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Geospatial information is data on the position of natural and artificial objects existing in
space and is usually displayed in map form. Recently, virtual reality (VR) and augmented
reality (AR) technologies have been utilized in various fields, and the importance of
constructing three-dimensional spatial information as a basis of these technologies has
increased. Light detection and ranging (LiDAR) technology is increasingly used to acquire
data on terrain. Because LiDAR can generate a high-density point cloud while saving time
and manpower consumption, it is increasingly utilized for 3D model building, measurement
of structural deformation, and drawing construction for building maintenance. On the other
hand, unmanned aerial vehicles (UAVs) are increasingly used for acquiring building geospatial
information. In this study, geospatial information construction using UAV images and UAV
LiDAR data was performed. Fixed-wing image acquisition and processing using UAV were
performed. Data acquired using UAV LiDAR were used to construct a digital surface model
(DSM), and the accuracy and characteristics of images and LiDAR data were analyzed. In
the future, the construction of DSM using UAV LiDAR will greatly increase the efficiency of
related field work.

1. Introduction

Geospatial information is an integral part of human life beyond the level of transmission of
location information, and spatial information technology is evolving and developing into one
that is tightly linked to life, thereby changing the lifestyle of individual human beings beyond
the provision of various types of information.!?) Recently, local changes in national territory
and landscape have been occurring very frequently owing to rapid economic development,
industrial structural changes, urban expansion due to development, and abnormal weather
phenomena.®# These changes cause great problems in the efficient management of national
territories and cities and in providing the latest spatial information required by industries and in
certain social activities.>®> Unmanned aerial vehicles (UAVs) can be used from time to time to
acquire regular photos of various scales depending on flight altitude, as well as various types of

image information such as oblique photographs and videos, which can be used very effectively.¥
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In particular, such data can be useful for construction sites. Construction sites are mostly
distributed in urban areas as well as in mountains or farming and fishing villages where there
is not much human or vehicle traffic. Several types of construction work must be carried out
along various distances on the order of 10—100 m. %10 Surveys using existing GPS or total
stations for measuring the status and quantity of construction sites involve so much time and
manpower.(“) In this study, 3D geospatial information of an effective terrain was planned and
built using UAV images and UAV light detection and ranging (LiDAR) data. Figure 1 shows
the study flow.

2. Study Area and Data Acquisition

In this study, a construction site in Incheon City was selected as the study area for the
construction of 3D geospatial information using UAV images and UAV LiDAR data. The study
area was found to be suitable for building geospatial information as it had a mixture of roads,
land, and some forests. Data were acquired in three ways. Images were first acquired using
fixed wings, and then data were acquired using UAV LiDAR. In addition, data were acquired
using a 3D laser scanner to analyze the accuracy of the data acquired. Figure 2 shows the study
area.

Data were acquired using fixed wings through Delair’s UX11. The data were obtained at an
altitude of 287 m for a total of 30 min. The ground sample distance (GSD) was 4 cm and about
500 photos were acquired. Four ground control points (GCPs) were measured by the virtual
reference station (VRS) method for georeferencing.

The UAV LiDAR sensor was used in the Surveyor Ultra of YellowScan, and data were
acquired at an altitude of 60 m over a period of about 20 min. UAV LiDAR is a 3D laser
scanner for obtaining data with an inertial measurement unit (IMU) installed on the ground.
Figures 3 and 4 show UX11 and SX10, respectively.!? Figure 5 shows the UAV LiDAR.
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Fig. 1. Study flow.
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Fig.2.  (Color online) Study area.
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Fig. 3.  (Color online) UX11. Fig. 4. (Color online) SX10.  Fig. 5.  (Color online) UAV LiDAR.

A 3D laser scanner was used to obtain reference data. Data were acquired using Trimble
SX10 and used for the georeferencing and accuracy evaluation of the acquired the UAV images
and UAV LiDAR data. Data were acquired for some of the study areas.

3. Data Processing
3.1 UAV images

The data acquired with UX11 included about 500 images and were processed using UAS
Master Software. Data were processed by tie point extension, GCP measurement, orientation,
and point cloud generation. No ortho images were generated because they were not used
for comparison with UAV LiDAR, but the data processing results only generated a digital
surface model (DSM) in the form of point clouds. Figure 6 shows the flow of UAV image data
processing.

The DSM generated by data processing is shown in Fig. 7, which shows the data in the
*las format in the form of a color point cloud, and 3D data of the study subjects such as roads,
buildings, and forest were effectively generated. The 3D point cloud data acquired using SX10
were from some areas of the study site as reference data for accuracy assessment. Figure 8
shows the SX10 data.
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Fig. 6.  Flow of UAV image data processing.

Fig. 7. (Color online) DSM generated using UAV Fig. 8. (Color online) SX10 data.
images.

3.2 UAV LiDAR

UAV LiDAR data were processed by preparing the flight path and creating the point cloud.
Data processing of the flight path used the data of the base station and the GNSS and IMU data
recorded in the UAV. After the processing of the flight path, the point cloud was generated
using the UAV LiDAR data acquired along the flight path. Figure 9 shows the flow of UAV
LiDAR data processing and Fig. 10 shows DSM generated using UAV LiDAR data.

4. Analysis of Results
4.1 Accuracy analysis

To evaluate the accuracy of DSM generated using UAV images, six check points were
obtained from SX10 data, and the coordinates of the points were compared. Table 1 shows the
results of the accuracy evaluation of the DSM generated using the UAV images.

The accuracy of the DSM generated using the UAV images showed a deviation of up to 8.4
cm from the DSM generated using the terrestrial LiDAR data. This deviation is small and the
accuracy was sufficiently satisfactory for the 1:1000 digital map constructions. Therefore, the
DSM generated using UAV images can be used in the production of digital maps.

In this study, SX10 data and shapes were compared to evaluate the accuracy of the UAV
LiDAR data. Table 2 shows the results of the accuracy evaluation of the DSM generated using
the UAV images, and Fig. 11 shows the overlap between UAV LiDAR data and SX10 data.
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Fig. 10. (Color online) DSM generated using UAV LiDAR data.

Table 1
Accuracy analyses of UAV images.
CPp Reference UAYV image Deviation

X (m) Y (m) H (m) X (m) Y (m) H (m) dX(m) dY(m) dH (m)
1 550964.494 167786.721 6.937 550964.517  167786.711 6.911 -0.023  0.010 0.026
2 550946.654  167767.081 10.111 550946.687 167767.101 10.188 -0.033 -0.020 —0.077
3 550876.096 16782.545 9.797 550876.084  16782.521 9.740 0.012 0.024  0.057
4 551009.799  167796.097 19.703 551009.771  167796.076 19.787 0.028  0.021 -0.084
5 550872.045 167854.859  8.232 550872.044 167854.844 8.212 0.001 0.015 0.020
Table 2
Accuracy analyses of UAV LiDAR.
CP Reference UAV Image Deviation

X (m) Y (m) H (m) X (m) Y (m) H (m) dX(m) dY(m) dH (m)
1 550964.494 167786.721 6.937 550964.513  167786.742 6.918 -0.019 -0.021 0.019
2 550946.654 167767.081  10.111 550946.676  167767.112 10.155 -0.022 -0.031 —0.044
3 550876.096  16782.545 9.797 550876.091 16782.531 9.788 0.005  0.014 0.009
4 551009.799 167796.097  19.703 551009.783  167796.066 19.737 0.016 0.031 —0.034
5 550872.045 167854.859 8.232 550872.049  167854.831 8.224 -0.004  0.028  0.008

The green dots in Fig. 8 represent the SX10 data, and the yellow dot represents the UAV
LiDAR data. The accuracy of the UAV LiDAR data was approximately 5 cm compared with
that of the SX10 data. This is considered to be due to the noise characteristics of the sensor, and

filtering will improve accuracy.

4.2 Comparison of characteristics of DSMs

In this study, DSMs were generated using UAV images and UAV LiDAR data. For DSM
generated using UAV images, it took approximately 30 min to acquire data from the study site
and data were acquired in a wider area than in the case UAV LiDAR. However, as seen in
Fig. 12, there were features where no data were generated for the region where no images were
acquired. Figure 12 shows DSMs of the same region generated using UAV images and LiDAR

data.
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Fig. 11.  (Color online) Overlap between UAV LiDAR data and SX10 data.

(a) (b)
Fig. 12. (Color online) DSMs of the same region generated using (a) UAV LiDAR data and (b) UAV images.

As shown in the white area in Fig. 12, the UAV image did not generate data on shaded areas
where the images were acquired during the processing of the data. These results indicate that
weather-induced shadows can also affect acquisition data. The method using UAV LiDAR
can acquire more data than that using UAV images because the data are acquired by 3D laser
scanners. UAV LiDAR will also be more useful because data on trees and ground are acquired
together in forest areas. Figure 13 shows forest areas acquired with UAV LiDAR and the
ground extraction result.

4.3 Efficiency analysis of workflow

Data acquired with UAV LiDAR in forest areas have both tree and ground data, so data of
only the ground can be extracted by removing data of trees. The extracted ground is a digital
element model (DEM), which is the most important data utilized in construction work. As
shown in Fig. 10, the ground on which the trees have been removed can be observed in detail,
such as the creases of the ground. More detailed data can be obtained using UAV LiDAR than
by conventional GPS methods, and the areas obscured by trees can be observed. Table 3 shows
data acquisition and processing time and workflow for methods using UAV images and UAV
LiDAR data.
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@ (b)
Fig. 13. (Color online) Forest areas acquired with (a) UAV LiDAR data and (b) ground extraction result.

Table 3

Data acquisition and processing time and workflow.

Workflow UAV Image (h) UAV LiDAR (h)
GCP survey 1.0 0.1

Data acquisition 0.5 0.8

Tie point extraction 2.0 —
Orientation 0.5 —
Postprocessing of flight path — 0.1
Generation of point cloud 2.0 0.9

Total 6.0 1.9

The data processing time for the same area is about three times faster by the UAV LiDAR
method than by using UAV images. These results are those for a study area of 0.25 km?, and
it is expected that the UAV LiDAR’s work efficiency will increase as the area of the target
site increases. Methods using UAV images and UAV LiDAR data have their respective
characteristics and advantages. The method using UAV images enabled data acquisition over
a wide area in a short time, and it was possible to generate color point cloud data using the
images. The method using UAV LiDAR data took more time to acquire data than that using
UAYV images, but data processing can be completed more quickly. It is also expected to be more
useful in construction work as data on shaded areas can be obtained from the images.

5. Conclusions

In this study, geospatial information construction using UAV images and UAV LiDAR data
is performed. By using UAV images, we effectively generated the DSM of the study target. The
results also suggest that this method can be used in the production of digital maps by verifying
that the DSM generated using UAV images has an accuracy of about 8 cm. The accuracy of the
DSM generated using UAV LiDAR data was approximately 5 cm compared with the reference
data. This is considered to be due to the noise characteristics of the sensor, and filtering will
improve accuracy. The DSM was generated using UAV LiDAR data, and each characteristic
was analyzed in comparison with that of the DSM generated using UAV images. The use of
UAV images did not generate data on shaded areas if the images were not acquired during the
processing of the data. However, UAV LiDAR can provide more data than the UAV because
the data are acquired by 3D laser scanners. UAV LiDAR generated data about 3 times faster



3334 Sensors and Materials, Vol. 31, No. 10 (2019)

than UAV. The larger target area, the greater the difference in efficiency. The method using
UAV LiDAR data will be highly efficient at construction sites because there is no shaded area
compared with the method using UAV images, and the generation of DEM through “deforestation”
is possible. In the future, the construction of DSM using UAV LiDAR will greatly increase the
efficiency of related field work.
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