is limited to the scenes measured. Considering
these above reasons, a VBLS, consequently, becomes
increasingly important in data collection and virtual
environment modeling [4, 5].

The vehicle-borne mobile mapping technology has been
developed around late 80’s [6, 7]. With the development of
automobile navigation system and geographical information
system (GIS), the development of vehicle-borne mobile
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mapping system becomes possible. Generally, the VBLS
combines laser range scanners, high resolution video cameras,
Global Positioning System (GPS) and Inertial Navigation
System (INS) instrumentation to capture real scene and to
measure its positions and orientation information [8].

In comparison with airborne LiDAR system, the VBLS
acquires information on ground. Accordingly, rather than the
top layer information of ground targets, distance data between
laser scanners and ground targets are collected. Up to now,
most researches on vehicle-borne laser data are focused on the
extractions of buildings, trees, etc., in correspondence with that
on airborne LiDAR data [9-14].

As the distance data are quite large, the processing of these
data, consequently, is time-consuming. Thus, some sort of
automatic and time-saving processing methods are required
accordingly. Typically, a regular processing method can be
carried out as follows. First, calculate coordinate information
of these data in accordance with GPS records. Second, grade
the height attributes of each record calculated in the first step
into low- and high-height data according to a threshold. On the
basis of these above procedures, the ground surface and ground
targets can be distinguished.

In this paper, a VBLS has been employed to collect
information on ground. Different from extracting buildings,
trees, etc., we, instead, concentrate on the extraction of street
lamps which are parts of a road network. Accordingly, a novel
approach is proposed to achieve the goal.

The following of the paper is organized as follows. Section
2 presents the proposed approach. Section 3 introduces the
configuration of our VBLS. Section 4 describes an experiment
and shows the discussions. Section 5 concludes the paper.

II.  THE PROPOSED EXTRACTION METHOD

As mentioned in Section 1, the VBLS consists of a vehicle
equipped with laser range scanners, CCD cameras and
positioning devices. Consequently, its output data involve
distance points which describe distance information from laser
scanners to ground targets, imaging data and positioning
records. In this paper, based on positioning records, distance
data are converted into 3D coordinates in order to achieve the
goal conveniently.



On the basis of the output data, the first step of the
proposed method is to find the nearest shooting position of
each image record. Then, distances between each laser point
and each imaging position will be calculated to discard laser
points which are definitely beyond a distance threshold from
the shooting position. Thus, the range of study area will be
undoubtedly narrowed down. Since each image record has
initially a corresponding imaging time measured by the VBLS,
the nearest imaging position can be extracted from positioning
records on the basis of time.

Second, distances between each laser point and each
imaging position will be measured. The relative angle of every
two continuous imaging positions can be gained as the
positioning data are recorded in a projected coordinate system.
Therefore, the moving direction can be derived through the
relative angle between a current imaging position and the next
one. Thus, the left and right regions of the VBLS can be
delineated. A program is designed to search and delete all the
laser points beyond a distance threshold from each imaging
position. As a vehicle is dictated to move on one side of the
road (we take the rule of keeping to the right as an example),
the threshold, consequently, differs between the left and right
regions of the wvehicle positions, as shown in Fig. 1.
Accordingly, buildings, trees and other ground targets which
are far away from the road are deleted. So the data volume is
lessened substantially, with a region of mostly the road left.
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Figure 1. Principle of deleting data based on distance thresholds

Subsequently, a conventional method, namely Density of
Projected Points (DoPP), is carried out to fulfill the extraction.
With respect to extractions of buildings and trees, the DoPP
method is usually employed at the very beginning [15, 16].
Differently, prior to implementing the DoPP method, the
proposed method initially searches and deletes all the laser
points which are beyond the distance thresholds according to
the spatial distribution pattern of street lamps. Thus, the
amount of grid cells constructed with this method and its
corresponding computational time can be considerably
reduced. After gridding process, the maximum height of each
grid cell is subsequently calculated, and a height threshold is
then set up based on the height data to classify the laser points
into two types, i.e. a combination of ground surface and low

ground targets, and high ground targets. As trees may not be
planted on the road surface in universal urban transportation
planning, the laser data, after executing the previous step, are
the data of road surface and some ground targets located on
both sides of the road, e.g. street lamps, dustbins and traffic
signs. Finally, the data whose height values are within the
settled height threshold, say, road surface, traffic signs and
dustbins, will be deleted. Therefore, the data left are entirely
street lamps. Fig. 2 represents the procedures above.

III. CONFIGURATION OF OUR VBLS

The system shown in Fig. 3 represents our VBLS. It
consists of two laser scanners, two CCD cameras, a GPS
receiver, an inertial navigation system and other sensors, as
shown in Fig. 4.

A. The GPS/INS Integration

This module consists of GPS, INS and Odometer, as shown
in Fig. 4(a). The GPS measures positions of vehicle via
receiving satellite signals. The INS records the velocity and
direction variation with high accuracy as the accelerometer
biases and gyroscope rotation alter with time. However, on one
hand satellite signals may be severely blocked by some ground
targets, e.g. bridges, flyovers, tunnels and forests.
Consequently, GPS receiver will be out of action when the
vehicle is moving at these above places. On the other hand, a
drift phenomenon of the velocity and direction collected by the
INS will emerge while the vehicle is moving, and the drift
extent belongs with moving speed of the vehicle. Nevertheless,
the GPS/INS integration can solve these problems by
complementing each other as velocity and direction variations
are used to interpolate vehicle positions throughout the period
when an outage occurs with the GPS receiver, and the GPS
records are employed to rectify the drift phenomenon of INS
[17]. In our VBLS, the fusion of data from the GPS receiver
and INS provides location points of trajectories with an
accuracy of less than 0.1m and a frequency of 200Hz.

B. Laser Scanner

Two laser scanners, as shown in Fig. 4(b), having a 180°
field of view with a resolution of 1°, a range of 80 meters and
an accuracy of +15 millimeters, are mounted on top of our
VBLS. Both scanners face the same side forward, however,
one scanner heads upward while the other downward, as shown
in Fig. 5.

C. CCD Camera

Similarly, our VBLS comprises two CCD cameras mounted
on top of it, as shown in Fig. 4(c). One is focused on left region
ahead of the vehicle, while the other, correspondingly, right
region. Both them have a resolution of 1392 * 1040 pixels with
a shooting rate of 1 frame/sec. Along with shooting images, the
corresponding imaging time is recorded by the system
simultaneously. Fig. 5 illustrates the configuration and data
acquisition manner of our VBLS in top view.



Heading upward

Heading downward

Moving direction

C
@ GPS/INS receiver él‘) Laser scanner l:'j CCD camera

Figure 2. Data acquisition manner of our VBLS

IV. EXPERIMENT

A. Study Area

An experiment is conducted to validate the proposed
approach with our VBLS. A series of distance points, imaging
data and positioning records are collected in Chongming
district in Shanghai.

With this vehicle, we have collected a trajectory of 60KM
for 2 hours, with 26854 GPS records received, 1505357 INS
records measured, and 13849 images shot by each camera.
Based on GPS and INS data, 1486062 records have been
generated by data fusion process. Fig. 6 illustrates the
trajectories in the road network of Chongming.

The moving speed is less than 30 KM/Hour limited by the
traffic conditions and relevant traffic ordinances of Chongming
district. While the vehicle moves forward, two laser range
scanners do upward and downward profiling, respectively, with
totally 54.89 million distance points collected.

B. Data Preparation

All these devices are synchronized with each other, when
the vehicle moves along a road. Therefore, GPS/INS records,
images and distance points can be matched together. With
respect to distance points, a transformation and geo-referencing
process is required in order to carry on further executions
conveniently. Thus, 54.89 million distance points are converted
into geo-referenced data with x, y and z coordinates on the
basis of distance points and GPS/INS records. Fig. 7 illustrates
the above data preparation procedure.

C. Applications of the Proposed Method

As mentioned in Section 2, imaging data which initially
consist of images and corresponding shooting time are updated
to a series of data consisting of images and corresponding
imaging positions, according to the time of GPS and image
records. As the location points of trajectories calculated after
integration process has an accuracy of less than 0.1m and a
frequency of 200Hz, the error of shooting positions between
real and calculated ones will be correspondingly insignificant.
If the VBLS is moving, for example, at a speed of 36

KM/Hour, the maximum error between the real imaging
position and the calculated one is merely 0.05 meter.
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Since the amount of entire laser data is significantly large,
we have randomly selected a range of laser points, with an
amount of 286821, to execute the proposed method. Fig. 8
represents laser points of the selected area.

Next, based on field work, we set two distance thresholds to
implement deletion of laser points, with left region 6.5 m and
right region 8 m. The laser points beyond the corresponding
distance thresholds from each imaging position are then cut
out, accounting for 77% of the amount of the selected laser
points, as shown in Fig. 9. As for the left ones depicted in Fig.
10, a method named DoPP is sequentially carried out.
Considering the actual size of a street lamp, a cell size of 0.2
m*0.2m is then selected to create grids, and Fig. 11 illustrates
the procedure. Several attempts considering the universal
height of a street lamp and the DEM of our study area are then
made, and the critical value of z coordinate is eventually
assigned 40.5, which means that in each grid cell, if the
maximum value of z coordinate is above the critical value,
laser points in this grid cell are accordingly considered to
represent street lamps, and otherwise, laser points should be
deleted as they may describe the road surface or traffic signs,
etc.. As shown in Fig. 12, an extraction result of 2849 records
is finally filtered from 68659 records which are within the
distance thresholds in the aforesaid deleting process.

In order to validate the proposed method, we first add the
extracted laser points in a geo-referenced road network. As
shown in Fig. 13, they distribute along both sides of the road.
Then, we make comparisons of the extraction result with the
images collected by our VBLS and real scenario observed from
field work. The result indicates that the proposed approach is
valid for extracting street lamps in terms of the accuracy of
positioning and modeling ground targets.

V. CONCLUSIONS

In this paper, we have proposed a method to extract street
lamps from laser points captured by the vehicle-borne laser
scanning system (VBLS) which consists of a vehicle equipped
with laser range scanners, CCD cameras and positioning
devices. While the vehicle moves forward along the road,
positioning data, velocity and direction variation of the VBLS,
real scene images and laser points of ground targets around the
vehicle are collected. With respect to characteristics of these
data, relevant programs, e.g. integrating GPS with INS data,
georeferencing distance data collected by laser scanners and
calculating imaging positions based on their shooting time, are
correspondingly employed. We, then, delete an amount of laser



points with distance thresholds which differ between left and
right regions of the vehicle positions. With laser points
substantially lessened, the computational time consequently
becomes less. Next, we employ a DoPP method to achieve the
goal. Through conducting an experiment in Chongming district
in Shanghai, we draw the conclusion that the proposed method
is valid for extracting street lamps in terms of the accuracy of
positioning and modeling ground targets. However, the
proposed method performs not so well as in this paper while
trees, utility poles, etc. have similar spatial distribution and
configuration patterns, say, almost the same locations and
height values with street lamps along roads. This will be our
future step.
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