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Abstract For decades, total station and direct measuring method is the main technique for making a large scale
map, especially for construction design due to accuracy requirements, and it seems to be an irreplaceable
measure. Data acquisition with an unmanned aerial vehicle (UAV) is a new approach and is not strange to the
surveyor. The applications of UAV are various and increasingly expanding but due to the high accuracy needs,
data collection for design purposes has not been applied much. This paper is an experimental study using an
unmanned aerial vehicle (Phantom 4Pro) to collect topographic data and software (Agisoft photo scan) for
image processing. The final product is a large scale topographic map of the area. For accuracy assessment, the
horizontal and vertical position of the characteristic terrain on the ground will be compared to that using a
conventional technique (total station and direct measuring). The results show that the deviation of X, Y direction
ranges from 0.2 cm to 8.8 cm and 0.2 cm to 7.6 cm respectively. This number is from 0.2cm to 9.6 cm for the
elevation.
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1. Introduction

In establishing a large scale map, especially for infrastructure design purposes, direct measuring techniques play
a key role. Total station and RTK-GNSS with a single base at a short distance or Net-RTK at a longer distance
are the main measures and are the most widely used due to the ease of achieving millimeter accuracy [1].
Parallel to accuracy, each method has different advantages and disadvantages [2-3]. In terms of safety, in some
specific cases, engineers and workers would have to face risks. Besides, these are exorbitant and time -
consuming measures and therefore, it is a big concern for small private companies and individuals. Terrestrial
laser scanning (TLS) and LiDAR are the latest techniques for data acquisition. In terms of accuracy, TLS can
satisfy surveyors with millimeter levels at a short distance but price and the number of scanning stations in the
complex terrains are obstacles. Regarding Lidar, accuracy of elevation still is a difficult problem.

An overview of UAV’s applications can be seen in [4]. Particularly, [5] listed a range of applications in marine
supervision, especially in monitoring and emergencies. The use of UAV for environment monitoring, disaster
supervision can be found in [6-7], and facility management are also listed in [8-10] or disaster response in [11].
In the field of wildlife research and conservation, [12] used UAV for Mesocarnivores supervision or use UAV
for the protected areas[13]. This is also an advanced technology for supporting search and rescue operations
[14].

Regarding the surveying field, [15]indicated that a UAV with an intervalometer can achieve accuracy as GNSS
and conventional survey techniques. [16], [17]conducted further research and concluded that data acquired from
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UAYV can be used for creating DEM with only three ground control points. A problem is that why surveyors
should use UAV as a replacement for conventional methods. The answer to this can be found by comparing
them. For conventional methods, they are typically performed on food with a surveying team. Surveying
equipment is tripods, total station, GPS.. and measuring data are points, distances, and angles. For others, the
limitations are mentioned above. For the benefits of UAV, safety is the top priority of the surveying task. This
technique is a safer method for high-risk fields including post-disaster scenarios, mountainous terrain. In terms
of cost savings and the ease of use, it is cheaper than helicopter/plane surveys and capable of various kinds of
surveying. The ease of use here is easy to transport and carry out. Result quality is the last interest. it provides
better information than classical land survey measures [18]. [19] conducted a research and showed that UAV is
the most time-effective measures in comparison to other methods and is slightly more expensive than
topographic mapping (direct technique).

The applications of UAV are rich and increasingly expanding but in dada acquisition for construction and
design purposes, it does not correspond to its potential due to high accuracy requirements. The application rate
of UAV in construction can be seen in [20], and hence it approximately is 9%. For bridge inspection, two works
were conducted in [20] and [21]. To test data acquisition for this purpose, an experiment will be carried out in a
small area and compare to the total station method.

2. Materials and methods
2.1. Experiment procedures
For this work, the experimental procedure follows these steps.

Preparation

Surveying using
Total station

Image Acquisition

Image Processing
(Agisoft photoscan)

v v v v

(DSM) Point Clouds DEM Orthophoto

v v v y

Map and Section Map and Section

Comparing

Figure 1: Execution Procedure
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2.2. Study site

The image acquisition area is a 500m section of Long Bien — Xuan Quan dike beside the Red River in Thach
Ban Ward, Long Bien District, Hanoi. The terrain is not too complex and the number of features is not large.
The main feature is a dike section of the Red River. The largest difference height is about 8 meters.

Google Farth

Imagery Date: 4/20/2019 21°01'06.85" N _105954'17.45" E elev._ 0ift _eyealt 1857 ft
Figure 2: Location of data acquisition

Image © 2020 Maxar Technologies

2.3. Equipment

The drone used for this work is a DJI Phantom 4 Pro (Fig. 3). The total
weight is about 1380g, flight time is about 28 minutes, mainly depends on
wind and payload with GPS/GLONASS positioning. The Camera sensor is
12 MP with a large field of view (94°%). Components and specifications can be
seen in [22]. Camera quality plays a key role in image quality[23]

2.4. Ground control points

Ground control points (GCPs) have an important role in the last result of the
image. The number of GCPs and their quality have a huge impact on
calibration image and hence accuracy of horizontal and vertical elements will
be changed [24-25]. Therefore, there are 8 GCPs in the study site. These points are marked with the size of Al
paper (Fig 4a), have high contrast and were measured using a Sokkia total station (Fig 4b, c).

Figure 3: Phantom 4 Pro

Figure 4a: Control point Figure 4b: Target on tripod legs Figure 4c: Measuring

8 GCPs are evenly distributed on the field, connected to 2 GPS points of a construction site and 1 national
control point around the survey field. Coordinates are computed in the local coordinate system (VN:2000, zone
3%). Their coordinates are in Table 1.

Table 1: Ground control points

ID point X Y H
T1 2325085.774 593833.005 16.770
T2 2324999.609 593839.777 17.499
T3 2325197.980 593806.987 16.494
T4 2325222.585 593790.155 17.483
T5 2325053.412 593862.801 10.499
£
%{’@? Journal of Scientific and Engineering Research

172



Vu NQ et al Journal of Scientific and Engineering Research, 2020, 7(5):170-177

T6 2325232.682 593831.003 9.943
T7 2325145.082 593841.682 10.429
T8 2325255.581 593803.144 9.848

2.5. Image Acquisition and Processing

Drone altitude, image overlap including enlap, sidelap and optical sensor resolution have a huge influence on
image quality [26]. For achieving the best conditions, PIX4DCAPTURE which is installed in an Apple tablet
was used. The captured images after the flight process will be transferred into a workstation computer for the
next processing steps. There is a variety of software to process and analyze the image data from the drone in the
market. Each has different advantages [27-28]. For this work, Agisoft Photo Scan is used for image processing
due to the highest accuracy it can achieve [29]. After building the needed models including building textures,
orthomosaic, DEM, the necessary data (Xyz file, DEM, Orthophoto) are exported for making a large scale map
purpose.

Figure 5: OrthoPhoto Figure 6: DEM

Figure 7: Digitized map
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3. Results and Discussion

For each measuring task, accuracy assessment is an obligation. It should be noted that there are 8 GCPs and all
used in building DSM. As a suggestion in [30], the accuracy of elements including RMSEx, RMSEy, RMSExy
will be conducted as follows.

Z(Xoi o XTSi)2 Z(Yoi _YTSi)2
RMSE, =1-% , RMSE, =/- ,
n n
Z(Zoi _ZTSi)2
RMSE, =1/
n
{Z[(Xm - XTSi)2 + (Yo _YTSi)z]:|
1
RMSE,, = -
{Z[(Xm — Xis)? + (Yo = Yrs)* + (Zoy _ZTSi)Z]}
RMSE,,, =|=—
n

where Xoi Yoi Zoi, Xtsi, YTsi, Z1si are the coordinate elements of ith point in the orthophoto and its
coordinates measured by Sokkia total station respectively.
Table 2: Error elements of GCPs used in model calibration
Ord IdPoint Xerror Yerror Zerror XYerror XYZerror

1 T1 -0.004  0.005 0.000 0.0064 0.0064
2 T2 0.001 0.003 0.001 0.0032 0.0033
3 T3 0.000 0.003 -0.004  0.0030 0.0050
4 T4 0.005 0.005 -0.003  0.0071 0.0077
5 T5 -0.002  -0.001  0.001 0.0022 0.0024
6 T6 -0.002  -0.003 -0.003 0.0036 0.0047
7 T7 -0.002  -0.002  0.001 0.0028 0.0030
8 T8 -0.001  -0.004  0.002 0.0041 0.0046
RMSE 0.003 0.003 0.002 0.004 0.005

For the next step after a 1/500 scale was done, 17 points on the ground surface are randomly selected for a
coordinate comparison between the UAV method and direct measuring by a total station. The error of the
components X, Y, Z direction and position precision are in Table 3.

Table 3: The error of tested points

Point UAV method Total station method AX AY AZ
X Y z X Y z m m m

1 2325085.819  593832.962 16.772 2325085.774 593833.005 16.770 0.045 -0.043 0.002
2 2324999.607 593839.810 17.501 2324999.609 593839.777 17.499 -0.002 0.033 0.002
3 2325197.994  593806.966 16.481 2325197.980 593806.987 16.494 0.014 -0.021 -0.013
4 2325222.566  593790.175 17.489 2325222585 593790.155 17.483 -0.019 0.020 0.006
5 2325053.446  593862.872 10.521 2325053.412 593862.801 10.499 0.034 0.071 0.022
6 2325232.764  593831.005 9.938  2325232.682 593831.003 9.943 0.082 0.002 -0.005
7 2325145.110 593841.712 10.421 2325145.082 593841.682 10.429 0.028 0.030 -0.008
8 2325255.572  593803.175 9.849 2325255581 593803.144 9.848 -0.009 0.031 0.001
9 2325238.091 593779.737 17.484 2325238.048 593779.698 17.477 0.043 0.039 0.007
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10 2325142.692 593812.052 17.598 2325142.716 593812.065 17.578 -0.024 -0.013 0.020
11 2325149.088  593818.553  16.527 2325149.000 593818.538 16.522 0.088 0.015 0.005
12 2325229.104 593831.198 9.955  2325229.131 593831.190 10.051 -0.027 0.008 -0.096
13 2325222.580 593833.827 10.061 2325222.522 593833.800 10.127 0.058 0.027 -0.066
14 2325205.262 593838.950 10.126 2325205.189 593838.999 10.211 0.073 -0.049 -0.085
15 2325234.345 593828.892 9.863  2325234.283 593828.881 9.953 0.062 0.011 -0.090
16 2325217.855 593835.568 10.099 2325217.847 593835.492 10.151 0.008 0.076 -0.052
17 2325199.284  593840.178 10.124 2325199.319 593840.176 10.212 -0.035 0.002 -0.088

Table 2 shows a fit of the DSM model. This is due to carefulness in measuring ground control points and a flight
plan. In this study, image acquisition is carried out at a low altitude, ground control points are evenly distributed
and the change of ground surface is not much.

Having a look at Tab 3, the biggest deviation of the horizontal and vertical position is about 8.9 cm (point 11)
and 9.6 cm (point 12) respectively. Comparing to current standards which are applied for making large scale
map, they are all accepted.

The only disadvantage of this method is the number of GCPs. Normally, it is not bigger than 2 or 3 GCPs if the
total station is used or even it is not necessary with the RTK method is applied.

4. Conclusions

For this work, some outlines can be made.

Establishing a large scale map for design purposes can be carried out using the UAV method. For the larger
areas, the elements including the number of GCPs and its distribution, flight altitude need to be carefully taken
account into.

The number of GCPs needs to be reduced because of this task accounts for a large rate of the total cost of a
survey project.
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