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SUMMARY

The use of UAV-photogrammetry for obtaining digital 3D models has become widespread, in
particular, in such areas as technical inspection, assessment of damage to buildings and
structures (in particular, as a result of emergency and war situations), control of earthworks,
etc. In part of these applications, the modeling of the territory or individual objects is carried
out in order to determine their geometric parameters - such as areas, volumes, mutual
distance between points. That is, the 3D model must be geometrically accurate enough, and
the accuracy of its spatial position (in geodetic space) is secondary. Therefore, we pay
attention to the research of the photogrammetric technology of processing aerial photographs
obtained from UAVSs, which allows to ensure the creation of 3D models of sufficient
accuracy, first of all, for environmental and engineering applications. At the same time, we
aim to minimize the use of expensive and difficult-to-operate geodetic equipment. To achieve
this goal, we set up an experiment where we test the quality of a 3D model of a construction
site with a pit. The model was created without the use of ground reference points and exact
coordinates of the projection centers of aerial photographs. Reference information is the
measurements of inclined distances between individual points on the site. Thus, the approach
proposed here allows modeling of objects in an arbitrary geodetic orientation, but in the
correct horizontal and vertical scales.
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Introduction

The use of UAV-photogrammetry for obtaining digital 3D models has become widespread, in
particular, in such areas as technical inspection, assessment of damage to buildings and structures (in
particular, as a result of emergency and war situations), control of earthworks, etc. In part of these
applications, the modeling of the territory or individual objects is carried out in order to determine
their geometric parameters - such as areas, volumes, mutual distance between points. That is, the 3D
model must be geometrically accurate enough, and the accuracy of its spatial position (in geodetic
space) is secondary. Therefore, we pay attention to the research of the photogrammetric technology of
processing aerial photographs obtained from UAVSs, which allows to ensure the creation of 3D models
of sufficient accuracy, first of all, for environmental and engineering applications. At the same time,
we aim to minimize the use of expensive and difficult-to-operate geodetic equipment. To achieve this
goal, we set up an experiment where we test the quality of a 3D model of a construction site with a
pit. The model was created without the use of ground reference points and exact coordinates of the
projection centers of aerial photographs. Reference information is the measurements of inclined
distances between individual points on the site. Thus, the approach proposed here allows modeling of
objects in an arbitrary geodetic orientation, but in the correct horizontal and vertical scales.

Method and theory

A typical photogrammetric technology of 3D modeling based on UAV aerial photographs involves
the use of geodetic information for georeferencing - these are external orientation elements of aerial
photographs or a network of ground reference points (Fundamentals of Capturing and Processing
Drone Imagery and Data, 2021). This information is necessary to minimize deformations of the model
and bring it to the external geodetic datum (orientation, position and scale according to the user-set
coordinate system and map projection). However, as we note above, for many applications there is no
need for a complete and as accurate geodetic reference as possible. It is enough to ensure the
conditions of geometric similarity and scalability of the created model in order to measure distances,
areas and volumes on it. Therefore, it is urgent to build such a photogrammetric technology that will
not require geodetic equipment to determine the coordinates of ground reference points (and for UAV
filming of complex areas, such a network should be quite dense) as well as UAVs equipped with
geodetic class on-board inertial systems and GNSS receivers. That is, in this case, we refuse in
advance the stage of finding the final values of the coordinates of the points of the model in the
geodetic coordinate system (the spatial shift and the Euler angles of the model will not be determined
relative to the geodetic coordinate system. We are limited only to eliminating the deformation of the
3D model and scaling it.

It is known from the literature that the photogrammetric model of the object is a set of coordinates of
the points of the object of photogrammetric shooting, determined as a result of photogrammetric
processing of the images. The photogrammetric model of the object is similar to the object itself, can
have an arbitrary scale and be arbitrarily placed and oriented relative to the geodetic coordinate
system. Creation of such a model occurs by determining the coordinates of the corresponding points
of stereo pairs of aerial photographs and mutual orientation of these photographs. Technologically,
this process is implemented in software mostly using the Structure from Motion (SfM) algorithm,
which does not require geodetic information to work (Min-Lung Cheng & Masashi Matsuoka, 2021).
Of course, the 3D model created by this algorithm without geodetic information has an arbitrary scale
and orientation in geodetic space and may contain geometric deformations such as twisting, convexity
or concavity. Often, such deformations are manifestations of the action of low-quality camera lenses
and the result of combining in stereo pairs images obtained in almost parallel planes (Fundamentals of
Capturing and Processing Drone Imagery and Data, 2021). Many researches, including those carried
out by us earlier (Ostrovskyi et al., 2021; Trevoho et al., 2021), have previously confirmed the
suitability of this algorithm for creating 3D models for geometric measurements, area and volume
determination.
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Thus, the photogrammetric model is represented by a set of points, which should be subjected to a
spatial transformation in accordance with a known expression that describes the transition from the
coordinates of the model points to the geodetic coordinates by determining the scale of the model, as
well as the shift and reversal angles of the model relative to the geodetic coordinates.

X=Xo+R-X"-M (D)
where X~ - vector of spatial coordinates of photogrammetric model points; X, - vector describing the
shift of the origin of the coordinate system in which the photogrammetric model is built relative to the
origin of the geodetic system;R — matrix of mutual rotation of coordinate systems; M — model scale.

Based on the above considerations regarding the properties of the created model, the following
should be accepted:R=I (unit matrix of rotation, there is no need to perform a reversal of coordinate
systems), X,=0 (there is no need to make a mutual shift of the origin of the coordinate systems). The
scale of the model is found by the formula (Remondino, El-Hakim, 2006):
w I
nl (2)
where: [Il]and [LL]— in our case, the distances between the corresponding points of the

photogrammetric model and the object are sloped accordingly.

We propose to scale the point photogrammetric model of a real object based on a set of measured on-
site lengths of lines between points that were clearly identified on aerial photographs. Such
measurements should obviously cover the entire modeling area and, if possible, be placed both in
horizontal and vertical planes.

Examples

For this research, a construction site on Antonovycha Street in the city of Lviv was chosen, where a
pit is located, which is used for the construction of an office center and a multi-story residential
building. We fixed six marks for the scanner, three in the horizontal plane and three on the retaining
wall. The distance between these marks was measured to determine the horizontal and vertical scale
(Fig. 1). To build a reference 3D model, ground laser scanning of the pit was performed using a
Leica-Geosystems C10 laser scanner from three stations. Scan data were processed in Leica Cyclone
3DR software. In this software, the following steps were performed: creating a project, stitching raw
data, cleaning the cloud from noise. The accuracy of stitching scans in the Leica Cyclone 3DR

S1o skan's station
3.32- distance for horizontal scale

-3.22- distance for vertical scale
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We used a drone DJI Phantom 4 (DJI Technologies) for aerial photography. This drone is equipped
with a satellite positioning module and can fly along the designed route with a vertical accuracy of
+0.5m and a horizontal accuracy of £1.5m. The Phantom 4 has an integrated FC6310 digital camera
with a CMOS type sensor with a size of 4864*3648 pixels and a focal length of lens 9.0 mm. The
camera is mounted on a three-axis gimbal to maintain stability during image acquisition. A total of 83
aerial photographs with an Average Ground Sampling Distance (GSD) resolution of up to 2 cm were
obtained. Aerial images were processed using the Structure from Motion (SfM) methodology using
Pix4D software without applying geodetic data. Average Density (per m3) 866.37. Next, the obtained
Digital Surface Model (DSM) was scaled according to 15 distances measured on the site (Fig. 2).

Scale Initial Length Inifial Length Accuracy = Computed Length Computed Length Emor
Name: [m] Im] Im] m]

Scale1 | 17.630 0010 17.646 0016
Scale3 | 19.210 0010 19212 0002
Scale4 | 23.230 0010 23.223 0.007
Scale5 | 18.700 0010 18,701 0001

Scale6 | 11.230 0010 11.234 0004
Scale7 | 30.550 0010 30552 0002
Scaled | 16.650 0010 16.659 0009
Scale9 | 8200 0010 8190 0.010
Scale 10 24.970 0010 24.964 0.008
Scale 11 | 8.030 0010 8019 0011
Scale 12 | 23.580 0010 23.574 0.008
Scale 13 | 13.330 0010 13.306 0.024
Scale 14 30,080 0010 30119 0029
Scale 15 | 18.560 0010 18.563 0003
Scale 16 15410 0010 15414 0004
Mean [m] 0000
Sigma [m] 0012

Scale constraints errors,

Figure 2 Procedure for scallng a model using the Scale Limiter tool in the Pix4D software. Quality
report (fragment)

We compare the obtained 3D surfaces of the construction pit by two methods - by ground laser
scanning (we will consider this surface as a reference) and by aerial photography from a UAV by
performing linear measurements and calculating the mean squared error of the differences (Fig. 3). A
total of 52 control measurements were made in different parts of the model and in different directions.
Since we have a reference model, we will calculate the absolute errors and determine the average
absolute error of determining the lengths of the lines based on the 3D model created by the proposed
method:
m=3,, — SSkan’

Z (SUAV Skan (3)

where: - Syav, Sskan— Measured distance on two models
n — the number of measurements.

Elevation, m UAV's model Elevation, m
Skaner's model g &

Figure 3 Comparison of construction pit surfaces obtained by ground laser scanning and UAV aerial
photography

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




Monitoring’2022 EAGE

Also, according to Figure 3, we will calculate the average absolute error of determining excesses.
Note that the absolute heights differ by approximately 35 m, which indicates a free orientation of the
UAV model. Therefore, according to formula 3, the following average absolute errors are obtained:
Ms=3 cm and M=3 cm. Since lengths in the range of 5-30 m were measured, it can be stated that the
proposed method of creating 3D models ensures the accuracy of measurements at the level of 1.5-2%
relative to measurements on a model obtained by laser scanning.

Conclusions

This research examines the problem of creating 3D models from aerial photographs obtained by
UAYV under the condition of limited geodetic preparation of the project. We propose a method that
does not require the georeferencing of aerial photographs and the creation of a network of ground
reference points. Instead, a set of multidirectional line measurements is used as reference information.
These linear measurements are used when processing a block of aerial photographs in special
software as scale limiters. As with the use of ground reference points, the scale limiters should be
placed so as to cover the entire survey area and not belong to the same plane. Our experiment shows
that the proposed approach on local sites allows us to obtain an acceptable accuracy of 3D modeling
at the level of 1.5-2% compared to the most accurate laser scanning method. This level of accuracy is
sufficient for the needs of many practical science and engineering applications.

Performing linear measurements on the territory is available to most specialists of a non-geodetic
profile and does not require complex equipment. This makes the process of shooting and processing a
photogrammetric project affordable and fast compared to the use of specially equipped drones and the
creation of a ground network of reference points. We also note that linear measurements can be used
to assess the accuracy of the created 3D model if these measurements were not used in the
photogrammetric project as scale limiters. An obvious limitation of the proposed approach is the
possibility of its application on relatively small sites and certain inconveniences in using a freely
oriented 3D model in geoinformation and CAD systems.
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