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Abstract 
People are occupied by the usability of drone recordings in many areas of research around the world. The key to surveying 
an area with drones is to properly assess the so-called Ground Control Points (GCPs) in the field and record them in 
data processing, especially for non-RTK (Real-Time Kinematic) drones. These fixed points with X, Y, Z coordinates, 
function as reference points. The spatial location of the rest of the area can be compared to these fixed points. To check 
the results, it is necessary to make error maps. Based on them, it is possible to determine the extent to which the locations 
of the control points in the area shown in the orthophotos differ from the actual coordinates. To make orthomosaics, it is 
necessary to incorporate the questionable amount of GCPs, and it is important to examine the distribution of points for 
proper accuracy below the margin of error. In addition to accuracy, the other aspect is energy saving, i.e., the smallest 
amount of fixed points at which the user can still get results below the allowable error limit. The aim of our study is to 
check the ideal and optimal amount and distribution of GCP in a survey with an UAV while maintaining adequate 
accuracy.  
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INTRODUCTION AND OBJECTIVES 

The drones are structures belonging to the group of remotely piloted aircrafts (fully called Unmanned Aerial Vehicles). 
The concept is known internationally and includes all remotely piloted take-off and landing devices in most cases. Like 
many objects used in civilian life, UAVs are the result of developments carried out by the military armaments incentive. 
It is used in areas where people are not fortunate enough to be sent, risking human life, the area to be surveyed is too large 
to be surveyed in a timely manner, or there are not enough people to enter the terrain. Like many other inventions, the 
drone may have emerged due to necessity and technological advancement and may have become widespread much later. 
Nowadays, drones have been used extensively in a wide variety of fields. For the sake of completeness, here are some 
examples: surveying various fields in agriculture, the military industry, transport, recording for civilian purposes, etc..  

In Hungary, the survey of the railway areas currently owned by Hungarian Railway co. Ltd.. Is carried out in situ by 
surveyors using RTK (Real-Time Kinematic) GPS instruments, which can provide an accuracy of a few centimeters. 
There are many setbacks to this, despite its accuracy, as there are difficult conditions in a railway area. These field surveys 
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involve labor- and time-consuming processes, and risk human lives. Most of the time they take place in an area affected 
by traffic, where scheduled, daily traffic has to take place. Aerial measurements with drones are not affected by the 
disadvantages listed above. The most important criteria are the accuracy of the measurement result and the resolution. 
The aerial photographs and their usability must prove whether the level provided by the field measurement is reached, 
possibly exceeded or the accuracy will be reduced. Furthermore, the ultimate goal of the subject is to create a railway 
database with the same properties based on the ortophotos taken by the drone and the orthomosaics based on these photos. 
The presentation of this database is not the purpose of this manuscript. 

When inspecting the railway terrain and recording obstructions, the main goal is to generate the smallest possible error 
values within the specified limits. For proper accuracy, we place fixed points on the field with independent coordinate 
pairs. It is necessary to make orthomosaics from the aerial photographs. During orthomosaic construction, the control 
points need to be fixed. Our goal  is to investigate the distribution and amount of the appropriate Ground Control Point 
in a control area, because as it is not always possible to fly multiple times in a real situation (e.g railway station). For this 
study, we selected an area covered with arable land, which is independent of any railway areas and has largely the same 
surface area, where the conditions are ideal, there are no disturbing factors, and there are no outstanding height values. 

Other researches has been made about the ideal GCP quantity and distribution’s investigation, such as Agüera-Vega, F. 
et al., (2017) or Liu, Y. et al., (2018) but no such research has been done for specify railway use yet.  

THE DRONE 

The drone (Figure 1) was provided by Hungarian Railway Co. Ltd. It  is a DJI Mavic 2 Pro, 31 minutes flight time with 
the battery fully charged. As a part of flight planning, it is necessary to make certain basic settings on the UAV before 
starting the flight. These basic data to be entered are: the boundary of the area, (the lines selected on Google Maps); 
adjusting the degree of overlap; setting the value of the flight altitude, (which is the relative altitude from the starting 
point), setting the characteristics of the camera (number of pixels, sensor size, focus); field resolution, which is 1 pixel = 
12 mm for the survey of the control area. 

A drone for aerial photography makes it possible to create flight queues. Due to digital data processing, in-line overlaps 
are required. The degree of overlap is determined by the number of images that need to be included in a given point in 
the photographed area for proper data processing. In the project task, each point must have to be on a minimum of 5-8 
images for proper accuracy and fidelity of the orthomosaics. For this, the degree of overlap was set to 70-80%. When 
capturing images, as much or more overlap is usually expected between adjacent images in all directions. Flight time 
must be reduced to ensure the necessary overlap. Reduced flight time can also result in a relatively small area designated 
for flight. 

Adjusting and maintaining a given flight altitude is also essential in maintaining proper sharpness, which is also essential 
for accuracy. The flight altitude value has been set to 40 meters in the control area, which also affects the resolution, so a 
pixel in the image counts as an area of 1.44 cm². 

The camera angle was set to 90 degrees, which is perpendicular to the ground. The flight speed of the drone was adjusted 
to 4 m /s. 

It should be emphasized, that this drone has a “hobby level” GPS, which does not give an error value of more than 10 
meters. In contrast, the RTK GPS used for geodetic field measurements can achieve an accuracy of 1-2 centimeters, 
giving very accurate values, whether surveying any field object or even taking control points in the field to more accurately 
determine the position of orthomosaics. Thus, the GPS attached to the drone cannot achieve the centimeter accuracy 
required to survey a railway area. 
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Figure 1: DJI Mavic 2 Pro on the railway area survey. 

ABOUT THE AREAS 

Railway area 

The location chosen for the railway area is the Vác railway station, which is one of the busiest stations on the Szob - 
Budapest railway line. Vác is located 30 km from Budapest as an integral part of the agglomeration of the capital itself: 
it is an important railway area and station, with many object types. As mentioned above, due to its high traffic, the drone 
survey in this area had to be very planned, so we conducted a test flight in the Bajnai area before the flight of the railway 
station. 

The control area 

Before the railway measurement, an area was selected to determine the amount and distribution of GCPs. This area is 
located directly on the shore of the Bajna recultivated mine lake in Hungary, in the field of the Pap lands, in an area of 
43,953 m². Bajna is located in Komárom-Esztergom County, about 35 kilometers west of Budapest, at the southeastern 
part of Gerecse. The slope of the designated terrain is relatively consistent in a southwest direction. 

The measurement was performed on August 29th, 2021. Less wind, and overcast weather characterized the weather. The 
flight was performed in the afternoon, immediately after calibrating the GPS, setting the error limits. The GCPs have been 
placed and measured before with an RTK GPS. 

The work in the whole field took about 2-3 hours. The time spent on the area was increased in order to cope with the 
vicissitudes of the weather and in order to properly inspect 20 GCP points in the area, as well as to place them and measure 
them with the RTK. A total of 260 orthophotos were taken. 

In the Bajna area, the placement and survey of the 20 control points in the field, as explained above, took place as follows: 
the fixed point to be placed is marked on the field by a 2x2 black and white square grid printed on A3 paper. The boards 
were placed at the planned location and fixed to the ground. These points were surveyed by RTK GPS prior to flight, 
filtering the RTK to the center of the square grid. When photographed from the paper by the drone down, the printing ink 
is reflected, so it can be detected on the photos later. GCPs were placed at approximately equal distances from each other 
(see in Fig. 2/a). 
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Figure 2: Overview map of the two selected areas: a) the control area b) the railway area 

DATA PROCESSING 

In our research, a 3D point cloud generation was performed in the Agisoft Metashape image processing software (which 
is a photogrammetry software, perfectly suitable for UAV images) from the ortophotos taken from the selected area for 
GCP analysis, and then  a DEM model and an orthomosaic construction were made. A total of 6 orthomosaic variations 
were made from the same area (Figure 3.). The accuracy and reliability of aerial photography and data processing can be 
determined from the final result. 

In the image processing software, a 0, 4, 6, 7, 14, and 20-point fix-point orthomosaic variation was made from the 
importedimages.The points required for the designed orthophotos were called up in text format. It is necessary to pay 
attention to the projection settings so that the called coordinates can be interpreted and displayed to the software in the 
same projection system. 

RESULTS 

The magnitude of errors 

6 error maps were generated from the orthomosaics. These maps were visualized using Quantum GIS mapping software, 
which is a user-friendly, open source geographic information system (GIS). To create the error maps, the required 
orthomosaic should be entered in QGIS in tif format and the fixed points surveyed by RTK GPS had to be called in txt 
format. Then all the GCPs shown in the imported orthomosaic marked by a black and white square grid deposited in the 
field, should be recorded, with the point exactly in the middle. It is necessary to pay attention to their projection settings 
when calling the required layers; they must match to be correct and valid at GCP. During the data processing the Unified 
National Projection with the EPSG number 23 700 were used. The distance between the dots is indicated by different 
colors. These distances are the error values for the orthomosaics GCPs. The error values shown on  Figure 3. were 
categorized using the equal intervals method. The black frame indicates the different number of GCPs used to create the 
orthomosaics. 
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Figure 3: Results of orthomosaic variation using different number of control points (marked in black frame) as error 
maps depicted 

The 0 control point used orthomosaic can be called “distortion-free” because there was no point used against which the 
software could distort the coordinates fed into the images. From this point of view, the points of the area here are given 
the result closest to reality in a relative sense. In terms of distances, however, the values differ greatly from the coordinates 
of the GCPs in the geodetic survey. Error values range from 220 to 245 centimeters. However, these meter inaccuracies 
are good results compared to the fact that no control point was used in the construction of the orthomosaics, and we relied 
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purely on the accuracy of the hobby-level GPS. There is a trend between the error values and the altitude. The GCPs 
located in the northern part of the area show a smaller error value than the GCPs in the southern part. This is caused due 
to the topography of this area: the drone flew closer to the surface, and to the GCPs in the northern part of the area, so it 
can be said, the smaller the difference in altitude between the drone and the surface, the smaller the error values. Because 
the DJI Mavic 2 Pro was set to a flight altitude of 40 meters, this “hilly” topography can be drawn by the values.  For the 
zero checkpoint error map, error values with a different dimension were obtained than for the other orthomosaics. 
Therefore a separate categorization was applied to these error values from the other error maps. (From blue as the smallest 
to red as the maximum distance.) 

In the second variation 4 GCPs were used, which are located in the middle of the terrain. The empty black circle on the 
map indicates the points that have been used as a recorded GCP during the image processing. The results provide certainty 
of 1-2 centimeters accuracy. Among the values of the orthomosaics used for the 6 fixed points were errors of more than 
2 centimeters, these are also accurate values. All 6 points used are in the northern part. The orthomosaic error values used 
for the 7 GCPs were the smallest. In terms of distribution, the 7 control points used are located in the 4 corners and in the 
center of the area. On the 14 points error map, points opposite to the 6-point error map were used. At unused points, 
distance values of 5-6 centimeters can also be observed. The error map of all fixed GCPs, show errors of 5-6 centimeters, 
despite of fixations. 
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The directions of errors 

 

Figure 4: Error values of the orthomosaic with azimuth values, summarized in scatter chart. 
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DISCUSSION 

Box plots 

The error values of the completed orthomosaics are summarized in a boxplot diagram (Figure 5.). 

 

Figure 5: Error values, summarized in box plots. 

The boxplot diagrams illustrate the scatter and average of the distance values for each orthomosaic. The error 
values of the orthomosaic with 0 GCPs are illustrated separately due to the dimensional differences already 
mentioned above. It can be seen that the values received for the 14 and 20 GCP maps have become the largest, 
and the scatter is also most visible in these orthomosaics, despite having the most fixations here. This error is still 
under 10 centimeters, which can be an acceptable result, but as we can see, it can be better. The reason for this is 
made up of several factors: on the one hand, the more points used to make an orthomosaic, the greater chance of 
errors occurring during data processing. Errors can also occur when recording control points due to improper 
readings of fixed points on completed orthomosaics. The problem with the reading may be due to the resolution 
value mentioned earlier itself. Alternatively, at the very beginning of the procedure, they may be due to an RTK 
GPS error during the pre-aerial checkpoint measurement. 

So as a summary: it is needed to place a quantity of GCP that already gives enough accuracy but does not give a 
bigger error yet due to the large number of used GCPs. In this case, the perfect amount of GCPs is 7 pieces. 

CONCLUSION 

A test area was chosen to examine the ideal Ground Control Point amount and distribution. In this approx. 44 000 
km2 and roughly rectangular area no physical obstruction was found, so 20 GCPS were placed at a broadly same 
distance. Based on the results, it could be concluded that the most ideal control point was 7 points located in the 4 
corners and in the center of the area. Since the long term goal is to accomplish an UAV flight in a more frequented 
area, this preliminary survey was necessary for safe and fast flight. Based on this, 7 GCPs can be used for the 
railway area as well. 
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