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Abstract: Topographic measurements made with the drone is an alternative way for creating 3D models, 

point clouds, etc., but they should be considered correct placement of ground control points to complete the 

required works precisely. To meet these needs to have a sub millimeter precision in this publication we will 

treat such as positioning, verification and comparison precisions achieved by attaching ground control 

points to the point cloud. These ground control points are measured with two different devices, namely the 

robotic total station and two dual-frequency GPS receivers used in base & rover mode. Errors made on 

ground control points can influence the whole cloud of points and we will demonstrate the extent to which 

this occurs. 
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1. Introduction 

 

Drones have become very popular in recent years because of rapid technological advances and falling 

costs of brushless motors, lithium-ion rechargeable batteries, high precision sensors, and flight controllers 

(FCs). Drones are actually categorized as unmanned aerial vehicles (UAVs). Their name derives from drone 

bees, which have no independent activity in or out of a beehive. Stable lift power is obtained using multiple 

rotors driven by high-speed motors controlled precisely with an FC. In contrast to a single-rotor helicopter 

driven by an internal combustion engine, drones fly stably using an FC combined with a global positioning 

system (GPS) and an inertial measurement unit (IMU). By virtue of their simplicity and versatility, drones 

are used today in widely diverse applications [1]. 

Drone utilization fields are classifiable into five categories: logistics, disaster rescue, infrastructure 

maintenance and management, surveying, and agriculture. Drone-based meteorological and atmospheric 

measurements, belong to an interdisciplinary field that is closely related to the categories of disaster response 

and agriculture [1]. 

 

2. Description of the field work method 

 

For this work we chose as location the Runcu Dam, which is located in the Mara Basin, Maramureș 

County, the duration of execution of this hydrotechnical work is the longest in Romania starting since 1987 

and the work is still in progress nowadays. 

The dam is a heavy dam, and the basic materials used for its construction are brought nearby, leaving a 

large gap in the nearby mountain. 

In this hydrotechnical work we considered that due to its large size, it is a great opportunity to see what 

efficiency, accuracy and how long it takes for a geospatial processing to achieve the point cloud and 

obviously its 3D model [2].  
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In order to perform the drone measurements, we previously placed the markings related to the ground 

control points. These were measured with two devices, namely the robotic total station and two dual 

frequency GPS receivers used in base & rover mode (according to Fig.1) [3] [4]. 
 

 
Fig.1. Ground control points (GCP) measured with two dual frequency GPS receivers used in base & rover mode 

 

 The ground control points were located on the upper, inner and outer part of the dam in the most 

visible areas. These were materialized by 50x50cm markings. Their location was strategic, looking for those 

areas that are exposed, adjacent and that can influence the achievement of a point cloud and the 3D model. 

 These ground control points were measured with two different devices, namely with the robotic total 

station and two dual frequency GPS receivers in the base & rover system. (Tab.1. and Tab.2.) The results 

obtained in the two measurements are very close, but there are still some differences that will completely 

influence the point cloud. The magnitude of this influence will be highlighted along the way [5] 
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We approached the measurement with the drone during fog over the dam, in order to have a natural 

sunlight dispersion filter, which helps a lot in the post-processing phase of the data and brings an advantage 

to the project, by the fact that the results will be closer to real values in the field [6]. 

All markings of the ground control points (GCPs) measured with the robotic total station and two dual 

frequency GPS receivers used in base & rover mode were located and measured by the drone. In order not to 

confuse the two working processes, the two devices measure the stationary points as such, and the drone 

itself takes image captures according to the route, settings, density of frames chosen for a higher image 

overlap, and on this basis in a post-processing program will create the point cloud [7]. 

 

3. Description of post-processing operations 

 

The post-processing program takes from the drone measurement resulting shots, the data from the exif 

(properties) of the images, namely data about longitude, latitude, altitude. These geographical coordinates 

must be brought into the reference system in which we want to work. After that, the images are aligned to 

create the point cloud, in this stage the program recognizes based on the above-mentioned properties data 

about the time the shots were taken and the pattern (the path on which the drone flew) to reconstruct the 

three-dimensional shape of dam. 

Based on the above-mentioned properties, the program reconstructs the external orientation elements in 

relation to the behavior of the drone during the execution of the shots, namely the roll angle, pitch angle and 

rotation. 

We created the point cloud in the first stage without adding GCPs measured with the robotic total 

station or those measured with two dual frequency GPS receivers used in base & rover mode. From this stage 

the following results emerged according to Tab.3, In which it can be seen that we have a fairly large error in 

overlapping images without having ground control points (GCP) attached. These measurements may be used 

for information purposes only. 
 

Table 3. Image reference data and their error after performing the image alignment process (creating the model) 

 
  

The shape of the dam was obtained with an accuracy of 3.00 m and a total error of 3,642 m. 

Attaching coordinates to the ground control points measured with the two devices, it can be seen on the 

error column (pix) that there is a small difference between the measurements made with the two devices 

when making the connection between the ground control points and the point cloud / 3D model. 

In the next step we will analyze the differences between the errors due to the attachment of the ground 

control points to the point cloud, and we will determine the location and number of ground control points 

needed to generate a more accurate model of the hydrotechnical work. Exactly the same way must be done in 

the case of measurements at a tailings pond, there are no differences in processing, but rather a difference in 

the shape of the work, here I mean the geometric shape of the hydrotechnical construction. 

First of all, we chose that all the ground control points be activated to see the difference in the 

achievement of the point cloud by the program, namely to be able to observe how and to what extent its 

shape changes. After performing these activations of the ground control points, we noticed that the entire 

North, East and Altitude position of the entire point cloud was changed, namely a translation of the point 

cloud was made exactly on these control points whose coordinates have previously determined. 
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At a first analysis it can be seen that for the same set of data (images) to which the ground control points 

measured with two different classical devices were attached, differences are obtained in the errors resulting 

from the constraint of the point cloud on these  ground control points 

By checking the errors that occurred after attaching the control points to the ground, it can be 

highlighted that the reporting deviations on the ground markings are millimetric as can be seen in Tab. 4. At 

the same time it can be observed that these errors are higher at the points measured with GPS receivers than 

at those measured with the robotic total station. In both cases we are talking about millimeter errors, but 

there is a difference that must be emphasized. 
 

Table 4. Comparative table of errors in attaching the point cloud to the ground control points 

 

 
 

In conclusion, up to this step we can say that the ground control points measured with the robotic total 

station have a greater effect in terms of the translation of the point cloud, and results in a lower value of 

errors when fixing them t the point cloud, compared to the errors obtained by the control points measured 

with two dual frequency GPS receivers used in base & rover mode. 

In the following steps I will develop the idea of strategic selection of certain ground control points that I 

will attach to the point cloud to see what is the minimum number of ground control points to correctly and 

accurately achieve this point cloud, the 3D model and those positions that are favorable ground to form 

correctly work. Certain points that could not be measured with both classic devices we used as such, 

comparing the differences from those points. In Fig. 2 you can see the ground checkpoints and their position 

for an easier understanding of what we will describe in the following steps.  
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Figure. 2. Location of ground control points on the surface of the dam 

 

3. Methods of comparison of the obtained errors 
 

We chose the following combination of ground control points for the test, which we divided into two 

groups, namely: 

- Group 1: - 3GCP: - A31, T6, B21 ßGPS 

- A4, T3, B34 ß GPS 

- A31, T6, B21 ßST 

- A32, T3, B22 ß ST 

- Group 2: - 4GCP: - A33, T1, T6, B32 ßGPS 

- A33, T5, T6, B32 ß GPS 

- A31, T1, T2, B21 ß GPS 

- A33, T1, T6, B32 ßST 

- A33, T5, T6, B32 ß ST 

- A31, T1, T2, B21 ß ST 

The abbreviations used previously represent: ST = robotic total station, GPS = two dual frequency GPS 

receivers used in base & rover mode, GCP = ground control point. 

These groups of ground control points were chosen based on the tests performed by combining them 

and we highlighted those that we considered to be more relevant to perform future work, and to have a 

predefined model to follow [8]. 

After analyzing Group 1 with three ground control points can show the following: 

When selecting ground control points measured with two dual frequency GPS receivers used in base & 

rover mode: A31, T6, B21, which form a triangle it can be shown that these points have a negligible error, 

but instead changes the positioning of the other ground control points, and the total error is 0.168 cm. 

Regarding the points A4, T3, B34 it can be observed according to the previous table (Tab.5.) That the error 

of these points is sub millimetric, but instead the total error calculated by the program is 0.345 m, these being 

a significant error.  

When selecting the ground control points measured with the robotic total station: A31, T6, B21, which 

form a triangle, it can be shown that these points have a negligible error, but instead change the positioning 

of the other ground control points, and the total error is 0.072 cm. Regarding the points A4, T3, B34 it can be 

seen according to Tab. 6 that these points have a negligible error, but instead the total error calculated by the 

program is 0.196 m, this being a significant error. 
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From the two tests with three ground control points each, it emerged that the errors obtained are related 

to the specific choice of points, namely their mutual arrangement. We noticed that those points - A31, T6, 

B21 - which form as a geometric shape a triangle that covers as much of the surface of the hydrotechnical 

work, had less influence on the other control points on the ground, and the error obtained in this mode was 

much smaller than that group of points - A4, T3, B34 - which were located approximately collinear. It also 

turned out that the ground control points measured with the robotic total station have a much better accuracy, 

compared to those measured with the dual frequency GPS receiver, the errors obtained for the ground control 

points measured with the robotic total station are about two times less than the errors obtained for the points 

measured with two dual frequency GPS receivers used in base & rover mode, according to Tab.5 and Tab. 6. 
 

Table 5. Comparison between activated points and obtained errors - 3GCP – GPS Receiver 

 
 

Table 6. Comparison between activated points and obtained errors - 3GCP – Total Station 

 
 

Following the analysis of group 2 with the 4 ground control points, the following can be shown: 

According to the tables Tab.7 and Tab.8 it can be shown that those points - A33, T1, T6, B32 - which form 

a rhombic geometric shape, have a better accuracy and a much smaller influence on the other ground control 

points. This can be seen in both classic apparatus used. The errors resulting from the measurements with the 

two types of devices on the other points are again higher than those measured in the field with two dual 

frequency GPS receivers used in base & rover mode compared to those measured with the robotic total station. 

However, there is a difference in the case of the Southern point group - A33, T5, T6, B32 - and the 

Nordic point group - A31, T1, T2, B21 -, namely in the case of control points measured with the dual 

frequency GPS station the errors obtained by the group of southern points on the other deactivated points is 

higher than in the case of the group of northern points, S = 0.261174m, N = 0.172799m S> N.  
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In the case of ground control points measured with the total robotic station, the situation is exactly the 

opposite of what we mentioned before, namely in this case the errors obtained on the other deactivated points 

is lower in the case of the Southern points compared to the Nordic ones. S = 0.066092m, N = 0.10737m 

S<N. 

The more control points we select, the lower the error, but there will always be a difference between the 

accuracies obtained with the two devices, and we will always have a much smaller error than those measured 

with the total robotic station. 

 

4. Conclusions 
 

According to the investigations, it turned out that the measurements with the drone have a fairly good 

accuracy if we only want information on an objective. If we want to make a precision measurement, we must 

choose the "auxiliary" equipment, which will be the basis of the measurements made with the drone. We 

need to know well the terrain where we want to make these measurements, to be able to assess the risks and 

potential sudden weather changes to which we need to adapt in a relatively short time, and to reduce the 

influence on the quality of the work proposed to be performed. 

The ground control points as we saw in the discussed and detailed in this publication, it was observed 

that the ground control points have a variable influence on the point clouds that we generate, due to their 

position in key points, to obtain a shape as real and as precise as possible in the work area. 

According to the tables in Tab.7 and Tab.8 we found that if the ground control points are located only 

on one side of the hydrotechnical work, they have a domino effect on the other points, namely the greater the 

distance from the obtained errors increase. If in preparation for the measurements, the location of the ground 

control points are made in a geometric rhombus shape, covering to some extent the highest and lowest points 

of the construction to be measured, then the obtained errors will be within tolerable and acceptable limits, 

being only 0.06m in the case of using the robotic total station for measuring the ground control points. 

The errors of inactive ground control points increase exponentially the farther they are from the active 

ground control points, so we must consider the correct positioning of the markings in the field. 

It can also be concluded that for any hydrotechnical work for which we want to make a precision model 

based on measurements made with drones, we must place a minimum of 4 points in the higher parts and a 

minimum of 4 points in the lower parts. We specify that it is not about the extremities as an extension of the 

hydrotechnical work, because according to the detailed studies through tables during the work, we can see 

that in some cases the points were not located on the extremities and still had obtained a better total error 

value on inactive ground control points witch was lower than in other cases. 

This working model can be used both in dams, tailings ponds, stone or aggregate quarries and in civil 

engineering, for example in roads studies. 
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