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Sammanfattning 
 
Jämförelse av fotogrammetrisk tolkning med manuella fältmätningar 
Fredrik Osterman 
 
Sprickkartering av berggrund och kunskap om hur bergets hållfasthet och stabilitet 
påverkas av sprickor är viktigt i konstruktionssammanhang. Dessa faktorer dikterar till 
stor del var man kan och inte kan bygga i berg samt till vilken grad förstärkningar och 
säkerhetsåtgärder behövs. I en stad lik Stockholm vars infrastruktur tvingas anpassa 
sig efter en kraftigt växande befolkning sätts dessa kunskaper i en ännu mer central 
roll för att kunna säkerställa stadens fortsatta utveckling. Sprickkartering utförs 
traditionellt av en geolog som med hjälp av en kompass manuellt mäter sprickors 
orientering. Detta medför dock uppenbara risker då denna fysiskt måste befinna sig 
nära bergskärningen för att kunna utföra mätningar av sprickor och strukturer. I vissa 
fall kan geologen, av säkerhetsskäl, inte alls närma sig den berörda ytan vilket 
omöjliggör en detaljerad kartering. Tidsaspekten av det hela bör inte heller bortses då 
manuella fältmätningar ofta är tidskrävande. Detta har resulterat i att nyare och 
säkrare teknologiska metoder för kartering och klassificering av berg både utvecklas 
och prövas. Sveriges geologiska undersökning (SGU) förvärvade 2015 
fotogrammetrisk karteringsutrustning och 3D-modelleringsprogrammet ShapeMetriX 
för att effektivisera sprickkarteringsarbetet, erhålla data med högre kvalitét och öka 
säkerheten för personal I fält. I denna rapport utvärderas nämnda 
stereofotogrammetriska karteringsmetod med tillhörande analysmjukvara genom en 
jämförelse av dess resultat med manuella fältmätningar.  
    Kontrollen utfördes på tre berghällar; en belägen på Torsgatan, en central gågata 
strax nordväst om centrala Stockholm och de andra vid Kungens kurva, en 
byggarbetsplats i närheten av Skärholmen i södra Stockholm. 
    Resultat av studien visar att ShapeMetriX mätningar väl stämmer överens med 
manuella fältmätningar och även att metoden har en del starka fördelar likväl som 
nackdelar jämfört med konventionella mätmetoder. 
 
Nyckelord: Sprickkartering, fotogrammetri, 3D-modellering, bergklassificering, 
säkerhet i fält 
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Abstract 
 
Comparison of Photogrammetry Interpretation with Physical Structural Field 
Measurements 
Fredrik Osterman 
 
Fracture mapping of bedrock and knowledge about how fractures influence rock 
strength and stability is of great importance in a constructional context. These factors 
largely dictate where one can build and not build in rock, and to what extent 
reinforcements and safety measurements are needed. In a city like Stockholm where 
infrastructure has been forced to expand due to a rapidly growing population, this 
type of knowledge plays a central role to ensure continued development. Fracture 
mapping is traditionally executed by a geologist who manually measures fracture 
orientations with a compass. However, this method bears obvious risks as the 
geologist must physically approach a possibly unstable rock face to carry out manual 
measurements of fractures and structures. In some cases, the geologist is not even 
allowed to approach the rock face for safety reasons. The aspect of time should not 
be neglected either since the process of manual measurements is often time 
consuming. This has resulted in newer and safer technological methods being 
developed and tested. In 2015, The Geological Survey of Sweden (SGU) acquired 
photogrammetrical equipment and 3D-modelling software ShapeMetriX to ease the 
fracture mapping process, obtain data of higher quality and increase personnel safety 
in the field. In this report, the photogrammetrical system is quality tested by 
comparing its results with manual field measurements. The control was carried out on 
three different rock faces in two locations; Torsgatan, a central street in Stockholm, 
and Kungens kurva, a construction site southwest of central Stockholm. 
    The study shows that the results of ShapeMetriX correspond well to the manual 
field measurements and that the method has several advantages as well as 
disadvantages compared to conventional mapping methods. 
 
 
Key words: Fracture mapping, photogrammetry, 3D-modelling, rock classification, 
field safety 
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1 Introduction 
 
The modern society is growing rapidly and the demand for efficient methods of 
mapping brittle geological structures is growing with it. Of all cities in Europe, 
Stockholm is expanding the fastest with numerous infrastructural projects to improve 
accessibility and communications (Efendic, 2015). These projects, two of which being 
Förbifart Stockholm and Citybanan, are examples of major efforts that have been 
made to accommodate a larger population and to further demographic, economic 
and infrastructural growth.  
    Brittle structures (fractures, fracture zones, crush zones, etc.) strongly influence 
the bedrock’s strength and stability. Understanding fracture characteristics and 
fracture interaction is important, particularly during large scale infrastructural projects.   
    To accommodate space for roads or railways, both on the surface and 
underground, the need for blasting in bedrock is inevitable. Either prior to or after 
blasting, the bedrock needs to be reinforced to some degree. This because the 
overall bedrock stability might be disturbed by the blast or rock support being 
removed. Whether reinforcement is needed depends on the presence of fractures 
and intersecting fracture sets and more importantly on fracture orientation relative to 
each other and the blasted rock face. Unfavourable orientations of fractures in 
combination with vibrations (for example from blasting or vibrations from a nearby 
road) or removing rock support will in worst case scenario cause sliding or falling of 
rocks. In some cases, blasting may induce fracturing of earlier unfractured rock in 
addition to older fractures being weakened. Thus, it is critical for geologists to 
measure and visualize brittle geological structures in a preliminary investigation to 
determine a suitable method of securing the rock mass.  
    Conventional mapping methods, such as physically measuring structures with a 
compass either at an open excavation or in a tunnel, has the advantage of precision 
but is often risky for the person carrying out the measurement. Conventional mapping 
methods have been the standard for many years, and though many might argue that 
it still is the standard, new methods of mapping geological structures have risen 
alongside the technical revolution and are growing in popularity. Photogrammetry is 
an old and widely used method of remote sensing, but used as a method of 
visualizing geological structures it is not nearly as extensive. SGU (Geological Survey 
of Sweden) acquired photogrammetric equipment in 2015 and a 3D-modelling 
software ShapeMetriX 3D to improve the general process of mapping and visualizing 
brittle geological structures in bedrock. The photogrammetry system is expected to 
improve safety in the field, to improve and standardise the mapping process, to 
increase efficiency and to collect fracture data with higher quality (Curtis, 2015).  
 
1.1 National Fracture Database 
 
The national fracture data base was established by the Geological Survey of Sweden 
with the purpose of collecting and storing fracture data of the Swedish bedrock. 
Fracture data and the information about local fracture systems have been neglected 
in the past, which is the reason for a lack of fracture data today (Curtis, 2015, p.1). 
Fracture data are normally collected by consultants during the early stages of 
different infrastructural projects. However, the collected data are rarely re-used. Even 
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though fracture data might already exist in a specific area, new projects set in that 
area initiate surveys with the purpose of mapping fractures. The national fracture 
database is an attempt to meet the societal and industrial need for open information 
of brittle structures (Petersson et. al, 2015, p.2). 
    The data base is made up of internal data, data collected directly by SGU, or 
external data, data collected by consultants and contractors (Curtis, 2015, p.2). 
Initially, though, the database will be constructed from already existing data 
(Petersson, et. al, 2015, p.iii). The Rock Engineering Research Foundation in 
Sweden states that the industry sees a need for a national data base that treats and 
stores information about brittle structures (Petersson, et. al, 2015). 
 
 
1.2 Objective of the study 
 
The main objective of this study is to perform a quality control of the 
stereophotogrammetrical equipment along with the 3D-modelling software 
ShapeMetriX 3D by comparing its results to manual measurements. Another goal is 
to collect fracture and bedrock data (that can be used in rock mass characterization) 
from different localities as well as to determine the dominant fracture orientations 
manually. The manual interpretation of fracture sets will be the basis for a 
comparison with fracture sets interpreted by ShapeMetriX. 
 
1.3 Background 
 
Photogrammetry is a remote sensing method that utilizes photos for interpretation. 
The method involves measuring distances and geometric features of objects in 
photos, given a reference frame (Lantmäteriet, u.å.). Stereophotogrammetry is a 
method that uses a stereo pair of photos which enables a more detailed analysis and 
interpretation than regular photogrammetry. The use of stereoscopic photos enables 
the viewer to experience the photographed objects in 3D. The science behind 
stereophotogrammetry is similar to that of human vision. The ability to see in 3D 
comes from a person’s eyes perceiving surrounding objects from two different 
angles. The same principle is applied to photogrammetry where a pair of photos are 
taken at different angles relative to a fixed point (Lantmäteriet m.fl. 2013, p.181-205). 
The identification of a common point in two different photos is the foundation of 
turning two 2D photos into one 3D image. From the common point, a ray is projected 
through the camera’s perspective centre. Since there are two photos that share this 
point, two rays will intersect at a certain point between the object and the position of 
the camera. Given that the orientation of the camera is known, it is possible to 
determine the exact three-dimensional location of the intersecting point (Birch, 2006). 
     

1.3.1 Description of the System 
 
The photogrammetry system is a product by the Austrian company 3GSM and 
consists of a camera with accessories, a range pole and a 3D-modelling software. 
The system was mainly developed to enable a fast and safe way for engineers and 
geologists to map, interpret and evaluate geological structures on rock surfaces and 
in tunnels, rather than being a tool for photogrammetry users (Curtis, 2015, p.6). 
ShapeMetriX makes use of photogrammetry technique to combine two photos taken 
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freehand into one 3D image. To create a 3D image, two photos must be taken with 
different angles relative to each other - however, the pictures must have overlapping 
areas and intersecting, corresponding points. Only the area that overlaps can later be 
viewed in 3D (Schubert & Kluckner, 2015, p.2).  
    The camera comes pre-calibrated with two different lenses; a wide-angle lens 
suitable for larger rock surfaces and a zoom lens suitable for taking photos from a 
distance. The wide-angle lens creates slightly more distortion than the zoom lens, but 
enables a wider part of the rock face being captured in one photo. 
    The Range Pole is a 2.35 m long pole which connects two control disks at its ends. 
The Range Pole is used together with a third disk, a ground control disk, to give the 
final 3D image an orientation in space. However, to do this the coordinates of the 
range pole and the control point as well as the azimuth of the reference line 
(imaginary line from the range pole to the control point) must be measured 
beforehand. 
    ShapeMetriX is the name of the software suite that is used to analyse and assess 
geometrical features in 3D images. The suite consists of six extensions. The 
extensions that were used in this study are:  
 

• RecAssistant: used to merge two images into a 3D image. 
• SurfaceTrimmer: used to trim obsolete parts of a 3D image. 
• ModelMerger: used to merge two or more 3D images with each other. 
• Normalizer: referencing the 3D image using the range pole and the ground 

control disk. 
• Analyst: viewing and analysing the final referenced 3D-image. 

 
According to 3GSM (2011), the system is capable of measuring and/or displaying: 
 

• Length (distances, intervals) in m. 
• Area in m2. 
• Spatial orientation of discontinuity surfaces or whole rock wall areas. 
• Discontinuity spacing. 
• Discontinuity frequency. 
• Automatic Stereonet plots. 
• Contour plots. 
• Height contours. 
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1.3.2 Bedrock in Stockholm Area 

The bedrock in Stockholm is largely composed of paleoproterozoic, metasedimentary 
rocks and granitoids of roughly the same age. These rocks are typically older than 
1906 Ma and formed and were deformed formed during the Svecokarelian orogeny, 
2000 – 1800 Ma (Wik et al. 2004). Intrusive rocks in the area are of granitic, dioritic 
and gabbroic composition. These tend to be strongly foliated and are mainly located 
in in the southern parts of Stockholm. Other rocks that dominate the southern parts 
are the older metasedimentary rocks, commonly containing switching bands of mica 
and pegmatite. The granitoid rocks dominate the northern parts of Stockholm and are 
more informally known as Stockholmsgranit (Wik et al. 2004). Some ultramafic 
intrusive rocks can be found in a few places, ages 1870 Ma and older. The 
Stockholm area has been exposed to numerous deformation events which has led to 
gneissic appearance on almost all rocks.  
 
 

Figure 1. Geological map of Stockholm County showing highly metamorphosed 
metasedimentary rocks in the south and the less metamorphosed granitoids in the north. 
The map also shows one antiform in the lower far right corner, approximately plunging to the 
east and a synform in the middle of the map plunging to the east. The scale is 1:250000 
(SGU Kartvisare, 2017). 
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1.3.3 Influence of Fractures on Rocks  
 
Fractures are among the most abundant geological structures in rocks. The 
knowledge of how fractured rocks behave under stress and how the fractures interact 
with each other is important information for engineering geologists. A fracture is a 
term that describes the loss of continuity in a material and is associated with the 
strength of that material being degraded. Fractures are created when a rock is put 
under stress and it inherits brittle failure (van der Pluijm and Marshak, 2004, p.117).          
A solid material can experience three main types of deformation: plastic deformation, 
elastic deformation and brittle deformation (van der Pluijm and Marshak, 2004, P. 
109). Rocks that experience high pressure and heat, much like the setting in the 
mantle and the lower part of the lithosphere, will behave plastically when put under 
stress. This means that the rock will change its shape to accommodate a change in 
stress. Once deformed, the rock will in this case not return to its original shape.      
Rocks on the surface of earth will on the other hand behave elastically when stress is 
applied. Elastic deformation is unlike plastic deformation a reversible process. This 
means that a rock can accommodate a certain stress without fracturing, by stretching 
itself, only to return to its original shape when stress is removed. If, however the 
differential stress is increased to a point at which the process is no longer reversible, 
the so-called elastic limit, the rock will fracture and brittle deformation will occur (van 
der Pluijm and Marshak, 2004, p. 104).  
    While one single fracture in a body of rock is not likely to weaken the rock 
significantly - many will. It is therefore important to group several fractures with 
similar orientations to be able to predict how the rock will behave when stress is 
applied or removed. Grouping of fractures is normally done using the terms fracture 
set and fracture system. One distinguishes between a fracture set, which is a group 
of fractures with similar orientations (planes sub parallel to each other), and a fracture 
system, which is one or more intersecting sets (McClay, 1992, p.116-118).  
    The amount of fractures and the amount of fracture sets strongly govern the shear 
strength of a rock. Fracture sets often inherit geometrical patterns and depending 
how extensively these sets have developed the rock strength might be strongly 
degraded (Bell, 1992). To describe the number of sets at a given location, and given 
that one must distinguish systematic fractures from random ones, Barton (1978) 
suggested that the number of fracture sets should be described as following: 
 

1. Massive, occasional random fractures 
2. One fracture set 
3. One fracture set plus random  
4. Two fracture sets 
5. Two fracture sets plus random 
6. Three fracture sets 
7. Three fracture sets plus random  
8. Four or more fracture sets 
9. Crushed and earth-like 
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Other factors that determine the strength of the rock are fracture spacing (mean width 
between fractures), number of fracture sets and their relative orientations to each 
other, fracture fillings (minerals such as calcite, chlorite, talc, etc.), joint roughness 
(roughness of the actual fracture plane), and how persistent the fractures are. The 
latter is difficult to assess, since an estimation of the continuity of a given fracture is 
limited to the exposed outcrop.  
    Fractures in a rock make it difficult to predict reliably how it will behave under 
stress. While the mechanics of a non-fractured mass of rock is well understood, the 
mechanics and behaviour of heavily fractured rocks are known very little about 
(Hoek, 1983, p. 5). This is due to the shear complexity that the fracture systems 
normally adopt in nature. It is therefore near to impossible to predict fracture 
interaction in a rock mass (Hoek, 1983). Fracture classification and characterization 
is a critical component for the geologist to determine the quality of a rock. The 
characteristics of discontinuities make up the RQD rock classification system and a 
large part of the RMR (Rock Mass Rating) system and the Q-system, which are three 
well known systems designed to help engineering geologists classify rock quality. 
 
  
 
 
 
 
 
 

Figure 2. An illustration with the purpose of graphically describing different fracture 
parameters as well as dip and dip direction of a plane (Hudson, 1989). 
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1.4 Description of Study Areas 

1.4.1 Kungens Kurva 
 
Kungens kurva is an area outside of Skärholmen in southwestern Stockholm. 
Currently, a new part of E4 is constructed at this locality which provides access to 
freshly blasted outcrops allowing to perform fracture studies. In the future, Kungens 
kurva will connect to Lunda in the north via a 16,5 km long tunnel as well as host a 
new interchange just south of Heron City, Lindvreten Norra (Trafikverket, 2016). The 
main study area is located where Lindvreten Norra is being built, a construction site 
manned and managed by Skanska on behalf of Trafikverket.  
    The main study area is further subdivided into two different outcrops that were 
studied for the quality control (figure 3), named KKU1701 (figure 5) and KKU1711 
(figure 4). KKU stands for Kungens kurva, 17 indicates the year and 01 and 11 refers 
to the outcrop.  
    Outcrop KKU1701 has a length of 87 m and an azimuth of 234°. Outcrop 
KKU1711 has a length of 120 m and an azimuth of 160°. 
    The dominant rock type of both outcrops is a migmatitic gneiss, a 
metasedimentary rock, with medium to coarse grain size (1-5 mm) and subordinate 
rock types such as pegmatite and diorite. The outcrops had sections of strong 
foliation as well as sections that appeared more massive and homogeneous. The 
foliation was locally folded and boudinage-structures were found in several places. 
Roughly 10% of the measured fractures contained rusty-coloured unconsolidated 
material with a thickness ranging from minimum of 1 mm to maximum of 10 mm. 
Around 16% of the measured fracture surfaces were covered by rust which could be 
scraped off with a nail. Some of these surfaces were magnetic and pyrrothite was 
locally observed on these fractures. At a few locations, fracture zones were 
observed. These zones contained several fractures, with roughly the same 
orientation, which due to the complexity could not easily be distinguished from each 
other. The width of these fracture zones ranged from a few centimetres to half a 
meter in some places. KKU1701 exhibits two major pegmatitic intrusions, one around 
1 m wide and the other around 30 cm wide. Both intrusions were cut by at least one 
(but not the same) fracture set. The main minerals found in the host rock were quartz 
and feldspar with lesser occurrences of micas and garnet. Some of the fractures 
fillings contained graphite, as was observed in the field. 
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Figure 3. Aerial view of Kungens kurva area. The two outcrops are marked with red lines, 
today’s E4 is stretching through the middle of the photo and Skärholmen is not entirely 
visible. This photo is however a few years old, which means that the outcrops were not 
exposed yet. The red lines are roughly located where the outcrops are today, but neither 
length nor orientation is to scale (Photo: Hans Ekestang, Trafikverket).  

Figure 4. Photo of supervisor Susanne 
Grigull testing the zoom lens on KKU1711 
(Photo: Fredrik Osterman, 2017). 

Figure 5. Photo of author Fredrik Osterman 
testing the wide-angle lens on KKU1701. 
Photo was taken the first day in field, after a 
major snow storm. The photos taken this 
day were discarded due to the snow 
covering the outcrop (Photo: Susanne 
Grigull, 2017). 
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1.4.2 Torsgatan 
 
Torsgatan is a main street that spans from Norra Bantorget to Torsplan in a north-
western direction in central Stockholm. The main section of study only made up a 
small part of the total stretch of Torsgatan, starting at St. Eriksplan and ending c.a. 
100 meter further south east. The outcrop in the study area is called TG1701, where 
TG stands for Torsgatan, 17 indicates the year and 01 refers to the outcrop. The 
outcrop is 110 m and has an azimuth of 161°. 
    The dominant geology of the outcrop was determined to be paragneiss with 
subordinate rock types such as pegmatite and diorite. Foliation was present but not 
as pervasive as in Kungens kurva. Generally, the outcrop seemed to contain a larger 
percentage of the subordinate rock types than the outcrops at Kungens kurva. There 
were also larger portions of the rock that were massive, without any signs of 
deformation.  
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. Satellite view of Torsgatan. Topographic map from Lantmäteriet (Lantmäteriet, 
2017). 
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2 Methods  
 
The control of the system is based on the comparison of photogrammetrical 
orientation measurements with manual orientation measurements as well as the 
comparison of a manual interpretation of fracture sets with an interpretation of 
fracture sets made in ShapeMetriX. 
    The field work is divided into manual orientation measurements and 
photogrammetrical orientation measurements. The latter is further subdivided into 
data collection (using the photogrammetry equipment) and data processing (using 
ShapeMetriX 3D). 
    The compass used in the field was not adjusted to the magnetic declination in the 
area at the time of measurement (Stockholm, +5° East (Magnetic Declination)). 5 has 
therefore been added to every measured strike value for compensation. It is to be 
noted that some of the measurements made at Kungens kurva might be affected by 
large powerlines running directly above a part of outcrop KKU1701. 
    The manually measured strike and dip values are point observations, that is, 
measured in one point on a given fracture surface. This point however, is chosen in 
such a manner that it would adequately represent the best-fit orientation of the entire 
surface. All strike and dip values measured in ShapeMetriX are based on a mean 
value of several points in the fracture surface area. ShapeMetriX displays orientation 
of a fracture plane as dip direction and dip rather than strike and dip. To obtain the 
strike value for the comparison, all dip direction values had to be manually subtracted 
by 90°.  
 
2.1 Manual Measurements 
 
To control and compare the photogrammetry interpretation, the strike and dip of 
individual fracture planes were measured manually. Strike is defined as the deviation 
of an imaginary horizontal line on a surface from geographic north. Dip is defined as 
the steepest descent on a plane - the largest possible acute angle between a 
horizontal plane and an inclined plane (Twiss & Moore, 2007, p. 693-695). To 
measure the orientation of planar and linear geological features, a handheld 
compass was used in accordance with the right-hand rule. The right-hand rule states 
that if you place your hand on a fracture surface with your palm facing downwards 
and your thumb extended at a 90° angle from the rest of your fingers, which point in 
the dip direction, your thumb will point in the strike direction.  
    If a surface was deemed too rough or too curved to measure in just one point, 
more than one measurement was made and a mean value was used for that fracture. 
If the fracture surface was out of reach or magnetic, an estimation of the strike and 
dip had to be done. For the fractures which did not have a surface or a sufficiently 
large surface, a flat and hard surface (a notebook) was used to simulate the fracture 
surface and its extension, which made it possible take measurements.  
    Fractures were measured and drawn into a sketch of the outcrop in the field 
notebook and photos were taken for each measured fracture. Without the drawing 
and the photos as reference, a comparison between the photogrammetry and 
manually measured would have been near to impossible.  
    As many fractures as possible were measured for the sake of data quality, but 
certain attention was paid to fractures with large exposed planes that could be easily 
recognized using the photogrammetry software.  
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    For the interpretation of the fracture sets, the poles to all manually measured 
fracture planes were plotted on a Stereonet. Contours were then created to see 
concentrations of poles which can be associated with dominant fracture orientations, 
or possibly fracture sets. To be able to compare the manual interpretation of fracture 
sets, a tool called clustering was used on the fracture orientation data from the 3D 
models in ShapeMetriX. This tool automatically gather fractures with similar 
orientations into clusters on a Stereonet, which also can be associated with dominant 
fracture orientations or possibly fracture sets. 
 
2.2 Using the Photogrammetry Equipment 
 
The photogrammetry equipment consists of a camera with two different lenses, a 
range pole and analysis software ShapeMetriX. Only the wide-angle lens was used 
for the quality control. The range pole was assembled and placed at the profile start, 
roughly 1-2 m from the rock face, and then levelled carefully to be vertical. A ground 
control disk was placed on the ground 1-2 m from the rock face, visible in the first 
photo pair.  
    When the range pole and the ground control disk was in place, the azimuth of the 
imaginary line between the two was measured. It is important to note that the 
orientation of the line should be pointing from the range pole to the control disk. The 
compass might be disturbed by the range pole, so it is recommended not standing 
close to it when carrying out the measurement. The coordinates of the start and end 
point were measured and recorded using a handheld GPS with SWEREF99 as 
coordinate system. The photos were taken in groups of four instead of two to have 
more options when creating the 3D model. 
    The photos were taken in such a manner that each of the four photos had 
approximately the same focal point and were taken from four different points, 
separated by a certain distance which differs depending on the camera’s distance 
from the profile. After one group of photos was taken, the next four photos were 
taken 2-3 meters to the right from the point at which the last photos were taken. This 
process was repeated throughout the profile. If the entire height of the profile couldn’t 
be captured without having to angle the camera, the upper part of the profile was 
dedicated its own group of photos. It was later decided that the photos from the 
upper part of the profile were not going to be used in the final 3D model. The photos 
from the lower part of the profile covered approximately 90% of the height which was 
sufficient for this study.  
 
 
2.3 Using ShapeMetriX 3D 
 
RecAssistant 
An image pair out of a total of four photos for each group was chosen (figure 7) and 
the pictures were manually aligned (figure 8). The crest and the toe lines were then 
manually drawn to define the rock face (figure 9). The software then created a rough 
3D image with a quality indicator. If the quality was satisfactory (indicator in the green 
area) (figure 10) one continued, but if the quality was unsatisfactory (indicator in the 
red area), one had to go back and choose another photo to pair the first photo with. 
This was repeated until the quality was deemed good enough upon which the final 
3D image was created. 
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ModelMerger 
A master 3D image and a slave 3D image were loaded. The software then identifies 
common points, on each 3D image, which are needed to merge the images. If no 
points are found (that is, most often, if the overlap isn’t sufficient), one can manually 
find points and mark them (figure 11). This was done on a few occasions. The 
models are then merged into one 3D image but one should manually trim the overlap 
area to decide where the final cut will be (figure 12). This is done using a trim 
polygon.  
 
Normalizer 
The merged 3D image was then imported into the normalizer extension and the 3D 
image was split up into the corresponding 2D-photos. The photo(s) containing the 
range pole and the ground control disk were located and chosen for normalization. 
The normalization works such as identifying the control disks on the two photos 
making up the concerned image pair. One will upon saving the model be prompted to 
enter the azimuth of the reference line. 
 
Analyst 
The final corrected 3D model was imported into the Analyst extension for 
interpretation. The tool Region Grow was used for all fracture surfaces. This tool 
automatically detects the fracture surface and creates an area which expands 
roughly to the borders of the surface (figure 13). The software then calculates a mean 
orientation based on point measurements inside of the defined area. One some 
occasions, when the fracture surface was too small for Region Grow to detect it, the 
Orientation Tool was used. The Orientation Tool acts as a normal point measurement 
which can be placed anywhere in the model. The Joint Trace tool, a tool that 
estimates fracture propagation, was used for some the fractures that didn’t have any 
visible planes.  
    ShapeMetriX interpretation of fracture sets is based on the tool Clustering. The tool 
plots the poles of the fracture orientations on a stereogram and divides them into 
groups based on the dip-direction and dip. Note that the orientations in Analyst is 
given in dip/dip-direction and not in strike/dip. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 7. Importing two photos with the 
same focus but taken from two different 
perspectives. Selecting type of lens, type 
of camera and the date of calibration 
(ShapeMetriX RecAssistant, 2017). 

Figure 8. The two pictures on top of each 
other with a bit of transparency. Manually 
lining up the photos to fit each other in one 
point to assist the software (ShapeMetriX 
RecAssistant, 2017). 
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Figure 10. A rough first 3D image with a quality indicator in the lower left corner. The green 
area represents an accurate geometrical representation whereas the red area represents 
poor geometrical representation (ShapeMetriX Rec Assistant, 2017).  

Figure 9. Manually trimming everything above the crest and below the toe of the rock face 
(ShapeMetriX RecAssistant, 2017).  
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Figure 12. The merged 3D image. The green part represents the first image and the purple 
part represents the second image. Trimming is done manually with the only criteria that the 
trimming polygon must be within the overlapping area (parts with both green and purple) 
(ShapeMetriX ModelMerger, 2017). 

Figure 11. Merging two 3D images. The green dots represent shared points and the green 
line represents the area of overlap, both of which are detected automatically by the software 
(ShapeMetriX ModelMerger, 2017) 
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Figure 13. Final 3D model with a few different surfaces measured. ShapeMetriX detects the 
fracture surface (or any other) and calculates a mean strike and dip value. The different 
colours of the arrows indicate different fracture sets that were automatically detected by the 
software (ShapeMetriX Analyst, 2017). 
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3 Results 
 
3.1 Quality Control 
 
Table 1. How to classify the results of the comparisons. Diff refers to the difference between 
a manually measured orientation value, either strike or dip or both, with the same orientation 
measured in ShapeMetriX. Grade refers to how to assess the difference. 

Diff Grade 
≤ 15 Accebtable 
≤ 10 Accurate 
≤ 5 Very accurate 

 

3.1.1 Kungens kurva 
 
Table 2. Comparison at the Kungens kurva outcrop. The manual strike and dip 
measurements vs. the same measurements made in ShapeMetriX and the difference in 
strike and dip given in absolute terms in the far-right columns.  

Fracture Manual  ShapeMetriX  Difference  
ID  Strike (°) Dip (°) Strike (°) Dip (°) Strike (°) Dip (°) 
KKU21 208 66 208 64 0 2 
KKU31 117 78 117 80 0 2 
KKU11 037 40 036 47 1 7 
KKU17 053 60 052 65 1 5 
KKU47 090 72 091 79 1 7 
KKU14 195 80 197 79 2 1 
KKU50 213 85 215 83 2 2 
KKU56 031 54 033 59 2 5 
KKU62 203 60 201 56 2 4 
KKU15 252 85 255 85 3 0 
KKU27 035 50 032 54 3 4 
KKU20 041 55 045 54 4 1 
KKU53 320 40 324 41 4 1 
KKU30 193 73 198 76 5 3 
KKU57 205 75 210 78 5 3 
KKU19 038 44 032 49 6 5 
KKU24 035 44 042 51 7 7 
KKU37 199 88 207 85 8 3 
KKU03 058 64 048 67 10 3 
KKU09 037 58 047 58 10 0 
KKU58 145 75 155 84 10 9 
KKU01 027 48 038 49 11 1 
KKU25 101 60 113 62 12 2 
KKU16 153 80 169 78 16 2 
KKU05 033 62 052 72 19 10 
KKU61 333 38 354 40 21 2 
KKU02 073 50 046 44 27 6 
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Table 2 displays the comparison of manually made orientation measurements of 27 
fracture planes from both KKU1701 and KKU1702, with the same fractures measured 
in ShapeMetriX. The differences in strike and dip for each fracture are displayed in 
the far-right columns. It is important to note that these differences are given in 
absolute terms; i.e. it doesn’t matter if one value is 2° above or below another, the 
difference would still be 2°. The fractures are listed in falling order with regards to the 
strike values. From table 1 and table 2, it can be read that roughly 48% of the 
compared measurements are very accurate, 78% are accurate and 85% are 
acceptable since they lie within a span of 5°, 10° and 15°. The remaining 15% 
exceed a difference of 15° and are therefore classed as outliers. 
     
 
Table 3. The mean difference in strike and dip for all measured fractures at Kungens kurva. 
The table also displays a percentage which the mean difference corresponds to, the median 
of the dataset and the standard deviation of the dataset.  

 StrikeDiff DipDiff 
Mean  7,1 3,6 
Mean (%) 4 4 
Median 5 3 
Standard deviation 6,9 2,7 

 
Table 3 is a summary of the results from Kungens kurva. A mean difference value 
was calculated from both the strike set and the dip set. The mean values each 
correspond to a percentage within which they lie (from a scale of 0° to 180° where 0° 
difference equals to 0% percent difference and 180° difference equals to 100% 
difference). Since the difference is given in absolute terms, two given orientation 
values cannot be separated by more than 180°. The median specifies the middle 
value in a population, that is, the value that separates the upper half from the lower 
half of the population. The standard deviation refers to how much, on average, all 
values in a population deviate from the mean value.  
    The mean strike and dip values from the comparisons at Kungens kurva would 
according to table 1 be classified as accurate, since they lie within a span of 10°. 
These values each correspond to within 4% difference. The standard deviation is 6,9 
for the strike dataset and 2,7 for the dip dataset. 
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3.1.2 Torsgatan 
 
Table 4. Comparison at the Torsgatan outcrop. The manual strike and dip measurements vs. 
the same measurements made in ShapeMetriX and the difference in strike and dip given in 
absolute terms in the far-right columns. 

Fracture Manual  ShapeMetriX  Difference  
ID Strike (°) Dip (°) Strike (°) Dip (°) Strike (°) Dip (°) 
TG04 283 58 283 60 0 2 
TG05 313 58 313 63 0 5 
TG06 125 84 125 81 0 3 
TG03 309 78 310 66 1 12 
TG15 095 70 097 81 2 11 
TG07 295 90 292 90 3 0 
TG09 280 70 277 54 3 16 
TG17 012 62 009 67 3 5 
TG14 285 66 281 69 4 3 
TG01 310 78 315 69 5 9 
TG11 299 68 294 67 5 1 
TG12 275 80 280 83 5 3 
TG13 034 65 028 66 6 1 
TG02 315 78 315 69 15 9 

 
Table 4 displays the comparison of manually made orientation measurements of 14 
fracture planes from TG1701 with the same fractures measured in ShapeMetriX. The 
differences in strike and dip for each fracture are displayed in the far-right columns. 
From table 1 and table 4, it can be read that around 57% of the compared 
measurements are very accurate, 71% are accurate and 93% are acceptable since 
they lie within a span of 5°, 10° and 15°. The remaining 7%, which corresponds to 
one single comparison, exceeds a difference of 15° and is therefore classed as an 
outlier. 
 
 
Table 5. The mean difference in strike and dip for all measured fractures. Standard deviation 
refers to how much all values deviate from the measured mean. 

 StrikeDiff DipDiff 
Mean 3,7 5,7 
Mean (%) 2 6 
Median 3 4 
Standard deviation 3,8 4,9 

 
Table 5 is a summary of the results from Torsgatan. The mean strike and dip values 
from the comparisons would according to table 1 be classified as accurate, since they 
lie within a span of 10°. The mean strike value corresponds to a difference within 2% 
and the mean dip value corresponds to a difference within 6%. The standard 
deviation is 3,8 for the strike dataset and 4,9 for the dip dataset. 
 
 
 



  

19 
 

3.2 Interpretation of Fracture Sets 

3.2.1 Kungens Kurva 
 

 
 
 
 
 
 
 
 
 

Above can a comparison of dominant fracture orientations at Kungens kurva be 
viewed. The manual measurements (figure 14) to the left and measurements from 
ShapeMetriX (figure 15) to the right. Figure 14 has orientation data from both 
KKU1701 and KKU1702 whereas figure 15 only has orientation data from KKU1701. 
Notable is also that more fractures were measured manually than was measured in 
ShapeMetriX.  
    Three main fracture orientations were detected, both manually and with 
photogrammetry. The most dominant fracture group is roughly dipping towards E-SE 
(figures 14, 15) at around 40° to 65°. Another prominent fracture group was detected, 
generally dipping towards W-NW at around 60° to 80°. A third fracture group was 
identified, dipping towards S-SW at 60° to 80°. 
     
 
 
 
 
 
 
 

Figure 24. The poles to the manually 
measured fracture planes at KKU1701 and 
KKU1702. Contours have been created 
around areas of high pole density. Red 
indicates high density and dark blue indicates 
low pole density. The Stereonet is created 
from a Schmidt equal area projection in the 
software Stereonet (Allmendinger, R. W., 
2017). 

Figure 15. The poles to fracture planes 
from KKU1701 measured in 
ShapeMetriX. The Stereonet is created 
by a tool called clustering in 
ShapeMetriX. The great circle shows 
the orientation of the rock face 
KKU1701. The cone of confidence is 
shown as a circle around the pole 
clusters (ShapeMetriX, 2017). 
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3.2.2 Torsgatan 
 

 
 
 
 
 
 
 
 
 
Above can a comparison of dominant fracture orientations at Torsgatan be seen. The 
manual measurements (figure 16) to the left and measurements from ShapeMetriX 
(figure 17) to the right.  
    Three main fracture groups were detected, both manually and with 
photogrammetry, with lesser occurances of subordinate fracture orientations found by 
the manual interpretation. The main fracture group is dipping towards N-NE at 
roughly 60° to 70°. Another fracture group is dipping towards S-SW at around 80° 
and a third group is dipping E-SE at around 60° to 80º. 
    An additional dominating fracture orientation, dipping towards W-NW at 
approximately 60º (figure 16), which was identified manually but not in ShapeMetriX. 
There is also a group of gently dipping fractures (figure 16), with dip-directions 
ranging from S to E. 
 
 
4 Discussion 
  
4.1 Evaluation of Results 
 
The aim of this study was to evaluate stereophotogrammetry as a method of mapping 
fractures in rocks by comparing its interpretation with manually made measurements. 
The field work was carried out during four days in the month of March 2017, three of 
which were spent at Kungens kurva and one at Torsgatan. The manually measured 
data and the photos for interpretation were collected simultaneously during the field 

Figure 16. The poles to the manually 
measured fracture planes at TG1701. 
Contours have been created around areas of 
high pole density. Red indicates high density 
and dark blue indicates low pole density. The 
Stereonet is created from a Schmidt equal 
area projection in the software Stereonet 
(Allmendinger, R. W., 2017). 

Figure 17. The poles to fracture planes 
from KKU1701 measured in 
ShapeMetriX. The Stereonet is created 
by a tool called clustering in 
ShapeMetriX. The great circle shows the 
orientation of the rock face KKU1701. 
The cone of confidence is shown as a 
circle around the pole clusters 
(ShapeMetriX, 2017). 
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work and was processed the week after. The 3D models had to be constructed prior 
to comparison.  
    The overall result of the quality control is very satisfactory. The comparisons from 
both Torsgatan and Kungens kurva yielded a mean difference within 8º for both strike 
and dip values, which is considered accurate according to table 1. 
    At Kungens kurva, the mean difference for the strike values is 7,1º which is 
classed as accurate, and the mean difference for the dip values is 3,6º which is 
classed as very accurate (table 1). 
    At Torsgatan, the mean difference for the strike values is 3,7º which is classed as 
very accurate, and the mean difference for the dip values is 5,7 which is classed as 
accurate (table 1). 
   Torsgatan has a higher percentage of individual fracture comparisons that yielded a 
difference within 5º (for both strike and dip), than Kungens kurva. On the other hand, 
Kungens kurva has a higher percentage that gave a difference within 10º. A total of 
85% of individual comparisons at Kungens kurva and 93% at Torsgatan was within 
15º and therefore deemed acceptable. Generally, Kungens kurva had a higher 
number of outliers than Torsgatan. These outliers are more likely to come from 
simple mistakes such as misreading the compass, making a subjective decision or a 
reading being affected by a magnetic surface rather than the automatic interpretation 
being faulty. The standard deviations for all the calculated mean values are generally 
low, ranging from 2,7 to 6,9, which speaks for low distribution and high quality of the 
dataset. 
    The comparison of interpreted dominating fracture orientations is also satisfactory. 
Manual fracture orientation data were collected in the field at Torsgatan and Kungens 
kurva. These data were then digitized and visualized on a stereonet to draw 
conclusions about dominating fracture orientations. As many fractures as possible 
were then measured in ShapeMetriX. ShapeMetriX could then automatically divide 
the measured orientations into clusters which would represent dominating fracture 
orientations.  
    Three dominating orientations were identified by the manual interpretation at 
Kungens kurva, generally dipping 45º - 60º to E-SE, 60º – 80º to W-NW and 60º – 
80º to S-SW. Very similar dominating orientations were found in the interpretation by 
ShapeMetriX (figure 14, figure 15). The most prominent of the three orientations are 
the S-SW-dipping group and the W-NW-dipping which hold most the measured 
fractures. 
    Three dominating orientation as well as some subordinate orientations were 
identified by the manual interpretation at Torsgatan. These are roughly dipping 60º - 
70º to N-NE, around 80º to S-SW and 60º - 80º to E-SE. Similarly oriented fracture 
groups were found in the interpretation by ShapeMetriX (figure 16, figure 17). The 
subordinate fracture groups that were found manually could not be identified in the 
automatic interpretation.  
    Notable is that more fractures were measured manually than was measured in 
ShapeMetriX and that the fractures measured manually in the field were not 
necessarily the same as the ones measured in ShapeMetriX, but from the same rock 
face. Still, the manual and the automatic interpretation of dominating fracture groups 
showed roughly same results which speaks for the competence and durability of the 
software. 
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4.2 Evaluation of the System 
 
    Stereophotogrammetry as a method of mapping fractures in rocks was proven to 
be in many cases as good as – and in some better – than manual measurements. 
The main advantage of photogrammetry is that it enables a safe and effective way of 
collecting fracture data in the field. This data can with increased efficiency be stored 
digitally since it’s already digitized, which in turn makes it more convenient for second 
and third party actors to access it. Many parties would benefit from an increased 
efficiency and structure when it comes to collecting and storing data of brittle 
geological structures. 
    One of the largest advantages with photogrammetry as a mapping method is that it 
consumes less time than the manual measurements. It was established in the field 
that the manual measurements (depending on the skill level of the geologist), took 
about 5-6 hours for a roughly 50m long rock face. The same process with the 
photogrammetry (including setup) only took about an hour. One must bear in mind 
though, that managing the data and creating the 3D-models does consume extra 
time.  
    Photogrammetry reproduces data objectively and errors introduced through 
subjective ways of mapping are therefore reduced using photogrammetry. Manual 
measurements are point measurements which in contrast can be compared to the 
region grow function in ShapeMetriX that uses a mean measurement from many 
points within the fracture plane area. The manual point measurements are derived 
from subjective decisions that may vary from one person to another, like where to 
place the compass on the plane to best reproduce the real fracture extension. It is 
more likely that a mean orientation of a plane based on several measurements, as in 
ShapeMetriX, is closer to reality than just one point measurement.  
    Another benefit with photogrammetry is that one can virtually come back to the 
outcrop at any given time since the model is stored digitally, making revisions more 
convenient. The models are also easy to understand and comprehend, which is a 
benefit when presenting data to less experienced parties. 
  In contrast with the benefits, there are some drawbacks as well. Since the camera 
used in the field has a finite resolution, mapping through photogrammetry can only be 
so detailed. For making a detailed analysis of a rock mass, photogrammetry will fall 
short compared to manual measuring methods. 
    Another drawback is the system’s vulnerability for weather in general, but more 
importantly precipitation. The decrease in photo quality during rain or snow is the 
main reason for precipitation being a major setback, but also the fact that the camera 
itself may suffer from exposure to rain or snow. 
    It also proved to be important to mind the sun’s orientation relative to the cameras 
point of view. It was determined that for the best photo quality, the rock mass needs 
to be backlit. 
 
 
4.2 The Importance of Fracture Mapping 
 
Stockholm is an interesting area for the geologist particularly due to the infrastructural 
expansion that the city undergoes. The quality control was carried out in connection 
with the project Förbifart Stockholm, which has one of its bases in Kungens kurva. 
The tunnel that is being built will be one of the longest tunnels in the world 
constructed in an urban environment (Trafikverket, 2015). This indicates a project of 
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a magnitude and technical complexity never seen before in Sweden and begs the 
questions: Why is it important to map fractures and why is it important to do it 
effectively?  
    Mapping and analysing fracture patterns is paramount for the understanding of 
how the rock mass will behave under stress and the understanding of how the rock 
mass therefore should be reinforced. The understanding of the local and regional 
fracture system is also important since it holds information about zones of weakness, 
crushed zones and unstable blocks as well as groundwater flow. To map these 
structures with accuracy the geologist must approach the rock face to carry out 
measurements, which might put that person at risk. Many times, the rock face needs 
to be secured before anyone can approach it, which might postpone the process, 
resulting in loss of time therefore also money. Photogrammetry clearly reduces safety 
risks in field as it enables the geologist to map from a distance and evaluate the 
results on a later time. It should however always be supplemented with a few manual 
control measurements though, to establish that the results are not misleading. If it 
isn’t possible at all to carry out control measurements, the results would probably not 
suffer since this report established that the method most of the times is as good as, 
or better than manual measurements. 
    To meet the needs and expectations of the industry, streamlining the mapping 
process and the work flow is crucial, and every stop in the work flow will result in loss 
of money. That is why the time component of mapping bedrock in construction sites 
is of essence and why the photogrammetry method would be preferable to manual 
mapping, using manual mapping as a complement. 
 
 
4.3 Suggestions for Further Improvements 
 
3D-modelling is a demanding task for a computer, and the amount of data stored in 
the same process occupies space on the hard drive. The raw photos from the field 
have high resolution and since they tend to be many to the number they may be 
difficult to manage. In conclusion, the need for a capable computer is important to run 
the software ShapeMetriX, and further analysis would suggest that reducing the 
software’s need for storing data is of equal importance. 
    Furthermore, it was found that only nine 3D images could be merged together after 
a warning message in the software. This resulted in only a third of the modelled rock 
faces could be used for interpretation, since the full-length rock faces would account 
for more than 20 or so 3D images. It was possible however to make one shorter 
model for each locality which was used for interpretation. Since many rock faces 
would account for more than nine 3D-pairs, it would be convenient to be able to 
merge more than nine pairs.  
 
 
5 Conclusion 
 
• Photogrammetry was determined to be a good method of mapping fractures. 

The mean difference between manual measurements and photogrammetry 
measurements, for both strike and dip, did not exceed 10° in neither Torsgatan 
nor Kungens kurva. The comparison overall would therefore be classed as 
accurate. 
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• Photogrammetry has many advantages over conventional methods, such as 
being faster and decreasing risks in the field. It also has some drawbacks as well, 
such as being highly dependent on favourable weather conditions. 

• It is to be noted that this comparison solely focused on the measuring of fractures. 
Photogrammetry along with ShapeMetriX are capable of measuring and 
interpreting other geological features which were not considered in this report. 
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