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Abstract: This paper aims at trying to answer the question of whether a low cost drone
equipped with a regular camera can serve as a simple device to estimate the size of objects.
Additionally, it assesses if the accuracy of measurement is good enough for using a drone
for measurements, relying solely on GPS position and camera. A review of the literature
pertaining to ground object measurements was conducted. The availability of such instru-
ments was evaluated in terms of purchase and rental costs, the number of instruments on
the market, and the time to obtain them. The most common measurement methods were
considered and their unit costs were reviewed. The cost of professional surveying and
measuring equipment was compared to the possibility of using low-cost, non-commercial
drones to measure objects and surfaces. The quality of the images obtained was compared
with high-resolution satellite systems. Is an ordinary drone with a standard camera suit-
able for length measurement without professional measuring equipment? Should the re-
sults be considered only in the category of size estimation?

Keywords: Low-cost UAV; Low-cost UAS; drone measurement; object size estimation; high-resolu-
tion satellite images; measurement accessibility

1. Introduction

Many scientific papers have been devoted to object measurement in only one dimen-
sion, such as length [1][2] or height [3][4][5][6][7] or to the measurement and classification
of surfaces [8][9][10]. Such measurements are made to determine the size of objects [3][4],
area [11][12], volume [13][14] or other needed measurements [15].

For three-dimensional models images are obtained using LiDAR [16][17] laser-scan-
ning technology. The quality of the LiDAR solution depends on the angular resolution
settings of the LIDAR device, the measurement speed and the distance of the device from
the measured object. With these parameters, the accuracy of the measurement can be ad-
justed as required. LiDAR-based measurements are so useful that attempts have been
made to use a LIDAR-equipped Unmanned Aerial System (UAS) to separate and measure
individual trees [4] and to estimate the evolution of trees by measuring their size over
time [3]. Separating trees with LIDAR technology is used for mapping trees [18]. However,
the cost of access to LIDAR equipment is relatively high, and the equipment itself is avail-
able from a small number of specialist companies. Mobile LiDAR technology called Mo-
bile Laser Scanning (MLS) and its Point Cloud is used to extract road boundaries, curbs
and flat surfaces [19]. Another classification method using drones is Unmanned Aerial
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Vehicle Structure from Motion (UAV-S5fM). UAV-5fM is used mostly for object classifica-
tion. Comparing LiDAR and SfM [20] shows differences in image recognition between
these two technologies. Image resolution with SfM technology is 116 points at 100 metres
of altitude. This provides about 9 centimetres of image resolution. The other technology
used in UAV photogrammetry employs Multi-View Stereopsis (MVS), known as UAV-
MVS. This is a technique that combines photogrammetry and computer vision and is be-
coming increasingly popular for 3D reconstruction surveys. This technique needs com-
puter 3D reconstruction, but it can produce very good resolution. In the paper “Multi-
view stereopsis (MVS) from an unmanned aerial vehicle (UAV) for natural landform map-
ping” [21] the image resolution at a height of 40 metres provides 6 points per square cen-
timetre resolution. It provides two centimetres of resolution at 100 metres of altitude. The
cost of one day of work for UAV-5fM technology is from USD 1600 in Europe (England).
This does not include the cost of travel. UAV-5{M and UAV-MVS require a Real Time
Kinetic (RTK) system with a ground station for high-precision measurements. This paper
is partly dedicated to exploring the use of alternative optical observations for this purpose.

For the measurement of one- and two-dimensional objects, the most popular meas-
urement methods are laser measurements, high-resolution or standard satellite photos,
and an RTK system with a ground station.

When accuracy is needed for estimating distance, size, or area (such as distances be-
tween cities), an exact measurement is not required. Such an estimate can be made from
standard resolution (1 m per pixel) satellite imagery, and the quality and timeliness of the
imagery does not affect the value of the estimate. When estimating distances measured in
hundreds of metres, high-resolution satellite imagery (30 cm per pixel) may be used.
Measurements and object detection with satellite pictures are described and compared in
“Greenhouses Detection in Guanzhong Plain, Shaanxi, China: Evaluation of Four Classi-
fication Methods in Google Earth Engine” paper [22]. Such an estimate cannot be consid-
ered a measurement, but it reflects the measured distance with a relatively low error factor
(1-2% estimation error possible). Estimation from satellite imagery is relatively cheap and
easy. Satellite imagery is now widely available. If high-resolution images are required,
they should be purchased from specialised services. A comparison of the quality of satel-
lite images is shown in Figure 1 [23].

a)10m b)im

Figure 1. Comparison satellite images resolutions [23]

When measuring objects a few tens to a hundred metres in size, accurate manual laser
measurements or systems with a ground-based base station are used. Laser measurement
is relatively cheap but requires professional measurement devices. The cost of a non-prism
measurement device is over USD 2500. Measurement using Real Time Kinetic (RTK) in-
volves using handheld systems or drones whose position is determined based on calcula-
tions of time and offset relative to the operator’s broadcast signal using Real Time Net-
work (RTN) or according to a previously placed ground base station. The accuracy of cal-
culations of GPS systems is 2 to 5 metres, while for the RTK system, the accuracy is 1 to 2
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centimetres when using a ground base station. This is the accuracy used for surveying
measurements in Geographic Information System GIS systems [24]. Each of these meth-
ods has its own characteristics and can be applied in specific situations with the appropri-
ate sensors [25][26].

For many applications accurate measurements are not required, such as estimating the
amount of seed and fertiliser needed to plant fields, or the amount of fencing materials
for multi-hectare fields. For such purposes approximating methods are used, which can
be based on inaccurate data from satellite images or geodetic information. An accuracy of
1 metre in field size does not affect the quantity of seed required. Also, actual images are
not required. However, estimating the area of crop losses caused by weather disasters or
agricultural losses caused by animals requires actual pictures with a high resolution.

In this paper the authors have tried to determine how accurate measurements can be when
obtained with an UAS equipped with default optical devices. Is it necessary to use addi-
tional devices for such measurements? What is the accuracy of measurements with a
standard optical camera? The authors have endeavoured to find an inexpensive method
for measuring objects using very high-resolution images with higher accuracy and a lower
error rate than satellite pictures. The objects in question are about a hundred metres long,
with tens of centimetres of acceptable error (less than 1%). The authors hope that this pa-
per will help researchers reduce the cost of their research and increase the availability of
measurement methods in situations where a 1% margin of error is acceptable.

2. Scope of inquiry
Glossary

UAYV - Unmanned Air Vehicle (as a flying device)

GCS - Ground Control Station (as a control of flying device)

UAS - Unmanned Aircraft System — GCS and UAV as a completely communication
and control system

GNSS - Global Navigation Satellite Systems

RTK - Real Time Kinematic

RTN - Real Time Network

RMS - Root Mean Square

GSD - Ground Sample Distance, meters per pixel

HFOV - Horizontal Field of View

LiDAR - Light Detection and Ranging

AGL - About Ground Level - altitude of flight

MTOM - Maximum Take Off Mass

This paper aims to address the question of the accuracy of measurements derived
from images taken from a low-cost drone when there is no ground reference point. The
work is based solely on information obtained from the screen of the application used to
control the drone and the value of the GPS positions used by the drone during the flight.
Both footage and photos taken during the flight are used for the measurement.

The most accurate photos can be taken from drones or from the ground with stand
pods. But not all images can be taken from the ground, so for further analysis, only photos
taken from the drone will be used. All the photos were taken over the past few days, so
they are suitable for estimating the damage to farm fields caused by wind storms. Drones
can have many different sensors, depending on the requirements [25]. Two of the most
popular methods used in papers for measurements are LiDAR [1][4][8][9][10][16][25][27]
and GNSS RTK measurements [28]. Other methods of measurement with drones involve
optical sensors. This is an area of interest in this paper.
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The cost of renting a drone for surveying services ranges from USD 150 per flight
hour for traditional pilot-guided flights to USD 200 for flights scheduled for GIS purposes.
For full-day operations, the cost to rent a drone with a pilot ranges from USD 300 to USD
800 for photogrammetry flights (EU costs). These costs are due to the large size of the
LiDAR head as this necessitates the use of a large-size drone generating a lot of lifting
power. A fixed-wing drone with LiDAR can fly at 70 km/h and can scan over 40 km2 on
one flight (on a 1-hour flight) with 1000 metres Above Ground Level (AGL).

Multirotor with LIDAR can fly at 36 km/h, however for only 25 minutes, so it will
cover 8 km? for 1000 metres AGL. For regular mapping flights, fixed-wing drones are used
usually. For scanning at less than 300 metres (AGL) multirotor drones are mostly used.
These drones do not need to embark on an extra flight when it comes to changing the
flight directory. In addition, the large size of the drone (over Maximum Take Of Mass
MTOM 25 kg) makes it necessary to obtain flight permits, occupation of airspace (depend-
ing on the country) to fly, and this increases the cost of measurements. For small multi-
rotor drones with a maximum altitude of more than 120 metres AGL (in Europe) no flight
permits are needed. The maximum resolution of middle-range LiDAR sensors, such as
the OS1 is 0.08 metres for a distance of 50 metres (calculated with a LIDAR calculator) [29].
Professional flights undertaking 3D mapping can reach a height of 19000 ft to 20000 ft
AGL (5800 to 6100 metres AGL). A Vexcel Eagle Mark 3 camera with 450-megapixel reso-
lution can produce photos with a resolution of 25x25 centimetres per pixel [30].

A second method of measurement involves the use of satellite positioning systems.
There are four core satellite navigation systems: GPS (United States), GLONASS (Russian
Federation), Beidou (China) and Galileo (European Union). Two other positioning sys-
tems are the Indian NavIC and the Japanese QZSS, albeit there exist local or alternative
systems. For object measurements, any of the four main positioning systems can be used.
For a more accurate measurement, an RTK base station is used. A base station is a fixed
point located on the Earth’s surface, which measures positions with a high degree of ac-
curacy, up to the level of single centimetres. The position of the drone is then determined
based on the readout position of the navigation system and the offset from the ground
base point.

Drones with a GNSS RTK system are being used in surveying. An example of the use
of a drone-mounted RTK system is the work of Stoner R. Photogrammetry using UAV-
mounted GNSS RTK [31]. The drone used is a "The DJI Phantom 4 RTK UAV mounted
with a camera equipped with an FC6310R lens (f = 8.8 mm), a resolution of 4864 x 3648
pixels, and with a pixel size of 2.61 x 2.61 um (total price approx. EUR 6000)" [31]. It says
"The DJI Phantom 4 RTK multicopter is an example of such a low-end UAV" [31]. The
accuracy of the positioning system for a Single Point without a GNSS RTK measurement
is: Horizontal: 1.5 metres (RMS), Vertical: 3.0 metres (RMS). The measurement error with
a standard drone and with a standard drone camera depends on many factors: among
others, the quality of the camera optics, the angle of the camera and the associated change
in perspective. The accuracy of the GPS sensors installed in the drone, and the interference
from this system affect the accuracy of the measurement. Weather conditions and wind
gusts also interfere with the response time of the GPS system. The agility of the GPS sys-
tem may differ from the instantaneous response of the optical system. This makes it diffi-
cult to estimate the measurement error. Assuming that the error of a single measurement
caused by the above conditions can be up to 2 metres, the diagram below shows how this
error affects the measurement depending on the size of the object being measured.
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Measurement error for DJI Phantom 4 without RTK
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Figure 2. Measurement error for DJI Phantom 4 (without RTK)

The chart shows a 2% error measurement with the DJI Phantom 4 drone. Assuming
the most unfavourable case, the minimum size of the measured object should be 150 me-
tres. For an average error measurement, the minimum object size should be 75 metres.

In RTK systems like the Low-Cost Rtk Gnss System For UAS Applications [30], the
accuracy of measurements can be increased. It is necessary to use a base ground station
for this purpose. In the example given [31], the "GNSS RTK Trimble Geo XR receiver with
a Zephyr 2 antenna" [31] was used. For horizontal measurements, the maximum possible
precision is 3 centimetres. This is related to the speed of signal propagation and its uncer-
tainty. Better accuracy cannot be obtained, although there are studies that write about an
accuracy of 1 centimetre when measuring horizontally. The accuracy of the measurement
is supposed to be improved by a ground base station [31]. The cost of purchasing a GNSS
station is EUR 1800. The total cost of the measurement apparatus used in the cited exper-
iment is about EUR 7800 [31] (around USD 8400). However, is such an expense necessary
for indicative measurements of objects? Is the cost justified? How accurate can measure-
ments be obtained with a standard UAS equipped with default optical devices? Is it nec-
essary to use additional devices for such measurements? What is the accuracy of meas-
urements with a standard optical camera? Are measurements done with cheap drones
(less than USD 800) useful?

3. Material and methods
UAS information

The UAS that was used for this experiment is the Parrot Anafi. No modifications
were made to the drone. It is factory-produced device. The specifications of the drone are
published on the Anafi website [33] and in the white paper [34] for this model. The drone
was produced in September 2018 and bought in October 2018. The drone is used regularly
(over 300 hours of flight and over 1000 starts). The drone has had two crashes, but they
have not affected the camera positioning or its field of view. The cost of this UAS was USD
800 brand new with a case and two extra batteries.
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Figure 3. Parrot Anafi (2018) with standard camera

The UAS that was used for this experiment is the Parrot Anafi. No modifications
were made to the drone. It is factory-produced device. The specifications of the drone are
published on the Anafi website [33] and in the white paper [34] for this model. The drone
was produced in September 2018 and bought in October 2018. The drone is used regularly
(over 300 hours of flight and over 1000 starts). The drone has had two crashes, but they
have not affected the camera positioning or its field of view. The cost of this UAS was USD
800 brand new with a case and two extra batteries [34]:

e Image resolution for video: 4K UHD 3840x2160 24/25/30 fps
e Horizontal Field of View (HFOV) for Video is 69° in a datasheet.

This will be the basis for making the first calculations related to the camera’s range
of view. For the first experiment, no correction will be made to the camera’s viewing
width.

Measured object information

Measured object: Technical University in Bialystok, Poland, Information Technology
Building.

Measurement height: 75 m altitude from start position. This information was taken
from the application screen during flight. There was no correction and no measurement

Figure 4. Operation application with height of flight (top left corner)

The point of start was defined from the lawn next to a building of Technical Univer-
sity in Bialystok. The vertical difference between the point of start and the bottom of the
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building is 0.8 m. Starting from the bottom of the building was impossible because of con-
struction works close to the building. The measurement height for the ground point and
the level of flight on the east side of the building was 75.8 metres. The height from the
level of flight to the top of the roof was 75.8 —15.9 = 59.9 metres. All measurements will be
calculated for that distance. During flight there was no possibility to take a flight height
measurement.

Building width on east wall is 18.52 meters and building height on east wall is 15.89
meters.

1857

Figure 6. Technical University in Bialystok - Building roof
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Figure 7. Technical University in Bialystok - Building roof (zoomed detail)

Building length = 103.24 meters

Metal cover length = 102.74 meters

Calculated distance from camera to the roof: 59.9 meters (75+0.8-15.89=59.91 meters).
Picture resolution when filming is 3840x2160 pixels.
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All building plans and dimensions were taken from the technical documentation of
the renovation carried out at the time of the survey. The technical documentation was
provided by the Technical University for use in this work.

All needed parameters of experiment are shown in a table:

Table 1. Experiment 1 parameters

Description Symbol Value Unit
Angle of horizontal view o 69 degree
Tangents of half of horizontal field view (tg 34.5) tga 0,687
Number of pixels for half field of view Lpx 1920 pixels
Half of view for 59.91-meter distance Lsc 41,158 meters
Meters for pixel from 59.91 m distance (GDS) Lpp 0,0214 meters

Measured 1: pictures from video without quality analise

The measurement of the Technical University building was made using these two
pictures taken from the video:

=
!

Figure 8. Technical University in Bialystok- Measurement points

Both photos can be combined to create a complete picture of the building, but meas-
urements for these pictures are calculated separately based on the centre of the picture
and certain points of interest in the pictures:

1. East wall
Air chimney 1
Air condition 1
Middle of building
Air chimney 2
Air condition 2
7. Westwall

AN

A yellow lines in each picture indicates the middle of the picture and the middle
point for calculation.

The pixel number on each picture is shown in the table below:

Table 2. Experiment 1 measurements (in pixels)

p 1 2 3 4 5 6 7
1st pic 65 1151 1683 2413 3074 3812
Name East wall Airchim1l Aircond1l middle Airchim2 Aircond2 Westwall
2nd pic 82 607 1344 1999 2738 3663

Measurements in meters were calculated from the middle of the screen (red line on
pictures), using the equation proportional for the full wide of the screen:
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|Lpx—|
Lyp = = *Lsc (1)

Middle point of the building is on the opposite edge of the building in each picture.

Counted length in meters for every point depends on picture (in meters) for 0,021437
m per pixel:

Table 3. Experiment 1 measurements (in meters)

P 1 2 3 4 5 6 7
1st pic 39,765 16,485 5,080 10,568 24,738 40,558
2nd pic 39,400 28,146 12,347 1,693 17,535 37,364

Summarize building length was counted in two different ways:

o as a sum of length from middle of the picture to the edge and middle of build-
ing in each picture

o as a sum of the two edges in each picture and average of the sum of the points
visible in both pictures

The first way of counting (bold only) is:

L =39,765 + 10,568 + 12,347 + 37,364 = 100,044 (m)

2)
The second way (underline) is:
16,485 + 40,556 + 39,400 + 17,535
L = (39,765 — 16,485) + > + (37,364 — 17,535) 3)
= 100,097 (m)
Real building length is 103,24 meters (technical documentation).
Accuracy of measurement (measurement error):
_ L000% _ 969043 ~ 96,90% (3,1% 4
T 10324 ~ 96,90% (3,1%) @
_ 199997 _ 969566 ~ 96,96% (3,04% 5
T 10324 ~ 96,96% (3,04%) ©)

The second way of measurement produces a lower measurement error. For this size
of building, measurements taken with the UAV RTK can result in a maximum error of
2.91% and an average error of 1.46%.

When comparing the real size of the building to the measurements obtained using
the technical data and the possibility of obtaining results though UAV RTK without a
ground station, the above method may be deemed insufficient.

The possibility of size correction can be obtained in two ways: performing flight alti-
tude correction or performing camera angle width correction. In order to obtain the cor-
rect size, it would be necessary to make an altitude correction by raising the flight altitude
by 1.9 metres or correcting the viewing angle to 70.2 degrees.

Counting flight height

Since in this experiment the measurements after lens correction are accurate to 4 dec-
imal places and still do not give the true dimension, other parameters affecting the meas-
urements should be checked. The lens and matrix errors have been corrected. The second
parameter affecting the calculated size is the altitude of the flight.
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In order to calculate the altitude of the actual flight, it is necessary to check which
parameters the change in flight altitude will affect. The calculated building lengths are
affected by the observation distance and the tangent of the angle. The angle was calculated
in a very accurate way and is not subject to change. Therefore, it is necessary to calculate
the actual height at which the measurement was made.

It was experimentally calculated that the observation height should be 61.17 cm. At
this height, the measurement is correct to the nearest tenth of a centimetre. At the same
time, at this distance, the size of the pixel is more than 2 centimetres. This means that the
calculated accuracy is not possible. Calculating the pixel size to be 2 centimetres means
that the measurement distance can be reduced to 61.15 centimetres, and it is this height
that it was taken for height correction.

Correcting the measurement height by 125 centimetres means that the height given
by the app was underestimated by 2.1%. To verify this, measuring the height is necessary.

Measurement problems: height and number of control points.

As altitude is a problem, it was decided to read altitude from the GPS position. The
GPS position is not stored during filming, so the measurement method was changed. It
was necessary to take photos instead of continuous filming. When taking photos, the
drone camera has different parameters:

¢ Image resolution for full resolution photo: 4608x3456 24BPP

The horizontal field of view (HFOV) for taking photos is the same as filming and is
approximately 69 degrees. Measured distortion is the same as for filming, so the same
image correction is used for photo measurement.

The second problem with the first experiment is the number of control points. Eight
control points are not enough for the measurement. Four more control points are needed
to get a more accurate picture. This means that the photos should be taken from a lower
height. It was decided to change the measurement from 60 to 40 metres. The height can
be lower if the accuracy of the measurement is not sufficient.

Measured 2: Measurement from photos with GPS height

The same drone, a Parrot Anafi, with the same camera, was used for the measure-
ments. The measurements were taken using the GPS Lapse function [37] with a parameter
of 10 metres. This means that the drone itself takes a photo after 10 metres of flight regard-
less of the direction of flight. Photos with GPS position are saved automatically. The GPS
position is saved in the EXIF data of the photo in JPG format. In addition, photos in DNG
format were saved, but the information in these files was not used.
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Figure 11. Operation application with height of flight (bottom right corner and bottom line)

The filmed building has a protective tin apron laid on its edge. On this apron there
are connections between successive sheets of metal. They are located every 2 meters or so,
and it is these points that were taken as a characteristic element and adopted as Control
Points. The Control Point number is a consecutive connection number. The beginning of
the apron was taken as Control Point 1 (CP1). The last viewed is Control Point 54 (CP54).

In addition, it was observed that the beginning of the apron does not coincide with
the beginning of the wall, so the offset of the beginning of the apron with respect to the
wall had to be measured. The offset was measured using the traditional method. For the
east corner along the long edge, it is -24.1 cm, for the west corner -25.8 cm. The measure-
ment values should be added to the calculated length of the building before making a final
comparison with the length of the building resulting from the technical design.

Flights were performed in possibly windless weather. For the entire length of the
building, 10 photos were taken automatically and one additional photo taken manually
when the edge of the building opposite from the start was reached. The measurements of
the beginning and end of the building were corrected each time by the offset in pixels
between the control point and the center of the image.

Feature points were determined for each image and the pixel number for each was
recorded. Only some of the images were taken for measurements so that each point was
covered by at least 2 measurements and points located at the edges of the images by three
measurements.

All of heights for control points are in GPS built in Parrot Anafi drone.

GPS height of building was measured with photo taken in front of east corner of
building seeing north edge of building:

Figure 12. Top part of a Technical University building
Top of the building roof read from GPS Altitude data from picture:

Table 7. GPS Altitude of top of an object
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Picture name GPS height
P1480531.JPG 159,85986330

Four flights were conducted for the purpose of measuring the building.

During each flight 11 pictures were taken, but just 5 of them were taken for measure-
ment. It was enough to cover every single control point with a minimum of two measure-
ments. It makes calculating more stable and gives two possible methods for checking re-
sults. Photos were taken to check the visibility of control points in other photos. The last
control point on every picture is taken three times. Five pictures taken for measurements
are shown below (unnecessar parts of the pictures are omitted).

L

Figure 13. Shifted pictures taken during flight 1

We end up with a digital image or model of the building that consists of about 8000
pixels, which can be used for detailed measurements or analysis. Control points are not
in the same position in every picture because of the different angles of view for each pic-
ture. Each of the four flights was made in similar weather conditions, although there were
differences, as described below.

Measurement alghoritm

The distance between the points is calculated. The calculated distance is then recal-
culated with the lens correction that was shown in the previous experiment. Based on the
difference in height and the previous recalculation of the distance from the centre of the
images, the distance in centimetres is calculated. These operations are performed for each
photo separately.

Then, distance measurements derived from each photo are integrated together, in the
same way the photos themselves are overlaid, to produce a comprehensive representa-
tion. The calculated distances may differ between photos due to the different distance of
each photo to the measured object. To compensate for the differences, an average is cal-
culated from the individual measurements. This reduces the measurement error. The av-
eraged distances between the control points (CPs) are then added together. The result ob-
tained is compared with the length of the building from the construction documents (Fig-
ure 7).

The steps of the algorithm are shown in Figure 14.
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Figure 14. Measurement method

Flight 1

The flight was taken from the east side to the west side of the building. The flight was
taken over about 43 metres from the top of the roof. Weather condition should not inter-
ference with drone (cloudy but no rain, no strong wind). Each picture stores height in the
EXIF data. The height of every picture is shown on the table:

Table 8. GPS Altitude and drone position taken from used photos.

Picture name GPS height Measurement height from
the top of building (m)
P1480559.JPG 203,49528500 43,63542170
P1480562.JPG 203,04170230 43,18183900
P1480564.JPG 203,25070190 43,39083860
P1480567.JPG 204,00056460 44,14070130
P1480569.JPG 203,92114260 44,06127930

The number of pixels for Control Points of each picture is shown in the table below:

Table 9. Pixel positions for Control Points (CPXX)

Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51 CP54
P1480559.JPG 2400 3071 3367 4110 4559
P1480562.J0PG 127 787 1079 1812 2256 2552 3299 3752 4361

P1480564.JPG 299 735 1028 1766 2209 2809 3262 3718 4483
P1480567.JPG 33 614 1053 1494 2234 2535 3280 3886 4210
P1480569.JPG 13 723 1014 1741 2331 2650

Each picture was selected so that every difference between control points is counted
twice: once for the left part of every picture, and once for the right part of every picture.
The difference between control points is half of the picture. That makes self-correction and
the measurement error average for the left and right side of the pictures.

The difference (in pixels) between Control Points measured for every picture is
shown in the table below:

Table 10. Difference between Control Points (in pixels)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
P1480559.0PG 671 295 739 445
P1480562.JPG 660 292 732 442 296 743 450 605
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P1480564.JPG 436 293 737 440 600 452 453 760
P1480567.JPG 581 439 440 738 301 745 603 321
P1480569.JPG 710 291 726 587 319

Because of the half picture shift for two pictures, the difference between the meas-
urement for the same control points can be over 40 pixels. This is caused by the different
view angles — around 0 degrees in the middle of the picture to 34 degrees at the far edge
of picture.

The difference (in metres) between control points measured for every picture is
shown in the table:

Table 11. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
P1480559.JPG 9,348 4,124 10,35 6,255
P1480562.JPG 9,1 4,026 10,11 6,122 4,081 10,3 6,246 8,397

P1480564.JPG 6,041 4,059 10,22 6,138 8,313 6,276 6,318 10,6
P1480567.JPG 8,187 6,186 6,214 10,43 4,242 10,5 8,539 4,566
P1480569.JPG 9,987 4,093 10,23 8,299 4,487

The difference in metres for the control points was calculated with lens corrections
from the first experiment and are shown in the table.

Calculation building length for flight 1 data

The building length is calculated as the sum of the average measurements for every
difference between control points.

(CPY, — CPX,) + - + (CPY, — CPX,)
n

(10)

for:
e (CPX, CPY - Control Point X, Control Point Y
e n-number of measurements
For flight average difference between Control Points (in meters):

Table 12. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-  Summary
CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
8,61 3,79 9,551 571 38 9,5 5,75 7,73 581 583 9,62 3,89 9,67 7,82 4,21 101,31

Flight 2

The flight was taken from the east side to the west side of the building. The flight was
taken over about 43 metres from the top of the roof. Weather condition should not inter-
ference with drone (cloudy but no rain, no strong wind). Each picture stores height in the
EXIF data. The height of every picture is shown on the table:

Table 13. GPS Altitude and drone position taken from used photos.

Picture name GPS height Measurement height from
the top of building (m)
P1490570.JPG 204,28657530 44,42671200
P1490572.JPG 204,90472410 45,04486080
P1490575.JPG 203,36010740 43,50024410
P1490577.JPG 203,89526370 44,03540040
P1490580.JPG 203,49316410 43,63330080

The number of pixels for Control Points for each picture is shown in the table below:
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Table 14. Pixel positions for Control Points (CPXX)

Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51 CP54

P1490570.JPG 396 698 1447 2044 2363
P1490572.JPG 417 853 1287 2018 2310 3049 3643 3963
P1490575.JPG 174 604 893 1616 2051 2640 3085 3533 4283 4588

P1490577.JPG 10 655 942 1660 2098 2394 3132 3581 4186
P1490580.JPG 2245 2928 3226 3980 4436

Each picture was selected so that every difference between control points is counted
twice: once for the left part of every picture, and once for the right part of every picture.
The difference between control points is half of the picture. That makes self-correction and
the measurement error average for the left and right side of the pictures.

The difference (in pixels) between Control Points measured for every picture is
shown in the table below:

Table 15. Difference between Control Points (in pixels)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51

P1490570.JPG 4,283 10,62 8,466 4,524
P1490572.JPG 6,268 6,24 10,51 4,198 10,62 8,54 4,601
P1490575.JPG 5,972 4,014 10,04 6,042 8,181 6,181 6,222 10,42 4,236

P1490577.JPG 9,067 4,035 10,09 6,157 4,161 10,37 6,312 8,505
P1490580.JPG 9,515 4,151 10,5 6,353

Because of the half picture shift for two pictures, the difference between the measure-
ment for the same control points can be over 40 pixels. This is caused by the different view
angles — around 0 degrees in the middle of the picture to 34 degrees at the far edge of pic-
ture.

The difference (in metres) between control points measured for every picture is
shown in the table:

Table 16. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51

P1490570.JPG 4,283 10,62 8,466 4,524
P1490572.JPG 6,268 6,24 10,51 4,198 10,62 8,54 4,601
P1490575.JPG 5,972 4,014 10,04 6,042 8,181 6,181 6,222 10,42 4,236

P1490577.JPG 9,067 4,035 10,09 6,157 4,161 10,37 6,312 8,505
P1490580.JPG 9,515 4,151 10,5 6,353

The difference in metres for the control points was calculated with lens corrections
from the first experiment and are shown in the table.

Calculation building length for flight 2 data

The building length is calculated as the sum of the average measurements for every difference
between control points.

For flight average difference between Control Points (in meters):

Table 17. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-  Summary
CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
8,68 3,81 9,58 5,73 3,82 9,53 574 7,77 58 58 9,73 3,94 9,92 791 4,24 101,99

Flight 3
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The flight was taken from the east side to the west side of the building. The flight was
taken over about 43 metres from the top of the roof. Weather condition should not inter-
ference with drone (cloudy but no rain, no strong wind). Each picture stores height in the
EXIF data. The height of every picture is shown on the table:

Table 18. GPS Altitude and drone position taken from used photos.

Picture name GPS height Measurement height from
the top of building (m)
P1500581.JPG 202,92485050 43,06498720
P1500584.JPG 203,20901490 43,34915160
P1500586.JPG 203,18800350 43,32814020
P1500589.JPG 203,68888850 43,82902520
P1500591.JPG 203,38568120 43,52581790

The number of pixels for Control Points for each picture is shown in the table below:

Table 19. Pixel positions for Control Points (CPXX)

Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51 CP54
P1500581.JPG 2425 3115 3420 4190
P1500584.JPG 28 708 1005 1756 2209 2512 3275 3736 4356

P1500586.JPG 130 580 879 1628 2080 2684 3138 3596 4362
P1500589.JPG 336 777 1220 1958 2256 3004 3605 3927
P1500591.JPG 431 724 1471 2070 2391

Each picture was selected so that every difference between control points is counted
twice: once for the left part of every picture, and once for the right part of every picture.
The difference between control points is half of the picture. That makes self-correction and
the measurement error average for the left and right side of the pictures.

The difference (in pixels) between Control Points measured for every picture is
shown in the table below:

Table 20. Difference between Control Points (in pixels)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
P1500581.JPG 690 304 765
P1500584.JPG 680 297 750 450 303 763 458 616

P1500586.JPG 450 299 748 450 604 453 456 762
P1500589.JPG 441 443 736 297 748 599 320
P1500591.JPG 293 746 597 321

Because of the half picture shift for two pictures, the difference between the measure-
ment for the same control points can be over 40 pixels. This is caused by the different view

angles — around 0 degrees in the middle of the picture to 34 degrees at the far edge of pic-
ture.

The difference (in metres) between control points measured for every picture is
shown in the table:

Table 21. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
P1500581.JPG 9,489 4,194 10,59
P1500584.JPG 9,412 4,111 10,39 6,27 4,194 10,56 6,381 8,582
P1500586./PG 6,226 4,137 10,36 6,253 8,356 6,281 6,336 10,6
P1500589.PG 6,171 6,199 10,33 4,17 10,47 8,41 4,506
P1500591.JPG 4,072 10,38 8,324 4,461
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The difference in metres for the control points was calculated with lens corrections
from the first experiment and are shown in the table.

Calculation building length for flight 3 data

The building length is calculated as the sum of the average measurements for every difference
between control points.

For flight average difference between Control Points (in meters):

Table 22. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-  Summary
CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
8,82 3,87 9,76 5,82 3,89 9,76 587 7,88 58 584 9,73 3,84 9,73 7,79 4,17 102,56

Flight 4

The flight was taken from the east side to the west side of the building. The flight was
taken over about 43 metres from the top of the roof. Weather condition should not inter-
ference with drone (cloudy but no rain, wind strong, but less than maximum wind for the
drone). Each picture stores height in the EXIF data. The height of every picture is shown
on the table:

Table 23. GPS Altitude and drone position taken from used photos.

Picture name GPS height Measurement height from
the top of building (m)
P1510592.JPG 203,56230160 43,70243830
P1510594.JPG 204,63520810 44,77534480
P1510597.JPG 204,08076480 44,22090150
P1510599.JPG 204,39529420 44,53543090
P1520603.JPG 203,32363890 43,46377560

The number of pixels for Control Points for each picture is shown in the table below:

Table 24. Pixel positions for Control Points (CPXX)

Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51 CP54

P1510592.JPG 428 720 1458 2051 2371
P1510594.JPG 397 829 1259 1985 2279 3013 3608 3926
P1510597.JPG 142 577 866 1594 2032 2622 3069 3517 4271

P1510599.)PG 48 708 997 1727 2167 2464 3203 3655 4256
P1520603.JPG 2367 3051 3352 4110 4571

Each picture was selected so that every difference between control points is counted
twice: once for the left part of every picture, and once for the right part of every picture.
The difference between control points is half of the picture. That makes self-correction and
the measurement error average for the left and right side of the pictures.

The difference (in pixels) between Control Points measured for every picture is
shown in the table below:

Table 25. Difference between Control Points (in pixels)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51

P1510592.IPG 4,074 10,3 8,274 4,465
P1510594.1PG 6,174 6,146 10,38 4,202 10,49 8,504 4,545
P1510597.IPG 6,141 4,08 10,28 6,183 8,329 6,31 6,324 10,64

P1510599.JPG 9,383 4,108 10,38 6,255 4,222 10,51 6,426 8,544
P1520603.JPG 9,492 4,177 10,52 6,398
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Because of the half picture shift for two pictures, the difference between the measure-
ment for the same control points can be over 40 pixels. This is caused by the different view
angles — around 0 degrees in the middle of the picture to 34 degrees at the far edge of pic-
ture.

The difference (in metres) between control points measured for every picture is
shown in the table:

Table 26. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-
Picture CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51

P1510592.IPG 4,074 10,3 8,274 4,465
P1510594.1PG 6,174 6,146 10,38 4,202 10,49 8,504 4,545
P1510597.IPG 6,141 4,08 10,28 6,183 8,329 6,31 6,324 10,64

P1510599.JPG 9,383 4,108 10,38 6,255 4,222 10,51 6,426 8,544
P1520603.JPG 9,492 4,177 10,52 6,398

The difference in metres for the control points was calculated with lens corrections
from the first experiment and are shown in the table.

Calculation building length for flight 4 data

The building length is calculated as the sum of the average measurements for every difference
between control points.

For flight average difference between Control Points (in meters):

Table 27. Difference between Control Points (in meters)

CP5- CP7- CP12- CP15- CP17- CP22- CP25- CP29- CP32- CP35- CP40- CP42- CP47- CP51- CP54-  Summary
CP1 CP5 CP7 CP12 CP15 CP17 CP22 CP25 CP29 CP32 CP35 CP40 CP42 CP47 CP51
8,81 3,86 9,72 582 388 9,7 586 7,84 581 58 9,77 386 9,7 781 4,2 102,45

4. Results

Comparing the results and the real size of the building

The results obtained from the measurements and the actual size of the building and
the percentage difference are shown in the table below:

Table 28. Results comparison

Real size  Measured size Difference (in meters) Difference (in %)

Measurement1 102,741 101,31 1,431 1,39282%
Measurement 2 102,741 101,99 0,751 0,73096%
Measurement 3 102,741 102,56 0,181 0,17617%
Measurement 4 102,741 102,45 0,291 0,28324%

The actual size is determined by comparing the documented measurement of 103.24
metres with the observed differences of -0.241 and -0.258 metres in the physical condition
of the flashings, as described in the experiment conditions.

The difference between the taken measurements and the actual size is 1.93% for the
first measurement to 0.18% for the third measurement. The average error for the four
flights is 0.65%, that equals 0.67 metres. These measurements are much more accurate
than those obtained from public satellites, which have an error rate of 1%.

The results for the first and fourth flights are surprising. In the case of the first flight,
in good conditions, the measured difference from the actual building length is 1.93%,
which is far from expectations. This may be due to the final stage of the flight, where the
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altitude increased quite sharply, by almost 1 metre. This disturbance may have caused the
measurements to be lower than the actual size of the building, thus underrepresenting its
overall dimensions.

Extracting the average from multiple photos and taking into account the height of
the measurements should compensate for the measurement error, but in the case of the
beginning and end of the building, the measurement is taken from only two photos. If the
height imbalance occurred on the two photos, the error will not be averaged, resulting in
an erroneous measurement.

Flight four took place in windy weather. The altitude sensor is based on the GPS
position and the wind should not affect the flight, but it was noticeable.

5. Discussion

Can measurements made with the use of a drone and an ordinary camera be used as
a reliable source of data? With the results obtained and the calculation methods used in
this work, it is not possible to treat the results as authoritative. The results obtained should
be considered as estimates rather than precise measurements. However, due to the possi-
bility of taking actual images and the higher accuracy of the obtained image compared to
high-resolution satellite images, the method can be considered better due to the validity
of the images. Estimations made on actual drone images can be used, for example, when
estimating crop losses caused by storms or animal activity.

What can be done to make the results more accurate? The accuracy of the results can
be increased by several possible actions: increasing the number of photos by lowering the
flight altitude, making the photos denser, stabilising the flight by taking measurements in
stable weather conditions and with automatic steering.

Increasing the number of photos means that more measurements would be taken for
analysis and this would result in a smaller statistical error in the measurements. By aver-
aging the results, a more accurate measurement can be obtained. The control of the drone
can be automated by means of automatic routing using additional software. The software
allows for planning automated flights, marking specific points of interest on the object
being observed, and ensuring appropriate spacing between sequential flights. Flights in
accordance with the predetermined points allows appropriate overlapping for photos. For
the Parrot Anafi drone, it is possible to work with Pix4D software, which has the capability
to guide the drone along a pre-set route using control points, automating the drone’s path
and creating a 3D map of the photographed landscape.
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Figure 15. Pix4D application sample view [38]

At the same time, taking pictures with a generally available drone allows you to take
pictures at a moment’s notice, without having to wait for a requested service. Thus, the
reaction to the current state of the observed object can be immediate. In the case of meas-
uring damage to agricultural crops caused by animals, the damage will not be obliterated.
With an observation height of 40 metres, assuming 20% overlapping of images, a single
photo could cover more than 100 square metres. When observing one hectare of area, it is
enough to take and analyse 100 to 120 photos and with double coverage of the area, about
250 photos would suffice (with an accuracy of less than 2 cm per pixel (with 4608x3456
photo resolution).

For future work, other factors that may affect the quality of the images (lens distor-
tion) or the positioning of the drone (GPS measurement error) should be examined. In
addition, a survey flight should be performed using an application like Pix4D with a pre-
determined flight path that eliminates human control errors.

6. Conclusion

In the case of unpredictable weather conditions and variable survey conditions
(weather or animal damage), the use of a low-budget drone may be the best and most
accurate assessment tool. The quality of the images and their timeliness work in favour of
the proposed solution. The estimation value surpasses the same activities using satellite
imagery and is slightly better than high resolution satellite imagery. The availability of
recent data for estimation and the straightforward nature of the required calculations
make this method a realistic option for use. However, it is not suitable for use in survey-
ing. There the required accuracy reaches 2 centimetres. Such accuracy is provided by RTK
measurements.

Test measurements are needed. Add other measurements for other drone models or
the same model but a different machine to check lens correction.

In future attempts to use a drone camera for measurements, it is worth conducting a
measurement experiment under controlled conditions. It is planned to perform measure-
ments on the ground with the camera positioned horizontally and to verify the accuracy
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of the calculated object size with the actual measured length. Also ground markers can
make measurement more accurate, as was used in the UAV-Based Sensor System for
Measuring Land Surface Albedo [39].

In addition, it is planned to correct images not only in one axis, but over the entire
surface of the lens, which will make it possible to measure the surface without rotating
the drone. The possibility of automating the superimposition of images and the automatic
search for corresponding points in the image is also being considered. This will allow au-
tomation of the entire estimation process.

In this paper, we have shown that a low-cost drone with an ordinary camera can be
used to measure or estimate dimensions when time is of the essence. Such situations occur
when it is necessary to estimate losses due to heavy rains, storms or animal activity. In
such situations, the time to complete the damage estimate is more important than the ac-
curacy of the measurement. The accuracy obtained (in the region of 1% measurement er-
ror) is sufficient for this type of loss estimation and is suitable for making quick measure-
ments of a changing environment.
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