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ABSTRACT 

There are several surveying methods whose practical function is to determine 
the areas of land, distances, heights, the amount of earthwork, and to produce 
reduced images of the earth's surface. The research looks at how geodetic and 
remote sensing methods can be used, and the results they provide in quarry 
surveying. The most important in quarry surveying is to get an accurate land surface 
for calculation of the volume of mineral resources. After quarries surveying, it is 
possible to calculate the amount of remaining mineral resources. Within the 
framework of the research, were performed surveying in quarries with geodetic 
surveying and remote sensing methods. For geodetic surveying was used GNSS 
receiver and a robotic total station, but from remote sensing methods were used 
aerial photography and aerial laser scanning. The most important reason why it is 
important to get an accurate surface and make an accurate volume calculation in 
quarry surveying is the economic factor. The economic analysis was carried out 
using a comparison method based on volume, market price and natural resources 
tax.  The research presents the advantages and disadvantages of each surveying 
method and explains the results obtained, based on economic calculations. The main 
conclusion is that the accuracy of the preparation of land surface relief models is 
based mainly on economic calculations because mineral resources are a commodity 
that is bought and sold for which tax is payable. 
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INTRODUCTION 

Over time, geodesy has evolved from simple land surveying into a diverse field 
of science. Its scientific task is to determine the type and size of the earth, to study 
the earth's crust movements [1]. Successful completion of this task requires the 
preparation of specific studies that work with accurate tools and include complex 
calculations. The practical task of geodesy, in its turn, is to determine the land areas, 
distances, heights, the amount of earthwork, as well as to produce reduced images 
of the earth's surface. 

Currently, there are several surveying methods - geodetic and remote sensing. 
Geodetic methods include surveying methods with direct human involvement, 
while remote sensing methods collect surveying data remotely [4]. 

Nowadays, surveying can be done using the Global Navigation Satellite 
System (GNSS) [2]. GNSS is based on one-way distance measurement. 



188 

The study has chosen to look at how these methods can be applied and what 
results they provide in quarry surveying. The most important thing in quarry 
surveying is to get an accurate surface to calculate the volume of the mineral. When 
surveying quarries, it is possible to calculate the amount of extracted or remaining 
mineral resources several times. To achieve higher accuracy in volume calculation, 
the object must be mapped to the Latvia coordinate system - LKS-92 TM and Latvia 
height system - LAS 2000.5 [5]. 

The topic chosen is topical because there are cases where one quarry is 
surveyed by different surveyors and the obtained data differs. In such cases, the 
surveying methods used for quarry surveying should be evaluated. Nowadays it is 
important not only to get accurate and high-quality data but also to get it as fast as 
possible. 

The tasks of the research are: 

 carry out quarry surveying using geodetic and remote sensing 
methods, 

 after data analysis perform the economic analysis of quarries based on 
volume market prices and natural resources tax. 

Two quarries were surveyed within the study  
bilities provided by geodetic surveying 

and remote sensing. 

METHODS  

The quarry surveying was carried out using geodetic and remote surveying 
methods. From remote sensing methods, aerial photography and aerial laser 
scanning were used. Aerial photography was performed using an unmanned aircraft 
equipped with a passive sensor - a digital camera, while aero laser scanning was 
performed with an unmanned aircraft equipped with an active sensor - a laser 
scanner. From the methods of geodetic surveying, the surveying was carried out 
using GNSS receiver and total station. Instruments used (Figure 1) for the 
measurement process: 

 unmanned aircraft - DJI Matrice 600; 
 unmanned aircraft - DJI Phantom 4 Pro V2.0; 
 laser scanner - YellowScan Mapper; 
 GNSS receiver - Stonex S10; 
 total station  GEOMAX 
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Figure 1. Surveying instruments used 

Preparation is required before going to the object. Preparations for each method 
are different. Quarry surveying with a total station and GNSS receiver requires the 
following resources - Total station, GNSS Receiver, Starting Points (Standing), One 
or Two People (depending on what Total station is used). The starting points can be 
independent geodetic network points or temporary ground marks. As part of the 
surveying, two standpoints were installed - nails were drilled into the ground. A red 
ribbon was wrapped around them to make it more noticeable. The coordinates of 
these points were determined using a GNSS receiver. In general, in preparation for 
this surveying method, it is necessary to find out if there are any geodetic network 
points or temporary geodetic signs [3]. If not, nails and ribbons should be prepared. 

Quarry surveying using aerial photography and aerial laser scanning requires: 

 unmanned aircraft; 
 sensor (camera or scanner); 
 pilot. 

Aerial photography also requires geodetic marks and a GNSS receiver or total 
station. Geodetic marks are placed on relief control points. They are needed for later 
rendering of the object to the exact coordinate system during processing. A GNSS 
receiver or total station is needed to perform control measurements of geodetic 
marks. Also, the GNSS receiver, which serves as a base station for collecting 
received data from satellites in static mode, may or may not be used for aerial laser 
scanning [6]. All quarries were surveyed using a base station installed by the GNSS 
receiver. As both aerial photography and aerial laser scanning are performed using 
unmanned aircraft, it is necessary to determine the meteorological conditions and 
to plan the flight route. 

The first thing to note is the wind speed. The maximum speed at which wind 
speed is allowed for an unmanned aircraft is specified by the manufacturer. It is not 
advisable to fly an unmanned aircraft equipped with an active sensor (laser scanner) 
at wind speeds above 8 m / s. 
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Figure 2. Flight mission for quarry 

Preparation of the flight route or flight mission for an unmanned aircraft began 
with the preparation of surveying boundaries and trajectories in the MicroStation 
program. The width between trajectories depends on the scanning angle scanned by 
the scanner and the bandwidth captured by the camera. Note that both the scanned 
point cloud and the captured images must overlay. Scanning should be 25%, aerial 
photography 75% front, and 60% sidewall. The YellowScan mapper scans at 100o, 
flying at a height of 50 meters and a scanning width of approximately 120 meters. 
The length of the trajectories must be planned outside the surveying boundary. The 
final stage in the preparation of the mission is the Litchi Flight Program (Figure 2). 

The economic analysis was carried out using a comparison method based on 
volume, market price, and natural resources tax. 

DISCUSSION AND RESULTS 

Based on the obtained measurement results, the volume calculation was 
performed for two quarries - 
"Kalni", the volume difference between surface relief models prepared using GNSS, 
aerial photography and aerial laser scanning was compared. The volume was 
calculated using the TerraSolid program. The results of the volume calculation are 
summarized in Table 1, but can be seen visually in Figure 3. 
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Table 1 Differences in Volume Computation Comparison of Surface Models Based 
on Geodetic and Remote Sensing Surveying Methods 

 
GNSS versus 

photogrammetry 
GNSS versus 

LiDAR 
Photogrammetry 

versus 
LiDAR 

 -1221 m3 
+90m3 

-1323 m3 
+95 m3 

-194 m3 
+94 m3 

 
- - 

- 0.6 m3 
+0 m3 

GNSS - surveying using GNSS receiver; 

Photogrammetry - aerial photography survey; 

LiDAR - aerial laser scanning. 

The quarry "Gravas" has a volume of 4391 m3 and an area of 1741 m2. This 
volume is calculated by aerial laser scanning. Comparing a model made from GNSS 
surveying with a model made from aerial photography and aero laser scanning data 
shows that there is a significant loss of cubic meters. This means that for the most 
part, the GNSS surface terrain model is lower than the surface terrain models 
derived from aerial photography and aerial laser scanning data. This situation is 
explained by the difference in the number of points measured by the GNSS receiver, 
aerial photography and aerial laser scanning. Many of the hills' terrain was cut off 
by the surface with GNSS surveyed points because of the base and the tops of the 
stack. A comparison of surface relief models prepared by aerial photography and 
aerial laser scanning surveying is significantly smaller. Both surveying methods 
provide a dense point cloud that more accurately depicts the earth's surface. The 
difference in volume is because the pile is covered with vegetation. In places where 
the points are not generated, a triangulation network is formed of the larger triangles 
and a situation occurs where the hills of the stack are cut. In some places, the terrain 
patterns are not visually different, as the ground points are classified by both 
surveying methods, but the surface pattern obtained by aerial photography is higher. 
This result is explained by the different operating principles of the measurement 
methods. Again, it is proven that aerial photography cannot produce an accurate 
ground surface under vegetation. 

The most important reason why it is important to get an accurate surface for 
quarry surveying and to make an accurate volume calculation is the economic 
factor. Mining is a commodity that is bought and sold and is subject to 
environmental tax. In the quarry "Gravas" is received gravel, the market price for 
gravel in Vidzeme region is 3 to 5 EUR / m3. The average price of sand in Riga 
region is 2 to 6 EUR / m3. In its turn, the tax on natural resources for sand is 0.14 - 
0.45 EUR / m3, but for the gravel 0.36 EUR / m3. 
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Figure 3. Volume in quarry "Gravas" 
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and 4. Based on these calculations, you may think that measuring with a GNSS 
receiver is beneficial because you have to pay less. The tax difference between the 

 

 if the price of gravel is 3 EUR / m3 - 3684 EUR; 
 if the price of gravel is 5 EUR / m3 - 6140 EUR. 

Table 3 Natural resource tax on quarry "Gravas" 

Surveying method Volume, m3 Natural resource tax, EUR 
GNSS 3163 1138.68 

aerial photography 4291 1544.76 
aerial laser scanning 4391 1580.76 

Table 4 Market prices for gravel in  

Surveying method Volume, m3 price of gravel  
3EUR/m3, EUR 

price of gravel  
5 EUR/m3, EUR 

GNSS 3163 9489 15 815 
aerial photography 4291 12 873 21 455 

aerial laser scanning 4391 13 173 21 955 

Comparing the resulting mineral tax on the amounts calculated by aerial 
 

 if the price of gravel is 3 EUR / m3 - 300 EUR; 
 if the price of gravel is 5 EUR / m3 - 500 EUR; 

The quarry "Kalni" produces a mining excavation - sand. As the tax on natural 
resources extracted from sand is variable, the minimum and maximum tax rates 
were calculated (Table 5). Estimated volumes were obtained by comparing GNSS 
and tachymeter measurements with the results of aerial photography and aerial laser 
scanning. 

Table 5 Natural resource tax on quarry "Kalni" 

Surveying method Volume m3 Natural resource tax,  
(0,14 EUR/m3), EUR 

Natural resource tax,  
(0,45 EUR/m3), EUR 

GNSS 102 14.28 45.90 
Remote sensing 121 16.94 54.45 

Table 6 Market prices of sand in the quarry "Kalni" 
  

Market price of sand 
Surveying 

method 
Volume, 

m3 
2 

EUR/m3, 
EUR 

3 
EUR/m3, 

EUR 

4 
EUR/m3, 

EUR 

5 
EUR/m3, 

EUR 

6 
EUR/m3, 

EUR 
GNSS 102 204 306 408 510 312 

Remote 
sensing 

121 242 363 484 605 726 

up to 414 EUR. From the economic calculations made, it can be concluded that in 
any case it is better to pay a higher tax on the natural resources obtained, as the 
benefit of the market price will outweigh it. 
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CONCLUSIONS

The most important task in quarry surveying is to obtain a surface relief model 
appropriate to the situation in the area, prepared from surveyed points that meet the 
accuracy requirements. Surveying quarries using remote sensing technologies takes 
less than half the time, but it requires the acquisition of several programs required 
for preparation, surveying and data processing. Taking into account the principles 
and peculiarities of the survey methods, it is necessary to choose the most suitable 
surveying method for the quarry. As a proof of this, in the quarry "Gravas", surface 
relief model was visually successful using both remote sensing methods, but in the 
volume calculation, it differs by 200 m3. On the other hand, there is no difference 
between aerial photography and aerial laser scanning in the quarry because there is 
no vegetation. Consequently, aerial photography should not be used in vegetation. 
Accuracy in the preparation of surface relief models is most closely reflected in 
economic calculations, as a useful excavation is a commodity that is bought and 
sold and subject to tax. Choosing to rely on volume calculations based on GNSS 
and total station data can cost you thousands of euros. In quarry "Gravas" this sum 
is 6000 euros. Conversely, the wrong choice between remote sensing methods can 

relatively small and the loss of 500 euros is significant. 
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