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1 Introduction 
Surveying (land surveying, mining surveying etc.) or more generally spoken geodesy is 
an engineering discipline which delivers valuable data for engineers dealing with geotech-
nical or rock mechanical problems. With quite different techniques surveyors determine 
or monitor ground movements and deduce related values like subsidence, heave, incli-
nations, tilting, strains etc. They also deliver digital elevation models (DEM) useful for the 
setup of numerical models for more detailed rock mechanical stability and deformation 
analysis. The surveying can vary from micro-scale to macro-scale, depending on the task 
and the used technique, resolution and size of the considered objects. Surveying data 
are important for geoengineers in several directions, they can be used for instance for: 
 Monitoring of surface movements for risk evaluation and early warning systems 
 Evaluation of functionality of geotechnical support measures 
 Validation of numerical simulation results 
 Set-up of DEMs 
 Geotechnical backanalysis 
 Research in respect to unsolved geotechnical phenomena  
 Preservation of evidence 
 Documentation of archaeological sites 
 etc. … 
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2 Classification of surveying techniques 
According to the object, surveying can be classified by the following types: 
 Engineering Surveying (roads, railways, reservoirs etc.) 
 Military Surveying 
 Mine Surveying 
 Geological Surveying 
 Marine Surveying 
 Archaeological Surveying 

In general, one can distinguish between geodetic and plane surveying. Geodetic survey-
ing is performed on an ellipsoid, representing in first approximation the earth, to make 
precise measurements over large areas and distances, respectively. Plane surveys are 
performed on an assumed plane to compute horizontal positions (earth is approximated 
by a flat plane, curvature can be corrected). Fig. 2.1 illustrates the five basic types of 
surveying. According to the used instruments and methods, respectively, surveying can 
be classified as follows (see also Fig. 2.2): 
 Chain surveying 
 Compass surveying 
 Theodolite surveying (measuring horizontal and vertical angles) 
 Traverse surveying 
 Triangulation surveying 
 Tachometric surveying 
 Plane table surveying 
 Photogrammetric surveying 
 Laser scanning based surveying 
 Aerial surveying 
 Satellite surveying (remote sensing) 
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Fig. 2.1: Five common types of survey measurements: horizontal distances and angles, vertical dis-

tances and angles, slope distances (Wyoming, 2013). 

 

 
Fig. 2.2: Illustration of different monitoring methods: ALS = Airborne laser scanning, TLS = Terrestric la-

ser scanning, RTS = Robotic Total Station, InSAR = Interferometric Synthetic Aperture Radar, 
GNSS = Global Navigation Satellite System, GBSAR = Ground Based Synthetic Aperture Radar 
(Lienhart, 2017) 
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Tab. 2.1: Characterization of typical survey techniques (Ogundare, 2016) 

 
 
 

 
Fig. 2.3: Typical application scales for different surveying methods (Opitz, 2013) 
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Tab. 2.2: Main differences between InSAR and GB-InSAR (Ogundare, 2016) 

 
 
The selection of the appropriate surveying technique depends on serval factors and in the 
most cases it’s a trade-off. Sometimes a combination of several techniques is recommended. 
The most important factors are: 

 Required accuracy 
 Costs 
 Availability 
 Robustness 
 Distance between device and object 
 Access to object 
 Size of object 
 Duration of monitoring 
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3 Selected popular surveying techniques in geoengineering 
 Total station measurements 

Typical components of a total station are: 
 Total station measuring unit 
 Reflectors 
 Tripod 
 Tribrach 
 GNSS poles 
 Levelling bars 
 Micro-processor incl. data acquisition system 

Total stations allow to measure distances, horizontal and vertical angles as well as ele-
vations in topographic areas. Measuring distances can reach up to a few kilometres, but 
they are typical in the range of a few 100 m. Data management is done by a micro-pro-
cessor. 
 

   
Fig. 3.1.1: Total station with levelling bars and reflector (Leica geosystems, company material) 

 Satellite / aerial based measurements 
Different satellite systems exist, like the Russian system ‘GLONASS’, the Chinese system 
‘BeiDou’, the US system ‘NAVSTAR GPS’ or the European system ‘Galileo’. If several 
systems are used the term GNSS (Global Navigation Satellite System) is used. Satellite 
based measuring systems need a receiver and contact with several satellites (see 
Fig. 3.2.1). Horizontal accuracy is in the range of millimetres, while vertical accuracy is in 
the order of centimetres. In case of further detailed processing the vertical accuracy can 
be further improved towards millimetres. Two types of GNSS surveying can be distin-
guished: static and dynamic; and two methods can be distinguished: relative positioning 
and absolute positioning (see Fig. 3.2.2). Accuracy of the static method is higher than 
those of the dynamic method. 

Static surveying uses two or more stationary (fixed) receivers. The operation time of the 
receivers is called occupation. The longer the occupation time, the better the resolution. 
Dynamic surveys obtain one fixed station and several others moving around. 
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Fig. 3.2.1: Illustration of the operation of a GNSS system (here: GPS) 

 

 
Fig. 3.2.2: Classification of GNSS (PPP = Precise Point Positioning; SPP = Single Point Positioning; 

DGNSS = Differential GNSS; RTK = Real Time Kinematic, PPK = Post Processing Kinematics) 
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Unmanned aerial systems (UAVs) are becoming more and more popular due to flexibil-
ity, low costs and fast data acquisition (see Tab. 3.2.1 and 3.2.2). An UAV system (see 
Fig. 3.2.2) consists of the following parts: 
 Airframe incl. navigation system (GNSS), inertial navigation system, power sys-

tem, flight control system and measuring unit 
 Ground control system 
 Communication system  

The measuring unit can comprise: 
 Digital photo cameras (images or videos; photogrammetry see Fig. 3.2.3)  
 Thermal cameras based on infrared radiation measurements 
 Multispectral cameras (observation of non-visible light of specific spectra) 
 LiDAR (Light detection and ranging) 

Tab. 3.2.1: Comparison of different types of UAVs: 1 = low, 5 = high (Gordian et al., 2020) 

 
 
 

Tab. 3.2.2: Advantages of UAV surveying (Gordian et al., 2020) 
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Tab. 3.2.3: Comparison between total stations and satellite-based techniques (Yuwono & Prasetyo, 2019) 

 
 
 

    
Fig. 3.2.2: Unmanned Aerial Vehicle (UAV) with camera (left) and GPS antenna with controller (Leica and 

Trimble, right, company material) 

 

 
Fig. 3.2.3: Principle of aerial photogrammetry  
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 Terrestrial laser scanning  
Terrestrial laser scanning (TLS) is a modern terrain mapping and monitoring method. TLS 
measurements are performed from many positions connected with a common reference 
point. The obtained point cloud provides an image of the scanned space. Typical dis-
tances are a few meters of up to a few kilometres. Laser scanning is typically used in one 
of the following two forms: 
 TOF (time-of-flight) measurements (measures travel time of short impulses emit-

ted from the device) 
 Phase-shift measurement (continuous beam is transmitted and phase shift be-

tween emitted and received signal is evaluated)  
Besides these two basic techniques photogrammetric scanning can be performed to ob-
tain the 3D structure of small objects. 
 

    
Fig. 3.3.1: Terrestrial laser scanner (Leica geosystems, company material) 

TLS is used for many purposes in geoengineering, for instance for: 
 Monitoring of landslides / slope stability and deformation 
 Observation / monitoring of infrastructure projects like dams, bridges, buildings, 

tunnels, roads etc. 
 Mine slope deformation and stability 
 3D visualisation of archaeological sites 
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4 Accuracy and precision of surveying techniques 
Accuracy is the degree of conformity of a given measurement with a standard value. Pre-
cision is the extent to which a given set of measurements agree with their mean. Errors 
are the difference between a measured value and its true value. The true value of a 
measurement is determined by taking the mean value of a series of repeated measure-
ments. Errors can be subdivided into instrument errors, human errors and natural errors. 
The aim should be, to reduce the errors to a minimum. This can be reached by precise 
and careful handling of the instrument, avoiding any kind of operation mistake using the 
equipment and correction for environmental impacts. 
 
Any survey results should contain a detailed error analysis. Ogundare (2016) and Ghilani 
& Wolf (2012) explain in detail the corresponding procedures. The following tables pro-
vide an impression about accuracy and precision, respectively, in combination with typical 
ranges of application for different surveying techniques. 

Tab. 3.1: Typical range of application and accuracy of different surveying methods (Gili et al., 2000) 
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Tab. 3.2: Resolution quality of airborne photogrammetry (Wyoming, 2013) 

 
 

Tab. 3.3: Accuracy of total station and GPS based measurements (Wyoming, 2013) 

 
 

Tab. 3.4: Precision of levelling (Ogundare, 2016) 
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Tab. 3.5: Precision of distance measuring (Ogundare, 2016) 

 
 

 
Fig. 3.1: Deviation (elevation of points) from high precision total station measurements: RTK and 

CROPOS are satellite-based methods; UAS is an unmanned aerial drone photogrammetric sys-
tem (Moser et al., 2016) 
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Tab. 3.6: Accuracy of different LiDAR sensors used in UAVs (Gordian et al. 2020) 

 

Tab. 3.7: Accuracy and application range of laser scanning (Opitz, 2013) 

 

Tab. 3.8: Accuracy of TLS (Soudarissanane, 2016) 

 
  



Surveying for geotechnical engineers 
Only for private and internal use!   Updated: 05 March 2021  

Page 16 of 32 

5 Rock mechanical examples 
 DEM for a rock mass system  

Herbst & Konietzky (2012) describe the use of 3D numerical modelling to investigate po-
tential rockfall in a sandstone massif (Fig. 5.1.1). The workflow illustrated in Fig. 5.1.2 
starting with in-situ investigations and measurements and ending with a stability analysis 
based on a numerical model. The numerical model is based on a DEM obtained by ter-
restrial laser scanning with resolution of 5 cm, which corresponds to 11.5 Mio points 
(Fig. 5.1.3) supplemented by airborne photogrammetry. Fig. 5.1.4 shows a plane view of 
the DEM after smoothing and filtering procedure. Exemplary, Fig. 5.1.5 shows a simula-
tion result of the numerical model. 
 

 
Fig. 5.1.1: Photo of sandstone massive under investigation (Herbst & Konietzky, 2012) 

 

 
Fig. 5.1.2: General workflow scheme (Herbst & Konietzky, 2012)  
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Fig. 5.1.3: Position of TLS devices (left) and point cloud as TLS result (right; both: Herbst & Konietzky, 

2012) 

 
Fig. 5.1.4: Plane view of TLS results after data management (Herbst & Konietzky, 2012)  

 
Fig. 5.1.5: Simulation result of the numerical model based on TLS data (Herbst & Konietzky, 2012)   
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 Surface movements due to mining activity 
During active mining, but also during flooding of mines significant surface movements 
take place. Numerical simulation can help to predict such movements and to understand 
the mechanisms behind. The following example is related to the abandoned coal mine 
region Lugau-Oelsnitz in Germany (Lüttschwager et al., 2020; Zhao & Konietzky, 2020). 
Survey data are used for the calibration of the numerical model, so that prediction be-
comes reliable. Fig. 5.2.1 shows the annual surface uplift rates for different time periods 
obtained from ground-based levelling and satellite data (InSAR). Fig. 5.2.2 shows a com-
parison between survey data and numerical model results and Fig. 5.2.3 shows numerical 
predictions for surface movement in the future up to the year 2038. The general numerical 
simulation procedure is documented in Fig. 5.2.4. This project is a good example to doc-
ument the combined use of total station and InSAR measurements. The first one has 
higher accuracy, but is restricted to several points; the latter is less precise, but delivers 
data for a large area. Also, InSAR data are always available, specific measurement cam-
paigns like for total station measurements are not necessary. 
 

 
Fig. 5.2.1: Annual surface uplift rates for different time periods based on ground levelling and InSAR data, 

the thick black line marks the envelope of the mining area (Lüttschwager et al., 2020). 
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Fig. 5.2.2: Numerical modelling results for vertical uplift compared with levelling and InSAR data 

(Lüttschwager et al., 2020) 

 

 
Fig. 5.2.3: Numerical modelling results for vertical uplift (Lüttschwager et al., 2020) 
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Fig. 5.2.4: Workflow of numerical modelling procedure to predict uplift (Zhao & Konietzky, 2020)  
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 Deformation survey for water dams 
Water dams are critical infrastructure elements which need careful monitoring to avoid 
any damage which could lead to disasters. Besides geotechnical measurements like ex-
tensometer, inclinometer, Fissurometer, load cell, piezometer etc. measurements, also 
geodetic surveying plays an important role. Dam surveying goes down to the sub-milli-
metre range and depending on type of measurement they are performed frequently (ei-
ther continuously or daily or weekly) or in longer time intervals (monthly, yearly). Survey 
data are input for any kind of geotechnical stability and deformation analysis mainly per-
formed via numerical modelling. Typical surveying methods for dam monitoring are (e.g. 
Scaioni & Wang, 2016; Scaioni, 2018): 
 Terrestrial laser scanning 
 Ground-based and spaceborne InSAR 
 Digital photogrammetry 
 Total station measurements / optical levelling 

Berberan et al. (2011) document the combined usage of TLS and photogrammetry to 
monitor dam deformations. For TLS 3 scan positions and 27 reflectors were used 
(Fig. 5.3.1). Deformations deduced from TLS are documented in Fig. 5.3.2 and 5.3.3. 
 

 
Fig. 5.3.1: Point cloud obtained from TLS including scan and reflector positions (Berberan et al., 2011) 
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Fig. 5.3.2: Longitudinal cross section (design surface and real values from 2003, 2005 and 2007) based 

on TLS data (Berberan et al., 2011)  

 

 
Fig. 5.3.3: Deformation (in m) of the dam between March and August 2010 deduced from TLS (Berberan 

et al., 2011) 
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 Landslide surveying 
Landslide surveying can be classified as follows: 
 landslide recognition and backanalysis 
 monitoring of active landslides 

Liu & Wang (2008), Gili et al. (2000) and Scaioni et al. (2014) provide an overview about 
methods used in landslide surveying (see also Fig. 5.4.1 and 5.4.2). Kovacs et al. (2019) 
document the monitoring of a landslide via a total station network. Fig. 5.4.3 to 5.4.6 il-
lustrate the obtained results. 
 

 
Fig. 5.4.1: Surveying techniques for landslide recognition: HR: High Resolution; VHR: Very High Resolu-

tion (Scaioni et al., 2014) 

 

Fig. 5.4.2: Surveying techniques for landslide monitoring: HR: High Resolution; VHR: Very High Resolu-
tion (Scaioni et al., 2014) 
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Fig. 5.4.3: Top: landslide location with monitoring points; bottom: photographic documentation of the land-

slide evolution with visually recognizable the crack development (Kovacs et al., 2019) 
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Fig. 5.4.4: Displacements of monitoring points in different regions (1 = x-component, 2 = y-component, 

3 = z-component) (Kovacs et al., 2019) 

 

 
Fig. 5.4.5: Measured displacements during first measuring campaign (a: x-component, b: y-component, 

c: z-component) (Kovacs et al., 2019) 
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Fig. 5.4.6: Velocities, movement direction and dip angles of measured displacements 

(Kovacs et al., 2019) 

Samsonov et al. (2020) have used differential InSAR (DInSAR) in combination with the 
multidimensional small baseline subset method (MSBAS-3D) to monitor the Funu land-
slide in Congo, Africa (see Fig. 5.4.7). The total landslide thickness is about 400 m, while 
the height of the main scarp is about 100 m. The used pixels have a distance of 5 m x 5 m 
and the estimated precision is better than 2.8 mm, 1.4 mm and 0.5 mm for north, east 
and vertical direction, respectively. Fig. 5.4.8 to 5.4.11 show the obtained displacement 
rates. The movement is very slow in the order of 20 to 50 mm/year. Data from 3/2015 to 
1/2019 were evaluated. Based on these high-resolution survey data, geotechnical risk 
analysis incl. numerical modelling and long-term prediction has to follow.  
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Fig. 5.4.7: Drone photograph of Funu landslide (Congo, Africa) (Samsonov et al., 2020) 

 
Fig. 5.4.8: Deduced horizontal deformation rates (Samsonov et al., 2020) 
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Fig. 5.4.9: Northward component of displacement rate (Samsonov et al., 2020) 

 
Fig. 5.4.10: Eastward component of displacement rate (Samsonov et al., 2020) 
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Fig. 5.4.11: Vertical component of displacement rate (Samsonov et al., 2020) 

 

 Monitoring of ground movement due to water table drawdown 

Satellite data like InSAR data cannot be used for real-time monitoring, but they can be 
used to analyse surface movements like settlement or uplift in the past. Data are perma-
nently and globally available since about 1998.  
 
Fig. 5.4.12 shows InSAR monitoring results for an area with water table drawdown. In-
duced settlement reaches up to 35 mm within about 2 years. Under the assumption of 30 
separate recordings for a time period of about 2 years the precision equals ± 5 mm for 
displacement magnitude and about 1 mm/year for displacement velocity. 
 
 



Surveying for geotechnical engineers 
Only for private and internal use!   Updated: 05 March 2021  

Page 30 of 32 

 

Fig. 5.4.12: InSAR data for monitoring surface movement due to water extraction: contour plot of vertical 
ground surface movement velocity [mm/year] and vertical displacements [mm] along the profile 
A-B for several points in time (Radoncic et al., 2021) 
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