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SUMMARY 

In this work we present the results of complex surveys of outcrop of Eocene rock of the 
Sokilskyi ridge (Outer Ukrainian Carpathians, Ivano-Frankivsk Region). It was used two 
techniques - Digital Photogrammetry and Terrestrial laser scanning (TLS) for creating 3D 
Digital Outcrop Model (DOM). During the workflow working schemes for both approaches 
are offered. The choice of a method depends on the challenges facing researchers. It is enough 
to use a photogrammetric approach to visualize objects. An assessment of the accuracy of the 
survey was performed. The practical significance of our research is to create a model which is 
useful in laboratory. Based on this, it is possible to collect the geological information similar 
to that usually is gathered by a geologist in the field.In addition to structural geology and 
sedimentology, the model will be used to predict the loss of rock blocks from the outcrop.This 
is relevant because the outcrop is above a busy route. The result of research will also be used 
for geotourism and educational purposes. 
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Introduction 
 
In this work we present the results of the creating 3D Digital Outcrop Model (DOM) of Eocene rocks 
from Sokilskyi ridge (Outer Ukrainian Carpathians) using different approaches. These approaches 
include methods of Photogrammetry and Terrestrial laser scanning (TLS) (Deckert and Gessner, 2006; 
Hartzell et al., 2014). We chose this object for our investigation because it is unique one. Apart from 
this the outcrop is located close to highway (Р64). In the future landslide can lead to disaster. The results 
of our study can help to avoid this situation. Previous work conducted in western Ukraine has 
demonstrated the practicality of using the latest technologies in the study of rock outcrops. First of all, 
the using of photogrammetry and laser scanning should be emphasized. Based on world experience and 
taking into account domestic peculiarities, the authors conducted pilot studies in various geological 
settings (Bubniak et al., 2020). As a result, a workflow diagram was developed to create virtual 
geological outcrops. These virtual geological outcrops were used for sedimentological research 
and  structural research (Bubniak et al., 2019). 
 
Methods of investigation. Photogrammetry 
 
The Sokilskyi ridge was surveyed with a Phantom-4 drone in automatic mode. To control the drone, we 
used the 3D survey Pilot program. This program creates a mission for the flight and has the ability to 
select parameters such as shooting area, flight altitude, overlap images, maximum speed, camera angle. 
As a result of shooting, 17 images were obtained, which were used for further processing in Agisoft 
PhotoScan (Figure 1). During the processing sparse and dense point clouds, 3D model, 
orthophotomosaic are created. 
 

 
Figure 1 Processing in Agisoft PhotoScan. 
 
Terrestrial laser scanning 
 
The object was scanned using a Terrestrial laser scanner Leica ScanStation c10. Terrestrial laser scanner 
(TSL) is a modern technology that allows you to determine with high speed and accuracy the coordinates 
of a significant number of points on the surface of objects that characterize its shape, size and location 
in space. This technology is implemented using special devices - Terrestrial laser scanners, which 
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measure the horizontal and vertical directions of propagation of laser radiation and the inclined distances 
to the points of the object. In total, the object was scanned from five stations, about four of which were 
marked with marking signs (Figure 4). The coordinates of the marks were determined using the GNSS 
receiver to determine the exact location. For this purpose, the well-known method of GNSS observations 
- RTK was used. It was used GNSS receiver South Galaxy G1. Differential corrections were received 
from the network of stations GeoTerrace from Lviv Polytechnic National University. To control the 
quality of the future 3d model, the coordinates of the control points on the surface of the object (six 
pieces) were determined by an independent method using an electronic total station South by the method 
of polar notch. Due to the specifics of the object, it is impossible to fix control marks on its surface 
without additional equipment, so the natural characteristic points were used - the intersection of cracks, 
chipped stones, etc. The scan results were processed in the Leica Cyclone REGISTER 360 software. As 
a result, we obtained a 3d model. According to the accuracy of this software, its quality is - RMS 8 mm. 
An independent assessment of accuracy was also performed at six control points, which showed the 
RMS of the constructed model at a level not worse than 20 mm. 
 
Geological setting 
 
 Our object of study is located between Ivano-Frankivsk Region and Chernivtsi Region, Kosiv district 
of Ukraine (Figure 2). This outcrop has several names such as Sokilskyi rock, Sokilskyi ridge. The place 
is recognized as a geological monument. In addition, it is a popular tourist location in the Ukrainian 
Carpathians due to the beauty of this outcrop (Figure 3). 
 

 
 
Figure 2 Google map with highlighter place of an outcrop of Sokilskyi ridge. 48°13′30″ N,  
25°06′19″ E. 
 
From geological point of view, it is located in the Outer Ukrainian Carpathians. The rocks outcropping 
in the thrust slice of the Skyba nappe. It is composed of the rocks that are forming so called flysch 
complex. The inner structure is characterized by the presence of faults and folds. Here also clastic dykes 
are recognized. 
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Figure 3 Landscape from the right bank of the Cheremosh river. 
 
Results of investigation 
 
As a result we received 3D Digital Outcrop Model (DOM) (Figure 4), which can be used for geological 
goals in the future. 
 

 
 
Figure 4 3D Digital Outcrop Model (DOM) with marks. 
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Conclusions 

The study of geological objects (first of all outcrops) by photogrammetry and laser scanning provides 
an opportunity to obtain high-quality 3D models. These models are used not only for visualization, but 
also for a number of other tasks. They are used for sedimentological research - the construction of 
detailed logs, mapping the boundaries of different lithological complexes and more. Structural geology 
also uses these models. Faults, joints are easily traced on 3D models. This can be done especially for 
inaccessible places. The 3D Digital Outcrop Model gives a capability to calculate potential blocks of 
loss. In this way the landslide can be prevented. Photogrammetry and Terrestrial laser scanning 
significantly improves and speeds up field works especially in collaboration with other modern 
approaches such  Move (Oliinyk et al., 2020). 
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