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ABSTRACT: The paper presents a procedure for measuring the volume of an atypical object with an 

irregular shape, which is a rock formation located in the Wietrznia Nature Reserve in Kielce. Two 

measurement techniques were used: GNSS-RTK and terrestrial laser scanning. The use of independent 

measurement technologies allowed comparison of the results obtained. The results obtained lead to a 

discussion on the influence of the density of measurement points on the quality of the obtained results. 

On the basis of the measurements made, it is also possible to assess the labour intensity of the solutions 

applied.  
 

1. INTRODUCTION 

 

Nowadays it is easier than ever to create data, especially digital data. In a large number 

of cases these are geospatial data. On the one hand, it is good that we have more collections 

to conduct research (Apollo et al., 2023), while on the other hand there is a danger of getting 

lost in such a large amount of them (Gawronek & Noszczyk, 2023; Wadowska et al., 2022). 

Data with a spatial attribute is used in a great many fields both at the macro scale - country, 

region, city, or at the micro scale - object, building. Examples at the macro scale include 

studies on noise (Szopińska et al., 2022), urban development (Balawejder et al., 2018; 

Krajewska et al., 2021), the property market (Buśko et al., 2022; Cienciała et al., 2023), the 

promotion of tourist attractions (Bieda et al., 2021; Gorgoglione et al., 2023), documentation 

of natural disaster sites (Toni et al., 2023), air pollution (Szopińska et al., 2022), land 

consolidation process (Basista et al., 2023) and effects of land consolidation (Balawejder et 

al., 2021). At the micro scale, examples of the use of spatial data can be found, among others, 

for the creation of digital documentation of heritage objects (Pastucha et al., 2018), 

acquisition of the geometry of a historic bell (Skrzypczak et al., 2023), building thermal 

inspection (Stokowiec & Sobura, 2023) or monitoring of flood protection objects 

(Kurczyński & Bakuła, 2016).  
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LiDAR technology itself is used on a large scale in different solutions and from different 

ceilings: aerial (ALS - Airborne Laser Scanning) - e.g. (Kurczyński & Bakuła 2013; Zapłata 

et al., 2018; Lisańczuk et al., 2020; Janus et al., 2021), ULS - UAV-borne Laser Scanning 

(Di Stefano et al., 2023; Yang & Li, 2022; Bakuła et al., 2020), MLS - Mobile Laser Scanning 

(Di Stefano et al., 2021; Wang et al., 2020) or TLS - Terrestrial Laser Scanning. 

We can find examples of the application of Terrestrial Laser Scanning (TLS) 

technology in many publications. These may relate to accuracy considerations (Warchoł, 

2015), optimisation (Błaszczak-Bąk et al., 2022), hazardous area monitoring (Zhao et al., 

2022; Weidner & Walton 2021), inventory (Sobura et al., 2023; Gawronek et al., 2017), 

inspection (Wolski et al., 2022), data integration (Klapa et al., 2017; Liu et al., 2023; Warchoł 

et al., 2016) and model creation for BIM (Skrzypczak et al., 2022; Warchoł & Lęcznar in 

Wolski 2022; Warchoł 2019). 

One of the fundamental problems accompanying volume measurements of existing 

objects is the optimal definition of two types of surfaces enclosing the solid under analysis. 

These are:  

• theoretical surfaces - "bottom", set by the designer or resulting from certain 

conditions, (defined for calculation purposes),  

• topographic surfaces - "upper", inventoried on the basis of field measurements. 

The topographic surface delimiting the surveyed solid is usually covered from above 

with a grid of points where the measurement is carried out. The choice of the shape of the 

grid (TIN or GRID) and the density of points covering the topographic surface depends on 

many factors, including the complexity of the shape of the surveyed object or its availability 

for measurement (Szczepaniak-Kołtun, 2016). The set of points representing the surface 

defining the solid under study forms the basis for dividing the solid into elementary prisms 

with a triangular (TIN) or square (GRID) base. The volume of the whole is equal to the sum 

of the volumes of the elementary solids: 

where: 

V - total volume of the solid, 

Vi - volume of the i-th elementary solid. 

A schematic sketch of an elementary solid with a triangular base is presented in 

Figure 1. 

 𝑉 = ∑ 𝑉𝑖

𝑛

𝑖=1

 (1) 
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Fig. 1 An elementary solid with a triangular base (source: own elaboration) 

 

The volume of an elementary solid is expressed by the formula: 

 

where: 

𝑧1, 𝑧2, 𝑧3 - level difference between the bounding surfaces at points: 1, 2 and 3, 

P - area of the base of the solid (triangle) determined from the formula: 

 

where: 

𝛥𝑥, 𝛥𝑦 - difference of plane coordinates for selected pairs of points/sides of the triangle. 

 

A common and widely used measurement technique for acquiring the shape of a 

topographic surface today is GNSS-RTK technology. With it, real-time measurements can 

easily be taken. The results obtained, the x,y,z coordinates, form the basis for further 

calculations. Two points are worth mentioning at this point. The first is the choice of grid 

density. An ill-advised measurement, lacking intuition on the part of the surveyor, can have 

a significant impact on the results obtained. For example, when defining the vertical cross-

section of an object to be measured, all points relevant to the results obtained should be 

included in the measurements. In Figure 2, the red colour represents the cross-section 

generated from the measurement at points:1-4. The black colour represents the actual cross-

section. 

 𝑉 =
1

3
𝑃(𝑧1 + 𝑧2 + 𝑧3) (2) 

 𝑃 =
1

2
|
𝛥𝑥12 𝛥𝑦12

𝛥𝑥13 𝛥𝑦13
| (3) 



Artur Warchoł, Łukasz Kapusta, Karolina Cieciora, Filip Grzyb, Marcin Walski  

110 

 

 
Fig. 2. Impact of the surveyor's selection of measurement points - vertical cross-section. Black line - 

actual shape of the terrain, red line - terrain relief resulting from selection of points 1-4 by the 

surveyor as measurement points characterizing the shape of the object. 

 

Omission of the selected characteristic points of the cross-section in the measurements 

results in lowering the accuracy of the obtained result. The second issue to be addressed here 

is the availability of the measurement object. In order to carry out GNSS-RTK measurements 

at all characteristic points, it is first necessary to reach them. This can prove difficult in 

practice.  

An alternative to GNSS-RTK measurements is terrestrial laser scanning (TLS - 

Terrestrial Laser Scanning). Firstly, the scanning technique allows measurements on objects 

that are difficult to access. The measurement itself generally does not require entry to the 

object. Secondly, the scanning process produces an extensive data set in the form of point 

clouds. The measured object is covered by a dense grid of measurement points. In contrast, 

the procedure itself for processing laser scanning data is more complicated due to the amount 

of data and problems of interpretation.  

 

The issue of creating a Digital Terrain Model (DTM) has been around for a long time. 

Firstly created using aerial photographs, topographic maps or direct measurements - total 

station or GNSS (Hejmanowska & Warchoł 2011) and finally based on LiDAR datasets 

(Biszof & Oberski, 2018; Warchoł, 2013; Bakuła, 2023) or SfM (Salach et al., 2018). 

Important aspects are both the survey work and the ways of data processing and reduction of 

redundant data in DTM collections (Bakuła & Kurczyński 2013; Bakuła et al., 2013). 

Comparisons of results depending on the key aspects can be found e.g.: (Poręba, 2009) - 

obtained with different measurement methods or in (Warchoł et al., 2019) - different 

measurement technologies and different calculation software. 

 

2. RESEARCH OBJECT 

 

The aim of this study is to compare the measurement techniques used in the acquisition 

of points representing a topographic surface. The object under measurement is a rock 
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formation located within the Zbigniew Rubinowski Wietrznia Nature Reserve in Kielce. This 

is an inanimate nature reserve located in the south-eastern part of Kielce. It consists of three 

interconnected former quarries: Wietrznia, Międzygórz and Międzygórz Wschodni built 

from Upper Devonian limestone and dolomite rocks. The quarry was created as a result of 

exploitation of the deposit in the years 1893 - 1974. 

The rock formation included in the measurement is located in the central part of the 

Międzygórz quarry. In shape, it resembles a cone with an irregular surface. The horizontal 

dimensions of the object are approximately: base 50×30m, height 14 metres. The object is 

covered in a small part by grass vegetation and sparse shrubs (Figure 3).  

 

 
Fig. 3. Inventoried rock object 

(Source: https://geopark.pl/rezerwat-wietrznia/) 

 

3. DATA AQUSITION 

 

Measurements used survey techniques commonly used today for topographic data 

acquisition:  

• measurement using GNSS-RTK technology,  

• data acquisition with a scanning total station, 

• performing LiDAR terrestrial laser scanning. 

 

GNSS-RTK measurements were performed using the Sokkia kit: GRX1 receiver and 

SHC-250 controller. Sokkia GRX1. Scanning was performed with a Topcon QS1A robotic 

total station with scanning option and a Faro Focus S150 scanner.  

First, the survey network around the surveyed object was stabilised. GNSS-RTK 

measurements at all 9 points of the stabilised network (Figure 4) were carried out in three 

measurement series with the final coordinates averaged. 
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Fig. 4. Sketch of the established survey network 

(source: own elaboration) 

 

The next step was to measure points on the object using the GNSS-RTK technique. 

First, the outline of the lower base of the test object was defined: a total of 23 points connected 

by the green broken line in Figure 5. Next, the geometry of the shape of the topographic 

surface bounding the test volume from above was measured. It is represented by points 

located in the characteristic places of the test object and at the same time inside the previously 

measured contour (a total of 29 points - Figure 5). The next measurement step was scanning 

of zones difficult to access for direct measurements, such as the rocky north wall of the object 

visible in the central part in Figure 5. As a result of scanning with a scanning total station 

from the points of the surveying network, several hundred additional points representing the 

topographic surface of the surveyed object were obtained. Figure 5 summarises the location 

of the GNSS-RTK measured points (left side), and the  

GNSS-RTK + selected total station scan points (right side), based on which the volume 

calculations realised in the spreadsheet were performed. 

 

 
Fig. 5. Inventoried object with triangular grid; left: GNSS-RTK, right: GNSS-RTK + total station 

scanning (source: own elaboration) 
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TLS LiDAR using a Faro Focus s150 scanner began with preparatory work. Prior to the 

survey, a field interview was carried out and the number of scanner positions necessary for 

proper site data collection was determined. The locations of the stabilised reference points - 

black and white targets, nails and wooden stakes - were also planned. Figure 6 shows in red 

the scanner stations and in yellow and blue the nails/stakes and targets that are the control 

points, respectively. The stakes and nails were stabilised interchangeably, depending on the 

substrate at the planned location of the point. 

 

 
Fig. 6. Plan of scanner positions and stabilisation of reference points (source: own elaboration) 

 

Once the positions were planned and the points stabilised, the scanner was sequentially 

positioned at the survey stations taking scans. The scanning resolution was set at - points 

every 6.1 mm at a distance of 10 m from the scanner. Spheres (Figure 7) were used to later 

connect the scans by positioning them in the field in such a way that they were visible on 

adjacent scans. 
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Fig. 7: Spheres used for registration of the TLS scans 

 

4. RESULTS 
 

In order to make an initial estimate of the volume of the surveyed shape, a representative 

group of points approximately evenly distributed over the height of the object was selected 

from the point cloud obtained from the scanning total station measurement. Data selection at 

this stage effectively reduced the calculation algorithm built in the spreadsheet. The set of 

results obtained from the GNSS-RTK measurement was then added to the analysed results. 

For the data set prepared in this way, representing the topographic surface, a subdivision was 

made into prisms with a triangular base (Figure 8). 

 
Fig. 8 Division of the solid into elementary prisms 
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In defining the area enclosing the surveyed volume from below, the results of measuring 

the object's base contour using GNSS-RTK were used. In the calculation algorithm used in 

Excel, the bottom-enclosing surface is a plane whose angle of inclination was calculated on 

the basis of approximation after the base contour points were projected onto a vertical plane 

running along the maximum overall dimension of the surveyed object (Figure 9). 

 

 
Fig. 9. Trend line with points above the reference level (source: own elaboration) 

 

Using the algorithm presented in the introduction - formulas (1) and (2), the volumes of 

the elementary prisms were calculated in Excel. The total volume of the studied object is 

3823 m3.  

Analogous calculations were made based only on the results of the GNSS-RTK 

measurements, omitting the previously selected points obtained from the total station 

scanning process. The diluted grid representing the individual bases of the elementary prisms 

is shown in Figure 10. 

 
Fig. 10. Partitioning into elementary solids on the basis of GNSS-RTK measurements 
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The volume from the calculation in Excel software obtained solely on the basis of the 

GNSS-RTK measurements is 3730 m3. 

 

In the second calculation step, the WinKalk software commonly used in surveying 

practice was used to calculate the volume on the basis of GNSS-RTK and GNSS-RTK + 

scanning total station measurements. The calculations were performed for the same reduced 

number of points representing the topographic surface of the surveyed object. This approach 

made sense in the context of later comparing the results from the two calculation attempts: 

Excel and WinKalk. With a much larger number of data, calculations in Excel would have 

been cumbersome. On the other hand, the definition of the topographic surface based on the 

set of data obtained from the scanning total station would have been different to that adopted 

in Excel. The WinKalk software performs volume calculations starting by connecting points 

into a triangular grid (Figure 11). 

 

 

 
Fig. 11. Comparison of the 3D model generated in WinKalk; top: GNSS-RTK, bottom: GNSS-RTK + 

total station laser scanning (source: own elaboration) 

 

Then, for each triangle formed, it calculates the volume of the prism from a fixed 

reference level, up to the height of the triangle vertices, according to the notation presented 

in the introduction of the work. The results obtained are respectively: 3776 m3 for  

GNSS-RTK + total station scanning and 3679 m3 GNSS-RTK.  
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The slight differences in the results (approx. 1%) obtained with the Winkalk software 

and those obtained in Excel may be due to the fact that the basal area enclosing the surveyed 

mass from below is defined differently. Figure 12 shows the surface area in question 

generated based on the perimeter points in the Winkalk software. 
 

 
Fig. 12. Contour map of the base of the study site - bottom surface. 

 

 

However, the results from both computational approaches are very close (a difference 

of about 1%), which practically excludes the occurrence of a coarse error in the results 

obtained.  

 

The calculation of the volume of the same rock formation, but based on a much more 

detailed measurement made with the Faro Focus s150 scanner, was developed in a similar 

way. Trimble Business Centre software was used. A combined point cloud representing the 

topographic surface bounding the surveyed rock formation from above was exported from 

Trimble RealWorks to .las format. These files were then uploaded into Trimble Business 

Center software for further calculations. Before starting the volume calculations, the point 

cloud was cleaned. Elements such as scanned trees and shrubs overgrowing the rock 

formation under study were removed. The final product of the cleaned cloud consists of 

62 280 450 points (Figure 13). 
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Fig. 13. Point cloud acquired from scanning with Faro Focus s150 scanner after cleaning 

 

The Trimble Business Center software allows the volume to be calculated according to 

the same principle used to develop the GNSS-RTK results. As in WinKalk, the volume is 

determined in the Trimble software in the option: "surface to surface". The top surface in the 

calculation was, in this case, a model based on a point cloud. Importantly, the bottom surface 

was defined here identically to the first case. It was built on the basis of the contour measured 

by the GNSS-RTK technique (Figure 8 - green polyline).  

 

The largest volume value was obtained from the Faro Focus s150 scanner measurement 

(Table 1). The smallest volume is that obtained from GNSS-RTK measurements. The 

differences are small. Between the GNSS-RTK results and the scan made with the Faro Focus 

s150 scanner, the difference is 123 m3 which is 3.3% of the surveyed volume. 

 

 
Table 1. Summarises of the calculated volumes and the labour intensity of the different 

measurement methods. 

 GNSS-RTK GNSS-RTK + total 

station scanning 

TLS 

Faro Focus s150 

Number of points 48 85 62 280 450 

Volume in m3 3679 3776 3802 

Time for field work 1 h 2 h 9 h 

Postprocessing time - 1 h 3 h 

 

The GNSS-RTK volume result supplemented by the scanning total station is already 

very close to the results obtained from the point cloud from the scanning with the scanner. A 

total of 26 m3 of difference represents less than 1%. It is worth mentioning that the 

topographic surface defining the calculated volume in the GNSS-RTK + scanning total 

station measurement is represented in the task by less than 100 points, while the same surface 

from the Faro scan is built on a cloud of more than 62 million points. 
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5. CONCLUSIONS 

 

Topographic surface shape measurements using GNSS-RTK provide an effective 

solution in acquiring data for volume calculations. It is not a major problem to carry out this 

type of measurement, provided that the object to be surveyed is accessible. However, the 

more complex the shape of the object, the more difficult it is to inventory its surface with 

high accuracy. Then a GNSS-RTK measurement may not be sufficient. An alternative to such 

GNSS-RTK measurements is LiDAR terrestrial laser scanning. The measurement procedure 

itself is more complex. In addition, the results obtained are more difficult to interpret. In order 

to successfully calculate the volume based on the topographic surface, the scans must first be 

cleaned.  

As the obtained results showed, with the process of densification of points covering the 

surveyed object, the obtained result is more and more precise. It is worth noting that correctly 

planned and carried out GNSS-RTK measurements on only about 50 points allowed to obtain 

similar results of the surveyed volume as in the case of a point cloud of over 62 million points 

scanned with high resolution. This indicates in this case the high redundancy of the acquired 

data. Terrestrial laser scanning technology, on the other hand, would undoubtedly be difficult 

to replace by GNSS-RTK when measuring structures with a much more complex shape or 

for inaccessible sites where the surveyor has not been granted access. 
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WYKORZYSTANIE RÓŻNYCH TECHNOLOGII POMIAROWYCH DO 

OBLICZENIA OBJĘTOŚCI OBIEKTU SKALNEGO W REZERWACIE 

WIETRZNIA W KIELCACH 
 

SŁOWA KLUCZOWE: obliczenie objętość, obiekt skalny, metoda GNSS-RTK, skanowanie 

laserowe, LiDAR, poziom odniesienia 

 

 
 

STRESZCZENIE: W pracy przedstawiono procedurę pomiaru objętości nietypowego 

obiektu o nieregularnym kształcie jakim jest formacja skalna zlokalizowana na terenie 

Rezerwatu Wietrznia w Kielcach. Zastosowano dwie techniki pomiarowe: GNSS-RTK oraz 

naziemne skanowanie laserowe. Zastosowanie niezależnych technologii pomiarowych 

pozwoliło na porównanie otrzymanych wyników. Uzyskane rezultaty skłaniają do dyskusji 

na temat wpływu gęstości punktów pomiarowych na jakość uzyskanych wyników. Na 

podstawie wykonanych pomiarów możliwa jest również ocena pracochłonności 

zastosowanych rozwiązań. 
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