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Abstract

In recent years, there has been a rapid advancement in the use of unmanned aerial vehicles (UAVS) in various
aspects of life, especially in the area of automated data collection. These advancements have brought about
numerous possibilities. The article describes the use of an unmanned aerial vehicle, specifically the PHANTOM
4 pro, to gather remote sensing data and create digital topographic plans at a scale of 1:2000 in Phu Tho
province's Thanh Son district. A method was suggested for improving the current systems for obtaining remote
sensing data for cartography using UAVs. The ease of controlling the UAVs and the quality and timeliness of
the data they transmit to control points confirm the value of using them to create topographic maps. In addition
to UAVs, fieldwork also involves the use of the GNSS brand CHCNAV 150. The high precision GNSS system
enables the camera's 3D position to be detected within a few centimeters at the time of each capture. A digital
topographic map was compiled of Thanh Son district, covering 165 hectares, and processed using software
such as Agisoft and Global Mapper. The digital topographic map that was produced satisfies the documentation
requirements of government organizations. The maximum error in height is 4.7 cm, the error of coordinates
north and east are 1.8 cm and 1.4 cm respectively. This was achieved by using 590 raster images, which had a
resolution of 2.3 cm and a size of 5472x3648 pixels. Based on the findings, the map's accuracy is within an

acceptable range of less than 2 cm, which is suitable for a map scale of 1:2000.
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1. Introduction

Today, the utilization of unmanned aerial vehicles
(UAVs) has the potential to significantly decrease the
cost of aerial photography [1] [2] and [3]. Diverse
types of UAVs have demonstrated their precision in
conducting topographic surveys across the globe [4]
[5] [6] and [7]. According to [8] and [9], using UAVsS
is a cost-effective, ease of use, low-maintenance, and
time-efficient monitoring tool that grants scientists
and engineers access to high-resolution geospatial
data [10]. UAVs offer numerous benefits such as
rapid data acquisition, low cost, high accuracy, and
the capability to gather data in unfavorable
environmental conditions [11] and [12]. UAVs can
be equipped with various digital devices, ranging
from domestic cameras to orthopedic production
machines. These cameras can capture images at fixed
intervals, eliminating the risk of exhausting financial

and physical resources (as digital memory is cheap
and widely available). Modern software allows for
the capture of geometrically edited images that
conform to a single coordinate system. Moreover,
advancements in digital methods of optical image
processing have led to the development of software
programs and systems capable of handling even low-
quality aerial photography data with minimal
operator involvement. One of the key applications of
UAVs is cartography, where images from drones
have emerged as the primary source for creating and
updating topographic maps [13], providing
significant advantages.

This technology has clear advantages and unique
features when it comes to topographical and geodetic
production that helps in planning and developing
infrastructure projects [14], as well as increasing crop
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yields in agricultural areas [15]. It involves the use of
UAYV aerial photography to generate and maintain
digital maps and plans of territories that would be
impractical or uneconomical to study in detail and
extract digital features from using traditional aerial or
satellite imagery. For instance, it can be used for
areas that are obscured by shadows or clouds in space
or traditional aerial photographs, for terrain that
undergoes mostly linear changes due to persistent
objects, for topographical changes during alluvial
development in settlements, and for terrain that
requires operational analysis due to constant change.

The use of lightweight GNSS units on UAVs
enables accurate spatial mapping. GNSS technology
provides real-time positioning accuracy, improves
waypoint navigation, supports autonomous landing,
and require post-processing software for immediate
use in challenging environments, whereby the
accuracy of the on-board GNSS receiver is improved
via a correction signal sent by a fixed base station. In
theory, RTK systems make it possible to determine
the precise location of the UAV with an accuracy of
a few centimeters [16] and [17]. Such drones can be
utilized locally for mapping purposes, reducing
reliance on government mapping agencies. They
complement traditional survey and satellite mapping
techniques by filling in gaps in coverage [18].

When UAVs take aerial photographs, they
capture spatial distribution data of terrain objects
which can be processed to produce digital
topographic maps (DTMs) and digital topographic
plans (DTPs). Thus, UAVs are a highly advanced
land mapping technique.

This study has looked at using UAVs to take
aerial photos and incorporating real-time kinematic
(RTK) measurements to make detailed maps of a
residential area in Thanh Son district from Phu Tho.
The region experiences heavy rainfall during
monsoon season in the Northwest of Vietnam. The
wet climate makes the soil slippery and difficult to go
through, prohibiting access. It has been researched if
it is possible to do a topographic survey by
combining RTK-GPS and UAYV devices in a difficult
to reach area in Phu Tho.

2. Methodology for performing work

The study was conducted using a model of utilizing
unmanned aerial vehicles (UAVS) in topographical
survey of 1:2000 scale to locate a specific area in
Thanh Son district, Phu Tho province. The main data
source for this research was images obtained from
UAVs, which were then integrated with RTK
measurements in the region. Figure 1 illustrates the
procedure employed to devise a strategy for
producing a digital topographic map at a 1:2000
scale.
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Figure 1: The method utilized to generate digital
topographic plans

The aerial work was carried out by an area survey
complex (ASC), which includes:

- ground reference station mounted in the area of

the UAV launch;

- unmanned aerial vehicle (UAV).
The main technical characteristics of the area survey
complex and the main technical characteristics of the
UAYV are given in Tables 1 and 2. Figure 2 shows
the Phantom 4 Pro that was used in the fieldwork.

2.1 The Initial Steps of the Work Involve

- Examining the available materials and gathering
or creating requirements for necessary materials
based on the survey results. This includes
determining the map type and scale, survey object
boundaries, and technical requirements for
shooting materials such as resolution, contour
coordinates of the survey site, overlapping
images, accuracy of determining the coordinates
of the centers of photography, and ground
reference network requirements.

Creating a flight task for the unmanned aerial
vehicle (UAV). This is done using a program
called the flight planner, which is part of the
system. The operator selects the appropriate UAV
and photographic equipment configuration (if the
program allows for multiple configurations), sets
the shooting area's boundary and approximate
launch site position on the map, specifies the
required resolution and overlap, and the program
calculates the flight plan and checks its
feasibility.
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The UAYV uses the 1-inch CMOS sensor to capture
video (up to 4096x2160p at 24fps or 4K at up to 30
fps with the Phantom 4 Pro and 12 megapixels. The

from a flight altitude of 300 meters.

scheme of the ground survey complex is shown in

Table 1: The main technical characteristics of the aerial survey

Deployment time 2 hours
UAYV range: 2km
The maximum stay of the UAV in the air is 28 minutes
Working time 8 hours
Shutter speed 7-9m/s
Altitude 300m
Percentage of side lap and overlap 90%
Staff 3 persons

Table 2: The main technical characteristics of the UAV [19]

Weight (Battery & Propellers Included) 1380 g
Max Speed 20 m/s (Sport mode)
Max Flight Time Approx. 30 minutes
Satellite Systems GPS/GLONASS
Velocity Range <10 m/s (2 m above ground)
Flight control manual and automatic modes
Camera Control Automatic

FOC 840,8.8 mm (35 mm format equivalen: 24

Lens mm, f/2.8-f/11, auto focus at 1m - oo
Electronic Shutter Speed 8 sto 1/8000 s
Max Image Size 5742 x 3648 (pixels)
Capacity 5350 mAh
Energy 81.3 Wh
100 W

Max. Charging Power
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Figure 3: Functional scheme of the ground survey complex
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Figure 3 [20]. The project of work and the
calculation of the parameters of aerial photography




2.2 Aerial Photography Using UAV

When shooting, the camera aligns itself with the path
it's on. At a drone speed of 30 km/h, the camera takes
pictures with an interval of 1/800 seconds. Based on
the survey site's configuration and the calculated
parameters of the aerial image on the 1:20,000 scale
satellite image, 70 routes were planned, and the
coordinates of the start and end points for each route
were collected using a GPS receiver. The UAV flight
program uses coordinates in the WGS-84 spatial
coordinate system. The altitude of UAV always
depends on the required accuracy, Table 3 provides
the requirements for planning-altitude substantiation
(PVO) for UAV aerial photography. Figure 4 shows
the scheme of flight routes for the unmanned aerial
vehicle. The preliminary stage of the project involves
conducting area reconnaissance to identify the launch
and landing sites as well as the location of the ground
control station. Satellite imagery with detailed
information was used to conduct an initial survey of
objects for aerial photography. The DJI Flight
software program was used to calculate the
parameters of aerial photography and to design its
flight routes. Based on the cartographic requirements,
topographic parameters such as height, area, and
route number were calculated after analyzing the
results of aerial photography: height 300 m above the
elliptical plane, area of the object is 160 ha, and 70
routes.

60

2.3 Field Planning-Altitude Preparation of Aerial
Photographs

The meteorological conditions were evaluated one
hour prior to the group's scheduled departure
(preliminary assessment) and again upon their arrival
at the work area just before the deployment of the

survey  equipment  (preliminary  appraisal,
quantification, evaluation). The drone is controlled in
automatic mode, and telemetry information,

including direction, speed, altitude, wind, drift angle,
ambient temperature, current consumption, GPS
location accuracy, and radio control signal strength,
is continuously monitored on a laptop screen. After
reaching the required altitude of 300 m, the drone is
leveled and brought to the starting point of the aerial
photography mission, where it begins to rotate. The
average flight time required to complete the aerial
photography routes, ascent, and descent is
approximately 65 minutes. During the flight mission,
technicians continuously monitor the drone using
binoculars while also monitoring the air and weather
conditions in the flight area.

Once the aerial photography and drone landing
were complete, the photos were transferred from the
digital camera's memory card to a geodatabase on the
laptop. Then, the digital photographs were arranged
into a block composition. During the block layout
creation process, an electronic map displays each
frame's location based on the coordinates of the
center point, azimuth, and altitude captured by the
onboard GPS receiver at the time of capture.

Table 3: Requirements for planning and altitude justification for aerial photography using UAVs

Requirement Aerial survey
Map scale 1:5000 | 1:2000 | 1:500 | 1:500+
Number of points per 1 km? 0,5 2 6 10
Accuracy of determining the coordinates | 20cm | 10cMm | S5cm 3cm

Figure 4: Scheme of flight
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2.4 Setting Up Benchmarks and GCP

Thirteen points of the third-class geodetic network,
according to the Department of Natural Resources
and National Benchmarks of Vietnam, were used to
establish twenty Ground Control Points (GCPs) in
the study area. At the intersections, the twenty GCPs
were established using the static GPS survey
technique (~ 30 minutes), each measuring 60x60 cm
with a stroke width of 10 cm, as shown in Figure 5.
The 20 GCPs were divided into two groups, the first
group containing 16 points used for calculation, and
the second group containing 4 control points utilized
for validation purposes.

Y
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2.5 Increased Image Control Points (GPS-RTK
Survey)

The accuracy of geographic data at easily accessible
locations was enhanced through RTK-GPS surveys
that were conducted using either the stop-and-go or
semi-kinetic modes. Figure 6 shows that 1545
control points were measured during the surveys.
These points are developed from the 20 GCPs
measured by Trimble’s GPS measuring device R3 by
the RTK method.

Figure 6: The 1545 control points measured by the RTK method
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2.6 Data Processing

The Agisoft software was used to download and
process the RTK-GPS and UAV data. To obtain
high-quality images, it is necessary to determine the
lens distortion value, and this information will be
entered in the camera declaration to enable the
software to eliminate any lens errors during image
processing. The ground control points coordinates
were imported into the software to geo-reference the
orthophotos. From the dense, mesh-textured tiled
model, the DTM was created. Points were chosen on
the orthographic image for comparison with the
GPS-RTK validation points. The aligned images are
shown in Figure 7.
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3. Results and Analysis

The images obtained after constructing a DTM of the
survey area are depicted in Figure 8. The 20 GCPs
coordinates utilized for geo-referencing the othophoto
are presented in Table 3 and Figure 9 shows their
distribution of them in the study area. Table 5 displays
the verification results of GPS-RTK points against
chosen points on the processed orthographic image.
The maximum deviation recorded in Table 5 was 4.7
cm in height, and 1.8 cm in the Easting and 1.4 cm in
Northing.

Photos

DJI_0001 DJI_0002 DJI_0003 DJI_0004 DJI_0005 DJI_0006

Snap: Axid

DJL0007 DJL0008 DJL0009 DJL0010 DJLO011

Figure 7: The images after building dense cloud

Figure 8: DTM at the survey area
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Table 4: Coordinates of ground control points

No | Eastings(m) | Northings(m) Height(m) Name [No Eastings(m) | Northings(m) | Height(m)| Name
1 | 2334080.509 | 538577.785 75.547 VP01 | 11 | 2333476.853 | 539242.745 59.724 | VP11
2 | 2334247.248 | 538720.300 71.369 | VP02 | 12 | 2333419.007 | 538974.059 67.211 | VP12
3 | 2334483.490 | 538916.510 95.23 VP03 | 13 | 2333534.836 | 538735.925 72592 | VP13
4 | 2334419.817 | 538717.528 92.997 VP04 | 14 | 2333733.703 | 538862.870 91.304 | VP14
5 | 2334219.786 | 539313.745 64.744 VOO05 | 15 | 2334243.821 | 538402.062 77.733 VP15
6 | 2334043.973 | 539245.485 72.476 VP06 | 16 | 2334360.554 | 538297.474 71.993 VP16
7 | 2334115.841 | 539586.780 62.863 | VP07 | 17 | 2334501.458 | 538372.439 70.885 | VP17
8 | 2335212.788 | 539191.653 66.258 | VP08 | 18 | 2334662.102 | 538508.355 77.773 | VP18
9 | 2335048.781 | 539205.052 73.883 | VP09 | 19 | 2334804.684 | 538674.768 84.29 VP19
10 | 2333595.023 | 539468.082 56.193 | VP10 | 20 | 2334910.429 | 538388.565 74.855 | VP20

N VPo6

e
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Figure 9: The distribution of the 20 GCPs (red color: 16 points GCPS, green color: 4 validation points)

Table 5: Validation of GPS-RTK points against Orthophoto points

Description Coordinates (m) lef(enrsnce Description Coordinates (m) D|ff($rr3nce

VP5 VP05-1 VP10 VP10-1

Easting 539313.745 | 539313.762 0.017 Easting 539468.082 | 539468.100 0.018

Northing | 2334219.786 | 2334219.776 0.010 Northing | 2333595.023 | 2333595.037 0.014

Height 64.744 64.699 0.045 Height 56.193 56.153 0.040
VP15 VP15-1 VP20 VP20-1

Easting 538402.062 | 538402.076 0.014 Easting 538388.565 | 538388.554 0.011

Northing | 2334243.821 | 2334243.809 0.012 Northing | 2334910.429 | 2334910.416 0.013

Height 77.733 77.780 0.047 Height 74.855 74.889 0.034

3.1 Digitize the Objects on the Image

To view the process of creating a topographic map at
a 1:2000 scale in Thanh Son district of Phu Tho
province, refer to Figure 10. The features shown in
the image, such as water systems, transportation,
population centers, vegetation, and boundaries, have
been digitized. We have measured and included all

types of buildings in residential areas on the map,
with buildings and structures larger than 5mm? (~ 20
m? the real area on the earth surface) being drawn
according to the house model and foundation. For
structures with an area less than 5mm?, they are
represented by a dot in the center. Material storage
and landfill areas are depicted along the boundary.
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Figure 11: a) Digital map of the area on a scale of 1:2000, b) Digital map of the area before fragmentation

3.2 Map Editor

After digitizing the content elements on the map, we
edit these content elements according to the rules of
making topographic maps at the scale of 1:2000 in
CAD software. The digital layout of Phu Tho
province's Thanh Son district at a 1:2000 scale is
depicted in Figure 11.

4. Conclusion

The experience of using UAVs to obtain Earth's
remote sensing materials has shown that the
possibilities of using aircraft to create maps exist
where there are serious changes in the land use of
built-up areas of urban areas. Thanh Son is a

mountainous area with complex terrain, the
application of UAV technology combined with RTK
in building topographic maps has solved many
economic and technical problems. The digital
topographic map complies with the requirements of
the  documentation of state departmental
organizations since 590 raster images with a
resolution of 2.3 cm with a size of 5472x3648 pixels
were used for compilation, which was obtained as a
result of aerial photography. According to the
findings, the largest difference observed was in the
height measurement, which reached 4.7 cm. In terms
of the Easting and Northing coordinates, the highest
deviations recorded were 1.8 cm and 1.4 cm,
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respectively. According to the results, the accuracy
of the map is less than 2 cm which is acceptable for
1:2000 map scale. As a result of processing remote
sensing images, more than 15-million-point data with
coordinates were obtained, which is enough to
compile an orthophoto and a digital terrain model.

References

[1]

[2]

(3]

[4]

[5]

[6]

[7]

[8]

Christiansen, M. P., Laursen, M. S., Jgrgensen,
R. N., Skovsen, S. and Gislum, R., (2017).
Designing and Testing a UAV Mapping System
for Agricultural Field Surveying. Sensors, Vol.
17(12),1-19,  https://doi.org/10.3390/s17122
703.

Turner, 1. L., Harley, M. D. and Drummond, C.
D., (2016). UAVs for Coastal Surveying.
Coastal Engineering, Vol. 114, 19-24.
https://doi.org/10.1016/j.coastaleng.2016.03.01
1.

Quaye-Ballard, N. L., Asenso-Gyambibi, D.
and Quaye-Ballard, J., (2020). Unmanned
Aerial Vehicle for Topographical Mapping of
Inaccessible Land Areas in Ghana: A Cost-
Effective Approach. International Federation
of Surveyors, 1-4, https://www.fig.net/resourc
es/monthly_articles/2020/August_2020/10476.
pdf

Chi, Y. Y., Lee, Y. F. and Tsai, S. E., (2016).
Study on High Accuracy Topographic Mapping
Via UAV-Based Images. IOP Conference
Series: Earth and Environmental Science, Vol.
44(3). DOI:10.1088/1755-1315/44/3/032006.
Watanabe, Y. and Kawahara, Y., (2016). UAV
Photogrammetry for Monitoring Changes in
River Topography and Vegetation. Procedia
Engineering, Vol. 154, 317-325.
https://doi.org/10.1016/j.proeng.2016.07.482.
Aleshin, M., Gavrilova, L. and Melnikov, A.,
(2019). Use of Unmanned Aerial Vehicles on
Example of Phantom 4 (Standard) for Creating
Digital Terrain Models. Engineering for Rural
Development, VVol. 22, 1686-1692.

Taddia, Y., Stecchi, F. and Pellegrinelli, A.,
(2019). Using DJI Phantom 4 RTK Drone for
Topographic Mapping of Coastal Areas. The
International Archives of Photogrammetry,
Remote Sensing and Spatial Information
Sciences, Vol. 42, 625-630. https://doi.org/
10.5194/isprs-archives-XLI1-2-W13-625-2019.
Torgoev, |. and Chymyrov, A., (2022). UAV
Survey for Landslide Hazard Assessment in the
Former Min-Kush Uranium Processing Site.
International Journal of Geoinformatics, Vol.
18(1). 1-6, https://doi.org/10.52939/ijg.v1
8i1.2095

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

65

Stott, E., Williams, R. D. and Hoey, T. B.,
(2020). Ground Control Point Distribution for
Accurate Kilometre-scale Topographic
Mapping Using an RTK-GNSS Unmanned
Aerial Vehicle and SfM Photogrammetry.

Drones, Vol. 4(3), 1-21, DOI:10.3390/
drones4030055
Sreenath, S., Malik, H., Husnu, N. and

Kalaichelavan, K., (2020). Assessment and use

of Unmanned Aerial Vehicle for Civil
Structural Health  Monitoring.  Procedia
Computer Science, Vol. 170, 656-663.

https://doi.org/10.1016/j.procs.2020.03.174.
Nikolakopoulos, K., Kavoura, K., Depountis,
N.,  Kyriou, A,  Argyropoulos, N,
Koukouvelas, I. and Sabatakakis, N., (2017).
Preliminary Results from Active Landslide
Monitoring Using Multidisciplinary Surveys.
European Journal of Remote Sensing, Vol.
50(1), 280-299. https://doi.org/10.1080/227972
54.2017.1324741.

Karantanellis, E., Marinos, V., Vassilakis, E.
and Christaras, B., (2020). Object-Based
Analysis Using Unmanned Aerial Vehicles
(UAVs)  for  Site-Specific Landslide
Assessment. Remote Sensing, Vol. 12(11), 1-
23. https://doi.org/10.3390/rs12111711.
Turner, D., Lucieer, A. and Watson, C., (2012).
An Automated Technique for Generating
Georectified  Mosaics from  Ultra-High
Resolution Unmanned Aerial Vehicle (UAV)
Imagery, Based on Structure from Motion
(SfM) Point Clouds. Remote Sensing, Vol. 4(5),
1392-1410.

Elkhrachy, 1., (2021). Accuracy Assessment of
Low-Cost Unmanned Aerial Vehicle (UAV)
Photogrammetry.  Alexandria  Engineering
Journal, Vol. 60(6), 5579-5590.
https://doi.org/10.1016/j.aej.2021.04.011.
Kulpanich, N., Worachairungreung, M.,
Thanakunwutthirot, K. and Chaiboonrueang,
P., (2023). The Application of Unmanned
Aerial Vehicles (UAVs) and Extreme Gradient
Boosting (XGBoost) to Crop Yield Estimation:
A Case Study of Don Tum District, Nakhon
Pathom, Thailand. International Journal of
Geoinformatics, Vol. 19(2), 65-77.
https://doi.org/10.52939/ijg.v19i2.2569
Czyza, S., Szuniewicz, K., Kowalczyk, K.,
Dumalski, A., Ogrodniczak, M. and
Zieleniewicz, L., (2023). Assessment of
Accuracy in Unmanned Aerial Vehicle (UAV)
Pose Estimation with the REAL-Time
Kinematic (RTK) Method on the Example of
DJI Matrice 300 RTK. Sensors, Vol. 23(4), 1-
20. https://doi.org/10.3390/523042092.

International Journal of Geoinformatics, VVol.19, No. 3, March 2023
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



66

[17] Ekaso, D., Nex, F. and Kerle, N., (2020). [19] User Manual — DJI. (2016). Available from:

Accuracy Assessment of Real-Time Kinematics https://dl.djicdn.com/downloads/phantom_4 p
(RTK) Measurements on Unmanned Aerial ro/Phantom+4+Pro+Pro+Plus+User+Manual+
Vehicless (UAV) for  Direct  Geo- v1.0.pdf
Referencing. Geo-Spatial Information [20] Si, P, Yu, F. R, Yang, R. and Zhang, Y.,
Science, Vol. 23(2), 165-181. https://doi.org (2015). Dynamic Spectrum Management for
/10.1080/10095020.2019.1710437. Heterogeneous  UAV  Networks  with
[18] Morgan, D. and Falkner, E., (2001). Aerial Navigation Data Assistance. In 2015 IEEE
Mapping: Methods and Applications. CRC Wireless Communications and Networking
Press. Conference (WCNC). 1078-1083. DOI:

10.1109/WCNC.2015.7127619

International Journal of Geoinformatics, VVol.19, No. 3, March 2023
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



