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Abstract  
 
The present paper aims to highlight a more efficient and safer way to estimate the flood limits especially in hard-to-reach 
areas (hill-mountain) in order to reduce the calamities caused by flash-floods through water management works. It was 
used an UAV (drone) with D-RTK technology together with a GPS station with which there were captured elevation points 
on the ground. The study area is located in Alba County on the Răchita Valley near the Sebeș city, area having a strong 
torrential character, especially during short-term and high-intensity rains. In 2019-2020 winter, a flood of 106 m3/s was 
recorded, representing a huge value compared to the multiannual flow of the main water course of 8.88 m3/s. The 
estimation of the flood limits is fully computerized, obtaining the most accurate results in order to be able to design 
hydraulic specifications for hydrotechnical schemes and structures needed considering both structural and environmental 
sides. 
 
Key words: D-RTK, flash-flood, flood limit, hydraulic works, UAV. 
 
INTRODUCTION  
 
As known, or rather, as felt, the climate changes, 
are present, the most efficient way to response is 
immediate adaptation. Over the past 20 years, 
Romania has experienced increasingly extreme 
phenomena such as extreme drought or rapid 
floods. Unfortunately, engineering works for 
flood defense or irrigation to combat those 
phenomena are outdated in the current context. 
Through this paper, it is highlighted the fact that 
technological expansion is as useful as it can be. 
Located in the South-Eastern Europe, on the 
lower course of Danube and at the Black Sea 
seaside, the Romania territory (237,502 km2) 
presents a unique diversity of natural conditions 
and resources, long processes and climatic 
changes generated during various geological 
periods, a large complexity of relief forms 
appeared on the Romanian territory, 
characterized however by proportionality and 
harmony (Marinescu, 2000). 
Following the new trend of 21st century 
technology and at the same time seeing how 
efficient a UAV has become in the processes of 
sizing/designing/executing engineering works, 

it is important to present a series of aspects 
related to how the flood limit can be graphically 
represented. 
Data acquisition using the principles of aerial 
photogrammetry is a modern method that allows 
surveying a large amount of data in a short time 
compared to classical topography methods. The 
data can be retrieved using opto-electronic or 
optical-mechanical sensors that are located on 
board aircraft. In this case, UAV (unmanned 
aircraft vehicle) technology was used, also 
called a drone, equipped with an RTK module 
that allows real-time corrections (Vorovencii, 
2010; Carvajal, 2011; Raeva, 2016). 
 
MATERIALS AND METHODS  
 
The study area is located in Alba County on the 
Răchita Valley near the Sebeș city (Figure 1). 
The Răchita stream (cadastral code IV-
1.102.14) is 5 km long with 10 km2 
hydrographic basin and an altitude of 550 m. In 
this sector, the stream has a slope of 1%, thus the 
floods propagate at high speed with an 
accentuated destructive effect. The climate of 
the Rachita valley belongs to the continental hill 
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and plateau climate with altitudes of 300-600 m. 
The average annual air temperature varies 
between 8 and 21oC. 
From geo-morphological and structural point of 
view, Răchita valley belongs to the Secase 
Plateau. The particularities of the relief in the 
area are closely related to the evolution over 
time of the great unit of the Transylvanian Basin, 
the South-South East Zone.  
The field survey took place in August 2023, 
where we captured various scenarios with the 
help of the UAV. 
 

 
Figure 1. Aerial representation of area of study- source 

Google Earth 
 
The equipment’s used to carrying this work are 
DJI D-RTK 2 Mobile Station and the DJI Mavic 
3 Enterprise. Stonex 980+ base station and 
Stonex 990+ we use as an over. 
The DJI D-RTK 2 mobile station is a high 
quality and easy to use electronic station with 
high-precision GNSS receiver that supports all 
GPS, GLONASS, Beidou and GALILEO 
signals providing real-time accuracy. This 
equipment was used to collect ground points to 
have a good accuracy, optionally it could be 
used the GPS subscription offered by ROMPos, 
but in that area, there wasn't sufficient GPRS 
signal, which is why it was used the D-RTK 
station. 
The DJI Mavic 3 Enterprise RTK UAV system 
has an RTK module and can receive signals 
from GNSS systems: GPS, Galileo, Glonass, 
and Beidou. With this module it is possible to 
position in real time with very high accuracy, 
requiring a small number of ground control 
points. In this case it was turned on the obstacle 
sensor because the drone reaches a speed of          
90 km/h and 45 minutes flying operate with one 
battery. 

The Stonex 980+ was used as a base station and 
Stonex 990+ as a rover, this equipment helped 
to compare the accuracy of the ground points 
that was collected with D-RTK Mobile Station. 
Positioning using GNSS technology was used to 
determine the photogrammetric landmarks. The 
real-time kinematic method Real Time 
Kinematic (RTK) radio rover base was used, 
which allows the transmission of real-time 
corrections and ensures centimeter accuracy. 
(Dierwechter, 2008; Lwin, 2012)  
Software applications to obtain the data were: 
 DJI Pilot 2 for flight mission; 
 GStar Cad 2023 for marking plans; 
 Pix4D Mapper we used to process 

images and orthophotoplan; 
 GlobalMapper used for 

photogrammetric data processing; 
 TransDatRO for transforming the 

coordinates taken with the UAV. 
To initiate the aerial photography project, it is 
necessary to establish the direction of the UAV 
flight path, flight altitude, elevation plan, 
longitudinal and transversal coverage of the 
frame, total number of photographs taken, 
distance between the axes of photography, and 
the time required for the aerial photography 
mission. The UAV controller (DJI Rc Plus) 
comes pre-installed with the control application, 
namely DJI Pilot 2, which was used for flight 
planning and execution. A flight covering the 
entire valley was conducted. With the RTK 
module functioning on GPS frequencies: L1/L2, 
GLONASS: L1/L1, BeiDou: B1/B2, and 
Galileo: E1/E5a, the UAV ensures a positional 
accuracy of ±1.5 cm + 1ppm RMS vertically and 
±1 cm + 1 ppm horizontally. 
The mapping area was determined by the flight 
plan, which was automatically set based on 
manually input boundaries. The flight was set at 
a variable altitude of 100 m, following the 
natural terrain, with a frontal and lateral image 
overlap of over 80%, resulting in the collection 
of 738 images covering 37 ha of land. The 
integrated camera is housed within a gimbal 
with automatic image stabilization and 
mechanical shutter, leading to highly precise 
image stabilization. The sensor has a resolution 
of 20 megapixels and a 24 mm lens. Due to the 
use of the integrated RTK module along with the 
mobile D-RTK station, the number of ground 
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control points was relatively low, and the error 
did not exceed 1 cm.  
Throughout the mission, the UAV remained 
connected to the mobile D-RTK station, 
receiving corrections to improve its coordinates. 
The D-RTK station was connected to the UAV 
via the RC Plus remote controller, and, upon 
connection, significant improvements in 
elements such as latitude, longitude, and altitude 
were observed. The coordinates were taken from 

the WGS84 projection system (World Geodetic 
System 1984) and were trans-calculated in the 
TransDatRO application, then reintroduced into 
the software as in Stereo 70 (Figure 2). 
Following data processing, the Pix4D Mapper 
application generated a processing report 
containing details about the camera's location, 
residual errors, camera orientation errors, etc. 
The process of collecting the photos lasted 3 
hours and 18 minutes. 

 

 
Figure 2. Print Screen of Converting coordinates from WGS84 to Stereo 70 

 
RESULTS AND DISCUSSIONS  
 
For image processing, as mentioned earlier, it is 
used a specialized software package. For the 
basic stages, Pix4D Mapper was used, the post-
processing steps being: 
- the first step - alignment - it includes aerial 
triangulation (AT) and bundle block adjustment 
(BBA). At this stage Pix4D Mapper searches for 
feature points on the images and matches them 
across images into tie points.  
The program also finds the position of the 
camera for each image and refines camera 
calibration parameters (estimates interior - IO 

and exterior - EO camera orientation 
parameters) (Figure 3). 
- the second step - generation of a surface in 3D 
(mesh) and/or 2.5D (DEM). Polygonal model 
(mesh) can be textured for photorealistic digital 
representation of the object/scene and exported 
in numerous formats compatible with 
processing software, both for CAD and 3D 
modelling workflows. 
The digital elevation model (DEM) is generated 
based on the point cloud data, and it can include 
either both terrain and all the objects above the 
ground, like trees, buildings and other man-
made structures (digital surface model, DSM, 
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only show the landscape of the territory, digital 
terrain model, DTM). 
 

 
Figure 3. Top view of the initial image position.  
The green line follows the position of the images  

in time starting from the large blue dot 
 

 
Figure 4. DEM Model 

 
For the DEM model the error on the X 
coordinates is 0.020271 cm, for Y 0.022106 cm 
and for Z 0.045698 cm. For the X and Y 
coordinates, the error is represented by the root 
mean square of the ground control points and is 
0.054662 cm, while the total error is given by 
the average of all ground control points and is 
0.032691 cm. The elevations presented in 
Figures 3, 4, and 6 are represented by 

progressive colors, namely: blue represents the 
lowest elevation, while red represents elevations 
up to 120 m. Following the establishment of the 
flight path, the digital elevation model (DEM) 
has a resolution of 7.31 cm/pixel, and the point 
density is 35.7 points/m2. 
 

Figure 5. DTM Without Vegetation 

 
Figure 6. DSM Model with Vegetation 

 
- the third step - creating of orthomosaic, which 
can be georeferenced and used as a base layer  
for various types of maps and further post 
processing analysis and vectorization. 
Orthomosaic is generated by projecting the 
images according to their EO/IO data on a 
surface of the user's choice: DEM or mesh 
(Figure 7). 
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Figure 7. Orthomosaic Model 

 
The overlapping model shows the number of 
overlapping images computed for each pixel of 
the orthomosaic (Figure 8). Red and yellow 
areas indicate low overlap only 1 photo for 
which poor results may be generated. Green 
areas indicate an overlap of over 5 images for 
every pixel. Good quality results will be 
generated as long as the number of key-points 
matches is also sufficient for these areas. 
The UAV working altitude was 100 m with the 
terrain tracking function activated, and the 
ground sampling distance (GSD) being of            
2.11 cm/pixel. The analyzed area covers              
0.37 km2, the number of aligned frames was 708. 
To identify the connection points, at least two 
images from the point cloud are required. In this 
case, there are a total of 2,357,685 connection 
points, along with an error of 0.185 cm/pixel, 
which represents the error between the distance 
to the projected point and the measured one. 
Based on the aforementioned steps, it can be 

developed the flood hazard boundary associated 
with the Rachita Valley. Subsequently, it is 
designed a reservoir in the pasture area of the 
village where it is possible to store the water 
volume from rapid floods. 
 

Figure 8. Overlap Model 
 
Based on the Digital Elevation Model and 
Digital Surface Model it was built the flood limit 
using GlobalMapper software. For the graphical 
representation of the limit, in concordance with 
the hydrological flows recorded and elaborated 
by the National Institute of Water Management 
(Tabel 1), where, based on the respective section 
of the studied basin surface, a maximum 
calculated flow of 52.4 m3/s was obtained with 
various probabilities of exceedance, resulting in 
a water level elevation of 487 m.  
As observed in the graphical processing, at the 
computational flow rate Q1%=52.4 m3/s the 
water blade formed, flooding the Rachita village 
to the extent of 95% (Figure 9). 
 

 
 

 



631

Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIII, 2024
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064 

Table 1. Hydrological data (source: National Institute of Hydrology and Water Management) 

Water 
Course 

Section F 
(km2) 

Hmed 
(m) 

Q1% 
(m3/s) 

ρ % γ Grow time 
(h) 

Total Time 
(h) 

Rachita 
(IV.1.102.14) 

x-386412.50 
y-488058.88 4.50 487 52.4 27.1 0.24 4.5 18 

 

Figure 9. Flood Limit formed in Rachita Village 
 

Figure 10. The Dam 
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It can be observed what disaster a flash flood can 
cause when the flows from the slopes cannot be 
controlled. At a flash flood discharge of 
approximately 50 m3/s, 90% of the commune is 
submerged, represents approximately 0.20 km2. 
Analyzing the flood limit obtained it is obvious 
that the hole locality is under water, meaning it 
is necessary to find a technical solution to avoid 
this situation. 
To prevent such disaster, it is appropriate to 
allocate a temporary space for the flood that 
does not endanger the adjacent population, and 
after the critical period has passed, it could 
safely transit the stored volume, working as a 
temporary reservoir. 
On the previously obtained details and in 
accordance with the flow rates provided by the 
National Institute of Water Management, it is 
graphically designed a dam capable of 
withstanding the volume of water during the 
flood. The dam was designed upstream of the 
village of Răchita, where the village pasture is 
located. Based on the graphic processing and the 
input data, the dam has the following technical 
characteristics: the crest elevation reaches 438 m 
above sea level, while the riverbed elevation is 
at 412.50 m above sea level, resulting in a dam 
height of 26 m at the axis. The collected flow 
rates will be gradually released in line with the 
transit flow supported by the riverbed (Figure 
10). 
To properly dimension the temporary reservoir, 
the assistance of GlobalMapper software is 
needed, where using the Create Area function 
based on contour lines, the result is a storage 
volume of 55.291 m3. 
 
CONCLUSIONS 
 
After analyzing the methods and results 
obtained through this study, it can be concluded 
that UAV equipment can significantly reduce 

the time needed to establish the flood limit, and 
furthermore, with the help of exported data, it is 
possible to design certain engineering works 
intended to protect the population against 
flooding. 
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